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[Abstract] Objective: To investigate the mechanism of Danshen Zexie decoction in treating metabolic-associated fatty
liver disease (MAFLD) in rats via the PTEN-induced putative kinase 1 (PINK1)/E3 ubiquitin-protein ligase (Parkin) pathway-
mediated mitophagy and alleviation of mitochondrial dysfunction. Methods: SD rats were randomized into control, model,
Yishanfu (0.144 g-kg"') , and low-, medium-, and high-dose Danshen Zexie decoction (2.5, 5, and 10 g-kg', respectively)
groups. A MAFLD model was established by feeding a high-fat diet. After 12 weeks of modeling, the corresponding drugs were
administered simultaneously with the modeling for 4 weeks. Levels of blood lipids, liver function markers, adenosine
triphosphatase (ATP) and hepatic lipids were measured. Hematoxylin-eosin (HE) and oil red O staining were performed to assess
the hepatic histopathology. Mitochondrial ultrastructure was observed via transmission electron microscopy. Western blot was
performed to assess the protein levels of PINK1, Parkin, optic atrophy 1 (Opal), mitochondrial fission 1 (Fisl), dynamin-related
protein 1 (Drpl), mitofusin 2 (Mfn2), and microtubule-associated protein 1 light chain 3 (LC3) in the liver. Results; Compared
with the control group, the model group exhibited obvious elevations in serum levels of total cholesterol (TC), triglyceride (TG),
alanine aminotransferase (ALT), aspartate aminotransferase (AST), as well as hepatic levels of TC, TG, free fatty acids (FFA),
and the protein levels of Drpl and Fisl (P<0.01). Conversely, the hepatic protein levels of PINK1, Parkin, Mfn2, Opal, and
LC3 II were decreased in the model group (P<0.05, P<0.01). Meanwhile, the liver in the model group presented steatosis and
mitochondrial structural damage. Compared with the model group, Danshen Zexie decoction improved lipid metabolism and liver
function, hepatic steatosis, and mitochondrial damage, downregulated the protein levels of Drpl and Fisl (P<0.05, P<0.01), and
upregulated the protein levels of Parkin, Mfn2, Opal, and LC3 I (P<0.05, P<0.01). Medium- and high-dose Danshen Zexie
decoction upregulated the protein level of PINK1 (P<0.05, P<0.01). Conclusion: Danshen Zexie decoction may activate the
PINK 1/Parkin pathway to enhance mitochondrial autophagy and alleviate mitochondrial dysfunction, thus ameliorating MAFLD.

[Keywords] metabolic-associated fatty liver disease; Danshen Zexie decoction; PTEN-induced putative kinase 1 (PINK1)/
E3 ubiquitin-protein ligase (Parkin) signaling pathway; mitophagy; mitochondrial dysfunction
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Table 1 Effect of Danshen Zexie decoction on body weight, liver weight and liver index in MAFLD rats (x+s,n=10)
415 /g kg PR /g JHF I /g W45 5/ %
IEH 4 499.02+14.71 12.68+0.73 2.54+0.10
LT 2] 620.02+43.61” 24.22+2.30% 3.94+0.61%
VE LK 0.144 550.84+24.46" 15.20+1.01% 2.77+0.23"
FHS S AR 4l 2.5 530.05+24.59" 14.53+1.35Y 2.74+0.24"
FFZ 5 R i 5 497.20+42.48" 13.56=1.10" 2.74£0.27Y
PFZE e R 4 10 469.64+28.38" 12.68+1.03" 2.70+£0.12%
T HIER AL U P<0.05,7 P<0.01; 5 RIA] 4 Y P<0.05,Y P<0.01(3% 2-3% 5 [F])
HYRET G, ZRBEAZITFE X (P<0.01); 58 it , 27 BA g7 & X (P<0.05,P<0.01), iﬁ‘#ﬁ%

B 5, 45 FHZ5 40 R RLIML IS ALT AST 36 ¥ il g
(TC.TG) FAFMENE I (TC . TG .FFA) £ H 14 B i %

xR2 ASEBZHNMAFLD KRMFELIBRHEIE (f+5,n=10)

o 245 4L I 45040 R0 s AR i) S
#*2 £33,

CREEGEILIRT &

Table 2 Effect of Danshen Zexie decoction on serum biochemical indices in MAFLD rats (x+s,n=10)

21 5 il /g kg ALT/U-L" AST/U-L" TC/mmol-L" TG/mmol- L™
1% 4l 63.19+6.09 158.97+24.38 1.68+0.11 0.51+0.09
RIS 127.38+26.34 248.70+17.33% 2.69+0.37% 1.78+0.27%
Ve 0.144 81.10+12.70" 180.41+25.87% 1.80+0.24" 0.52+0.09"
P2 85 AR B4 25 94.43+9.52% 192.24+20.53" 2.16+0.11% 0.94+0.16"
FHS S R A 5 82.63+8.65" 175.17+22.24Y 1.96+0.13" 0.66+0.08"
FFSEE R A 10 73.27+9.11% 159.28+16.80" 1.72+0.179 0.53+0.09"
x3 ASEBHXNMAFLD X RAFHEERESEMRM (X+s5,n=10)
Table 3 Effect of Danshen Zexie decoction on contents of hepatic lipid in MAFLD rats (x+s,n=10) mmol- g
21 5 F /g k! TC TG FFA
% 4l 1.53+0.17 1.35+0.29 291.70+40.53
R4 2.76+0.73% 2.36+0.28% 541.80+64.17%
Ve 0.144 1.81+0.31% 1.97+0.25% 325.30+50.17"
PSP G A 2.5 1.81+0.32V 1.70+0.29" 334.40+32.46"
PSR A A 5 1.50+0.39" 1.73+0.29" 289.30+28.84"
FHS 81 G R A 10 1.31+0.37% 1.57+0.36" 287.60+49.26"

3.3 PFS VS %X MAFLD K BUF 4141 ATP /K %
BISZI 5 OE R A R A K RUF A 8 ATP &
I FER(P<0.01) ; SRR 45, 25 FH 265 41 K R
JIF2H 40 ATP & 5 8 % TH 5 (P<0.01) . W4,

3.4 JF 215 %4 MAFLD K BITF 2H 2006 BUE &5
SR 5 IE R A R, HE e 8 R B 24 K
BRI &4t e HE 51 25 6L, AT D Kt g i A5 I, 2T O B
o R BERL A R B4l or A Rt e fig i . 5
B2 LA, 45967 4 K BRI 4 20 I A M 1 il 2
AR . W1,

3.5 PS5 MAFLD K B4 R0 AR 45 ¥ 1 5%
Ml TEM 875 458 8 20 K BRI 20 2R 2ok A4 3 50 i ik

SEA A, RO D AT IR A A AR
.80.

%4 FBSFEHT MAFLD X RATHLS ATP kK E W
n=6)

20 (X+s,

Table 4 Effect of Danshen Zexie decoction on level of ATP in liver

of MAFLD rats (x+s,n=6)

21 5 /g ke ATP/wmol- g
IEH 4 73.88+6.90
H 20 2 38.49+7.03%
VE L 0.144 54.87+6.81"
PSP G R A 2.5 61.15+5.22%
FFZ 8 G R A 5 66.17+8.36"
FF5 815 A 10 69.88+8.17"

ST L SN2 R 45 A 450 40 Dol e, M0 22, IR T S
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Fig. 1 Effect of Danshen Zexie decoction on hepatic pathological changes in MAFLD rats (x200)

A B C D E F
E2 fZEF5H MAFLD X RAFALAKME LMK (TEM,x7 000)
Fig.2 Effect of Danshen Zexie decoction on hepatic mitochondrial structure in MAFLD rats (TEM, x7 000)
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P<0.01) , Drpl HI Fisl #&& |1 32 i5 8 W] W F% %
(P<0.05,P<0.01), WK 3. %5,
4 itig

-,--’? 36 kDa

A B C D E F
El3 MAFLD X B AF4A 28 PINK1.Parkin,Mfn2,Opal.Fis1.Drpl
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VR A2 T 5 e PR BT 5 I O, MAFLD B9 % 9k 2
Je i TREE KRR K E SR AR SE
ENERTES O PN ST N L B SRS )
PR, TS gy U i, J A8 i, 28 OB L 45 T TF T

x5 ASEEFX MAFLD kX R AFZH L PINK1 . Parkin,Mfn2,.0pal . LC3 [l .Drpl #0 Fis1 & B &%

FMLC3N BB FRIZRIK
Fig. 3  Electrophoresis of PINK1, Parkin, Mfn2, Opal, Fisl,
Drpl and LC3 Il protein expression in liver of MAFLD rats

T o P, PR ELEE " A% B S AR AL T R A

QR (x+s,n=3)

Table 5 Effect of Danshen Zexie decoction on proteins of PINK1, Parkin, Mfn2, Opal,LC3 1l , Drpl and Fisl in liver of MAFLD rats

(X+s,n=3)

a5 ke PINK 1 Parkin Mfn2 Opal Fisl Drpl LC3 1
/GAPDH /GAPDH /GAPDH /GAPDH /GAPDH /GAPDH /GAPDH
EwA 0.95+0.07 0.93+0.06 1.05+0.09 0.74+0.13 0.50+0.04 0.28+0.08 0.10£0.01
MR 41 0.67+0.08”  0.62+0.12”  0.27+£0.08”  0.49+0.03"  1.14+0.13*  0.56+0.05”  0.06+0.01>
Syt g 0.144 1.17£0.13%  1.08£0.22"  0.59£0.08”  1.1420.12"  0.650.11*  0.44£0.06"  0.15+0.03"
P EE G R A 2.5 0.78+0.06 0.92+0.09”  0.45+0.12°  0.95+0.09"  0.85£0.05"  0.44+0.02”  0.14+0.04"
FFSE5 1 ) i 5 0.91£0.13"  1.02£0.08"  1.07£0.08"  0.88+0.09”  0.69+0.08"  0.40£0.06"  0.18+0.02"
FHSRE v ) i 4l 10 1.01£0.09”  1.06+0.07"  0.92+0.04”  1.23+0.13”  0.53+0.05"  0.32+0.07"  0.20+0.02"
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