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[Abstract]  Objective: To explore the therapeutic effect and mechanism of Danshen Zexie decoction on metabolic-

associated fatty liver disease (MAFLD) by increasing autophagic flux via the nuclear factor erythroid 2-related factor 2 (Nrf2)/high
temperature requirement factor A2/Omi (Omi/HtrA2) pathway. Methods: Ten SD rats were fed a standard diet as the control
group, while 50 SD rats were fed a high-fat diet to build the MAFLD model. The modeled rats were randomly assigned into model,
Yishanfu (0.144 g-kg"') , and low-, medium-, and high-dose Danshen Zexie decoction (2.5, 5, and 10 g-kg', respectively)
groups. After 12 weeks of modeling, drugs were administered simultaneously for 4 weeks. Levels or activities of superoxide
dismutase (SOD) , glutathione peroxidase (GSH-Px) and malondialdehyde (MDA ) were measured. The hepatic reactive oxygen
species (ROS) level was detected by immunofluorescence. Western blot was performed to assess the protein levels of Nrf2, Omi/
HtrA2, hematopoietic cell-specific protein 1-associated protein X-1 (Hax-1) , optic atrophy protein 1 (Opal) , mitochondrial
dynamin-related protein 1 (Drpl), autophagy key molecule mammalian ortholog of yeast Atg6 (Beclinl) , selective autophagy
junction protein 62 (p62) , and microtubule-associated protein 1 light chain 3 (LC3) in the liver. Results; Compared with the
control group, the model group exhibited obviously elevation in serum level of MDA, hepatic level of ROS, and protein levels of
Hax-1, Drpl and p62 (P<0.01). Conversely, the serum activities of SOD and GSH-Px, as well as hepatic protein levels of Nrf2,
Omi/HtrA2, Opal, Beclinl and LC Il were decreased in the model group (P<0.01). Danshen Zexie decoction alleviated oxidative
stress, lowered the protein levels of Hax-1, Drpl, and p62 (P<0.05, P<0.01), and increased the protein levels of Nrf2, Omi/
HtrA2, Opal, Beclinl and LC I (P<0.05, P<0.01). Conclusion: Danshen Zexie decoction may treat MAFLD by increasing

autophagic flux and alleviating mitochondrial dysfunction through regulating the Nrf2/Omi/HtrA2 pathway.
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1 AL EFEHX MAFLD KR MLiE S NBIBRAZLM (G+s,7=10)

Table 1 Effect of Danshen Zexie decoction on serum oxidative stress indices in MAFLD rats (x+s,n=10)

215 Fe/g kg SOD/U-mL" MDA/mmoL-L" GSH-Px/U-mL"
EHA 194.91+27.26 6.82+1.34 765.19+£60.92
AL 121.32+£16.96" 12.75+2.40" 607.18+51.19"
Uk K 0.144 177.86+£12.23% 7.40+1.07% 692.06+40.11
P& E GG R A 2.5 172.78+14.03% 7.91+1.33% 697.14+65.59
P& EE G A 5 197.63+18.70% 7.57+1.07% 770.88+69.28"
FHS P A A 10 199.94+24.58% 7.34+0.94% 785.14+48.77Y

- HIER A e E " P<0.01; 5HH4H HB Y P<0.05,VP<0.01(FK 2-% 4[F))

W AER AL B AT C. 535 24, D-F: FE S EEH K b m il 4l (E 2 [H)
E1 38EEH MAFLD X RAFALA ROS K FHHM (AL, x200)
Fig. 1 Effect of Danshen Zexie decoction on hepatic ROS level in MAFLD rats (IF, x200)

*2 ALFFZHX MAFLD X RATA L ROSKEMFIE (x+s, . .
2 Fl Il LES
n=6) - 2

Table 2 Effect of Danshen Zexie decoction on level of ROS in Omi/HirA2 - . -- e e— 110 kDa
liver of MAFLD rats (x+s,n=6)

Merge

413 /g kg ROS F L Hi BU/% Drpl ' - , ! = o
I 4 45.27+4.99 e T F L ¥ TOEmme
H 10 2 81.84+6.23"
V- Yk 0.144 63.30+5.57% Haxl omm - - - - . #kbe
FF5FE AR A R4l 2.5 70.77:4.04” Beclinl N S a _‘. 52 kDa
FH5 515 o k4 5 67.44+4.38" o2 ‘ - o
PHSES e R i U 10 61.82+8.98”

LC3] ' . 16 kDa
LC31I 14 kDa

W o R PE H. 457 ) MAFLD Y95 AL OG5, I 2K

SO R B k. ST R TS U 7 o TS R carl SN Wy . o
B 1R AN IR, F 2 08 1A B 0 3 10 A B C D B F

VU254 P L 2R A 2 T L VA Y MAFLD A B2 XRIEFAR Nrf2\0fni/H’t~rA2sDrp]\Opal\Hax-l\Beclinl\
. p62.Beclinl f1 LC3 & B FiA ik

&iﬁ?ﬂjo iﬂ{téﬁﬁﬁﬁ?{%’%%,é@&@?%ﬁ%ﬁﬁ Fig. 2 Electrophoresis of Nrf2, Omi/HtrA2, Drpl, Opal,

ﬂFﬁHE%M%E 4 @Hﬁ@ A fﬁ%’ﬂﬁ @@ 1 ;Elji ) Tfl] ﬁfﬁu Hax-1, p62, Beclinl and LC3 proteins expression in liver of rats

MAFLD*N“HJH@EC]HHJ% HRM . S, A%

R DR 2R, R AE S W, 203 MAFLD R 5 % L 50 0E 2 00 Al A1 Rz 38, JC B T g 5 9

Hﬁ@ﬁﬁﬁ“”c FIAR TS I k3 MAFLD R RIEIC Sl B R H (HMGB 1)/ Bl & 1L 27 1) 32 14
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#x3 ALEFFZH3 MAFLD KR AFA L Nrf2.Omi/HtrA2 . Drpl #1 Opal EHRIZAI M (X+s,n=3)
Table 3 Effect of Danshen Zexie decoction on proteins of Nrf2, Omi/HtrA2, Drpl and Opal in liver of MAFLD rats (x+s,n=3)

21 5 /g kg Nrf2/GAPDH Omi/HtrA2/GAPDH Drpl/GAPDH Opal/GAPDH
EHA 1.39+0.09 1.09+0.14 0.40£0.06 1.35+0.06
AL 0.75+0.04" 0.41+0.13" 1.22+0.10" 0.83+0.04"
UK 0.144 1.20+0.10” 1.11+0.06 0.58+0.02% 1.09+0.14
P& B AN R Al 2.5 0.95+0.06% 0.880.09% 0.68+0.03% 1.04+0.08"
P& E GG A 5 1.08+0.07> 0.69+0.16% 0.61+0.03% 1.10+0.11%
PF5E 1 R A 10 1.09+0.12 1.11£0.11% 0.58+0.03% 1.22+0.11%

x4 PASEFBFX MAFLD X R T4 Hax-1.Beclinl p62 F1 LC3 [l & B RIiXWI M (X+s5,n=3)
Table 4 Effect of Danshen Zexie decoction on proteins of Hax-1, Beclinl, p62 and LC3 I in liver of MAFLD rats (x+s,n=3)

21 51 /g ke Hax-1/GAPDH Beclinl/GAPDH p62/GAPDH LC3 11 /GAPDH
1EH 4l 0.48+0.09 1.1240.15 0.48+0.06 1.2840.14
R IR 4] 0.87+0.12" 0.67+0.13" 0.93+0.02" 0.73+0.06"
VE X 0.144 0.52:0.02% 0.93+0.06 0.63+0.13¥ 1.28+0.07%
FHZ 5 7 AL A 2.5 0.58+0.04% 0.90+0.06 0.67+0.07" 1.23+0.14%
FFZ 5w R A 5 0.56£0.04% 0.92+0.04” 0.61+0.11% 1.310.02%
FH2 15 W v M B AL 10 0.54+0.06 1.10£0.17% 0.58+0.05" 1.15+0.05%

(RAGE )i fi% , 30 il 40 0 98 18 5 o7 i ik A2 Jit
i It Ay Af it 7K B A v A S R N A3, B 8 R D
FFA 5 5 1) HepG2 4l i fig 5 & A7 . Rk, AR BfF 5%
e PSR E 3 NI 2 .

2 k7 R I B A5 AE MAFLD % 9% W 09/ A nf
ZA0 v N MR T AN T R AR, T
2R bR g 17 R AL S 51 R ZORLIR T RE R A, S
HROS F . 11 ROS Y i 1 A= il 2 fih % 4601k
N7 38 RN A T ik A R #E— 20 05 OB AR Ty e
5| 6 JFFJ0E R B 0 AL, sl MAFLD % 1% & e, 2
LA 1 5 2 S BTE 25 25 4 R g B 17 LR 461 5, S
E B A B )R8 AR SE LR 1 Rl A R o 24 0 RO R
B AT DL 2 R, b 2R A 4y % 32 Drpl B 1R
P, 0 RLAR Bl A A2 Opal 2B M . S0P &,
MAFLD i # 19 2 k0 1k 30 I ik , & A2 B 28 2% 2L
AR MAFLD A I Bl JR % A BT IIE 2 4 20k 1K il
4 M Opal Rk FEAR , 1 4 KL IR 73 248 11 Drpl &
KB IN . FE HepG2 4 i £ 57 () MAFLD 4 7] 5
AU rh AL ER B 2R AR o SR R R, R
IR A 3 24 B8 i 10 R 55 s R AR i [ 1K
4> 2458 58 5] Kk 1 26 ORE 1A T BE R A3 5 MAFLD & &
KIEmYIMC . A5 RV, MAFLD K i SOD.
GSH-Px fll Opal 7 ¥£ o /K F [ {% , MDA . ROS #I
Drpl /K F+ 5, & B MAFLD H B & AL N i K 28
R BE R RS . JF 2 TS % BB W% Tt 5 SOD . GSH-Px

H1 Opal % 4 =k /K F , F# X MDA .ROS Fl Drpl ik
IR, 2 WP 2 15 1 B 05 0035 2R 1A D) Rl I AT
Vol 2 SR A 17 K

FI W R 0 BT B L R 32 B R L T g
14 200 8 B 728 M 0 B A R A, O A e R AR A A
e A — AP B T AR 4R R R PR SR T 5 —
Fag A2 o A WG R A S R R A
T B B WA K, B R A RS R A
Bl 40 F WA R, fE AR BRI doki i@
IR S B (1 (B Bh AR A E B AT & ) KO L R
G (67 BT 58 1R R 10T AR ) 1 R R4 S [ 4
LR R R T B RS . MLk B )
Al B 15, 2L A Py A8 1 B8 R R T S 1 R R
LS B B0 B AR 0 B a2 ik & A e R AR
DL B A2 0 A 2R R0 AR . Omi/HtrA2 J&— ik Ak A5 <F
LR R IR 22 A TR TR TG L RE S B B A IR TR R,
FEHE BB A R A E T &Y . Nef2 S BR
AL B ) &5 7, K ROS BERE I & Nrf2 Bt A AL
B 0 2 N7, SR B di 10 e R A 5 B R R A R T
BE AL F i Omi/HtrA2 3k , ik 3 2ok K
RERET . B A WFFCIE L, S AL B 3 oL, LIk
i 0 AL Nef2 5543 7, | Omi/HtrA2 363k, L
e R B AT RE R AR . %5 Omi/HirA2 £
KZAM RRLR ROS 2 it 2, W 2 i JF R 2R
Ak Ak iy & £ [F A, Omi/HtrA2 i ] i 3 T 37
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Hax-1/Beclinl 542 5 H I, Beclinl J& H M F) 5 #
FEEEF, FES 5 ARG, LA E T 5 B4
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