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[ Abstract]
formation of neutrophil extracellular traps (NETs) to treat metabolic-associated fatty liver disease (MAFLD) with liver fibrosis.

Objective: To explore the mechanism through which Danshen Zexie decoction regulates glycolysis and the

Methods: Seventy-two SD rats were randomly allocated into control, model, colchicine (0.2 mg-kg"'), and low-, medium-, and
high-dose Danshen Zexie decoction (7, 14, and 28 g-kg", respectively) groups, with 12 rats in each group. A rat model of
MAFLD with liver fibrosis was established by feeding a high-fat diet and intraperitoneally injecting 40% carbon tetrachloride
(CCIA) olive oil solution. After 8 weeks, drug interventions were administered for 4 weeks. After the experiment, levels of blood
lipids, liver lipids, and liver function markers, as well as serum levels of lactate, adenosine triphosphate (ATP) , inflammatory
cytokines, and fibrosis indicators were measured. Hematoxylin-eosin (HE) staining, Masson staining, and oil red O staining were
performed to assess the hepatic histopathology. Immunohistochemistry was employed to detect the expressions of a-smooth muscle
actin (a-SMA ), neutrophil elastase (NE), and myeloperoxidase (MPO) in the liver. The reactive oxygen species (ROS) level was
measured by immunofluorescence. Western blot was performed to measure the protein levels of glucose transporter 1 (Glutl) ,
hexokinase 2 (HK2), and pyruvate kinase M2 (PKM2) in the liver. Results: Compared with the control group, the model group
showed increased serum levels of total cholesterol (TC) , triglycerides (TG) , alanine aminotransferase (ALT) , aspartate
aminotransferase (AST) , hydroxyproline (HYP) , hyaluronic acid (HA) , type Il procollagen (PC I ) , type IV collagen
(CollV ), laminin (LN), tumor necrosis factor-a (TNF-«), interleukin-6 (IL-6), interleukin-8 (IL-8), lactate, and ATP, as well
as hepatic levels of TC, TG, free fatty acids (FFA), ROS, a-SMA, NE, MPO, PKM2, HK2, and Glutl (P<0.01). Meanwhile,
severe lipid droplet accumulation and collagen fiber deposition were observed in the liver. Compared with the model group,
Danshen Zexie decoction improved the liver function and lipid metabolism, reduced hepatic steatosis and fibrosis, and
downregulated the serum levels of inflammatory factors, lactate, ATP, as well as the hepatic levels of ROS, «-SMA, NE, MPO,
PKM2, HK2, and Glutl (P<0.05, P<0.01). Conclusion: Danshen Zexie decoction treats MAFLD with liver fibrosis in rats by
regulating glycolysis, inhibiting the formation of NETs, and reducing inflammatory responses.

[Keywords] metabolic-associated fatty liver disease; liver fibrosis; Danshen Zexie decoction; glycolysis; neutrophil
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e Mg W2 (FFA) (N 2 R & AL 55 B il (ALT) K&
AR IR (AST) a5 & (b 5 7 28 18 5612 Wi
AR AR AT, 525 4 2 2S0170. 2S0270,
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A, s AR
2.3.5 HHRPEENITEE (Western blot) & il T 2H 41
HK2 .PKM2 Fl Glutl & I Rk E 0L FREUF 4214y
100 mg, I A 5 B 33 U0 € 1 (RIPA) 24 ) 1 mL
FIPMSF 10 pL 2R H, & AR5 24 10% +
Tt R TR N - 2R DY A TR MY B B Uk (SDS-PAGE)

®1 ASFEHI MAFLD R &4 X R MEELIERBRIE (x5

I | R S S I o ) NG E DT 71
(GAPDH i B L9 4 1:10 000, He 4% Bt 14 s ¢ L 491)
¥k 1:1 000, 4 °C ik 7% ) A = $t (1: 5 000, = i
30 min) . 50k 2% & 6L (ECL) i 52 J5 Image J 43
B 45717 IR FEAH -

2.4 GiitbsEa M R SPSS 19.0 BAF 17481145
B, 8Os DL % + s Fon T RORR BRI 2R O 22 4)
B, 5 2255 PSR/ i 35 Pk 22 57 2 (LSD) A 5, Oy 251
3 J Dunnett' T3 #:46 , P<0.05 8 22 F A S it X,
3 &R

3.1 PFEEE %A MAFLD BT 45 4k 4k K BT 9 fig
FRRACI A 2w 5 0E 5 2 b A, A 7R 2 K R v
ALT .AST.TC F1 TG K HF 4 41 TC . TG 1 FFA & &
BOGPEY B E R E R A SRR L (P<0.01); 5
LAY 20 PO A, 25 FH 245 20 K BRUFF 40 40 AR AR S i 1
15 50 s, 22 5 A 40 L (P<0.05, P<
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Table 1 Effect of Danshen Zexie decoction on serum biochemical indices in MAFLD rats with liver fibrosis (x+s)

25 531 n /g kg ALT/U-L" AST/U-L" TC/mmol-L"! TG/mmol-L"
EH 4l 10 79.50+18.10 170.81+33.00 1.97£0.21 0.67+0.11
R 21 9 245.24+34.55" 418.68+55.13" 4.95+0.48" 1.95+0.29"
RO Al B8 21 10 0.000 2 130.24+18.26% 259.29+29.66° 3.72+0.45 1.18+0.11%
FF& 85 AL Al 9 7 132.09+14.68" 299.74+35.80° 3.87+0.68" 1.03+0.14"
FF& 3 T AL 10 14 118.82+12.83% 233.05+£37.51% 3.47+0.53% 0.88+0.15%
FFSEE i ) Al 10 28 97.83+16.06> 220.79+£27.91% 3.42+0.43% 0.78+0.16%
T SIE WALV P<0.01; S84 4 P<0.05,Y P<0.01(3 2-% 717])
%2 ASEBZXMAFLD FF4UARFEERSEMNEIN (3£
Table 2 Effect of Danshen Zexie decoction on contents of hepatic lipid in MAFLD rats with liver fibrosis (x+s) mmol- g
20 51 n il /g ke TG FFA
EH 4 10 1.34+0.17 1.15+0.29 268.90+39.72
H IR 241 9 3.28+0.69" 2.21+0.27" 527.44+64.05"
FBOK AL B 2 10 0.000 2 2.35+0.30 1.85+0.27” 302.30+50.08%
P25 E 1 TR Al 9 7 2.28+0.33% 1.75+0.27% 320.00+27.84%
PE& S g 10 14 1.90+0.39" 1.57+0.28> 268.804£29.66°
FF2 3 e Al 10 28 1.69+0.40> 1.48+0.33Y 266.60+48.74

3.2 FFZ 5% 4 MAFLD JF £F 4k 4k K B3 48
it K (FLIR FN ATP /K F- (52 5 1E % 4 e,
PR 20 K UL 7 TNF-o \IL-6 \IL-18 . 3L 2 Al ATP /K
-2 2 TR (P<0.01) ; SRR AL L #K, #& FH 25 4R
BRI 37 6 4 R 1 LR A1 ATP /K - 44 8 35 R AIG (P<
0.01), W3 .5k4,

3.3 PS5 % % MAFLD T 2F 4 46 K B 4 48
WHE S m 5IEFARE HE R 6 BR

Y 20 KB4 B HE 2 25 L AT D K T A v A
JUE D £ AE BURR 5 21 O Y £ ik 7 A5 U 4 K BRUJHE 448
NA KR 20 (0 8T ; Masson 4 {0, i 7 455 AU 20 K B AT
Y P R R AT 4R £, CVF B & THE (P<0.01). 5
Y2 LA, 45 25 24 41 K BRI 4 20 B 1 A R [A)
JEWE , CVF ¥ B 5 R (P<0.01), W34 &1,
3.4  F}Z %759 % MAFLD T 2F 4 4k K BUIF 27 4
LR 5 0E W 4 b, B R 4 K R
. 63 .
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#3 ALEBHX MAFLD FFF 40 KR M iEREREFRKFERZME (r+s)

Table 3 Effect of Danshen Zexie decoction on serum levels of inflammatory cytokines in MAFLD rats with liver fibrosis (x+s) ng-L'l
20 51 n Fl 4t /g kg TNF-a IL-6 IL-18

EHE A 10 17.91+1.72 21.02+1.07 15.04+2.16

R 9 37.84+2.84" 36.27+2.51" 32.82+2.89"
KA 2 10 0.000 2 22.86+2.51% 22.25+1.58Y 22.79+3.03%
FHS VG AR 4l 9 7 19.53+1.13Y 21.44+1.28 24.78+1.04%
FHSRVE B R 10 14 18.45+1.12Y 21.53+1.47" 21.61+1.96%
FHS RS v ) i 4l 10 28 18.74+1.58Y 21.00+1.47 20.01+1.20%

x4 FASFBHTMAFLD FA LU KR MFZERMATP KERFHARCVFHN (X+s)
Table 4 Effect of Danshen Zexie decoction on serum levels of lactate and ATP, as well as hepatic CVF in MAFLD rats with liver fibrosis

(X+s)
215 n Fl /g k! Fi/mg-L! ATP/p.g-L"! CVF/%
EHH 10 5.33+0.86 40.02+8.43 8.97+0.90
AL 9 11.63=1.21" 63.87+10.00" 36.93+2.83"
FOK Al 21 10 0.000 2 8.44+0.75% 51.67+8.08% 23.4242.17%
FFEEFE B A 9 7 7.71£0.76" 54.62+9.48% 20.79+2.25Y
FEB S bR A 10 14 6.13+0.60* 50.85+5.37% 17.76+2.17%
FF5 18 v A 10 28 5.15+0.75% 47.86+8.78% 10.25+1.08%

A B (e
T AR AL BB AL; COBOKAI AL ; D-F. S F 235 A% b 3 0 B 41 (] 2-181 4 16)
E1 FA5i%i553 MAFLD B4 4L X RAFALRIEZ I (x200)
Fig. 1 Effect of Danshen Zexie decoction on hepatic pathological changes in MAFLD rats with liver fibrosis (x200)
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x5 ASEFFZH MAFLD R4 ARMFEHALNFIPCII S 2K M (X+s)

Table 5 Effect of Danshen Zexie decoction on serum contents of HA, LN and PC Il in MAFLD rats with liver fibrosis (x+s) pg-L!
2 51 n Fl 4 /g kg HA LN pCcIl

EHA 10 18.60+3.65 311.55+45.07 40.13+5.28

TR 241 9 63.17+10.33" 535.20+43.88" 94.49+9 45"

HoK Al s 20 10 0.000 2 33.83+2.01% 439.79+40.14> 71.95+5.20%
P55 G AR 4 9 7 30.62+4.48% 476.27+34.49" 72.42+8.91%

FFS Y5 % R 10 14 25.55+6.09% 417.80+44.45 63.01+10.54%

FHS 35 ) v ¥ i 4l 10 28 24.43+4.55> 406.78+20.06° 60.83+10.12"

*x6 FASEFBHMNMAFLD FAHENL KR ME CollVIIHYPEE
B (x+s)
Table 6 Effect of Danshen Zexie decoction on serum contents of

CollV and HYP in MAFLD rats with liver fibrosis (x+s)

yes-H1 568 1 (YAP) {5 53 i , 0% MAFLD K fRU1
JEEF b, P20 T, 6608 08 0 I 41 20 b i J 2R
FHICRL Wl 22 JIF 27 4k AL i aE R0 i i 6 BE 5 2l 3%
JHF Ak K BRUT £F 481k B R RE I . a-SMA S T

a1 prilBees CollV HYP i . I
Jg-kg'! ng L mg-L"! IR G0 M TS AL AR S Y HA (LN PC I . Col IV Al
EH 4 10 51154593 14.86+2.42 HYP & T £ 2 Ak 05 bR s 9, H 3R kK7 5 )1F2F 4
gl 9 123.98412.10" 45.43+5.67" fEFE B R IEAH ™ miI R B RS 2% 1E %
Bk Al 10 0.0002 82.87+8.96" 22.60+3.15" A B BRI AE Y AR B E— 25 R B, P
AERBHEARE 9 7 82.94+8.25"  24.4442.75" 5 1 FORKOK AN B8IE T 5, 34 fE B AR 1 B (TC.

TG) & & HFHENS B (TC . TG .FFA) K V- K AT £F 4k 1k
$EFr(HA LN .PCII .CollV \HYP) fll a-SMA # 1%
ik, o AF I AE (AST ALT) , ik /b B 20 4L lg o Al i
B UORR , 2 W] P 2815 17 & MAFLD T 2F 4E 4k 19
WTEIRIT T2 .

e A 20 B 2N A R R A M SRE Y B — S
R g M A e BBURL AR A1 36 AT i R

FZEEGHTAEL 10 14 77.66+10.57% 20.78+2.05%

FZ2EEHEANEL 10 28 74.84+11.23" 18.16+2.54%

P S G WAL, O HORH AR B B &,
AR AR BRI R K B B2 P S e AT, A
JIF 2, Tl AT 4%, 3 AR ; S HIRE A,
TR AR LT 8 5 i A AN, TR B L R

MR E 255 L LRI I R AR 2,
6 % MAFLD IF£F 4 gl . 25 BLAF 5T R W1, i
2 I A T K AR ) K BE A A R A AL
B 27 4 Al /Iy BRI 2 UK st BT AR 1240 1 38 3 25
AR R A R I AT S o 0 T 5 (Hippo)/

a-SMA

MPO

A B C
B2 f3%%E%H% MAFLD B 44 K RAF AR o-SMA NE F MPO RIZH N (F411L, x200)
Fig. 2 Effect of Danshen Zexie decoction on hepatic « -SMA, NE and MPO expressions in liver of MAFLD rats with liver fibrosis
(IHC, *200)

NETs J¥ J& #E 3h % AE Sy i F #27 . JFIIE & AR 5% 0
i, Al 30 ) m P 20 R T T b — e R A R
eS| NETs, H1 DNA 41 8 1 F i & & H 24,
# LA NE . MPO Fl K2 1% fk 20 2 11 H3 (H3Cit) 1E
NETs & M i bR . NETs BEG8 1 i £ Fh 11 40 i
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o ------

h ------
N ------
A B C D E F

3 SEF5H MAFLD BF 47 440 X R AT AL ROS RIAMF M (L, *x200)
Fig. 3 Effect of Danshen Zexie decoction on hepatic ROS level in MAFLD rats with liver fibrosis (IF, x200)

x7 ALEBHX MAFLD FFF 44 X RAFALK HK2.PKM2 1 Glutl EARIEMF I (X+s5,2=3)
Table 7 Effect of Danshen Zexie decoction on proteins HK2, PKM2 and Gltul in liver of MAFLD rats with liver fibrosis (x+s,n=3)

21 51 Fl /g kg HK2/GAPDH PKM2/GAPDH Gltul/GAPDH
I H 4 0.50+0.04 0.45+0.05 0.75+0.08
H 10 2 1.40+0.18" 1.25+0.22" 1.30+0.06"
FokAil s 21 0.000 2 0.71+0.07% 0.72+0.10” 0.77+0.10
FEB B AR = A 7 0.63+0.08" 0.79+0.05> 0.76+0.07*
FSEE G R R4 14 0.67+0.08 0.68+0.07" 0.69+0.06%
FHS G R A 28 0.49+0.05 0.61+0.07” 0.57+0.07%

HK2 --‘-6- 102 kDa

PKM2 st QD SR SNNR SN - 5,
Glutl " D "N SN - - 60 kDa

GAPDH

- e o WS W o0

A B C D E F

B4 KBRAFALHK2.PKM2H Glutl E A RIXE K
Fig. 4  Electrophoresis of HK2, PKM2 and Glutl protein

expressions in liver of rats
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. 66 .

ELUESE , ROS A Bl 410 il 551 W B ded 410 ofl 6l of 74508 12
P45 K B P NETs (9 B> . i ok vl UL, ROS 7
£ 1) NETs JE 80155 & 19 8 i S0 & MAFLD ] I £F
YA T R 1 G R LAY

JEF IR 40 B 4 75 A6 & MAFLD [i] T 2F 4k 4k % J
B4 A A S5 4 T 3 — 396 b i R N AN T 2 R R T 1
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L RE A A AR R AR, 7E T AR A0 M S L A G
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VT R A B R A0 B, OB BLOE B A5t 1] AR aE
AL HE R MR AR MR AR B AT R
2 W 25 ok W A TR I R, e AR EL R L 0RO AR
ik ATP (b 72 o ) %9 b5 48 Glut] 5508 A1)
FE 22 T OGS 0 0 4 AL T JEAT R I A Y HK 2 2 Y
T3 i 0 1t R T 4 R B A Sy DR TR R 1 R o
PKM2 2 [N i 158 354 it 1) ) T, Al 4 6 A= Bl ATP Al
PR R B S kB, ] Glutl fig 2
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TNF-a IL-6 . IL-18 . FL& Al ATP /K & 3 5 T I &
2K B, TSR 2B 7 n] LA A I A NETs 11
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