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[ Abstract]
associated fatty liver disease (MAFLD) by regulating the gut microbiota-short-chain fatty acids (SCFAs) -glucagon-like peptide 1

Objective: To investigate the protective effect and mechanism of Danshen Zexie decoction on metabolic

(GLP-1) metabolic axis. Methods: Ten SD rats were fed a standard diet as the control group, while fifty SD rats were fed a high-
fat diet to build the MAFLD model. The modeled rats were assigned into the model, Yishanfu (0.144 g-kg"'), and low-, medium-,
and high-dose Danshen Zexie decoction (2.5, 5, 10 g-kg"', respectively) groups. After 12 weeks of modeling, drugs were
administered simultaneously with the modeling for 4 weeks. Serum levels of inflammatory factors were measured. Fecal gut
microbiota composition was analyzed by 16S rRNA sequencing, and levels of SCFAs were quantified by gas chromatography-mass
spectrometry. Western blot was performed to determine the protein levels of G protein-coupled receptors 41/43 (GPR41/43) in the
colon as well as GLP-1, GLP-1 receptor (GLP-IR) , adenosine monophosphate protein kinase (AMPK) , phosphorylated
(p)-AMPK, silent mating type information regulator 2 homolog 1 (SIRT1), nuclear factor-«B (NF-xB), and p-NF-«B in the liver.
Results: Compared with the control group, the model group showed increased serum levels of tumor necrosis factor-a (TNF-a),
interleukin-6 (IL-6) , and interleukin-8 (IL-8) , abundance of Firmicutes and Phascolarctobacterium, Firmicutes/Bacteroidetes
(F/B) ratio, and protein level of p-NF-«B (P<0.05, P<0.01). Furthermore, the model group exhibited decreased a diversity index of
the gut microbiota, abundance of Firmicutes and Lactobacillus, content of SCFAs, and protein levels of GPR41, GPR43, GLP-1,
GLP-1R, p-AMPK, and SIRT1 (P<0.01). Compared with the model group, Danshen Zexie decoction significantly decreased the
contents of inflammatory factor levels in serum (P<0.01), increased the a diversity index of the gut microbiota, the abundance of
Firmicutes and Lactobacillus, the content of SCFAs, and the protein levels of GPR41, GPR43, GLP-1, GLP-1R, p-AMPK and
SIRT1 (P<0.05, P<0.01). Moreover, it decreased the abundance of Firmicutes and Phascolarctobacterium , the F/B ratio, and the
protein level of p-NF-«B (P<0.05, P<0.01). Conclusion; Danshen Zexie decoction may ameliorate MAFLD by modulating the
gut microbiota-SCFAs-GLP-1 metabolic axis and suppressing inflammatory response.
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F1 ASEBHX MAFLD X R ILiERERFFKERZME (v+s,n=10)
Table 1 Effect of Danshen Zexie decoction on contents of serum inflammatory factors in MAFLD rats (x+s,n=10) ng-L'l
215 Hl /g kg TNF-a IL-6 IL-8
1% 4 4.62+0.92 7.81+1.29 11.30+2.17
H 10 2 14.64+1.51% 10.91+1.87% 18.55+2.79%
VES-E 0.144 8.10+.1.217 8.63+0.81" 12.61+3.03%
PS5 G AR R A 2.5 6.39+0.84" 8.52+0.89" 15.48+1.29"
PFB VG R R 4l 5 5.35+0.61" 8.45+1.42Y 12.86+1.96"
FFS VG T R e 4l 10 5.10£0.80" 7.99+1.25% 12.08+1.14%

5 IE 4 LA VP<0.05,2P<0.01; 58 EI 4] 4 > P<0.05,7P<0.01(F% 2-% 6 |d])

3.2 JFZ V5 % % MAFLD K U I8 1 B 2 #f 1
fREC R 5 IEH 4 e, BEAYZH K B Chaol |
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Table 2 Effect of Danshen Zexie decoction on a-diversity of gut microbiota in MAFLD rats (x+s,n=6)

21 51 il /g kg Chaol Observed species Shannon Simpson
I H 41 5738.29+674.73 3720.48+201.27 8.31+1.18 0.95+0.04
HLT 2 2 540.95+388.15% 2052.40+365.81% 4.04£0.56” 0.61+0.07”
Uk ki 0.144 4 784.55+948.65" 3 708.72+364.69" 9.08+0.41% 1.00:£0.05"
PS5 AR 5 2 2.5 4122.72+542.65Y 3284.30+284.73Y 7.49£0.90" 0.92+0.06"
PG G P 5 4971.29+390.07Y 3507.62+321.39" 8.49+0.19" 0.98+0.01"
PSS e A 10 5279.47+462.34" 3994.70+440.88" 8.68+£1.01% 0.97+0.03"
g‘; WS A (P<0.01) , JERE TR ] B AT
0.4 TS5 EEEG ] oA (F/B) ¥ BT & i T 1E 3 4 f 45 25
S o Z341(P<0.05, P<0.01) . 1 Jg /KT 1, K B it B e
§’ g(l) F 2L R B (Lactobacillus) 1 75 i FF W )&
o1 (Phascolarctobacterium ) 41 i . 5 1E# 4l B
-0.2 HFLAF R W B (P<0.01) , ZHAT R F
R YaIva e 5455 (P<0.01) 5 55 B ML L 5 6 2541 19

PC1(69%)
WA EH YL BASAY ;C. 5 E 41 D-F S S RG K b
TR ) k2 (1R 2 1))
El1 PCoA & #f
Fig. 1 PCoA analysis
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3 ASEFEFX MAFLD XA RE

BRI BHENFEFEN—ELERITABEMERFERBHZI (3£5,1=6)

Table 5 Effect of Danshen Zexie decoction on abundance of Firmicutes and Bacteroidetes, as weell as ratio of F/B, and Lactobacillus and

Phascolarctobacterium in MAFLD rats (X+s,n=6)

20 5 il /g kg JERETA ] /% AT 17/% F/B FUAT & /% Z AT B /%
EH 4 70.54+7.78 23.11+3.86 3.16+0.81 33.94+7.70 0.00+0.00
ML TR 4] 89.55+6.73" 8.03+1.75% 11.74+3.32" 16.50+5.70” 20.29+1.89%
VEE 0.144 70.20+2.60% 20.83+2.05 3.40+0.38% 25.51+7.80" 1.25+0.27"
F+ 25 F AL 2.5 68.83+7.13" 23.73+2.58% 2.94+0.50" 28.58+4.11% 5.73+0.99"
P15 885 3 b 5 67.38+4.55" 26.51+3.43% 2.59+0.46" 34.35+2.29" 1.51+0.279
P B R Al 10 65.63+2.19% 27.80+3.15% 2.39+0.35% 54.22+3.47" 0.59:+0.17%
F4 FA5FFHITMAFLD XK RZEE SCFAs EEM M (X+s,n=6)
Table 4 Effect of Danshen Zexie decoction on contents of fecal SCFAs in MAFLD rats (x+s,n=6) pneg g’
215 Fl 4t /g kg LR N TR
I % 4 696.83+84.65 540.17+65.87 422.17+57.50
LR Y] 400.00+53.94 350.50+39.23% 275.00+30.84%
VE K 0.144 524.33+.54.99" 502.67+30.79" 428.33+49.19"
P& AR = A 2.5 484.67+61.50” 504.00+51.86 421.83+46.46"
P25 TR A 5 679.00+93.76" 530.33+78.14% 453.67+68.83"
PG e e 10 816.83+56.36" 596.50+96.82% 480.00+70.01"

5 N T K5 82 Uk ¢ (P<0.01) , 3
FREITMAAFEES R NRM TR S EEDE
IEAASG(P<0.01) o ULIG 58 0 R BAEhn#A et

3.6 FIZ P51 X% MAFLD K [ GLP-1 i % #H 3¢
EHRAMZm  5IEH 4 0, KA KRG
2 41 GPR41. GPR43 J it 41 41 GLP-1. GLP-1R,

x5 ASEFHI MAFLD X R4&

74842 GPR41.GPR43 R IFAALA GLP-1E B X%

p-AMPK F1 SIRT1 £ [ & ik ¥ il 2 AR (P<0.01) ,
p-NF-«B/NF-«B i W] i F+ &5 (P<0.05) . SHBIAIZ L
B, 45 F 25 4K R4S I 41 21 GPR41 ,GPR43 £ 111 )%
JF4148 GLP-1 ,GLP-1R . p-AMPK Fll SIRT1 7K [ % ik
100 5 T8 (P<0.05,P<0.01) , p-NF-«kB/NF-«B {# ]
W FER(P<0.05), W3KS5 . %6 &2,

G850 (x+s,n=3)

Table 5 Effect of Danshen Zexie decoction on proteins of GPR41, GPR43 in colon and GLP-1 in liver of MAFLD rats (x+s,n=3)

205 ik /g kg GPR41/B-actin GPR43/B-actin GLP-1/B-actin

EH 4 0.65+0.05 0.80+0.06 0.65+0.03

AT 2] 0.42+0.06 0.41£0.07% 0.21+0.03
VE K 0.144 0.61+0.10> 0.78+0.07" 0.61+0.06"
FH5 B T AR B4 2.5 0.68+0.04" 0.88+0.07% 0.84+0.06"
PFS G TR A 5 0.92:£0.06" 0.92+0.01" 1.08+0.06"
TS5 I R 10 0.90:£0.02% 0.98+0.03" 1.12+0.05%

£6 FAEEEZ MAFLD X RAFAL GLP-1R.p-AMPK . SIRT1 %1 p-NF-«B & A K AKFEHEIE (x+s,n=3)

Table 6 Effect of Danshen Zexie decoction on protein expression levels of GLP-1R, p-AMPK,

SIRT1 and p-NF-«B in liver of MAFLD rats

(X+s,n=3)
21 51 Fl /g kg GLP-1R/B-actin p-AMPK/AMPK SIRT1/B-actin p-NF-«B/NF-«B
IEH A 0.95+0.08 0.53+0.10 0.68+0.06 0.38+0.05
H I 2 0.42+0.02” 0.29+0.06 0.39+0.03 1.24+0.14"
VES-E 0.144 0.76+0.07" 0.49+0.03" 0.63+0.07" 0.57+0.09>
FHZ B AL A 2.5 0.73+0.07Y 0.72+0.08" 0.64+0.04" 0.49+0.01>
PHS G G R R A 5 0.74+0.05" 0.63+0.07" 0.70+0.03" 0.48+0.02%
FHSE R A 10 0.86+0.05" 0.57+0.06" 0.77+0.07" 0.41+0.03¥

.73.
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Fig. 2 Electrophoresis of GPR41, GPR43, GLP-1, GLP-1R,
AMPK, p-AMPK, SIRT1, NF-«B and p-NF-«B proteins in rats
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