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Abstract: Objective To investigate the therapeutic effect of Biejiajian Pills on rats with carbon tetrachloride (CCl,) -induced
hepatic fibrosis and its mechanism based on the bile acid (BA) -short-chain fatty acid (SCFA) metabolic axis. Methods The
method of CCl, induction was used to establish a rat model of hepatic fibrosis, and 32 male Sprague-Dawley rats were randomly
divided into control group, model group, Biejiajian Pills group (2.2 g/kg), and silymarin group (43.19 mg/kg), with 8 rats in each
group. All rats except those in the control group were given intraperitoneal injection of CCl, (diluted with corn oil at a ratio of 4: 6,
2 mL/kg) to induce a model of hepatic fibrosis for 8 consecutive weeks, and the rats in the drug administration groups were given
the corresponding drug by gavage. An automatic biochemical analyzer was used to measure the serum levels of alanine
aminotransferase (ALT), aspartate aminotransferase (AST), total bilirubin (TBil), and albumin (Alb) ; chloramine-T colorimetry
was used to measure the content of hydroxyproline (HYP) in liver tissue; HE staining and Masson staining were used to observe
liver histopathological changes; UPLC-MS/MS and GC-MS were used to measure the levels of BAs and SCFAs. The Shapiro-Wilk
test and the Levene test were performed for all data to determine normality and homogeneity of variance; a one-way analysis of
variance was used for comparison of normally distributed continuous data between multiple groups, and the least significant
difference t-test was used for further comparison between two groups; the Kruskal-Wallis H test was used for comparison of Ishak
score between groups, and the Dunn’s test was used for further comparison between two groups. The Benjamini-Hochberg method
was used for multiple comparison correction in the screening of differentially expressed metabolites in metabolomics data. The
variable importance in projection (VIP) values were obtained in combination with the orthogonal partial least squares-discriminant
analysis (OPLS-DA) model, and metabolites with VIP>1 and P<0.05 were selected as significantly differentially expressed
metabolites between groups. The robustness of the OPLS-DA model was evaluated through 200 permutation tests, and the main
parameters of the model were reported, including the interpretation rate of the model for categorical variables (R*Y) and the
predictive ability of the model (Q?). A Spearman’s rank correlation analysis was performed. Results The results of staining
showed ordered arrangement of hepatocytes in the Biejiajian Pills group, with significant alleviation of inflammatory cell infiltration
and collagen fiber deposition. Compared with the control group, the model group had significant increases in the serum levels of
TBil and HYP and a significant reduction in the serum level of Alb (all P<0.05). Compared with the control group, the Biejiajian
Pills group had significant increases in the serum levels of AST, ALT, TBil, and HYP and a significant reduction in the serum
level of Alb (all P<0.05), and the silymarin group had significant increases in the serum levels of ALT, TBil, and HYP and a
significant reduction in the serum level of Alb (all P<0.05). Compared with the model group, the Biejiajian Pills group had
significant reductions in the serum levels of ALT, AST, TBil, and HYP (all P<0.05), and the silymarin group had significant
reductions in the serum levels of ALT, TBil, HYP, and AST and a significant increase in the serum level of Alb (all P<0.05).
Mechanism studies showed that compared with the control group, the model group had significant reductions in the levels of
taurolithocholic acid, tauro-o-muricholic acid, taurocholic acid, glycodeoxycholic acid, taurohyocholic acid, chenodeoxycholic
acid, glycohyodeoxycholic acid, 7, 12-diketolithocholic acid, taurochenodeoxycholic acid, and glycochenodeoxycholic acid and
significant increases in the levels of hyodeoxycholic acid, norcholic acid, B -muricholic acid, and cholic acid (all P<0.05).
Compared with the model group, the Biejiajian Pills group had significant increases in the levels of the protective BAs
taurolithocholic acid, chenodeoxycholic acid, taurocholic acid, taurohyocholic acid, and taurodeoxycholic acid and significant
reductions in the levels of tauro-a-muricholic acid, tauro-B-muricholic acid, taurohyodeoxycholic acid+tauroursodeoxycholic acid,
a-muricholic acid, glycoursodeoxycholic acid, and norcholic acid (alll P<0.05). As for SCFAs, compared with the model group,

the Biejiajian Pills group had significant increases in the levels of acetic acid, propionic acid, isobutyric acid, butyric acid,
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isopentanoic acid, pentanoic acid, and hexanoic acid (all P<0.05). Compared with the model group, the silymarin group had

significant reductions in the levels of taurolithocholic acid, tauro-a-muricholic acid, norcholic acid, glycocholic acid, deoxycholic

acid, tauro-B-muricholic acid, taurodeoxycholic acid, taurohyodeoxycholic acid+tauroursodeoxycholic acid, and o -muricholic

acid and significant increases in the levels of taurocholic acid and chenodeoxycholic acid, as well as significant increases in the

levels of the SCFAs acetic acid, propionic acid, pentanoic acid, and hexanoic acid (all P<0.05). The correlation analysis showed

that the metabolism of BAs and SCFAs was correlated with the changes in serum indicators. Conclusion Biejiajian Pills can alleviate

CCl-induced hepatic fibrosis in rats by regulating the BA/SCFA metabolic axis.
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Figure 1 Histological staining of liver tissues from each group of rats
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Figure 3 Biejiajian Pills and silybin regulate bile acid metabolism in rats with liver fibrosis
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Table 1 Comparison of bile acid changes in rats of each experimental group

3] s WA R WA TR REGRIATR  HEARE SN
(H) (pg/mL) (pg/mL) (pg/mL) (pg/mL)
popileEai| 8 33.69+16.56 7.37+3.43 42.21+19.59 382.01 +208.54
PRI 2H 8 57.50+11.84 20.51 +4.45 78.01 £ 12.11 474 .47 +320.09
A LA 8 34.27 £8.03V 13.11 £5.30" 4738+ 11.02" 237.57 + 80.83
KRR A 8 38.34 +10.54 13.53 +4.75" 51.87+13.13" 360.12 £ 119.75
FiE 6.829 11.250 9.845 1.824
P 0.001 <0.001 0.001 0.166
g1 EILYE AR A IR T ZE AR SRR
() (pg/ml) (p,g/mL) (ug/mL)
POl 8 3 480.90 + 647.64 3 862.90 + 836.07 3905.11 + 845.83
PRI 2 8 2679.12 +724.42 3153.59+918.34 3231.60 +916.80
HE PRI 8 3756.20 +906.04" 3993.77 +£960.30 4041.15 £ 958.94
KRBT R 8 3 650.80 +794.31" 4010.92 +752.40 4062.79 £752.10
F1§ 3.186 1.745 1.617
PIE 0.039 0.181 0.208
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Fb, AU 2 rpo 2 IR 2 H IR | B- BRI R R 1R 1
i T (PAE ¥ <0.05) 1 4 i A1 IR | A fiff - - BRI
R AR R | H 2O AU IR | A R I R 3G 25 IR
H & LA R 7, 12- A AR A4 RS 25 SR R fn
H A 2 AR 2 R AR (P (B 34<0.05) 5 515 AU 21 AH
LL, s Y RIALZE v A il -o- BROTE R | 25 FHER | 2R Al -B- B
JEPR | A B 2 AR TE R + 4 it BB 25 S0 IR | o- BRUTELFR AT H
GRE R AR YY) 1B 25 T B (P {E<0.05) , 2 A IR
AT TR ARl R TR 8 2 S0 % R 24 ik i S0 I i
F LT (PEY<0.05) s SHEAIZ A L, 7K 6 28 241 00
SR RRAR Aot A IER | A - BRI R L 25 PR L H =0
MR USRS | AR -B- BRUIR R | 2R 3 SRR 2R i 4
JIER + 24 fif BE 25 S IR R A - RUIH R 7K T (P (B 341<0.05) , IF:
2 R AR R RN s AR IR (P 44 <0.05) .

23 VAR Y KRR AR B AR T
R, 25 2R R 7 R A% 52 B S A B2 (B0
] 22 S AR IR KO (1 4) . s & (K 3), 5
RUZH AR L, % FBALAL AR R R W26 T HUS , LR A
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TR 2 I B R HAESE AR o TBIl K5 i AU
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Table 2  Statistical analysis of bile acid metabolites

it FR R vs X FRZH TR ARIZ vs 5 F LA FRARIZ vs 7K K] Z 4
P1E VIP P1E VIP P1E VIP
A R 1 <0.01 1.52 | <0.05 1.48 1 <0.05 1.22
2R 1<0.01 1.50 — — — —
2Rl -o- FRUIE R 1 <0.01 1.47 1 <0.05 1.54 1 <0.05 1.52
LRtk JIH TR 1 <0.01 1.46 1 <0.01 1.64 1 <0.01 1.60
H AW A NAR 1 <0.01 1.37 — — — —
AT N R } <0.05 1.34 1 <0.05 1.25 — —
LR | <0.05 1.32 1 <0.01 1.54 1 <0.01 1.62
L H R 1 <0.05 1.20 1 <0.05 1.03 1<0.05 1.48
&= AR 1 <0.05 1.16 — — — —
7, 12- il A1 fH R | <0.05 1.11 — — — —
AR R 2 SRR 1 <0.05 1.09 — — — —
B-FIH R 1 <0.05 1.06 — — — —
H R 1 <0.05 1.03 — — — —
H &R LA 1 <0.05 1.02 — — — —
HE AR — — — — — —
RENATR — — — — — —
HE R — — — — 1<0.05 1.10
ot SRR — — — — 1<0.05 1.15
AR~ R R — — 1<0.01 1.61 1 <0.01 1.63
ARk AU IR R — — 1 <0.01 1.63 1<0.01 1.41
R AIANR — — — — — —
SRR — — — — — —
A OB 22 I R + 2 Tk — — 1 <0.05 1.44 1<0.01 1.37
RE LA R
a-FRARR — — 1<0.05 1.48 1<0.01 1.27
B-fH{R — — — — — —
12-fili 47 I % — — — — — —
HE LA — — 1<0.05 1.00 — —

E: L SEAAEL L L SRR R A VIP, AR b T T 5 VIPS 1, X A IR 25 A B BTk VIP<1, XA 4 SRR AL/

—,P>0.05 8 VIP<1,
bagi:|
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Figure 4 Principal component analysis diagram of short-
chain fatty acid metabolism in rats with liver fibrosis
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Table 3 Comparison of short-chain fatty acid changes in rats of each experimental group

B EIL7EAS TR R ST TR SR A oL iR
bl o
(H) (pele) (pele) (pele) (pele) (pg/g) (pele) (pele)
X 2 8 1388.22+286.45 517.23+156.46 52.50+13.42 310.87+61.73 3233+7.23 61.04+9.77 1.81+0.07
FEHIZH 8 1065.74+296.86 327.52+57.69 26.19+3.65 158.84+24.40 24.79+4.88 46.01+576 1.36+0.42
BCHITIALAL 8 1648.83+362.53" 500.07 +68.01" 43.57 +4.26" 286.35 + 54.63" 34.25+ 10.08" 79.57 +9.20" 3.57+0.22"
K RETZEH 8 1527.84+343.87"508.52+90.00" 42.15+4.46 269.47+49.40 33.86+7.27 70.46+13.27" 2.49+0.34"
Fi& 4.824 6.511 16.560 14.710 2.717 16.870 85.780
P& 0.008 0.002 <0.001 <0.001 0.047 <0.001 <0.001
0 SRR LhER L 1) P<0.05,
TDCA UDCA 05
B-CA :
Z-Hw[l)é:: +TUDCA !0‘5 7_12-diketoLCA
T-B-MCA ACA 0
0 GLCA
DCA
pven | m e
CA lfo'5 GCDCA
NorCA GCA
HDCA | CDCA-G —
IL(JE/I\\IICA E-CMACA Caproic'acid. l0,4
THCA CA Isobutyric acid 02
GHDCA NorCA Butyricacid
ZE/EA g([:)/g/‘\ ISOVéleriC aci-d s
UDCA GDCA Propionic acid .
12-ketoLCA - g-UMDcC/.(\ Valericacid = -0.4
GUDCA 5 (19 ketoLCA Acetic acid 0.6
B-cA T-a-MCA & Z 2
GLCA TCA — o =
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UCA THDCA+TUDCA
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2 s 2 3 7
oca T 258588
> T = > 4 5 » 0 2 &5 8 @
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Figure 5 Heatmap showing the correlation between bile acid/short-chain fatty acid and serum indicators
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