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Objective  To explore the dynamic changes of intestinal microbiome-short-chain fatty acid metabolic
pathways in diethylnitrosamine (DEN)-induced liver precancerous lesions in rats and the effect of probiotic intervention.

Methods Male SD rats were used in this study,and the liver cancer model was induced by a one-time intraperitoneal
injection of DEN. The experiment was divided into a control group,a DEN model group and a DEN model intervention
group,with the latter receiving probiotic dietary intervention starting from the day after DEN injection. The composition
of intestinal flora was analyzed by 16S rRNA gene sequencing, the SCFA content in feces was detected by gas
chromatography-mass spectrometry ( GC-MS), and the intervention effect was evaluated by biochemical indicators,
histopathological testing and molecular biology methods.  Results The weight growth of the rats in the DEN model
group was significantly slower (30 =20 g).and the liver function damage indicators ( ALT, AST, ALP, GGT) were
significantly increased. Compared with the control group (weight gain 50+15 g; ALT 3545 U/L,AST 30+4 U/L,ALP
90+10 U/L,GGT 20+3 U/L) and the intervention group (weight gain 40418 g; ALT 70415 U/L, AST There was a
statistical difference compared with 65410 U/L.ALP 150£20 U/L.GGT 45+8 U/L). The expression levels of HGF,
TGF-B and a-SMA in rats in the DEN model group were significantly higher than those in the control group and

intervention group. Intestinal {lora analysis showed that the Chaol and Shannon index of the DEN model group were
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significantly lower than those of the control group and intervention group. SCFA analysis results showed that the contents
of propionic acid (0. 52=£0. 19 mmol/L) and isovaleric acid (0. 364-0. 054 mmol/L) in rats in the DEN model group were
significantly reduced, while in the DEN model intervention group, the contents of propionic acid were significantly
reduced. The contents of isovaleric acid (0. 80 = 0. 21 mmol/L) and isovaleric acid (0. 64 == 0. 19 mmol/L) were
significantly restored compared with the DEN model group.  Conclusion In the DEN-induced rat liver cancer model, the
intestinal microbiome structure and SCFA metabolic pathways undergo significant changes. Prebiotic intervention can
improve the intestinal microbial compositionsincrease SCFA production,reduce liver damage,and combat liver {ibrosis and
tumor development. These findings provide a new perspective on using the gut microbiome and SCFA metabolic pathways

to prevent and treat liver cancer.

[Keywords] Diethylnitrosamine (DEN) ; hepatocellular carcinoma (HCC) ; gut microbiome; short-chain fatty acids

(SCFAs) ; probiotic intervention
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Table 1 Comparison of biochemical indicators of rat models
in each group
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ALP (U/L)  90,82410.55 210,10430. 41 150, 3742010 <C0.001 <C0.001 0. 004
GGT (U/L)  20.43£3.90 85.48+15.33 45.10£8,16 <€0.001 0,032  0.034
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Table 2 Comparison of expression levels of different molecules
in the liver of rat models in each group
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HGF 1.01£0.15 3.56£0.51 2.08£0.37 <C0.001 <C0.001 0.027
TGF-B 1.03%£0.17 4.09£0.62  2.5940.43 <C0.001 <C0.001 0.031
o«SMA  1.08+0.11 3.83£0.45 2.21+0.22 <<0.001 <C0.001 0.029
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Table 3 Comparison of intestinal flora abundance at the phylum
level in each group of rat models

DEN #i#4 DENBRTHA Pl P2 P3

38 i B opiEl

@I 10,2516 10.16£1.56  9.64+E1.90  0.152  0.863  0.421
BEEEFIT  11.04+1.42 1433153 9.93£1L.50  0.688 0,021  0.002
AREIT 9.00£154  11,62£2.05  9.71£1.32  0.621  0.018  0.007
MEEIT  9.60£1.10 7084175 10.34£1.35  0.123  0.026  0.022
WA 9.9440.95  8.0541.64  10.2242.27  0.848  0.015  0.006
BT 10.87£0.79  9.76+1.72  9.25£1.10  0.247  0.629  0.290
WM 9.65E1.07  11,83E1.86  9.03E1.41  0.433 0,003  0.013
FAFFETT  10.26+1.38  9.38+2.24  10.33£2.08  0.537 0.434  0.182
e 10.06£1.3¢  9.6241.81  10.16+1.49  0.554  0.616  0.216
BERFTT  9.34+1.86  9.18£1.59  11.39£1.03  0.531 0.675  0.219
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Fig. 5 Clustering heat map of the abundance differences of intestinal

flora at the phylum level in rat model samples from each group (the
values are the relative abundance values after z-score normalization)
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