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Shouwu Pill ameliorates doxorubicin-induced premature aging by
modulating gut microbiota and bile acid metabolism in mice

FENG Bingbing'?, CAO Zheng'?, YI Yao'?, LI Jing""

1 Hubei Provincial Hospital of Traditional Chinese Medicine, Affiliated Hospital of Hubei University of Chinese
Medicine, Wuhan, Hubei, China
2 School of Basic Medical Sciences, Hubei University of Chinese Medicine, Wuhan, Hubei, China

Abstract: [Objective] To investigate the effects of Shouwu Pill (SWW) on physical performance,
gut microbiota composition, and bile acid metabolism in the mouse model of doxorubicin (DOXO)-
induced premature aging, and to preliminarily explore its potential mechanisms. [Methods] A
mouse model of premature aging was established by intraperitoneal injection of DOXO. Mice were
randomized into Control, DOXO, DOXO+Shouwu Pill low-dose (SWW-L), and DOXO+Shouwu
Pill high-dose (SWW-H) groups. Grip strength test, hanging endurance test, and treadmill exercise
test were performed to evaluate physical performance. Gut microbiota composition and diversity
were analyzed by 16S rRNA gene sequencing, followed by PICRUSt functional prediction. Fecal
bile acid profiling was performed via UHPLC-QQQ-MS. Spearman correlation analysis was
further conducted to explore the association between differentially abundant gut microbial taxa and
bile acid metabolism. [Results] Compared with the Control group, DOXO-treated mice exhibited
increased systemic inflammatory cytokine levels and significantly decreased forelimb grip strength,
hanging endurance, and maximal running speed, indicating successful establishment of the
premature aging model. SWW treatment significantly reduced systemic inflammation and
improved physical performance, with the DOXO+SWW-H group demonstrating greater efficacy
than the DOXO+SWW-L group. The results of 16S rRNA gene sequencing revealed that DOXO
induced gut microbiota dysbiosis characterized by altered microbial diversity and disrupted
microbiota structure, including decreased abundance of Muribaculaceae and increased abundance
of opportunistic pathogenic genera such as Desulfovibrio and Helicobacter. SWW treatment
partially restored the microbiota structure by increasing the abundance of potentially beneficial
bacteria, including Akkermansia, Lactobacillus, Bifidobacterium, and Roseburia. PICRUSt
functional prediction indicated significant alterations in bile acid metabolism-related pathways
following SWW intervention. Fecal bile acid profiling further demonstrated that DOXO treatment
led to the accumulation of several conjugated bile acids, including T-a-MCA and T-B-MCA,
accompanied by reduced levels of unconjugated bile acids. SWW intervention significantly
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lowered the levels of conjugated bile acids and partially restored the levels of unconjugated bile
acids. Correlation analysis showed that several beneficial bacteria were positively correlated with
unconjugated bile acids but negatively correlated with conjugated bile acids. [Conclusion] SWW
ameliorates physical decline and gut microbiota dysbiosis in the mouse model of DOXO-induced
premature aging. Its anti-aging effects may be associated with modulation of gut microbiota-related

bile acid metabolism and restoration of bile acid homeostasis.
Keywords: Shouwu Pill; gut microbiota; premature aging; bile acid metabolism
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Figure 1 Shouwu Pill ameliorates inflammatory response and physical performance decline in DOXO-induced
premature aging mice. A: Experimental design [Premature aging was induced by intraperitoneal injection of
doxorubicin (DOXO, 10 mg/kg) on day 0 and 10. Shouwu Pill was administered daily by gavage at low dose
(200 mg/kg) or high dose (400 mg/kg) throughout the experimental period]; B: Serum tumor necrosis factor-o
(TNF-a) levels in each group (n=6 per group); C: Serum interleukin-1f (IL-1B) levels in each group (n=6 per
group); D: Hanging endurance time in each group (n=6 per group); E: Maximal running speed in each group (n=6
per group); F: Forelimb grip strength in each group (n=6 per group). Data are presented as mean+SD. ns: P=0.05;
*: P<0.05; **: P<0.01; ***: P<0.001.
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Figure 2 Shouwu Pill ameliorates DOXO-induced gut microbiota dysbiosis (n=6 per group). A, B: Alpha

diversity analysis of gut microbiota in each group, including Chaol and Simpson indices; C: Principal

coordinates analysis (PCoA) based on Bray-Curtis distances showing differences in microbial beta diversity

among groups; D: Relative abundance of gut microbiota at the phylum level; E: Relative abundance of gut
microbiota at the genus level. Data are presented as mean+SD. ns: P=0.05; *: P<0.05; **: P<(0.01; ***: P<0.001.
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Figure 3 Shouwu Pill modulates gut microbiota-associated metabolic functions and bile acid homeostasis in
premature aging mice. A: PICRUSt functional prediction analysis based on 16S rRNA gene sequencing showing
significantly altered microbial functional pathways in the DOXO+SWW-H group compared with the DOXO
group (Colors indicate different functional categories, and the x-axis represents —log;o P); B: Fecal concentrations
of conjugated bile acids, including primary and secondary bile acids, in each group (n=6 per group); C: Fecal

concentrations of unconjugated bile acids, including primary and secondary bile acids, in each group (n=6 per

group). Data are presented as mean+SD. *: P<0.05; **: P<0.01, ***: P<(0.001.
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Figure 4 Spearman correlation heatmap showing the associations between differential bacterial genera and

differential bile acids. Red indicates positive correlations, whereas blue indicates negative correlations. Color
intensity reflects the strength of the correlation. *: P<0.05, **: P<0.01, ***: P<(0.001.
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