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ABSTRACT: Objective

by D-galactose (D-gal) in rats and explore its potential mechanisms. Methods

To evaluate the protective effects of a-ketoglutarate (AKG) on oxidative damage induced
Male SD rats were used as
experimental subjects. Oxidative stress injury was induced by intraperitoneal injection of D-gal solution, and the animals
were randomly divided into 5 groups: Control group, model group, low-dose AKG group (AKG-L, 50 mg/kg),
medium-dose AKG group (AKG-M, 100 mg/kg) and high-dose AKG group (AKG-H, 200 mg/kg). Rats were
administered the respective treatment once daily for 4 weeks. The levels of oxidative biomarkers, including
malondialdehyde (MDA), protein carbonyls, as well as antioxidant indicators and enzymes such as catalase (CAT),
superoxide dismutase (SOD) and reduced glutathione (GSH), were determined using colorimetric assays in plasma
and liver tissues. Histopathological examinations were conducted to assess the protective effects of AKG against
D-gal-induced oxidative damage. Furthermore, 16S rRNA sequencing and ultra performance liquid
chromatography-tandem mass spectrometry were performed to analyze gut microbiota composition and short-chain
fatty acids levels in each group, in order to investigate the potential antioxidant mechanisms of AKG. Results
Compared with the model group, AKG administration significantly reduced MDA and protein carbonyl levels in
plasma and liver, while partially enhancing the activities of SOD and CAT as well as GSH levels. Additionally, AKG
could modulate the structure of gut microbiota and increase the relative abundance of Lachnospiraceae NK4A136
group, Prevotella and Clostridia vadinBB60 group. Compared with the control group, the levels of the short-chain
fatty acids valeric acid, butyric acid and isobutyric acid in the intestines of rats with oxidative damage were
significantly reduced. Following AKG intervention, the levels of these 3 kinds of short-chain fatty acids were
markedly increased, with butyric acid and isobutyric acid showing the most pronounced improvement (P<0.01),
approaching those of the normal control group. Conclusion AKG exerts a significant protective effects against
D-gal-induced oxidative damage in rats. This protective effect is accompanied by improvements in gut microbiota
composition and short-chain fatty acid levels. These findings suggest that the gut microbiota-short-chain fatty acid
axis and antioxidant effects may jointly contribute to the protective action of a-ketoglutarate.
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1.3 I

SD Mt KB, AT 24 230~250 g, SPF 4%, I A i I
WAL F) AW HE ARG R A G L7790 &4 U5
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