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[ Abstract] Objective Radioactive intestinal injury is a common complication during radiotherapy of tumors.
The aim of this study is to observe the effect of ionizing radiation on short-term changes in intestinal bile acids and to
investigate the radioprotective effect of bile acids on intestinal cells. Methods A rat model of small intestinal injury was
constructed by exposing the abdomen of the rats to daily irradiation at 2 Gy for 4 d in succession. The bile acids were
quantified using metabolomics analysis. IEC-6 cells, a small intestinal epithelial cell line, were divided into a dimethyl
sulfoxide (DMSO) control group receiving DMSO and 0 Gy irradiation, a glycoursodeoxycholic acid (GUDCA)
experimental group receiving GUDCA and 0 Gy irradiation, a DMSO irradiation group receiving DMSO and 10 Gy
irradiation, and a GUDCA irradiation group receiving GUDCA and 10 Gy irradiation. Cell viability and cytotoxicity was
assessed by CCK-8 assay test. The apoptosis rate of cells was determined by flow cytometry. The colony formation rate
and the radiosensitivity of the cells were determined by colony formation assay on solid media. The expression levels of
proteins associated with cell death were determined using Western blot. Results  After exposure to irradiation, the small
intestine tissues of the rats showed typical radioactive intestinal injury. In addition, various bile acids showed fluctuation
before and after irradiation. Among the bile acids, GUDCA increased significantly at 3 d after irradiation, but returned to
the pre-irradiation level at 7 d after irradiation. Compared with the control group, after GUDCA treatment at 20 umol/L
for 24 h, the cell viability rate after irradiation was significantly higher than that of the DMSO group (P<0.05); the
expression levels of the proteins, including PARP, caspase-3, RIP, and GSDMD, were significantly lower than those in the
control group (P<0.05). After GUDCA treatment at 20 umol/L for 24 h and 48 h, the cell apoptosis rate of the cells after
irradiation was lower than that of the DMSO group (P<0.05). Compared with the DMSO control group, the colony
formation ability of the GUDCA experimental group was stronger than that of the DMSO group after irradiation at 0, 2, 4,
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and 6 Gy (P<0.05). D,, or the mean lethal dose, of the GUDCA group was 6.374, while that of the DMSO group was 4.572.
Compared with the DMSO control group, the D, value of the GUDCA treatment group increased, and the sensitization

enhancement ratio (SER) was 0.717. Conclusion After exposing the abdomen of rats to irradiation, the intestinal bile

acid metabolism of the rats will change significantly, and GUDCA can produce radioprotective effects on intestinal cells to

a certain extent.
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Fig 1 Establishment of the animal irradiation model
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Fig 2 Morphological changes in small intestinal tissues and quantitative
analysis of bile acids after irradiation in an animal irradiation

model

A, HE staining of the small intestine of unirradiated healthy rats (x100). B,
HE staining of small intestine samples collected from rats 3 days after irradiation
(x100). C, HE staining of small intestine samples collected from rats 7 days after
irradiation (x100). D, Quantitative analysis of GUDCA metabolites by liquid
chromatography-mass spectrometry (LC-MS) (n=6 per time piont; 0 d : control
group).
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Fig 3 Effect of GUDCA combined with ionizing radiation on IEC-6 cell activity and cytotoxicity assessed by CCK-8 assay

A, Effect of GUDCA combined with 0 Gy irradiation on IEC-6 cell activity (n=6). B, Effect of GUDCA combined with 10 Gy irradiation on IEC-6 cell activity (n=6).
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Fig 4 Effect of GUDCA combined with ionizing radiation on the apoptosis level of small intestinal epithelial IEC-6 cells

A, Flow cytometry was conducted to determine the apoptosis rate of IEC-6 cells under two drug treatments after 10 Gy X-ray irradiation for 24 h. B, Flow cytometry

was conducted to determine the apoptosis rate of IEC-6 cells under two drug treatments after 10 Gy X-ray irradiation for 48 h.”~ P<0.01,” P<0.001. n=3.
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Fig 6 Effect of GUDCA combined with ionizing radiation on the colony formation as well as the colony formation rate of IEC-6 cells

A, Colony formation of IEC-6 cells under different irradiation dose conditions with two drug treatments. B, IEC-6 cell survival curves. n=3.
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