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[bookmark: _Hlk216999250][bookmark: _Hlk217181343]Supplementary Methods
[bookmark: _Hlk216999270]Transmission electron microscopy (TEM, FEI Tecnai F20, USA) operated at an accelerating voltage of 200 kV and scanning electron microscopy (SEM, ZEISS Sigma 300, Germany) were used to observe the nanostructure and elemental distribution of EGCG–Zn. For TEM analysis, EGCG–Zn nanocomplexes were dispersed in deionized water, and a dilute suspension was drop-cast onto carbon-coated copper grids followed by air-drying at room temperature prior to imaging. No additional staining was applied. TEM images were acquired at multiple magnifications, typically ranging from 20,000× to 100,000×. Dynamic light scattering (DLS, Zetasizer Nano ZS 90, Malvern, UK) was employed to determine the hydrodynamic diameter, polydispersity index (PDI), and zeta potential of the nanocomplexes. DLS measurements were performed at 25 °C, and samples were diluted with deionized water to an appropriate concentration (approximately 0.2–0.5 mg/mL) prior to analysis to minimize multiple scattering effects.
[bookmark: _Hlk217099286]UV–visible spectroscopy (Shimadzu UV-2600, Japan) was performed over a wavelength range of 200–600 nm to analyze the optical absorption characteristics. Fourier-transform infrared (FTIR) spectra were recorded using a Nicolet iS20 spectrometer (Thermo Fisher Scientific, USA) in the range of 400–4000 cm⁻¹ to identify characteristic functional groups and coordination-related peak shifts. Thermogravimetric analysis (TGA, NETZSCH TG 209 F1 Libra) was conducted under an air atmosphere with a heating rate of 10 °C/min over a temperature range of 30–800 °C to evaluate the thermal stability and composition of the EGCG–Zn nanocomplex. X-ray photoelectron spectroscopy (XPS, Thermo Scientific K-Alpha, USA) was used to analyze elemental composition and chemical states, with all binding energies calibrated using the C 1s peak at 284.8 eV as the reference. X-ray diffraction (XRD) patterns were collected using a Rigaku SmartLab diffractometer with Cu Kα radiation, at a scanning rate of 1°/min over a 2θ range of 5–85°, to assess the crystallographic characteristics of the samples.

Fluorescence extraction and quantification
At predetermined time points after rectal administration, rectal tissues were harvested, weighed, and homogenized in phosphate-buffered saline. The homogenates were centrifuged, and the supernatants were collected for fluorescence measurement. Rhodamine B fluorescence was measured using a microplate reader at appropriate excitation and emission wavelengths. A standard calibration curve of Rhodamine B was established to convert fluorescence intensity to concentration.

Radiation dose selection and establishment of the radiation-induced proctitis model
To establish a stable and reproducible mouse model of radiation-induced proctitis, preliminary dose-escalation experiments were conducted. Mice were locally irradiated with single X-ray doses of 10 Gy, 15 Gy, or 20 Gy, with the irradiation field restricted to the rectal region using a custom-made lead shield. The radiation doses and procedures were selected in accordance with commonly accepted standards for experimental animal irradiation. Based on the severity and consistency of rectal injury observed in these preliminary experiments, as well as overall animal tolerance, a single dose of 20 Gy was selected for subsequent therapeutic studies, as it reliably induced radiation proctitis without causing excessive systemic toxicity or mortality.

Transcriptome sample preparation, sequencing, and bioinformatic analysis
[bookmark: _Hlk217099951]Total RNA was extracted from mouse intestinal tissues using TRIzol reagent (Invitrogen, USA) according to the manufacturer’s instructions. RNA integrity and concentration were evaluated using a Fragment Analyzer or an Agilent 2100 Bioanalyzer (Agilent Technologies, USA), and only samples with an RNA integrity number (RIN) ≥ 7.0 were used for library construction. RNA libraries were prepared using the MGIEasy (or Optimal Dual-mode) mRNA Library Prep Kit (BGI-Shenzhen, China). Poly(A)+ mRNA was enriched using oligo(dT)-coated magnetic beads, followed by fragmentation, first- and second-strand cDNA synthesis, end repair, A-tailing, adaptor ligation, and PCR amplification. Circular single-stranded DNA libraries were generated and amplified by rolling circle amplification to form DNA nanoballs (DNBs). Sequencing was performed on the BGI G400/T7/T10 platform with paired-end reads (PE100/150). Each sample generated at least 20 million clean reads. Clean reads were mapped to the mouse reference genome (GRCm38/mm10). Differential gene expression analysis was conducted using DESeq2. Genes with |log2(fold change)| ≥ 1 and false discovery rate (FDR) < 0.05 were defined as differentially expressed genes (DEGs).
Transcriptome sample extraction and library construction and sequencing:  Total RNA was extracted from mouse intestinal tissues using TRIzol reagent (Invitrogen, Carlsbad, USA) in accordance with the manufacturer's instructions. In short, the tissues were mixed in a liquid called TRIzol using liquid nitrogen. Then, the RNA was separated using a process called chloroform extraction and isopropanol precipitation. The RNA pellet was then washed with 75% ethanol and dissolved in RNase-free water. The integrity and concentration of the RNA were assessed using a Fragment Analyzer or an Agilent 2100 Bioanalyzer (Agilent Technologies, USA).
The preparation of RNA libraries was undertaken with the utilization of the Optimal Dual-mode mRNA Library Prep Kit (BGI-Shenzhen, China). Poly(A)+ mRNA was collected using magnetic beads that were coated with oligo(dT). The mRNA was then broken into smaller pieces, and a process called reverse transcription was used to make first-strand cDNA using random hexamers. After second-strand synthesis, end repair, A-tailing, and adaptor ligation, the cDNA libraries were amplified by PCR. Circular single-stranded DNA libraries were then generated. These were amplified through rolling circle amplification (RCA). This process formed DNA nanoballs (DNBs). The BGI G400/T7/T10 platform was used for sequencing, with PE100/150 reads.

Table S1. Physicochemical characterization of EGCG–Zn suppositories
	Water content (%)
	5% water
	9% water
	12% water

	Solidification point (°C)
	32.5
	31.2
	29.5

	Mechanical hardness (N)
	15.6 ± 1.4
	13.2 ± 1.5
	7.2 ± 1.2

	Brittleness (%)
	1.7 ± 0.2
	1.1 ± 0.3
	1.9 ± 0.4

	Drug content (%)
	99.6 ± 1.2
	100.3 ± 1.5
	101.1 ± 1.8

	RSD (%)
	1.2
	1.5
	1.8
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[bookmark: _Hlk217181806]Figure S1. Representative macroscopic photographs of EGCG powder and EGCG–Zn complex in the solid (powder) state.
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[bookmark: _Hlk217175308]Figure S2. Physicochemical characterization of EGCG–Zn suppositories. (A) Melting temperature of EGCG–Zn suppositories prepared with different water contents (5%, 9%, and 12%) (n=3).Data are presented as means ± SD. (B) Disintegration time of suppositories with varying water contents (n=3). Data are presented as means ± SD. (C) Stability profiles of EGCG–Zn suppositories during storage, showing changes in drug content over time for formulations with different water contents (n=3). Values are expressed as mean ±SD. ns: not significant*: p < 0.05, **: p < 0.01, ***: p < 0.001, ****: p < 0.0001 determined by one-way ANOVA.
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[bookmark: _Hlk217101859]Figure S3. Tissue-associated EGCG–Zn profile following rectal administration of EGCG–Zn medicated suppositories. (A) Time-dependent changes in EGCG–Zn levels detected in rectal tissue after anal administration (n = 3). Data are presented as mean ± SD.  (B) Fluorescence concentration of rhodamine B-labeled EGCG-Zn medicated suppositories at different times after anal administration, after grinding and centrifugation of rectal tissue.
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[bookmark: _Hlk217104664]Figure S4. Establishment of a mouse radiation-induced proctitis model. (A) Immunohistochemical images of Ki67, MPO, CD68, and TNF-α in mouse rectal tissue after different doses of rectal irradiation (10 GY, 15 GY, and 20 GY). Scale bar, 50, μm.  (B, C, D, E) Quantification of Ki67-stained rectal regenerative crypts after different doses of rectal irradiation (B), determination of the percentage of MPO-positive staining area per total area per observation field (C), and determination of the percentage of CD68-positive staining area per total area per observation field (D), and determination of the percentage of TNF-α positive staining area per total area per observation field (E) (n = 5). Values are expressed as mean ±SD. ns: not significant*: p < 0.05, **: p < 0.01, ***: p < 0.001, ****: p < 0.0001 determined by one-way ANOVA.
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[bookmark: _Hlk211419206][bookmark: _Hlk217103950]Figure S5. Protective effects of EGCG-Zn complex suppositories at different concentrations against radiation-induced proctitis. (A) HE and immunohistochemical images of MPO and CD68 in the rectal tissues of mice after different treatments. Scale bar, 50 μm. (B, C, D) The quantification of Ki67-stained rectal regenerative crypts after different treatments (B), determination of the percentage of MPO-positive staining area in the total area of ​​each observation field (C), and determination of the percentage of CD68-positive staining area in the total area of ​​each observation field (D) (n = 5). Treatments: 1, control; 2, RT; 3, RT + EGCG-Zn 50 mg/kg; 4, RT + EGCG-Zn 100 mg/kg; 5, RT + EGCG-Zn 150 mg/kg. Values are expressed as mean ±SD. ns: not significant*: p < 0.05, **: p < 0.01, ***: p < 0.001, ****: p < 0.0001 determined by one-way ANOVA.
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[bookmark: _Hlk217050738]Figure S6. Transcriptome sequencing analysis of mouse rectal tissue. (A) Statistical analysis of differentially expressed genes (DEGs) between RT and Control. (B) Statistical analysis of differentially expressed genes (DEGs) between EGCG-Zn and RT. (C) Statistical analysis of differentially expressed genes (DEGs) between EGCG-Zn and Control. (D) Venn diagram showing the overlap of DEGs among RT vs control, EGCG-Zn vs RT, and EGCG-Zn vs Control. (E–G) Gene Ontology (GO) enrichment analysis of DEGs, including biological process (GO_P), cellular component (GO_C), and molecular function (GO_F). Enriched GO terms are shown with significance evaluated by false discovery rate (FDR, q-value), and the color scale represents −log10(q-value).
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[bookmark: _Hlk216876158][bookmark: _Hlk216876626]Figure S7. Safety Evaluation of EGCG-Zn Suppositories. (A-F) Hemoglobin content (HGB), hematocrit (HCT), platelet thrombocrit (PCT), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), and mean corpuscular hemoglobin concentration (MCHC) levels in mice after different treatments. Data are presented as means ± SD; compared with the control group, n.s., not statistically significant.
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