[bookmark: _Hlk140431884][bookmark: OLE_LINK3][bookmark: _Hlk64724660][bookmark: _Hlk78917201]Onion (Allium cepa L.) flavonoids extract ameliorates osteoporosis facilitating osteoblast proliferation and differentiation, and inhibiting RANKL-induced osteoclastogenesis
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Materials and reagents 
Red onions were purchased at a local market in Dalian, China. Rutin (≥98% Purity) was purchased from Sichuan Weikeqi Biological Technology (Chengdu, China). The pure water is prepared by Direct-Q 8UV-R (Millipore, USA). All other reagents in the experiments were purchased from Damao chemical reagent factory (Tianjin, China).
Preparation of red onion extract
[bookmark: _Hlk59998902][bookmark: _Hlk67850117]The red onions (Allium cepa L.) were cleaned after the tunics removed. The bulbs were hot air dried (80 °C) for 12 h and then pulverized. 1 g onion powder was suspended in 15 mL of aqueous ethanol (80%, v/v), and then extracted in an ultrasonic water bath for 5 min at 25 °C. After centrifuged at 5000 ×g 5 min, the supernatants were collected. The process was repeated three times, supernatants were combined and concentrated under vacuum conditions. Dry OFE powder was stored at -20 °C before use. 
Rutin used as a reference substance, and AlCl3 as the color-developing agent, the optical density (OD) value at 415 nm was measured spectrophotometrically, and the total flavonoids were calculated. 3.2% total flavonoids content was determined by colorimetry. 
[bookmark: _Hlk135319408]Animal and administration
[bookmark: _Hlk140431937]Forty-eighty specific-pathogen-free (SPF) female Sprague Dawley (SD) rats (12 weeks, 250–270 g) were bought from Liaoning Changsheng Biotechnology (Liaoning, China). Rats were housed under standard laboratory conditions (temperature 23 ± 2 °C, humidity 55% ± 5, and 12 h light-dark cycle). All rats drank water and ate food freely. After acclimatization for 7 days, rats received either bilateral fat removal of tissue alone (Sham group, n = 8) or bilateral ovariectomy (OVX group, n=40). After 6 weeks of recovery period, all the OVX rats were randomly divided into 5 groups: OVX group (n = 8), OVX+L-OFE group (n=8, i.g.OFE 25 mg/kg), OVX+M-OFE group (n=8, i.g.OFE 50 mg/kg), OVX+H-OFE group (n=8, i.g.OFE 75 mg/kg), and OVX+ALN group (n=8, i.g. Alendronate Sodium 1 mg/kg) as the positive control group for 8 weeks. The rats in Sham group and in OVX group were administered by normal saline in the equivalent volume. Body weight was weighed every week. At the end of the 8-week treatment, the rats were euthanized. The serum and the femur were collected for further experiments. All the animal experiments were conducted with the aproval of the Ethics Committee of Dalian University of Technology, China (No. DUTSBE230621-03). All animal experiments of the study were carried out in accordance with the European Community guidelines (Directive 2010/63/EU).
Hematoxylin and Eosin (H&E) Staining
The right femurs were isolated and fixed in 4% neutral formaldehyde (pH 7.0) for 48 h, then femurs were decalcified in 10% ethylenediaminetetraacetic acid (EDTA) (pH 7.2) at 4 °C for 10 weeks. Then each bone sample was cut coronally into 4-μm sections, dehydrated in a series of ethanol solutions (80%，90%，95%，100%), and embedded in paraffin. Tissue was mounted on common slides for staining with H&E.
Micro-CT analysis
[bookmark: _Hlk135319584]The femurs were scanned by micro-CT (SIEMENS AG, Germany). Bone mineral density (BMD), the trabecular bone volume/tissue volume ratio (BV/TV), trabecular number (Tb. N), and trabecular bone separation (Tb. Sp) were calculated.
Serum determination
Blood sample was collected and centrifuged at 1000×g for 15 min at 4 ℃. The level of rat alkaline phosphatase (ALP) (Nanjing Jiancheng Bioengineering Institute, Nanjing, China), Ca (Nanjing Jiancheng Bioengineering Institute, Nanjing, China), P (Nanjing Jiancheng Bioengineering Institute, Nanjing, China), E2 (Elabscience, Wuhan, China) and Trap (Elabscience, Wuhan, China) in serum were determined by assay kits following the instructions. Absorbance value was measured using a microplate reader (Thermo Fisher Scientific, USA). 
Cell culture
Both human osteoblast-like cell lines MG-63 and mouse leukemia cells of monocyte macrophage RAW 264.7 were provided by Chinese Academy of Sciences Cell Bank (Shanghai, China). Cells were cultured at 37 °C incubator with 5% CO2 in Dulbecco modified Eagle’s medium (DMEM, BBI LIFE SCIENCES, Shanghai, China) supplemented with 10% fetal bovine serum (FBS, Gibco) and antibiotics (100 IU penicillin/mL and 100 μg streptomycin/mL, BBI LIFE SCIENCES, Shanghai, China).
MTT assay
The proliferative activity of OFE on MG-63 cells was determined by 3-(4, 5-Dimethyl-2-thiazolyl)-2, 5-diphenyl-2H-tetrazolium bromide (MTT) assay. Stock solutions of OFE was prepared in dimethyl sulfoxide (DMSO, Cell culture grade, Solarbio, Beijing, China). Vehicle control groups with 0.1% DMSO were included in the experiments. Stock solutions were diluted by medium to final concentrations of 6.25, 12.5, 25, 50 or 100 μg/mL when they would be used. Cells were cultured in 96-well plates with 5×103 cells per well for an overnight incubation and were treated with OFE (6.25-100 μg/mL) for 24 h. Then, old medium was removed and the residual medium with drugs was washed away using sodium phosphate buffer (PBS). Afterwards, 100 μL MTT solution diluted in fresh medium was added per well and the cells were incubated at 37 °C for another 4 h. After removal of the medium, 100 μL DMSO was added per well to dissolve the formazan crystals. When fully dissolved, the absorbance at 570 nm was measured by a microplate reader (Thermo Fisher Scientific, USA) and absorbance at 630 nm as reference.
Alkaline phosphatase (ALP) activity assay
For determination of ALP activity, 2×105 MG-63 cells per well were seeded in 6-well plates for an overnight incubation, and were treated with OFE (6.25-100 μg/mL) for 4d. Total protein was extracted using cell lysates (P0013J, Beyotime Biotechnology, Beijing, China). ALP activity assay was determined by an ALP activity assay kit performed following the instructions. 
[bookmark: _Hlk78901405]Alizarin Red S (ARS) staining
[bookmark: _Hlk78901442][bookmark: _Hlk78899714]Effect of OFE on mineralization was analyzed by ARS staining. 1×105 MG-63 cells per well were seeded in 24-well plates for an overnight incubation. After attachment, old medium was replaced by mineralization induced medium (complete DMEM with 50 μg/mL ascorbic acid and 10 mM β-glycerolphosphate) of mineralization group and administration group. Cells were treated with 12.5-100 μg/mL OFE for 21 days and the medium was changed every second day. At the end of culture, cells were rinsed three times with PBS and fixed in 95% ethanol for 20 min at room temperature. After fixation, cells were processed for staining with 1% ARS solution (pH=4.2; Solarbio, Beijing, China) for 30 min at 37 °C. Unbound dye was rinsed with PBS and the staining was photographed using inverted microscope (IX83, Olympus, Japan).
For quantification of calcium deposition, 500 μL of 10% (w/v) cetylpyridinium chloride (CPC) was added to each well, and plates were incubated at 37 °C for dissolving bound ARS. The absorbance at 550 nm was measured using a microplate reader (Thermo Fisher Scientific, USA).
TRAP activity
Raw 264.7 cells, which can be induced into osteoclasts by RANKL in vitro, were seeded in 6-well plates at a density of 2×104 cells per well. After overnight incubation, old medium was replaced with the fresh medium containing 50 ng/mL RANKL (Abcam, UK) and containing both 50 ng/mL RANKL and OFE. After inducing for 6 days, cells treated with only RANKL added OFE (12.5-100 μg/mL) for another 24h. Total proteins were extracted for determination of TRAP activity. However, cells co-cultured by both RANKL and OFE were lysed for total proteins extraction at the end of 6-day-cuture in order to TRAP activity determination. TRAP activity was detected with TRAP assay kit following the instructions. 
RNA extraction and real-time reverse transcription (RT)-PCR
Total RNA was isolated with Trizol reagent (Invitrogen, USA), and the same amount of total RNA from each sample was used to transcribe reversely with the RevertAidTM first strand cDNA Synthesis Kit (Takara, Japan) according to the manufacturer's instructions. Real-time RT-PCR was performed (PE 7500, PerkinElmer, USA) with a SYBR premix ex taq II kit (Takara), for expression of osteoprogeterin (OPG) and receptor activator of nuclear factor kappa-B ligand (RANKL) in MG-63 cells, and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as an internal control. In addition, real-time RT-PCR was performed for expression of tartrate resistant acid phosphatase (Trap), cathepsin K (CtsK), metalloproteinase-9 (Mmp-9) and nuclear factor of activated T-cells, cytoplasmic 1 (Nfatc-1) in Raw 264.7 cells, and GAPDH was used as an internal control. The primers used to amplify were provided in Table 1. The amplification conditions were as follows: 95 °C for 30 s followed by 40 cycles of 95 °C for 5 s, and 58 °C for 34 s.
2.13 Statistical analysis
All experiments were performed three times. Data was presented as mean ± standard deviation (SD). SPSS 22.0 software was used for statistical analysis, and the significant difference was determined by one-way analysis of variance (ANOVA). The Tukey test was used for subsequent analysis. p < 0.05 was considered statistically significant.


Tables
Table 1 Primer sequences used in the RT-PCR analysis
	Target mRNA
	Primer sequence (5’-3’)
	Fragment size (bp)

	OPG
	F: GAAACGTTTCCTCCAAAGTACC
	155

	
	R: CTGTCTGTGTAGTAGTGGTCAG
	

	RANKL
	F: TTACCTGTATGCCAACATTTGC
	103

	
	R: TTTGATGCTGGTTTTAGTGACG
	

	GAPDH
	F: CAGGAGGCATTGCTGATGAT
	138

	
	R: GAAGGCTGGGGCTCATTT
	

	Trap
	F: CAAGAACTTGCGACCATTGTTA
	191

	
	R: ATCCATAGTGAAACCGCAAGTA
	

	Ctsk
	F: GCTTGGCATCTTTCCAGTTTTA
	83

	
	R: CAACACTGCATGGTTCACATTA
	

	Mmp-9
	F: CAAAGACCTGAAAACCTCCAAC
	105

	
	R: GACTGCTTCTCTCCCATCATC
	

	Nfatc-1
	F: GAGAATCGAGATCACCTCCTAC
	93

	
	R: TTGCAGCTAGGAAGTACGTCTT
	

	Gapdh
	F: GGTTGTCTCCTGCGACTTCA
	183

	
	R: TGGTCCAGGGTTTCTTACTCC
	





