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Table S1. Primer sequences for gene expression analysis. Primers were selected for genes 

involved in bone metabolism and inflammatory response in rats, and estrogen response in 

humans. RANKL, receptor activator of nuclear factor κB (RANK) ligand; TRAP, tartrate-

resistant acid phosphatase; IL, interleukin.  

Gene Primer Sequences Accession No. 

Human 

β-actin 
5’ primer 5´-AGAGCTACGAGCTGCCTGAC 

NM_001101.5 
3’ primer 5´-AGCACTGTGTTGGCGTACAG 

pS2 
5’ primer 5´-CCATGGAGAACAAGGTGATC 

NM_003225.3 
3’ primer 5´-TTAGGATAGAAGCACCAGGG 

RANKL 
5’ primer 5´-TGAGACTCCATGAAAATGCA 

NM_003701.4 
3’ primer 5´-CGGTGGCATTAATAGTGAGA 

Rat 

β-actin 
5’ primer 5’-CATCAAAGAGAAGCTGTGCT 

NM_031144.3 
3’ primer 5’-GAAGGAAGGCTGGAAAAGAG 

TRAP 
5’ primer 5’-GAAACCATGATCACCTTGGC 

XM_003752236.2 
3’ primer 5’-CAGCATAAAGATGGCCACAG 

RANK 
5’ primer 5’-GCGTTTACTACAGGAAGGGA 

XM_008769487.2 
3’ primer 5’-CCTTCACACACTTCTTGCTG 

IL-1β 
5’ primer 5’-ATGAGGACCCAAGCACCTTC 

NM_031512.2 
3’ primer 5’-CAGACAGCACGAGGCATTTT 



 

 

Table S2. Antibody list for western blot analysis. Antibodies were selected for proteins 

involved in estrogen receptor-mediated signaling pathways. ER, estrogen receptor; HRP, 

horseradish peroxidase. 

Epitope Manufacturer Cat. No. Dilution Host 

Primary 

ERα 
(70 kDa) FineTest FNab02822 1:1000 Rabbit 

Akt1 
(60 kDa) 

Santa Cruz 
Biotechnology 

sc-8312 1:1000 Rabbit 

p-Akt1 
(60 kDa) sc-101629 1:1000 Rabbit 

β-actin 
(43 kDa) sc-81178 1:1000 Mouse 

Secondary 
(HRP-linked) 

Mouse IgG Cell Signaling 
Technology 

#7076 1:10000 Goat 

Rabbit IgG #7074 1:10000 Horse 



 

 

Table S3. Quantitative analysis of the active compounds in the SJFE and GSEE mixtures and 

in the final complex extract. High-performance liquid chromatography was used to analyze 

sophoricoside and soyasaponin 1 in the test substances. The complex extract was prepared by 

blending SJE and GSE at a ratio of 1.5:1. Data from three independent experiments are shown 

as means ± standard deviation. SJFE, Styphnolobium japonicum fruit (SJE) extract; GSEE, 

germinated soybean embryo (GSE) extract. 

Extracts 
Active compounds (mg/g) 

Sophoricoside Soyasaponin 1 

SJFE and GSEE 
mixture (ratio) 

1:1 48.64 ± 1.02 7.39 ± 1.10 

1:2 33.52 ± 0.78 5.51 ± 0.87 

2:1 63.06 ± 1.26 9.58 ± 1.55 

Complex extract 59.25 ± 0.68 9.09 ± 2.84 

 

  



 

 

Figure S1. Effects of SJFE, GSEE, and their combinations on cell viability. Three distinct cell 

lines were used in this study. Cell viability was measured using WST-8 assay in RAW 264.7 

macrophages (A), MG63 osteoblasts (B), and MCF7 breast cancer cells (C). A 10 mM 

hydrogen peroxide (H2O2) was used as a positive control. Data from three independent 

experiments are shown as means ± standard deviation. Statistical significance is denoted by * 

p < 0.05, *** p < 0.001, compared to the Ctrl group. SJFE, Styphnolobium japonicum fruit 

extract; GSEE, germinated soybean embryo extract. 

  



 

 

Figure S2. Anti-oxidative effects of SJFE, GSEE, and their combinations, evaluated based on 

their DPPH radical scavenging activity. The test substances were incubated with a 0.2 mM 

DPPH solution at different capacities ranging from 10 to 100 µg. The degree of radical 

scavenging was determined by measuring the change in absorbance at 517 nm. A 100 µM 

ascorbic acid (Asc) was used as a positive control. Data from three independent experiments 

are shown as means ± standard deviation. Statistical significance is denoted by * p < 0.05, ** 

p < 0.01, *** p < 0.001 compared with the Ctrl group. SJFE, Styphnolobium japonicum fruit 

extract; GSEE, germinated soybean embryo extract; DPPH, 2,2-diphenyl-1-picrylhydrazyl. 

 



 

 

Figure S3. Effects of SJFE, GSEE, and their combinations on nitric oxide (NO) production in 

RAW 264.7 cells. The cells underwent treatment with concentrations ranging from 10 to 100 

µg/mL of the test substances for 1 h, followed by a 20-hour stimulation with 1 µg/mL of LPS. 

NO production levels were quantified using the Griess reagent assay. Data from three 

independent experiments are shown as means ± standard deviation. Statistical significance is 

denoted by *** p < 0.001 compared with the Ctrl group; # p < 0.05, ## p < 0.01, ### p < 0.001 

compared with the LPS treated group. SJFE, Styphnolobium japonicum fruit extract; GSEE, 

germinated soybean embryo extract; LPS, lipopolysaccharide. 

  



 

 

Figure S4. Effect of SJFE, GSEE, and their combinations on RANKL gene expression in MG63 

cells. The cells were initially treated with varying concentrations of the test substances for 1 h, 

then exposed to LPS-stimulated RAW 264.7 cell media (RM) for 20 h. RANKL gene 

expression levels were quantitatively assessed using quantitative polymerase chain reaction. 

Data from three independent experiments are shown as means ± standard deviation. Statistical 

significance is denoted by *** p < 0.001 compared with the Ctrl group; ## p < 0.01, ### p < 

0.001 compared with the RM treated group. SJFE, Styphnolobium japonicum fruit extract; 

GSEE, germinated soybean embryo extract; LPS, lipopolysaccharide; RANKL, receptor 

activator of nuclear factor κB ligand. 

 
 
  



 

 

Figure S5. HPLC analysis of the sophoricoside and soyasaponin 1 standards. The figure 

displays a representative HPLC chromatogram (left panel) and calibration curves (right panel) 

for each compound: sophoricoside (A) and soyasaponin 1 (B). Sophoricoside was detected at 

a retention time (RT) of 15.0 min, while soyasaponin 1 was detected at a RT of 17.2 min. 

 



 

 

Figure S6. Organ safety assessment in ovariectomized (OVX) rats treated with the complex 

extract. (A) Representative images of major organs, including the liver, spleen, kidney, and 

stomach, excised after 12 weeks of treatment. (B) Depicts a comparison of the tissue mass for 

each organ. The complex extract was prepared by blending SJF and GSE at a ratio of 1.5:1. 

17β-estradiol (E2) was used as a positive control. The scale bar in the images represents 1 cm. 

SJF, Styphnolobium japonicum fruit; GSE, germinated soybean embryo.  

 


