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Abstract 

Rational：As an important substitute of bisphenol A (BPA), bisphenol S (BPS) shows 

comparable estrogenic effects. BPS is now widely used in consumer products with 

widespread human exposures. In order to evaluate the health risk of BPS, it is essential to 

develop a rapid method for the determination of BPS and its metabolites as well as its 

biotransformation capacity in vivo.  

Methods: Two major BPS phase II metabolites, BPS glucuronide (BPS-G) and BPS sulfate 

(BPS-S), were synthesized and used as standards for the development of UPLC-ESI-MS/MS 

method. Phase II metabolism of BPS in imprinting control region (ICR) female mice after the 

oral administration with different dosages (10, 100, 1000 μg/kg body weight) was 

investigated.  

Results: Urinary elimination was the main excretion route for BPS, with the total recovery 

ranging from 52.8% to 78.1%. In urine, BPS-G was identified as the predominant metabolite, 

and the maximum concentrations of BPS-G and BPS-S were obtained at 6 h after the oral 

administration upon the adjustment by creatinine. BPS was the major compound existed in 

feces. Only trace amounts of BPS and its metabolites were detected in digestive and 

excretory related tissues (<1%). 

Conclusions: The distribution and metabolic pathway of BPS in mice were assessed. More 

than 50% of BPS was excreted through phase II metabolism. Due to the biological inactivity 

of BPS-G and BPS-S, rapid metabolism of BPS to BPS-G and BPS-S may result in reduced 

toxicity of BPS in vivo. 

 

Keywords: Bisphenol S (BPS); BPS glucuronide (BPS-G); BPS sulfate (BPS-S); Phase II 

Metabolism; Mice 
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Introduction 

Bisphenol A (BPA) is a primary raw material that has been widely used in the production 

of epoxy resins and polycarbonates[1]. The chemical has been detected in a broad range of 

industrial products[2-3], crops, domestic water[4], and in fluids and tissues of human body[5-6]. 

As a kind of endocrine-disrupting chemical (EDC), BPA can interact with human estrogen 

receptors and cause adverse effects to human[7]. The chemical was reported to derange the 

endocrine system and hypomethylate the gene promoters, further to cause obesity, diabetes 

and cancer development[8]. Due to the wide exposure and toxicity, BPA is banned in some 

consumer products by many countries and regulatory organizations[9]. In response to this 

restriction, bisphenol S (BPS) that is a close analogue of BPA is selected as an alternative for 

replacing BPA. BPS has since been widely used in consumer products and thus detected to be 

present in baby bottles, canned foodstuffs, thermal paper and drinking water[10-12]. Because 

the primary exposure route of bisphenol analogs is diet[13], the dietary intake of BPS has been 

measured. A daily intake of about 9.6 ng/kg body weight has been reported for people[14], 

causing the existence of BPS in more than 70% of human urinary samples[15-17] and in 3% of 

breast milk[18]. Theoretically, the chemical used to substitute its original analogue that has 

caused great concern should be inert or far less toxic. However, many toxicology studies 

indicated that the estrogenic activity and acute toxicity of BPS were comparable to those of 

BPA[19-21]. More seriously, BPS appears to be far less biodegradable than BPA, and thus has 

longer bioavailability[22]. 

Considering the potential toxicity of BPS, investigation on its fate and metabolism is of 

great importance. As an analogue of BPA, BPS contains similar structure to BPA. BPS can 
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also be metabolized to its phase I and phase II products in vivo. A study on in vitro 

metabolism of BPS with a coupled oxidative-conjugative reaction found that ortho 

hydroxylated BPS was the major phase I metabolic product synthesized in liver microsomes 

and the metabolite showed lower estrogenic activity compared to BPS[23]. However, the 

oxidative biotransformation rate was sharply decreased to 1% when both phase I and phase II 

metabolism cofactors were added, indicating that phase II reaction was the main metabolic 

pathway in liver. Phase II biotransformation of BPS was measured by two kinds of cell 

models, namely the zebrafish and human cell models[24]. The obtained data showed different 

percentage of BPS-G and BPS-S in different cell lines. In zebrafish cell model, BPS-G was 

the major metabolite, while both BPS-G and BPS-S were detected in human cell models. 

Moreover, BPS-S became the predominant metabolite instead of BPS-G when HepG2 and 

MELN cells were used. The estrogenic activity of the glucurono- and sulfo-conjugated 

metabolites was also measured in this article, and neither BPS-G nor BPS-S showed hERα 

activity, demonstrating that phase II metabolites of BPS did not show estrogen effects. 

Therefore, the conversion of BPS to BPS-G and BPS-S could be a detoxification pathway. 

Up to now, the studies of in vivo BPS metabolism are rare. In adult and zebrafish larvae 

models, phase II metabolism of glucuronidation is the major metabolic pathway. More than 

78.5% of absorbed BPS was found to convert to BPS-G and 7.7% to BPS-S[25]. In human 

urine, approximately 97% of the BPS was detected as the conjugated form, indicating that 

BPS-G was also the predominant product in human body[17]. 

Due to the lack of commercially available standards of BPS conjugates, accurate 

quantification of BPS phase II metabolites was difficult. Intensive study on mice and human 
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metabolism of BPS has not been reported. In this study, we synthesized BPS-G and BPS-S 

through biosynthesis and chemical reaction, respectively, and used them as the authentic 

standards for the metabolism study of BPS in mice. Accordingly, a UPLC-MS/MS method in 

combination with solid-phase extraction (SPE) and liquid-liquid extraction was established 

for the simultaneous quantification of BPS and its phase II metabolites in mice urine, feces 

and tissues. The developed method was applied for the analysis of different biological 

samples to investigate the metabolic capacity of BPS in mice.  

2. Experimental  

2.1. Chemicals and materials 

4,4’-sulfonyldiphenol (BPS) was obtained from Tokyo Chemical Industry Co. (Tokyo, 

Japan). 13C12-BPS was purchased from Reer Trading Co. (Hong Kong, China). Ammonium 

acetate, sulfur trioxide pyridine complex, dimethylsulfoxide (DMSO) and creatinine were 

purchased from Sigma-Aldrich Co. (St. Louis, Mo, USA). Creatinine-d3 and methanol-d4 

were from J&K Co. (Beijing, China). N, N-dimethylformamide (DMF) was obtained from 

Dieckmann Co. (Shenzhen, China). 

HLB cartridges (1.0 mL, 30 mg) were bought from Waters (Milford, MA, USA). Generik 

H2P SPE cartridges (75 mL, 10 g) were obtained from Sepax Technologies (Suzhou, China). 

Ultrapure water was produced from a Milli-Q system (Millipore, Billerica, MA, USA). HPLC 

grade methanol was bought from TEDIA company (Fairfield, OH, USA). 

2.2. Biosynthesis, preparation and identification of BPS-G 

BPS-G and BPS-S were isolated from the urine samples collected from BPS-treated mice. 

The pooled urine samples were loaded to a cartridge filled with Generik H2P SPE bulking 
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packing. The cartridge was preconditioned using 100 mL methanol and 100 mL water, 

successively. After the sample was loaded, the cartridge was washed with 100 mL of 

methanol/water 1:9 (v/v) to eliminate salt and other matrices. BPS-G and BPS-S were then 

eluted with 100 mL of methanol/water 3:7 (v/v) and 100 mL of methanol/water 5:5 (v/v), 

respectively. The collected fractions were concentrated by rotary evaporator to 2 mL and 

further purified by semi-preparative HPLC. 

Semi-preparative HPLC was performed on a Waters Breeze 2 apparatus (Milford, MA, 

USA.) with a PDA detector. A SunFireTM Prep C18 column (10×250 mm, 5 µm, Waters, 

Milford, MA, USA) was used for separation. The mobile phase consisted of 2.0 mM 

ammonium acetate in water (solvent A) and methanol (solvent B). Isocratic elution of 40% B 

was operated with the PDA detector monitored at 260 nm. The flow rate was 2.0 mL/min. 

The fractions at retention time of 8.2 and 11.5 min corresponding to BPS-G and BPS-S were 

collected, respectively. The two eluents were concentrated by rotary evaporation followed by 

lyophilization to absolute dry.  

The qualitative analysis of the collected fractions was performed by using an UPLC-Q 

Exactive Focus Hybrid Quadrupole-Orbitrap Mass Spectrometer (Thermo Fisher Scientific, 

MA, USA). A Hypersil GOLD C18 column (2.1 mm ×100 mm, 1.9 µm, Thermo Fisher 

Scientific, MA, USA) was used for separation. The UPLC working condition was set as 

follow: the column oven was 35 ºC, the flow rate was 0.2 mL/min, and the injection volume 

was 2.0 µL. 2.0 mM ammonium acetate aqueous solution (solvent A) and methanol (solvent 

B) were used as the mobile phase[26]. Gradient elution was as follow: 0.0-9.0 min, 5% to 50% 

B; 9.0-11.0 min, 50% to 100% B; 11.0-14.0 min, 100% B; 14.1-20.0 min, 100% to 5%B. 
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The fractions were analyzed on Q Exactive mass spectrometer operated in negative 

ionization mode[27]. Parallel reaction monitoring (PRM) mode was used for the identification 

with the theoretical values of m/z 425.05479 for BPS-G, m/z 328.97952 for BPS-S and m/z 

249.02270 for BPS. While the collected amount of BPS-S was too low to be further identified, 

the synthesized BPS-G was characterized by the 400 MHz 1H NMR spectrum. 600 uL 

methanol-d4 was used as the solvent and the data was analyzed by Nuts. 

2.3 Chemical synthesis and identification of BPS-S 

Because the produced amount of BPS-S from the urine samples of the mice was too small, 

a chemical synthesis of BPS-S via the reaction between BPS and sulfur trioxide pyridine 

complex was performed according to a previous report with slight modification[28]. In brief, 

25 mg BPS and 50 mg sulfur trioxide pyridine were added to a 1.5 mL centrifuge tube and 

dissolved in 1.0 mL DMF shaking at room temperature for 12 h. The reaction mixture was 

separated by Generik H2P SPE cartridge and BPS-S was eluted with methanol/water 5:5 (v/v). 

2 mM ammonium acetate was added to ensure the stability of BPS-S before the solvent was 

removed using rotary evaporation followed by lyophilization. The prepared BPS-S was 

identified and characterized by NMR and UPLC-MS as described above. 

2.4 Animal experiments  

Imprinting control region (ICR) female mice of 5-6 weeks old (30-40 g) were purchased 

from Laboratory Animal Services Center, Chinese University of Hong Kong, and housed in 

an animal room that was maintained at 25 ºC and 40%-70% room humidity with free access 

to water and food. After two weeks’ acclimatization of new laboratory environment, 24 mice 

were weighted and randomly divided into four groups. There was no significant difference of 
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the weights among the four groups after analyzed by SPSS software. A single dose of control 

(olive oil), low dose (10 µg/kg bw), medium dose (100 µg/kg bw) and high dose (1000 µg/kg 

bw) of BPS were administrated by gavage. After dosing, mice were transferred to the 

metabolic cages for samples collection. The urine and fecal samples were collected at 6, 12, 

24, 36 and 48 h post-dosing for a 2-day period, and urine volume and feces weights were 

recorded. All the samples were stored at -80 ºC before pretreatment. The mice were 

euthanatized and the liver, kidney and intestine tissues were collected for the analysis of BPS, 

BPS-G and BPS-S.  

2.5 Sample preparation 

Urine samples collected at different times were centrifuged at 12000 rpm for 10 min to 

remove the precipitation. The samples (50 μL each) were spiked with stable isotope internal 

standard 13C12-BPS (final concentration 100 ng/mL). Those samples with high concentrations 

were diluted with milli-Q water before the spiking of 13C12-BPS. Three water samples were 

used as the blank to minimize the potential background contamination in the laboratory. To 

eliminate salts and other urinary matrices, SPE separation was adopted. Waters Oasis HLB 

cartridges (1.0 mL) were preconditioned with 3.0 mL methanol followed by 3.0 mL water[26]. 

After loading the urine sample, the cartridges were washed with 3.0 mL of methanol/water 

5:95 (v/v) to remove salts and the target analytes were eluted with 5.0 mL of 100% methanol. 

The collected eluents were evaporated under a stream of nitrogen gas to dryness and 

re-dissolved in 100 μL of  methanol/water 1:9 (v/v). 

Fecal and tissue samples collected at different time were weighed and dispersed in 1.0 mL 

methanol containing 13C12-BPS (final concentration 100 ng/mL). The samples were crushed 
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using refiner to release BPS, BPS-G and BPS-S. The fecal and tissue solutions were vortexed 

followed by centrifuged at 15000 rpm for 30 min. The supernatant was transferred to a new 

tube and the residue was extracted by 1.0 mL methanol for another two times[29]. The 

collected solutions were combined and evaporated under a stream of nitrogen gas and 

re-dissolved in 100 μL of methanol/water 1:9 (v/v). 

2.6 Determination of BPS and its major phase II metabolites in urine, feces and tissues of 

mice by UPLC-MS/MS 

The quantitative analysis was performed on a UPLC-TSQ Quantiva Triple Quadrupole 

Mass Spectrometer (Thermo Fisher Scientific, MA, USA). The UPLC condition was as 

follow: 0.0-6.0 min, 5% to 50% B; 6.0-8.0 min, 50% to 100% B; 8.0-11.0 min, 100% B; 

11.1-15.0 min, 100% to 5% B.  

Multiple reaction monitoring (MRM) in negative ionization mode was used: m/z 425.0→

249.1 for BPS-G (collision energy 29 eV); m/z 328.9→249.1 for BPS-S (collision energy 29 

eV); m/z 249.1→108.0 for BPS (collision energy 30 eV); m/z 261.0→114.0 for internal 

standard 13C12-BPS (collision energy 30 eV). The retention time was 5.98 min (BPS-G), 7.24 

min (BPS-S) and 8.85 min (BPS and 13C12-BPS). Each sample was analyzed for three time 

with the injection volume of 5 µL. 

Urinary creatinine was also quantified by UPLC-MS/MS. Urine samples (5.0 μL each) 

were diluted 200 times by Milli-Q water and the internal standard creatinine-d3 was added 

with a final concentration of 100 ng/mL. The TSQ-MS/MS was operated in positive 

ionization mode, and the MRM transition was m/z 114.0→44.0 (collision energy 20 eV) for 

creatinine and m/z 117.0→47.0 for creatinine-d3 (collision energy 20 eV)[15]. 
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To establish calibration curves of BPS, BPS-G, BPS-S and creatinine, the stock solutions 

(10 mg/mL) and the internal standard 13C12-BPS and creatinine-d3 solution (10 μg/mL) were 

prepared in methanol/water 1:9 (v/v). The standard solutions were diluted from the stock 

solutions to varying concentrations (10, 50, 100, 250, 500, 1000 ng/mL) with each containing 

100 ng/mL 13C12-BPS or creatinine-d3. The prepared solutions were analyzed by 

UPLC-MS/MS. The calibration curves were obtained by linearly plotting the peak area ratios 

of non-isotopic standards to that of the stable isotopic standard versus the amounts of the 

added non-isotopic standards. 

To evaluate the reliability of the developed method, recovery experiments were conducted. 

Urine and fecal samples from the control group were spiked with known amounts of BPS, 

BPS-G and BPS-S (25, 50, 100 ng). Recovery was calculated as the ratio of the measured 

amount to the added amount. Limits of detection (LODs) and quantification (LOQs) were 

measured on the basis of signal-to-noise ratio (S/N) determination. 

3. Results and discussion 

3.1 Synthesis and characterization of BPS-G and BPS-S 

BPS-G and BPS-S were identified in the urine of mice fed with BPS. The phase II 

metabolites were separated by SPE with different percentage of methanol, and analyzed by 

UPLC-Q Exactive Focus for structure elucidation. The measured masses of [M-H]- ions were 

m/z 425.05536 for BPS-G and m/z 328.98052 for BPS-S, which were consistent with the 

theoretical values with relative mass error of 1.34 and 3.04 ppm, respectively (Table 1). The 

obtained fragment patterns agreed with the structures of BPS-G and BPS-S (Fig. 1a and 1b). 

The SPE separation data showed that BPS-G was majorly eluted in methanol/water 3:7 (v/v) 
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and BPS-S was in methanol/water 1:1 (v/v) (Fig. 1c). Noticeably, the amount of BPS-S 

produced in the mice urine was much lower than that of BPS-G. Thus, only BPS-G was 

further purified by using the semi-preparative HPLC. The fraction of BPS-G at retention time 

of 8.2 min was collected (Fig. S1). The collected fraction was further identified by 1H-NMR 

(CD3OD, 400 MHz): δ 7.85 (d, J=8.8 Hz, 2H), 7.75 (d, J=8.8 Hz, 2H), 7.24 (d, J=8.8 Hz, 2H), 

6.90 (d, J=8.8 Hz, 2H), 4.95 (d, 1H), 3.81-3.32 (m,4H) (Fig. S2). 

Because BPS-S generated in mice urine was at trace level, the isolation and collection of 

BPS-S from the mice urine was time-consuming and labor intensive. Therefore, a chemical 

method was developed and applied for BPS-S synthesis (Fig. 2). Different from the previous 

synthesis methods of BPA sulfate[28, 30], we used less toxic DMF as the solvent to replace 

pyridine and benzene in this study. Meanwhile, the reaction was conducted at room 

temperature. It was found that the productivity of BPS-S was much higher when DMF was 

used as the solvent. The results of UPLC-Q Exactive analysis, including the m/z value and 

fragment patterns of BPS-S agreed well with those obtained from mice urine. The produced 

BPS-S from the chemical reaction was purified by SPE and enriched in the fraction of 

methanol/water 1:1 (v/v), consistent with the results obtained from mice urine samples (Fig. 

1c). The synthesized BPS-S was further characterized by 1H-NMR (CD3OD, 400 MHz): δ 

7.90 (d, J=9.2, 2H), 7.78 (d, J=8.8, 2H), 7.46 (d, J=8.8, 2H), 6.92(d, J=9.2, 2H) (Fig. S3).   

3.2 Method validation 

A UPLC-MS/MS method was developed for the quantification of BPS and its phase II 

metabolites by using the synthesized BPS-G and BPS-S as standards. Calibration curves were 

obtained from the UPLC-MS/MS analysis with MRM mode. The linearity with correlation 
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coefficient (R2) greater than 0.99 was obtained for BPS, BPS-G and BPS-S with a dynamic 

range of 10-1000 ng/mL. The limits of detection (LODs, S/N = 3) and the limits of 

quantification (LOQs, S/N = 10) were 0.10 and 0.30 ng/mL for BPS-G, 0.015 and 0.045 

ng/mL for BPS-S, 0.01 and 0.03 ng/mL for BPS, respectively (Table S1). Recovery was 

determined by analyzing the spiked samples with three known amounts (25, 50 and 100 ng). 

The obtained recovery range was from 80.5% to 120.7% (Table S2).  

3.3 Investigation of BPS metabolism  

BPS, which is used as an alternative of BPA, has attracted the attention of scientists 

because of its potential toxicity. Except for its comparable estrogenic effects to BPA, BPS 

was also observed to accelerate the differentiation of adipocytes[31] and induce oxidative 

stress in mouse liver and renal cells[32]. Furthermore, the in vivo studies revealed that BPS 

could affect the neurodevelopment of zebrafish [33] and decrease the gonadosomatic index and 

egg production of the female fish[34]. Though the toxicology study of BPS-G was scarce, 

BPA-G was reported to induces adipocyte differentiation[35]. Therefore, assessment of the 

distribution and levels of free BPS and its metabolites was significant. 

The concentrations of BPS and its metabolites in mice excreta and tissues after the oral 

administration were determined using the developed UPLC-MS/MS method. The retention 

time and fragment patterns of the analytes in biological samples matched well with the 

standards (Fig.3). The mass balance of the detected samples (urine, feces and tissues) at each 

time point was evaluated by calculating the percentage of BPS and its phase II metabolites to 

the dosage of BPS, and the trace amounts of BPS in the blanks (Fig.S4) and control group 

(Table S3 and S4) were subtracted. The recoveries ranged from 59.4% to 84.9% with three 
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different dose levels (Table 2). The recovery at high dose was lower than those from the 

samples of low and medium dosage might be because Some of BPS and its metabolites had 

been eliminated after 48 h. As shown in Table 2, BPS was majorly eliminated from urine 

regardless of the dosage level, while fecal excretion accounted for less than 10%. 

Furthermore, the amounts of BPS, BPS-G and BPS-S remained in digestive and excretory 

related organs (liver, kidney and intestines) were below 1%. These results demonstrated that 

urine was the main excretion route for BPS, which was different from the study result of 

BPA[36]. This means that the metabolic pathways of BPA and BPS may be different although 

their structures are similar. Due to the replacement of central carbon of BPA to sulfur dioxide 

group, BPS was more soluble and might favor for urinary excretion[37].  

BPS-G was the major phase II metabolite in mice and mainly excreted by urine. After the 

dosage time of 48 h, BPS-G detected in all collected urine samples accounted for 43.3-48.9% 

of the dosed amounts of BPS, while BPS-S and BPS accounted for 7.9-20.7% and 1.6-9.0%, 

respectively. To our knowledge, this is the first report about the metabolism of BPS in mice, 

and our results are consistent with the data available for other BP analogs[38-39]. In addition, 

the concentrations of BPS-G and BPS-S in urine increased in a dose-dependent manner. After 

the normalization by creatinine[15], levels of BPS-G and BPS-S reached the highest values at 

6 h in the samples with all dosing levels (Table S3).  

Free bisphenols were usually used to reflect the biological activity [40] and total bisphenols 

were associated with many human diseases[41]. It is necessary to determine the total 

bisphenols as well as the free form. Pearson product moment correlation was employed to 

explore the correlation between free BPS, BPS-G and total BPS in urine. Relatively poor 
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correlation (r=0.472) was found between free BPS and BPS-G, and a better correlation 

(r=0.523) between free BPS and total BPS. However, good correlation (r=0.998) was 

achieved between BPS-G and total BPS, suggesting most BPS was excreted as BPS-G and 

the concentrations of BPS-G could be used to estimate the levels of total BPS (Fig. 4). 

In fecal samples, levels of BPS-G and BPS-S were much lower than those in urinary 

samples (Table 2). At low dose level, BPS, BPS-G and BPS-S could only be quantified within 

the exposure time of 12 h. BPS was the major component detected in all collected mice feces 

(Table S4), which accounted for 4.4-6.1% of the dosage. The percentage of BPS-G and 

BPS-S in mice feces were much lower than those in urine, indicating that urinary excretion is 

more favored by BPS-G and BPS-S. BPS, BPS-G and BPS-S were also detected in liver, 

kidney and intestine tissues, which were related to enterohepatic cycle. Both BPS and its 

metabolites were detectable in the tissues samples in a dose-dependent manner. However, as 

shown in Table 2, only trace amounts of BPS and its metabolites (<1%) were detected in the 

tissues.  

Based on the results discussed above, preliminary biotransformation pathway of BPS in 

mice is proposed. The orally dosed BPS entered into the liver through gastrointestinal tract, 

where most of BPS was transformed to BPS-G and BPS-S. Small amounts of BPS-G and 

BPS-S reached bile and vein, and excreted by feces. Meanwhile, high percentage of BPS-G 

and BPS-S entered into blood for systemic blood circulation and then eliminated through 

kidney to urine[42].  
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4. Conclusion 

In this work, mice metabolism of BPS was evaluated by using the synthesized metabolite 

standards and the developed UPLC-MS/MS method. BPS and its phase II metabolites were 

mainly excreted in urine, with BPS-G as the major metabolite. BPS was the prominent 

component detected in feces. Because BPS-G and BPS-S were measured to be biologically 

inactive, the rapid uptake and excretion of BPS in mice may result in its reduced toxicity.   
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Table 1: Mass spectrums data and structures of BPS-G, BPS-S and BPS. 

Analytes 

Retention time 

(min) Chemical structure 

theoretical m/z 

([M-H]-)    

measured m/z 

([M-H]-) MSE 

BPS-G          6.8  

 

 
 

  

425.05479  425.05536 249.02270 

            

175.02371 

            

113.02332 

             
BPS-S  9.1 

 

 
 

  

328.97952 328.98052 249.02270 

            

108.02168 

            

79.95736 

             
BPS  11.9 

 

 
 

  

249.02270 249.02302 155.98866 

            

108.02168 

            

92.02676 
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Table 2: Mass disposition of BPS and its phase II metabolites in different samples during the study period 

Dosage 

Time 

(h) Samples 

 

  

Urine (%) Feces (%) Tissues (%) 

 

  

BPS-G BPS-S BPS Total BPS-G BPS-S BPS Total BPS-G BPS-S BPS Total 

 

Low (10 μg/kg bw)              

6 14.8±0.73a 4.75±0.09 0.57±0.12 20.2 ND 2.05±0.27 4.39±0.69 6.4 

     12 5.7±0.51 1.88±0.24 1.95±0.03 9.53 0.52±0.04 1.89±0.01 ND 2.4 

     24 11.4±0.49 3.00±0.07 2.40±0.26 16.8 ND ND ND 

     

81.4 

36 10.3±0.43 4.76±0.08 2.42±0.08 17.5 ND ND ND 

      48 4.97+0.29 1.27±0.63 1.61±0.09 7.85 ND ND ND 

      Total 47.2 15.7 9.0 71.9 0.5 3.9 4.4 8.8 0.58 0.11 0.02 0.7 

 

Medium (100 μg/kg 

bw) 

6 28.8±0.19 7.31±0.21 2.68±0.02 38.8 0.21±0.05 0.84±0.01 0.09±0.009 1.14 

     12 4.51±0.29 0.81±0.04 0.35±0.007 5.67 ND 0.33±0.02 0.02±0.001 0.35 

     24 7.35±0.26 8.5±0.07 2.41±0.04 18.3 ND 0.35±0.01 0.58±0.01 0.93 

    

84.9 

36 4.65±0.01 1.74±0.08 1.7±0.002 8.09 ND ND 3.52±0.01 3.52 

     48 3.57±0.02 2.33±0.05 1.34±0.008 7.24 ND ND 0.15±0.004 0.15 

     Total 48.9 20.7 8.5 78.1 0.2 1.5 4.4 6.1 0.27 0.38 0.04 0.7 

 

High (1000 μg/kg bw) 

6 28.7±0.22 4.10±0.06 0.32±0.002 33.1 0.01±0.002 0.03±0.001 0.13±0.003 0.17 

     12 1.29±0.11 0.26±0.01 0.03±0.003 1.58 0.01±0.001 0.03±0.003 3.43±0.03 3.47 

     24 11.8±0.13 2.91±0.04 0.73±0.003 15.4 ND ND 2.07±0.02 2.07 

    

59.4 

36 1.31±0.02 0.43±0.01 0.27±0.002 2.01 ND ND 0.24±0.003 0.24 

     48 0.19±0.06 0.23±0.002 0.26±0.002 0.68 ND ND 0.20±0.03 0.2 

     Total 43.3 7.9 1.6 52.8 0.02 0.06 6.1 6.2 0.12 0.11 0.12 0.4 

 
a Standard deviation for triplicate measurements. 
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Figure 1: Identification and separation of BPS-G and BPS-S in mice urine. a, MS/MS 

spectrum of BPS-G; b, MS/MS spectrum of BPS-S; c extracted ion chromatograms from the 

analysis of BPS, BPS-G and BPS-S in the SPE fractions of mice urine.  
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Figure 2: The synthesis route of BPS-S from BPS. 
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Figure 3: Typical chromatograms obtained from the simultaneous analysis of BPS, BPS-G 

and BPS-S by UPLC-MS/MS. 
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Figure 4 The correlation between urinary free BPS, BPS-G and total BPS. Correlation 

between the concentration of urinary total BPS and BPS-G (a); total BPS and free BPS (b); 

free BPS and BPS-G (c).  

 


