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Bisphenol‑A in biological samples 
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and correlation with levels 
measured in urine and tissue
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Endocrine disrupting chemicals (EDCs) are organic compounds that have estrogenic activity and can 
interfere with the endocrine system. Bisphenol-A (BPA) is one of these compounds which possess a 
potential risk for breast cancer. The aim of this research was to evaluate BPA concentration in both the 
urine and breast adipose tissue samples of breast cancer mastectomy and mammoplasty patients and 
study correlations of BPA levels in breast adipose tissue with urine samples in the both groups. Urine 
and breast adipose tissue samples from 41 breast cancer mastectomy and 11 mammoplasty patients 
were taken. BPA concentrations were detected using an ELISA assay. Urinary BPA concentrations 
were significantly higher in cancerous patients (2.12 ± 1.48 ng/ml; P < 0.01) compared to non-cancerous 
(0.91 ± 0.42 ng/ml). Likewise, tissue BPA concentrations in cancerous patients (4.20 ± 2.40 ng/g 
tissue; P < 0.01) were significantly higher than non- cancerous (1.80 ± 1.05 ng/g tissue). Urinary BPA 
concentrations were positively correlated with breast adipose tissue BPA in the case group (P < 0.001, 
R = 0.896). We showed that BPA was present in urine and breast adipose tissue samples of the studied 
populations. With regard to higher BPA mean concentration in cancerous patients than non-cancerous 
individuals in this study, BPA might increase the risk of breast cancer incidence.

Bisphenol-A (BPA) is an organic synthetic compound with a molecular weight of 228.29 g/mol belonging to the 
phenols’ group with the hydroxyl group directly attached to the aromatic ring1.This colorless solid compound 
is a monomer of polycarbonates and epoxy resins, which is used in a wide variety of products including dental 
products, protective coatings, thermal paper, baby bottles, medical equipment, electronics devices, compact 
discs, and food and beverages2–4. Increasing temperature and acidic or basic solutions can lead to degradation 
of polycarbonate plastics and epoxy resins, which results in BPA migration to ecosystems, food, and beverages5. 
Thus, diet is considered as the most important source of exposure to BPA6. Overall, the important routes of 
human exposure to BPA are ingestion, dermal contact, and inhalation since it has been found in the air, dust, 
water, and sewage leachates7.

Several studies monitored the presence of BPA in solid human tissues (adipose8–10, placenta11, liver and 
brain12), hair13 and body fluids (urine14, amniotic fluid15, blood16, sweat17, saliva18, cord blood19 and, breast 
milk20). The median levels of urinary concentration of BPA was reported 1.24 μg/l in American adults’ popula-
tion and 1.25 μg/l in American childrens’ population by Lehmler et al.21. The reference dose (RFD) of BPA was 
announced 50 μg/kg/day by the United States Environmental Protection Agency (U.S.EPA)22. BPA is a xenoes-
trogen and functions as an endocrine disruptor with weak estrogenic activity that is named environmental. 
BPA has a structural similarity with 17-β-estradiol (E2) and directly activates estrogen-receptors (ERs)23. Due 
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to its estrogenic-like properties, it is potentially related to many diseases such as breast and prostate cancers6,24. 
In Korean patients with breast cancer (70 cases, 82 controls), serum BPA concentration was not significantly 
higher than controls25. The BPA mean concentration was reported 2.39 ng/ml in the breast milk of French healthy 
women by Cariot et al.20.

BPA is a lipophilic compound and could accumulate in adipose tissue10. Breast adipose tissue is in close 
contact with breast epithelial cells; therefore, BPA can promote epithelial cell proliferation and induce neoplastic 
transformation in human breast cells26. It has been explored that BPA has proliferative potential in MCF-7 cells27.

Urinary BPA levels are typically used as a biomarker of BPA exposure and urine levels are dependent on recent 
exposure and might not be the suitable biomarker for the assessment of long-term exposure28. Adipose tissue 
might be an appropriate matrix for evaluation of chronic BPA exposure9 and a reliable biomarker of chronic 
exposure has not yet been recognized. Therefore, measurement of BPA in both samples can be helpful in affect-
ing people’s health and daily exposure can be compared to chronic exposure with measurement of BPA in both 
samples. However, only a few research has analyzed BPA levels in breast adipose tissue and urine samples in 
breast cancer patients. Hence, the present research was designed to study BPA concentration in both the urine 
and breast adipose tissue samples of breast cancer mastectomy and mammoplasty patients and to evaluate cor-
relation of BPA levels in the breast adipose tissue with the urine samples in the both groups.

Results
Study population.  All participants in this study were women. The mean age of cases was 53 years, ranging 
from 34 to 72 years. The body mass index (BMI) was estimated using height and weight parameters between 
22.04 and 34.72 kg/m2, with a mean of 27 kg/m2. The majority of cases had a BMI of 25–30 kg/m2 (overweight) 
with the age group of 30 to 49 years. The mean age of controls was 47 years, ranging from 40 to 55 years. Con-
trol group members were younger than cases, but their BMI was similar to them (26.45 kg/m2). This study was 
performed on non-smokers who have never smoked in their lifetime because the urinary BPA concentration in 
smokers was higher than non-smokers in some studies29,30.

Concentrations of BPA in human urine samples.  Urine samples were spiked with three concentra-
tions of BPA to evaluate the accuracy of the ELISA kit. The competitive ELISA demonstrated that on average 
96.37% of the added BPA was recovered (Table 1).

Among the 41 analyzed samples, BPA was detected in 38 urine samples (92.68%). The level of total BPA 
(including free BPA and BPA conjugate) was 2.12 ± 1.48 ng/ml (mean ± SD) and a maximum concentration of 
5.74 ng/ml. The highest BPA mean concentration was seen in the age group of 30 to 49 years (2.56 ± 1.50 ng/ml). 
BPA concentration was negatively correlated with age (P value < 0.05, r = − 0.373). In the BMI groups, the high-
est mean level of BPA was detected in the obese group (3.49 ± 1.69 ng/ml). There was no significant correlation 
between BPA concentration and BMI (P value > 0.05).

In control samples, BPA was found in 9 urine samples (81.82%) with a mean concentration of 0.91 ± 0.42 ng/
ml. The maximum concentration of BPA was 1.82 ng/ml. As it is shown, the mean of the BPA concentration in 
the case group was significantly higher than the control group (P value < 0.01). The specifications of the study 
population are summarized in Table 2. Urinary BPA concentrations using medians and geometric means were 
summarized in Table 3.

Concentrations of BPA in human tissue samples.  BPA was detected in 30 out of the 41 (73.17%) 
breast adipose tissue samples, with a mean ± SD value of 4.20 ± 2.40 ng/g tissue (0.84 ± 0.48 ng/ml). The highest 
concentration of BPA was 9.90 ng/gtissue. No significant correlation was found between BPA level and age (P 
value > 0.05). BPA concentration was slightly higher in the obese group compared to non-obese (P value > 0.05). 
No significant correlation was observed between the BPA level and BMI (P-value > 0.05).

BPA was detected in 6 breast adipose tissue samples (54.54%) in the control group with the mean concentra-
tion of 1.80 ± 1.05 ng/g tissue (0.36 ± 0.21 ng/ml). The highest concentration of BPA was 3.11 ng/g tissue. BPA 
levels in controls were significantly lower than cases (P value < 0.01). Table 4 shows the specification of the study 
population. Adipose tissue BPA concentrations using medians and geometric means were summarized in Table 3.

Correlation of BPA concentrations in case and control groups.  BPA concentrations in urine were 
positively correlated with BPA concentrations of adipose tissue (P value < 0.001, R = 0.896) in the case group 
(Fig. 1).

No significant correlation was observed between the urinary BPA concentrations and tissue BPA concentra-
tions (P value > 0.05) in the control group (Fig. 1).

Table 1.   Recoveries of BPA in the urine samples (n = 3).

Sample Added (pg/ml) Found (pg/ml) Recovery (%)

1 100 96.30 96.30

2 500 485 97

3 1000 958 95.80
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Table 2.   Characteristics of subjects and urinary BPA concentrations in cases and controls. ** P < 0.01; 
comparison urinary BPA concentrations between cases and controls.

Characteristic

Number
Concentration of BPA in urine, 
Mean ± SD (ng/ml)

Cases
N=41

Controls
N=11 P value  Cases Controls P value

Samples with detectable BPA; N (%) 38 (92.68) 9 (81.82) 2.12 ±1.48 0.91 ±0.42 0.003**

Age group (y); Mean± SD

Among all samples 52.68±9.17 48.18±4.62

Among samples with detectable BPA 52.21± 9.26 48±5.12

  30-49; N (%) 17 (44.74) 5(55.56) 2.56±1.50 0.97±0.54

  50-59; N (%) 13 (34.21) 4 (44.44) 2.26±1.58 0.83±0.26 0.92

  60-69; N (%) 5 (13.16) – 1.11±0.42 –

  69-79; N (%) 3 (7.89) – 0.71±0.24 –

BMI (Kg/m2); Mean± SD

Among all samples 26.55±2.82 25.91±3.27

Among samples with detectable BPA 26.63± 2.90 26.43±3.41 

Recommended weight (18.5-25); N (%) 12 (31.58) 5 (55.56) 1.91±1.51 0.71±0.23 

Overweight (25-30); N (%) 22 (57.89) 3 (33.33) 1.98±1.36 0.93±0.26 0.97

Obese (30-35); N (%) 4 (10.53) 1 (11.11) 3.49±1.69 1.82±0

Table 3.   BPA concentrations in cases and controls.

Cases Controls

Mean Geometric Mean Median Mean Geometric Mean Median

Concentration of BPA in urine (ng/ml) 2.12 1.69 1.70 0.91 0.83 0.74

Concentration of BPA in breast adipose tissue (ng/g 
tissue) 4.20 3.50 4.11 1.80 1.50 1.65

Table 4.   Characteristics of subjects and tissue BPA concentrations in cases and controls. ** P < 0.01; 
comparison tissue BPA concentrations between cases and controls.

Characteristic

Number

Concentration of BPA in breast 
adipose tissue, Mean ± SD (ng/g 
tissue)

Cases
N = 41 

Controls
N = 11 P value Cases Controls P value

Samples with detectable BPA; N (%) 30 (73.17) 6 (54.54) 4.20 ± 2.40 1.80 ± 1.05 0.008**

Age group (y); Mean ± SD

Among all samples 52.68 ± 9.1 48.18 ± 4.62

Among samples with detectable BPA 51.37 ± 9 47.17 ± 6.11

30–49; N (%) 14 (46.67) 4 (66.67) 4.95 ± 2.30 1.50 ± 1.05

50–59; N (%) 10 (33.33) 2 (33.33) 4.20 ± 2.60 2.40 ± 0.95 0.98

60–69; N (%) 4 (13.33) – 2.85 ± 1.40 –

69–79; N (%) 2 (6.67) – 1.60 ± 1.20 –

BMI (Kg/m2); Mean ± SD

Among all samples 26.55 ± 2.82 25.91 ± 3.27

Among samples with detectable BPA 26.93 ± 3.05 26.91 ± 4.16

Recommended weight (18.5–25); N (%) 9 (30) 3 (50) 4.45 ± 2.65 1.55 ± 1.40

Overweight (25–30); N (%) 17 (56.67) 2 (33.33) 3.75 ± 2.30 2.30 ± 0.85 0.48

Obese (30–35); N (%) 4 (13.33) 1 (16.66) 5.60 ± 2.25 1.55 ± 0
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The effects of different variables on the breast cancer.  The effects of different variables on the breast 
cancer were examined using Bayesian logistic regression. In Model I, all variables are included in a unique 
model. The result of this Model is not statistically valid due to the strong collinearity of BPA concentrations in 
urine and tissue (r = 0.898, P value < 0.001), which leads to the non-significance effect of the two variables. Model 
II refers to the univariate analysis of different variables on the cases in which the effects of both BPA concentra-
tions in urine and tissue were statistically significant when the effects of age and BMI were not adjusted. Finally, 
in Model III and IV, the effects of BPA concentration in tissue and urine were separately evaluated when the 
effects of age and BMI were adjusted.

The result of Model II, III, and IV shows that increasing the BPA concentrations in urine and tissue signifi-
cantly increased the odds of breast cancer (Table 5).

Discussion
Biomonitoring projects confirmed widespread human exposure to BPA in the world and have revealed the 
association of BPA concentration with various adverse health effects. To our knowledge, this is the first study 
to evaluate BPA levels of both urine and breast adipose tissue samples in breast cancer mastectomy and mam-
moplasty patients, using the ELISA method in Iranian populations.

BPA has a short half-life and is metabolized to its conjugates quickly and excreted through urine31. In our 
study, BPA concentration mean was measured 2.12 ng/ml in patients’ urine samples, which was significantly 
different from the control group (P value < 0.01). The geometric mean urinary concentration of BPA has been 
detected 1.06 ng/g creatinine in breast cancer patients and 1.16 ng/g creatinine in non-breast cancer individuals 
by Morgan et al. that they observed significant difference between groups32. In addition, Parada et al. reported 
that urinary BPA concentration median was 1.20 ng/ml in breast cancer and 1.30 ng/ml in non-breast cancer 
subjects that there was no significant difference between groups33. In a study by Trabert et al. in Poland, however, 

Figure 1.   Correlation of BPA concentrations in urine with adipose tissue in case and control groups.

Table 5.   The effects of the different variables on the breast cancer. OR: odds ratio; CI: Credible interval.

Model I Model II Model III Model IV

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Age 1.11(0.99,1.24) 0.088 1.07(0.98,1.16) 0.152 1.1(0.98,1.23) 0.118 1.13(1.01,1.26) 0.028

BMI 0.91(0.66,1.26) 0.557 1.05(0.83,1.32) 0.679 0.98(0.74,1.3) 0.900 0.84(0.6,1.16) 0.272

Concentration 
of bpa in tissue 
(ng/ml)

7.21(0.2,259.03) 0.273 21.23(1.21,369.8) 0.037 54.96(2.08,1372.55) 0.018 – –

Concentration 
of bpa in urine 
(ng/ml)

3.1(0.7,14.18) 0.143 3.58(1.15,11.71) 0.035 – – 10.59(1.62,65.7) 0.010
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urinary BPA-glucuronide (BPA-G) concentration and its association with postmenopausal breast cancer risk 
was evaluated using HPLC/MS/MS method. The geometric mean of BPA-G levels was higher in breast cancer 
cases (4.11 ng/mg creatinine) than controls (3.92 ng/mg creatinine). Although, BPA concentration was higher in 
breast cancer patients, but they observed no relation between postmenopausal breast cancer and urinary BPA-G 
levels at the time of diagnosis34. We found that in the urine sample of the mammoplasty control group, the mean 
concentration of BPA was 0.91 ng/ml with a detection frequency of 81.82%. Pirard et al. reported that urinary 
BPA concentration mean was 2.40 ng/ml (96.9% detection rate) in Belgium healthy women35, which was higher 
than our findings. In Ahmadkhaniha et al. assay in Iran, urinary BPA concentration and its association with 
type-2 diabetes mellitus was evaluated using GC/MS. BPA was determined with a mean concentration of 2.9 ng/
ml (49.8% detection rate) in type-2 diabetes mellitus patients and 0.5 ng/ml (50.2% detection rate) in healthy 
individuals as a control group, which was lower than our control group (mean concentration of 0.91 ng/ml). 
They observed a significant positive correlation between BPA level and prevalence of type-2 diabetes mellitus36.

Since the evaluation of BPA concentrations in tissues needs surgery or biopsy procedures, the study on human 
tissue sample is often difficult and hardly acceptable. However, it seems very much helpful and informative, 
due to its association with various diseases and adverse health outcomes. Because of lipophilic property, BPA is 
detectable in fatty tissues or fluids10.

One of the limitations of our study was the low access to control samples due to the limited number healthy 
people referring to this center for the procedure.

We found that BPA concentration mean in breast adipose tissue was 4.20 ng/g tissue with 73.17% detection 
frequency in cases. Statistical difference was found between the mean concentrations of BPA in the cases and 
controls (P value < 0.01). There were only two studies that have measured BPA in breast adipose tissue26,37 and 
a few studies which have evaluated BPA in peripheral adipose tissue8–10,12. Reeves et al. have detected low rates 
of BPA levels in breast adipose tissue of breast cancer patients (26.1%; mean concentration of 0.71 ng/g tissue) 
using HPLC–ESI–MS/MS method26. It shows that BPA concentrations in their tissue samples were much lower 
than our study that these differences in concentrations may be attributable to variations among individuals in 
BPA exposure, which is significantly influenced by age, BMI, lifestyle factors, race/ethnicity, eating habits, and 
other sociodemographic characteristics. Venisse et al. measured BPA levels in breast adipose tissue of cancer-
ous patients with a mean equal to 5.66 ng/g tissue using LC–MS/MS method37. In two peripheral adipose tissue 
studies from America and Belgium, BPA was determined with a mean concentration of 3.95 ng/g tissue (90% 
detection rate) from liposuction patients using HPLC–MS/MS method8 and 3.78 ng/g tissue (100% detection 
rate) from autopsy study using GC-ECNI/MS method12, respectively. BPA concentration mean was 1.80 ng/g 
tissue (54.54% detection rate) from mammoplasty patients’ tissue samples in our study, which is lower than 
their reported levels.

Urinary BPA levels were about 2.5-fold higher than adipose tissue concentrations in both mastectomy and 
mammoplasty groups. In addition, BPA concentrations in urine were positively correlated with BPA concentra-
tions of adipose tissue (P < 0.001, R = 0.896) in the case group. Artacho-Cordon et al. measured BPA levels in 
peripheral adipose tissue (mean concentration of 0.6 ng/g tissue) and urine (mean concentration of 1.14 ng/ml) 
samples from trauma patients. They observed no correlation between BPA levels in urine and adipose tissue 
samples9.

In our assay, BPA concentrations were inversely associated with age and BPA levels decreased in the upper 
age groups, which was in line with the study of Lang et al.4. The highest BPA concentrations were seen in the 
obese group in urine and tissue samples of both cases and controls. Since the diet is the most important route of 
exposure to BPA, increased concentration of BPA in the obese group can be attributed to more food consump-
tion and subsequently higher intake of BPA, compared to normal-weight ones. It should be noted that obesity 
is evaluated as a risk factor for breast adipose tissue inflammation that has been offered an indirect outcome of 
obesogenic contaminants38. Similarly, in Reeves et al. study, the highest breast adipose tissue concentrations of 
BPA were observed in the obese group26.

Comparability of monitoring data is necessary to environmental exposure assessment involving the manage-
ment of environmental risks. Based on the previous studies and the present study, analysis of urinary BPA is a 
valuable tool to evaluate BPA exposure for the following reasons: 1) Collection of the urine sample is easy and 
non-invasive, 2) Rapid biotransformation of BPA and excretion into the urine, 3) Short half-life of BPA (< 6 h), 
4) Reflection of all routes and recent BPA exposure into urine. The log of the octanol–water partition coefficient 
(Kow) of BPA is 3.64;8; hence, BPA is a potential risk for bioaccumulation and can be distributed to adipose tis-
sue. Due to the short half-life of BPA, however, urine may not reflect prolonged exposure to BPA, and adipose 
tissue levels may be a more suitable source for assessment of mid- to long-term exposure. We showed that BPA 
was present in the urine and breast adipose tissue samples of the studied Iranian population and exposure to BPA 
might increase the risk of breast cancer incidence. However this study experienced some limitations and the pre-
sented data should be interpreted with care; since the sample size is fairly small and a single urine measurement 
was employed. Nevertheless, due to chronic exposures to BPA and prior longitudinal assessments, employment 
of a single-spot sample could be considered reasonable39. If the potential role of environmental exposures to 
BPA in the development of breast cancer would be confirmed by future studies, reducing BPA exposure may 
play an important role in the prevention and reduction of breast cancer incidence. On the other hand, adipose 
tissue is important in tumor microenvironments and is currently identified as a main agent in the development, 
growth, and promotion of cancer40. Breast adipose tissue inflammation intervenes in early-stage breast cancer41. 
An interesting study has conducted by Giulivo et al. revealed that low doses of BPA might induce secretion of 
inflammatory mediators such as interleukin-6 (IL-6) and tumor necrosis factorα(TNF-α)5. With regard to the 
importance of exposure-disease relationships, further research is needed to investigate the correlation between 
BPA exposure with growth, and progression of breast cancer.
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Conclusion
In this dissertation, we measured BPA concentrations in urine and breast adipose tissue samples obtained from 
breast cancer patients and mammoplasty procedures. These findings are important for public health in order 
to know the BPA levels in the population. Data presented here illustrate that urinary BPA concentrations were 
positively correlated with BPA concentrations in breast adipose tissue which evidence that BPA can accumu-
late in breast adipose tissue due to its lipophilic and bioaccumulation properties. Even with the limitation of 
obtaining more control subjects in this study, BPA mean concentrations in cancerous patients were significantly 
higher than non-cancerous individuals, which could indicate the presence of BPA in breast adipose tissue might 
increase the risk of breast cancer incidence. Notably, it is recommended to reduce the consumption of canned 
foods and replace plastic containers with glass-wares to heat foods. This information is of interest, because BPA 
is a ubiquitous environmental pollutant and an endocrine-disrupting compound which may interfere in the 
pathogenesis of hormonal-dependent cancers, and breast cancer in particular.

Materials and methods
Chemicals and reagents.  Environmental Estrogen ELISA kit “Bisphenol A” was purchased from Detroit 
R&D (Inc, Detroit, MI). Bisphenol A (≥ 99% purity) obtained from Sigma-Aldrich (St. Louis, MO, USA).

Study design and sample collection.  Forty-one human urine and breast adipose tissue samples were 
obtained from breast cancer mastectomy patients and eleven control samples were taken from reduction mam-
moplasty patients during surgery at the university hospital of Imam Khomeini, Tehran, Iran by simple ran-
domized sampling from July 2018 to December 2019. Questionnaire forms, including distribution of demo-
graphic and health characteristics, lifestyle factors, current residence and eating habits, were filled through an 
in-person interview. All subjects confirmed the questionnaire content with signature. The Ethical approval was 
obtained from Ethics Committee of Tehran University of Medical Sciences. Exclusion criteria were a family 
history of breast cancer, smoking and underlying diseases (e.g., cardiovascular diseases, diabetes mellitus, res-
piratory disease, liver disease, and thyroid disease) in both cases and controls. In breast cancer cases, an adipose 
tissue sample was collected from the proximity of the tumor. A standard materials list was checked to potential 
sources of BPA contamination and was removed before sample collection to minimize the possibility of contami-
nation from surgical instruments26. Surgeons took care not to touch samples with any plastic equipment. They 
used a clean scalpel to remove tissue. First Morning spot urine and adipose breast tissue samples were collected 
in BPA-free glasses, coded, and were stored at − 20 °C until analysis. Urine samples were taken in cases and con-
trols groups one day before surgery.

Environmental estrogen ELISA kit.  The enzyme-linked immunosorbent assay (ELISA) is a commonly 
used analytical biochemistry assay and this method is very sensitive, quantitative and accurate42,43. The competi-
tive ELISA kit (Detroit R&D) was used for the determination of BPA levels in urine and tissue samples. The 
limit of detection (LOD) was less than 10 pg/ml (0.065 pg/g tissue). This ELISA kit works based on competition 
between the BPA epitope and the BPA-HRP (BPA-horseradish peroxidase) conjugate for a limited number of 
anti-BPA antibody binding sites coated on the bottom of the ELISA plate wells. Thus, the amount of the BPA 
conjugate, which can bind to each of the wells, is reversely proportional to the concentration of BPA in the stand-
ard or sample. When TMB (Tetramethylbenzidine) is added, it reacts with the HRP in the well and is produced 
a blue color that indicates the amount of the conjugate bound to each well. Following the addition of sulfuric 
acid, a yellow-colored product is obtained. Then, the optical absorbance is read at 450 nm by a plate reader. This 
ELISA kit is specific for measurement of BPA levels. The specificity test of the BPA ELISA was investigated using 
authentic BPA and a panel of bisphenols and related chemicals. The cross-reactivity tests with BPF, BPS and 
resveratrol demonstrated minimal cross-reactivity: BPA 100%, BPF < 0.01%, BPS < 0.01%, Resveratrol < 0.01%.

Preparations of urine samples.  Urine samples were diluted fourfold with 1X sample dilution buffer and 
were centrifuged to remove any precipitates. Then, 100 μL of the samples were added to each well of the 96-well 
plate and BPA levels were measured according to the manufacturer’s instruction. Each sample was assayed in 
triplicate and the absorbance readings from the samples were averaged. Extraction recoveries were calculated 
for three urine samples by spiking a known amount of BPA into the urinary samples, and the recoveries ranged 
were displayed in the result section.

Preparations of adipose breast tissue samples.  250  mg of tissue was homogenized with 1  mL of 
H2O with a mechanical homogenizer, and the homogenate was acidified by adding 2 μL of acetic acid. Follow-
ing extraction with an equal amount of ethyl acetate, it was vortexed, and the organic phase was collected. This 
extraction procedure was repeated 2–3 times, and the organic phases were merged. The organic phase was dried 
under nitrogen gas, and the pellet was dissolved using 5 μL of ethanol. Consequently, 125 μL of 1× sample dilu-
tion buffer was added to the resuspended extract and was centrifuged at 10,000 rpm for five minutes at room 
temperature. The supernatant was used to measure BPA concentration by the ELISA method according to the 
manufacturer’s instruction. Each sample was assayed in triplicate and the absorbance readings from the samples 
were averaged.

Performing the assay of samples.  According to the instructions of the manufacturer, 100 μl of the sam-
ples and 100 μl of diluted BPA-HRP conjugate were added to each well of plate and the plate was incubated at 
room temperature for two hours. Then, the plate was washed three times with 400 μl of diluted wash buffer per 
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well. The plate was dried onto some paper toweling at the last of the three wash cycles. To all the wells, 200 μl of 
TMB substrate was added and the plate was incubated at room temperature for 15–30 min. Finally, 50 μl of 2 N 
sulfuric acid was added and the optical absorbance was read at 450 nm by a plate reader. A standard curve was 
prepared for the analysis and BPA concentrations were determined utilizing the standard curve. The intra- and 
inter-assay coefficients of variance were 7.3% and 8.7%, respectively.

Statistical analysis.  Data were presented as means ± standard deviation (SD). Correlations were assessed 
with Spearman correlation coefficients. Wilcoxon rank sum test was used for comparison of the mean BPA levels 
between cases and controls. Generalized Linear Model was used to compare mean urinary and tissue concentra-
tions among the age groups and the BMI groups between cases and controls. According to the small sample size, 
the Bayesian logistic regression was applied to handle the data separation (quasi or completed separation). A 
value of P < 0.05 was considered to be significant. Data were analyzed using SPSS software for Windows (Version 
16.0. Chicago, SPSS Inc.) and R software version 4.0.2. [ 44].

Statement of ethical approval.  This research was approved by the research committee of Tehran 
University of Medical Science and institutional ethics committee with approval code of No.IR.TUMS.PSRC.
REC.1395.1879. This research committee confirms that all research was performed in accordance with relevant 
guidelines/regulations and informed consent was obtained from all participants and/or their legal guardians.

Consent to participate.  Informed consent was obtained from all individual participants included in the 
study.

Consent to publication.  Informed consent was obtained from all individual participants for whom iden-
tifying information is included in this article.
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Received: 30 April 2021; Accepted: 30 August 2021

References
	 1.	 Michalowicz, J. & Bisphenol, A. – Sources, toxicity and biotransformation. Environ. Toxicol. Pharmacol. 37(2), 738–758 (2014).
	 2.	 Chen, D. et al. Bisphenol analogues other than BPA: environmental occurrence, human exposure, and toxicity-a review. Environ. 

Sci. Technol. 50(11), 5438–5453 (2016).
	 3.	 Cao, X. L., Corriveau, J. & Popovic, S. Sources of low concentrations of Bisphenol A in canned beverage products. J. Food Prot. 73, 

1548–1551 (2010).
	 4.	 Lang, A. I. et al. Association of urinary Bisphenol A concentration with medical disorders and laboratory abnormalities in adults. 

JAMA 300(11), 1303–1310 (2008).
	 5.	 Giulivo, M., Lopez de Alda, M., Capri, E. & Barcelo, D. Human exposure to endocrine disrupting compounds: Their role in repro-

ductive systems, metabolic syndrome and breast cancer A review.  Environ. Res. 151, 251–264 (2016).
	 6.	 Jenkins, S., Betancourt, A. M., Wang, J. & Lamartiniere, C. A. Endocrine-active chemicals in mammary cancer causation and 

prevention. J. Steroid Biochem. Mol. Biol. 129(3–5), 191–200 (2012).
	 7.	 Vandenberg, L. N. et al. Hormones and endocrine-disrupting chemicals: Low-dose effects and nonmonotonic dose responses. 

Endocr. Rev. 33(3), 378–455 (2012).
	 8.	 Wang, L., Asimakopoulos, A. G. & Kannan, K. Accumulation of 19 environmental phenolic and xenobiotic heterocyclic aromatic 

compounds in human adipose tissue. Environ. Int. 78, 45–50 (2015).
	 9.	 Artacho-Cordon, F. et al. Assumed non-persistent environmental chemicals in human adipose tissue; matrix stability and cor-

relation with levels measured in urine and serum. Environ. Res. 156, 120–127 (2017).
	10.	 Fernandez, M. F. et al. Bisphenol-A and chlorinated derivatives in adipose tissue of women. Reprod. Toxicol. 24(2), 259–264 (2007).
	11.	 GilbertSchönfelder, W.W., Hartmut Hopp, Chris E. Talsness, Martin Paul & Ibrahim Chahoud. Parent bisphenol A accumulation 

in the human maternal–fetal–placental unit. Environ. Health Perspect.. 110, 703–707 (2002).
	12.	 Geens, T., Neels, H. & Covaci, A. Distribution of bisphenol-A, triclosan and n-nonylphenol in human adipose tissue, liver and 

brain. Chemosphere 87(7), 796–802 (2012).
	13.	 Tzatzarakis, M. N. et al. Biomonitoring of bisphenol A in hair of Greek population. Chemosphere 118, 336–341 (2015).
	14.	 Venisse, N. et al. Reliable quantification of bisphenol A and its chlorinated derivatives in human urine using UPLC-MS/MS method. 

Talanta 125, 284–292 (2014).
	15.	 Ikezuki, Y., Tsutsumi, O., Takai, Y., Kamei, Y. & Taketani, Y. Determination of bisphenol A concentrations in human biological 

fluids reveals significant early prenatal exposur. Hum. Reprod. 17, 2839–2841 (2002).
	16.	 Liao, C. & Kannan, K. Determination of free and conjugated forms of bisphenol A in human urine and serum by liquid chroma-

tography-tandem mass spectrometry. Environ. Sci. Technol. 46(9), 5003–5009 (2012).
	17.	 Genuis, S. J., Beesoon, S., Birkholz, D. & Lobo, R. A. Human excretion of bisphenol A: Blood, urine, and sweat (BUS) study. J. 

Environ. Public Health 2012, 1–10 (2012).
	18.	 Sasaki, N. et al. Salivary bisphenol-A levels detected by ELISA after restoration with composite resin. J. Mater. Sci. Mater. Med. 16, 

297–300 (2005).
	19.	 Lee, Y. J. et al. Maternal and fetal exposure to bisphenol A in Korea. Reprod. Toxicol. 25(4), 413–419 (2008).
	20.	 Cariot, A. et al. Reliable quantification of bisphenol A and its chlorinated derivatives in human breast milk using UPLC–MS/MS 

method. Talanta 100, 175–182 (2012).
	21.	 Lehmler, J. H., Liu, B., Gadogbe, M. & Bao, W. Exposure to Bisphenol A, Bisphenol F, and Bisphenol S in U.S. Adults and Children: 

The National Health and Nutrition Examination Survey 2013–2014. ACS Omega 3, 6523–6532 (2018).
	22.	 Welshons, W. V. et al. Large effects from small exposures. I. Mechanisms for endocrine-disrupting chemicals with estrogenic 

activity. Environ. Health Perspect. 111(8), 994–1006 (2003).
	23.	 Wetherill, Y. B. et al. In vitro molecular mechanisms of bisphenol A action. Reprod. Toxicol. 24(2), 178–198 (2007).



8

Vol:.(1234567890)

Scientific Reports |        (2021) 11:18411  | https://doi.org/10.1038/s41598-021-97864-6

www.nature.com/scientificreports/

	24.	 Yelena, B., Wetherill, C.E., Petre, K.R., Monk, A.P. & Karen, E.K. The xenoestrogen bisphenol a induces inappropriate androgen 
receptor activation and mitogenesis in prostatic adenocarcinoma cells. 1, 515–524 (2002).

	25.	 Yang, M., Ryu, J. H., Jeon, R., Kang, D. & Yoo, K. Y. Effects of bisphenol A on breast cancer and its risk factors. Arch Toxicol. 83(3), 
281–285 (2009).

	26.	 Reeves, K. W. et al. Bisphenol-A in breast adipose tissue of breast cancer cases and controls. Environ. Res. 167, 735–738 (2018).
	27.	 Olsen, C. M., Meussen-Elholm, E. T. M., Samuelsen, M., Holme, J. A. & Hongslo, J. K. Effects of the Environmental estrogens 

Bisphenol A, Tetrachlorobisphenol A, Tetrabromobisphenol A, 4-Hydroxybiphenyl and 4,4ø-Dihydroxybiphenyl on estrogen 
Receptor Binding, Cell Proliferation andRegulation of estrogen Sensitive Proteins in the Human Breast Cancer Cell LineMCF-7. 
Pharmacol. Toxicol. 92, 180–188 (2003).

	28.	 Park, J. et al. Risk assessment based on urinary bisphenol A levels in the general Korean population. Environ. Res. 150, 606–615 
(2016).

	29.	 Philips, E. M. et al. Bisphenol and phthalate concentrations and its determinants among pregnant women in a population-based 
cohort in the Netherlands, 2004–5. Environ. Res. 161, 562–572 (2018).

	30.	 He, Y. et al. Bisphenol A levels in blood and urine in a Chinese population and the personal factors affecting the levels. Environ. 
Res. 109, 629–633 (2009).

	31.	 Hanioka, N., Oka, H., Nagaoka, K., Ikushiro, S. & Narimatsu, S. Effect of UDP-glucuronosyltransferase 2B15 polymorphism on 
bisphenol A glucuronidation. Arch Toxicol. 85(11), 1373–1381 (2011).

	32.	 Morgan, M., Deoraj, A., Felty, Q. & Roy, D. Environmental estrogen-like endocrine disrupting chemicals and breast cancer. Mol. 
Cell. Endocrinol. 457, 89–102 (2017).

	33.	 Parada, H. Jr. et al. Urinary concentrations of environmental phenols and their associations with breast cancer incidence and 
mortality following breast cancer. Environ. Int. 130, 104890 (2019).

	34.	 Trabert, B. et al. Urinary bisphenol A-glucuronide and postmenopausal breast cancer in Poland. Cancer Causes Control. 25(12), 
1587–1593 (2014).

	35.	 Pirard, C., Sagot, C., Deville, M., Dubois, N. & Charlier, C. Urinary levels of bisphenol A, triclosan and 4-nonylphenol in a general 
Belgian population. Environ Int. 48, 78–83 (2012).

	36.	 Ahmadkhaniha, R. et al. Association of urinary bisphenol a concentration with type-2 diabetes mellitus. J. Environ. Health Sci. 
Eng. 12(1), 64 (2014).

	37.	 Venisse, N. et al. Development and validation of an LC–MS/MS method for the simultaneous determination of bisphenol A and 
its chlorinated derivatives in adipose tissue. Talanta 204, 145–152 (2019).

	38.	 Legeay, S. & Faure, S. Is bisphenol A an environmental obesogen?. Fundam. Clin. Pharmacol. 31(6), 594–609 (2017).
	39.	 Binder, A. M. et al. Prepubertal and pubertal endocrine-disrupting chemical exposure and breast density among Chilean adoles-

cents. Cancer Epidemiol. Biomark. Prevent. 27(12), 1491–1499 (2018).
	40.	 Iyengar, N. M., Gucalp, A., Dannenberg, A. J. & Hudis, C. A. Obesity and cancer mechanisms: Tumor microenvironment and 

inflammation. J. Clin. Oncol. 34(35), 4270–4276 (2016).
	41.	 Iyengar, N. M. et al. Systemic correlates of white adipose tissue inflammation in early-stage breast cancer. Clin. Cancer Res. 22(9), 

2283–2289 (2016).
	42.	 Sakamoto, S. et al. Enzyme-linked immunosorbent assay for the quantitative/qualitative analysis of plant secondary metabolites. 

J. Nat. Med. 72, 32–42 (2018).
	43.	 Shah, K. & Maghsoudlou, P. Enzyme-linked immunosorbent assay (ELISA): the basics. Br. J. Hosp. Med. 77(7), 98–101 (2016).
	44.	 R Core Team. R: A language and environment for statistical computing. R Foundation for Statistical Computing, Vienna, Aus-

tria. https://​www.R-​proje​ct.​org/ (2020).

Acknowledgements
This study was supported by a grant (Project No 33685) from Vice Chancellor for research, Tehran University 
of Medical Sciences, Tehran, Iran.

Author contributions
O.S., S.N.O. conceived and designed research. R.K.-M. conducted all experiments part and wrote the manuscript. 
M.G. supervised experiments part of the study. R.K.-M., O.S., and M.R.K. analyzed data. A.K., R.O. performed 
all mastectomies and mammoplasties surgeries. All authors read and approved the manuscript.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to O.S.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2021

https://www.R-project.org/
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Bisphenol-A in biological samples of breast cancer mastectomy and mammoplasty patients and correlation with levels measured in urine and tissue
	Results
	Study population. 
	Concentrations of BPA in human urine samples. 
	Concentrations of BPA in human tissue samples. 
	Correlation of BPA concentrations in case and control groups. 
	The effects of different variables on the breast cancer. 

	Discussion
	Conclusion
	Materials and methods
	Chemicals and reagents. 
	Study design and sample collection. 
	Environmental estrogen ELISA kit. 
	Preparations of urine samples. 
	Preparations of adipose breast tissue samples. 
	Performing the assay of samples. 
	Statistical analysis. 
	Statement of ethical approval. 
	Consent to participate. 
	Consent to publication. 

	References
	Acknowledgements


