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Bisphenol A (BPA), an endocrine disrupter, can migrate from packaging material into food stuff. 
This research was designed to measure BPA levels in makdous, a traditional Syrian food. Forty 
three samples of makdous stored in different plastic containers (polyethylene (PE), polypropylene 
(PP), and unspecified plastic containers) were analyzed every 3 months for one year beginning July 
2017. Quantification of BPA was carried out by an RP-HPLC system equipped with fluorescence 
detector after solid phase extraction. Migration was found in PE and PP plastic containers with 
slight differences. Statistically significant differences in BPA levels were observed between samples 
assayed after two weeks of preparation and samples assayed after 12 months (mean 16.32 vs. 38.26 
μg/kg, p value=0.003). According to these amounts, BPA levels were all under the specific migration 
limit of 0.05 mg/kg as newly referred in Regulation (EU) No 2018/213. These levels of exposure 
would only contribute to 2.15% and 2.75% of the EFSA t-TDI in both men and women respectively 
based on mean dietary exposure estimates derived from a 24-h dietary information study from 875 
participants. Hence there are no concerns about potential health risks from makdous consumption.
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INTRODUCTION

Bisphenol A (2,2-bis(4-hydroxyphenyl) propane) 
is a recognized environmental chemical substance that 
mimics estrogen. It is used primarily as a monomer in 
the production of polycarbonate plastic (PC), and epoxy 
resins (Hoekstra, Simoneau, 2013; Vom Saal, Hughes, 
2005). It is also used as a non-polymer additive in 
several consumer products, including internal coating 
of metallic cans, pipes for drinking water, thermal paper, 
dental fillers, cigarette filters, water pipes and tableware 
(Biedermann et al., 2010; Huang et al., 2012). Recent 
studies have indicated the migration of BPA traces 
from polycarbonate plastic packaging into food and 
beverages, with the amount of BPA leached depending 
on food or beverage composition and pH (Ehlert et al., 
2008; Hoekstra, Simoneau, 2013). Therefore, BPA exists 
widely in the environment and humans are commonly 

exposed to it through ingestion. Several studies, both 
in developed and developing countries, have reported 
detectable levels of BPA in urine, serum, umbilical cord 
blood, and breast milk (Rochester, 2013; Calafat et al., 
2008). BPA is now classified by the European Chemical 
Agency (ECHA) as an endocrine chemical disrupter 
affecting the reproductive system resulting in sexual 
impotency, fertility disturbance and abortions, together 
with secondary developmental defects of genital system 
in fetus, infants and young children (Vandenberg et al., 
2012; Li et al., 2010; Sugiura-Ogasawara et al., 2005; 
Bosquiazzo et al., 2010; European Food Safety Agency 
(EFSA) 2015). Some other complications attributed to BPA 
are neoplastic changes, prostate and breast cancers (La 
Pensee et al., 2010; Richter et al., 2007a). These potential 
adverse effects of BPA on human health through beverage 
and food consumption have opened a fierce debate in the 
scientific community about the low-dose reproductive and 
carcinogenic effects of this contaminant. Therefore, it is 
essential to start by determining BPA levels in foodstuffs 
for both the assessment of human exposure and the control 
of current legislatives.

Analytical and Food Chemistry Department, Faculty of Pharmacy, 
Al-Wadi International University, Homs, Syria

Zam Wissam iD

Levels of BPA in makdous, a traditional Syrian food, 
using solid-phase extraction followed by HPLC

*Correspondence: Z. Wissam. Department of Analytical and Food 
Chemistry. Faculty of Pharmacy. Al-Andalus University for Medical 
Sciences. Tartous, Syrian Arab Republic. Phone: +963932724703. Email: 
ws.sarah2005@gmail.com; w.zam@au.edu.sy

Brazilian Journal of 
Pharmaceutical Sciences

http://dx.doi.org/10.1590/s2175-97902020000419094

https://orcid.org/0000-0002-2733-1884
mailto:ws.sarah2005@gmail.com
mailto:w.zam@au.edu.sy


Zam Wissam

Page 2/7	 Braz. J. Pharm. Sci. 2021;57: e19094

For many Syrian families, the most important part 
of their kitchen is consisted of a wide variety of foods 
preserved naturally to be used throughout the year such 
as makdous (Figure 1). Makdous is a traditional Syrian 
dish made form baby eggplants stuffed with walnut, garlic 
and sun-dried red pepper then pickled in olive oil. It is 
a light meal usually prepared by the middle of summer 
to supply for winter. Makdous is usually eaten during 
breakfast and dinner or as a snack. Makdous is usually 

stacked in glass jars filled with olive oil for a period 
of two weeks at least in a kitchen temperature, giving 
it a uniquely strong taste. However, plastic containers 
started replacing glass jars as more practical and cheaper 
packaging alternatives. 

The present paper reports for the first time the 
determination of BPA in the traditional Syrian dish, 
makdous, by using solid phase extraction followed by 
HPLC in the aim of assessing human exposure.

FIGURE 1 – Makdous, a traditional Syrian dish, made from baby eggplants stuffed with walnut, garlic and sun-dried red pepper 
then pickled in olive oil.

MATERIAL AND METHODS

Samples collection

Forty three samples of makdous stored in plastic 
containers were collected in July 2017 from a variety of 
Syrian households in the coastal region. All containers 
were stored at room temperature. Collected samples from 
plastic containers were distributed as follows: 21 samples 
from polyethylene (PE), 8 sample from polypropylene 
(PP), and 14 samples from unspecified plastic containers. 
All samples were stored under the same conditions and 
were analyzed after two weeks of preparation and every 3 
months during a year. After sampling 200 g of makdous for 
each analysis, olive oil was added to preserve the sample 
completely immersed as traditionally done in houses. 

Olive oil used in this study was prepared by cold 
pressure in the coastal region of Syria and stored in glass 

containers. It was tested for BPA before its use for the 
preparation of makdous samples and results showed that 
they were free of BPA.

Sample pretreatment by solid phase extraction

For analysis, a sample of makdous was collected and 
the oil adsorbed at the surface was wiped. Then, 200 g of 
makdous was homogenized in a stainless steel laboratory 
blender. According to previously reported work by Sadeghi 
et al., (2016), an aliquot of 200 mg of the homogenized 
sample was extracted at room temperature with 10 mL 
acetonitrile in an ultrasonic bath for 30 min at 300 rpm. The 
solution was centrifuged at 1000 rpm for 15 min and the 
supernatant was saved. The extraction was repeated twice, 
and all the extracts pooled. Then, the acetonitrile phase 
was mixed with 15 mL n-hexane to remove lipids and was 
shaken vigorously for 30 min. The phrase was then made 
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up to the 100 mL mark in a volumetric flask with deionized 
water, and the pH of samples was adjusted to be between 
6 and 7. Final solution was subjected to SPE procedure.

The SPE cartridge (OASIS HLB cartridge) was 
conditioned with 5 mL of methanol-2% acetic acid,  
5 mL acetonitrile then with 5 mL of deionized water.  
10 mL of the liquid sample was loaded after spiking with 
0.5 μg of BPA (in order to increase our confidence in the 
accuracy and validity of the sample test results as per the 
quality control standards of our laboratory). The cartridge 
was washed by 10 mL of deionized water followed by 
6 mL of deionized water:acetonitrile (60/40, v/v). BPA 
was eluted with 3 mL of methanol (Zhang et al., 2006). 
All the applied fractions were collected and evaporated 
to dryness. The residues were dissolved with 200 μL 
acetonitrile-water (40:60, v/v) and analyzed by HPLC. 
Each sample was assayed three consecutive times.

Preparation of BPA standard and blank solutions

A stock standard solution of BPA (bisphenol A >99%,  
Sigma-Aldrich) was prepared by dissolving 100 mg 
of BPA in 100 mL of methanol (Sharlau (Spain)). The 
standard solutions were reserved at -20 ºC in amber glass 
vessels. Working standard solutions ranging from 0.05-

1.0 μg/mL were prepared by diluting the stock solution 
with acetonitrile-water (40:60, v/v). The working standard 
solutions were stored at 4 ºC in the refrigerator.

The blank solution was prepared using a BPA free 
sample from makdous stacked in glass jars.

Quantification by HPLC-fluorescence

Quantification of BPA was carried out by an RP-
HPLC (SHIMADZU, LC-20AD) system equipped 
with fluorescence detector as described by Bendito et 
al. (2009), with little modifications. All determinations 
were performed at ambient temperature (25 ºC) using 
C18 (250×4.6 mm, 5 μm, Hypersil ODS, Thermo Fisher 
Scientific). The mobile phase consisted of water (A) and 
acetonitrile (B) at a flow-rate of 0.8 mL/min. The gradient 
elution program was: 60:40 (A:B) in 12 min, 50:50 (A:B) 
from 12-20 min then isocratic initial conditions (60:40) for 
20 min to clean and stabilize the chromatographic system. 
The selected wavelengths were 230 nm (excitation) and 
315 nm (emission). BPA eluted at 9.3 min. 

The standard curve was linear over the selected 
points (correlation coefficient R2 = 0.996). Figure 2 shows 
a typical chromatogram obtained from both a standard 
solution of BPA and a sample.

FIGURE 2 – Typical chromatograms obtained from a standard solution of BPA (0.5 μg/mL) (A) and a sample of makdous (B).
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Statistical analysis

Descriptive statistics were used to summarize the 
study variables. Statistical analyses were conducted using 
the SPSS statistics 21 software. For comparison of means, 
a repeated measure ANOVA test was used and P values 
< 0.05 were considered significant.

RESULTS AND DISCUSSION

The obtained BPA quantitative results for the tested 
makdous samples during the whole year are summarized 
in Table I. BPA levels were all under the specific migration 
limit (SML) of 0.05 mg/kg as newly referred in Regulation 
(EU) No 2018/213 (Commission Regulation (EU) 
2018/213, 12 February 2018).

Statistically significant differences in BPA levels 
were observed between samples assayed after two weeks 
of preparation and samples assayed after 12 months (mean 
16.32 vs. 38.26 μg/kg). This could be explained by the 
increase of polymer degradation over the storage time 
(Vandenberg et al., 2007). Same results were found by 

Abou Omar et al. (2017), who estimated the exposure to 
BPA from olive oil in Lebanon and found that BPA levels 
after a year of storage was significantly higher compared 
with samples stored for less than a year. Tawfik (2005) 
had previously proved that global migration of different 
types of plastic food packaging materials into different 
type of vegetable oils was temperature dependent and 
slightly higher into oil contained high amount of short-
chain and unsaturated fatty acids. These increased levels 
could also be due to the addition of new quantities of 
olive oil continuously to the stacked makdous as a normal 
procedure to keep it immersed all the time which is 
traditionally done in houses. Kang et al. (2003) previously 
proved that levels of BPA migration for cans containing 
vegetable oils were significantly higher than those for cans 
containing water. Several previous experiments showed 
the same results especially in PE and PP containers, 
showing an increase in the migration of monomers and 
oligomers from plastic containers as the fat content of the 
food and storage temperature increased (Gao et al., 2011; 
Arvanitoyannis, Bosnea, 2004). 

TABLE I – BPA levels in the makdous samples from different types of packaging during a whole year

Types of 
packaging

Number 
of 

samples

BPA ± SD
(μg/kg)

F levelsAfter two weeks 
of preparation

After 3 months After 6 months After 9 months After 12 months

range mean Range mean range mean range mean range mean

PE 21 08-28.5 14.3±3.1 10.5-32 22.3±2.2 13-32 25.4±3.1 22.5-35 29.5±3.2 26.5-42 35.2±5.1 F(4,80)=5.20, 
p<0.05.

PP 8 12.5-22 16.5±4.1 15-36.5 26.3±3.5 18.1-35.1 27.3±2.2 22-36.5 31.3±4.6 28.5-45 38.1±6.2 F(4,28)=6.59, 
p<0.05.

UP 14 11.5-26 18.1±2.1 20.5-38 30.7±5.3 25-39.6 34.5±4.2 28.5-42 36.3±5.1 28-46.5 41.5±7.2 F(4,52)=5.85, 
p<0.05.

PE: polyethylene, PP: polypropylene, UP: unspecified plastic.

As indicated in Table I, the global migration was 
slightly higher in PP plastic container compared with 
PE plastic containers which is in accordance with 
the results of Tawfik that had previously found that 
overall migration from plastics was found to be lower 

in PET and PVC compared to PS and PP (Tawfik, 
2005). Another study showed that olive oil stored in 
PP containers for more than 10 days at 44 ºC contained 
PP molecules in amounts close to 10 mg/dm2 (Wang, 
Storm, 2006). 
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The tolerable daily intake (TDI) level established by 
EFSA in 2015 is 4 μg/kg BW/day. This level is twelve and 
a half times lower than the previous level established by 
the U.S. Environmental Protection Agency (Vom Saal, 
Hughes, 2005); however, this new TDI level is considered 
as temporary (t-TDI) pending the anticipated outcome 
of a long-term toxicity study on BPA in rodents being 
undertaken by the National Toxicology Program/Food and 
Drug Administration (NTP/FDA) in the United States of 
America (USA) (Commission Regulation (EU) 2018/213, 
12 February 2018).

The mean dietary exposure estimates derived by 
combining mean BPA levels from the current study 
with 24-h dietary information from 875 participants are 
summarized in Table II. The estimated daily ingestion of 
BPA from makdous is 0.086 and 0.11 μg/kg BW/day for 
men and women respectively. These levels of exposure 
would still only contribute to 2.15% and 2.75% of the 
EFSA t-TDI in both men and women respectively.

TABLE II – Mean dietary exposure estimates for BPA from the 
traditional Syrian food, makdous

Total number of 
participants (TNP)

875 

Age range
men & percentage of TNP
women & percentage of TNP

18-62 y
310 (35.42%)
565 (64.57%)

Mean body weight of men 87.12 kg

Mean body weight of women 69.15 kg

Mean BPA level in 
makdous samples

28.46 μg/kg

Dietary consummation 
of makdous per day

150-400 g
Mean: 265.13 g

Mean dietary 
exposure for BPA

7.55 μg/day

It should be taken in consideration that makdous is 
only one of several foods ingested daily that may contain 
BPA such as canned foods. Additionally, endocrine 
disrupting effects could be due to several other food 
constituents such as isoflavones and alkyl phenols (Kiely 

et al., 2003); and BPA was considered to contribute to 
about 35% of all oestrogenicity from food (Thomson 
et al., 2003). Moreover, it should be kept in mind that 
children are more susceptible to the adverse effects of 
BPA contamination based on their higher intake relative 
to their low body weight (Schecter et al., 2010). Based 
on different studies, urinary BPA levels in children seem 
to be higher in comparison with adults (Bushnik et al., 
2010; Frederiksen et al., 2013). It should also be noticed 
that makdous is generally stacked in reusable plastic 
containers which could release high levels of BPA due 
to the dual interaction between oils and plastic packages 
that have the ability to absorb volatile and non-volatile 
substances from olive oil (Kiritsakis et al., 2002). Finally, 
it is also hard to evaluate the safety of makdous intake 
in pregnant women even if the BPA levels were small 
based on our results; since some receptors in placenta 
specifically accumulate BPS (Birnbaum et al., 2013). 
Previous studies detected BPA and BPA-GA in fetuses 
and amniotic fluid (Kubwabo et al., 2009). In vivo studies 
on animals exposed to BPA during gestation or lactation 
have revealed that doses between 2 and 20 μg/kg/day 
could be associated with higher risk of reduced birth 
weight, neurological effects, as well as higher risk of 
breast and prostate cancer (Richter et al., 2007 b; Ho et 
al., 2006; Komada et al., 2012). Recently, Ohtani et al. 
confirmed that offspring are more vulnerable to exposure 
to BPA in late pregnancy but not during early pregnancy 
(Ohtani et al., 2018).

CONCLUSION

BPA levels detected in makdous samples during a 
year of storage in different plastic containers were below 
the current EFSA t-TDI, hence there are no concerns about 
potential health risks from makdous consumption.

However and based on evidences indicating that BPA 
may accumulate in human body leading to toxic effects, 
we recommend the use of glass containers instead of 
plastic containers or avoid long-term storage of makdous 
in plastic containers. Moreover, the dietary exposure 
estimates in this study were limited to adults and further 
consumption information for other population is needed.

REFERENCES

Abou Omar TF, Sukhn C, Fares SA, Abiad MG, Habib RR, 
Dhaini HR. Bisphenol A exposure assessment from olive oil 
consumption. Environ Monit Assess. 2017;189(7):341.

https://www.ncbi.nlm.nih.gov/pubmed/?term=OHTANI%20N%5BAuthor%5D&cauthor=true&cauthor_uid=29367495


Zam Wissam

Page 6/7	 Braz. J. Pharm. Sci. 2021;57: e19094

Arvanitoyannis IS, Bosnea L. Migration of substances from 
food packaging materials to foods. Crit Rev Food Sci Nutr. 
2004;44(2):63-76.

Bendito MD, Bravo SR, Reyes ML, Prieto AG. Determination 
of bisphenol A in canned fatty foods by coacervative 
microextraction, liquid chromatography and fluorimetry. 
Food Addit Contam. 2009;26(2):265–274.

Biedermann S, Tschudin P, Grob, K. Transfer of bisphenol A 
from thermal printer paper to the skin. Anal Bioanal Chem. 
2010;398(1):571–576.

Birnbaum LS, Aungst J, Schug TT, Goodman JL. Working 
together: research- and science-based regulation of BPA. 
Environ Health Perspect. 2013;121(7):A206-7.

Bosquiazzo VL, Varayoud J, Munoz-de-Toro M, Luque EH, 
Ramos JG. Effects of neonatal exposure to bisphenol A on 
steroid regulation of vascular endothelial growth factor 
expression and endothelial cell proliferation in the adult rat 
uterus. Biol Reprod. 2010;82(1):86-95.

Bushnik T, Haines D, Levallois P, Levesque J, Van Oostdam J, 
Viau C. Lead and bisphenol A concentrations in the Canadian 
population. Health Rep. 2010;21(3):7–18.

Calafat AM, Ye X, Wong LY, Reidy JA, Needham LL. 
Exposure of the U.S. population to bisphenol A and 
4-tertiary-octylphenol: 2003-2004. Environ Health Perspect. 
2008;116(1):39–44.

Commission Regulation (EU). On the use of bisphenol A in 
varnishes and coatings intended to come into contact with 
food and amending Regulation (EU) No 10/2011 as regards 
the use of that substance in plastic food contact materials. 
Commission Regulation (EU) 2018/213, 12 February 2018.

Ehlert KA, Beumer CWE, Groot MCE. Migration of 
bisphenol A into water from polycarbonate baby bottles during 
microwave heating. Food Addit Contam. 2008;25(7):904–910.

European Food Safety Agency (EFSA). Scientific opinion 
on the risks to public health related to the presence of 
bisphenol A (BPA) in foodstuffs: Executive summary. EFSA 
J. 2015;13:3978–4617.

Frederiksen H, Aksglaede L, Sorensen K, Nielsen O, Main 
KM, Skakkebaek NE et al. Bisphenol A and other phenols 
in urine from Danish children and adolescents analyzed by 
isotope diluted TurboFlow-LC–MS/MS. Int J Hyg Environ 
Health. 2013;216(6):710–720.

Gao Y, Gu Y, Wei Y. Determination of polymer compounds–
antioxidants and ultraviolet (UV) absorbers by high-
performance liquid chromatography coupled with UV 

photodiode array detection in food simulants. J Agric Food 
Chem. 2011;59(24):12982–12989.

Ho SM, Tang WY, Belmonte de Frausto J, Prins GS. 
Developmental exposure to estradiol and bisphenol A 
increases susceptibility to prostate carcinogenesis and 
epigenetically regulates phosphodiesterase type 4 variant 4. 
Cancer Res. 2006;66(11):5624–5632.

Hoekstra EJ, Simoneau C. Release of bisphenol A 
from polycarbonate: A review. Crit Rev Food Sci Nutr. 
2013;53(4):386–402.

Huang YQ, Wong CK, Zheng JS, Bouwman H, Barra R, 
Wahlstrom B et al. Bisphenol A (BPA) in China: a review 
of sources, environmental levels, and potential human health 
impacts. Environ Int. 2012;42:91–99.

Kang J-h, Kito K, Kondo F. Factors influencing the migration 
of bisphenol A from cans. J Food Prot. 2003;66(8):1444–1447.

Kiely M,  Faughnan M,  Wähälä K,  Brants H,  Mulligan A. 
Phyto-oestrogen levels in foods: the design and construction 
of the VENUS database. Br J Nutr. 2003;89(1):S19-23.

Kiritsakis A, Kanavouras A, Kiritsakis K. Chemical analysis, 
quality control and packaging issues of olive oil. Eur J Lipid 
Sci Technol. 2002;104(9-10):628–638.

Komada M, Asai Y, Morii M, Matsuki M, Sato M, Nagao T. 
Maternal bisphenol A oral dosing relates to the acceleration 
of neurogenesis in the developing neocortex of mouse fetuses. 
Toxicology. 2012;295(1-3):31-8.

Kubwabo C, Kosarac I, Stewart B, Gauthier BR, Lalonde 
K, Lalonde PJ. Migration of bisphenol A from plastic baby 
bottles, baby bottle liners and reusable polycarbonate drinking 
bottles. Food Addit Contam: Part A. 2009;26(6):928-937.

La Pensee EW, La Pensee CR, Fox S, Schwemberger S, Afton 
S, Ben-Jonathan N. Bisphenol A and estradiol are equipotent 
in antagonizing cisplatininduced cytotoxicity in breast cancer 
cells. Cancer Lett. 2010;290(2):167-73.

Li D, Zhou Z, Qing D, He Y, Wu T, Miao M et al. Occupational 
exposure to bisphenol-A (BPA) and the risk of self-reported 
male sexual dysfunction. Hum Reprod. 2010;25(2):519-27.

Ohtani N, Suda K, Tsuji E, Tanemura K, Yokota H, Inoue H et 
al. Late pregnancy is vulnerable period for exposure to BPA. 
J Vet Med Sci. 2018;80(3):536–543.

Richter CA, Birnbaum LS, Farabollini F, Newbold RR, 
Rubin BS, Talsness CE et al. In vivo effects of bisphenol A 
in laboratory rodent studies. Reprod Toxicol. 2007a;24:199–
224.

https://www.ncbi.nlm.nih.gov/pubmed/?term=Bendito%20MD%5BAuthor%5D&cauthor=true&cauthor_uid=19680898
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bravo%20SR%5BAuthor%5D&cauthor=true&cauthor_uid=19680898
https://www.ncbi.nlm.nih.gov/pubmed/?term=Reyes%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=19680898
https://www.ncbi.nlm.nih.gov/pubmed/?term=Prieto%20AG%5BAuthor%5D&cauthor=true&cauthor_uid=19680898
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kiely%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12725652
https://www.ncbi.nlm.nih.gov/pubmed/?term=Faughnan%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12725652
https://www.ncbi.nlm.nih.gov/pubmed/?term=W%C3%A4h%C3%A4l%C3%A4%20K%5BAuthor%5D&cauthor=true&cauthor_uid=12725652
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brants%20H%5BAuthor%5D&cauthor=true&cauthor_uid=12725652
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mulligan%20A%5BAuthor%5D&cauthor=true&cauthor_uid=12725652
https://www.ncbi.nlm.nih.gov/pubmed/12725652
https://www.ncbi.nlm.nih.gov/pubmed/?term=OHTANI%20N%5BAuthor%5D&cauthor=true&cauthor_uid=29367495
https://www.ncbi.nlm.nih.gov/pubmed/?term=SUDA%20K%5BAuthor%5D&cauthor=true&cauthor_uid=29367495
https://www.ncbi.nlm.nih.gov/pubmed/?term=TSUJI%20E%5BAuthor%5D&cauthor=true&cauthor_uid=29367495
https://www.ncbi.nlm.nih.gov/pubmed/?term=TANEMURA%20K%5BAuthor%5D&cauthor=true&cauthor_uid=29367495
https://www.ncbi.nlm.nih.gov/pubmed/?term=YOKOTA%20H%5BAuthor%5D&cauthor=true&cauthor_uid=29367495
https://www.ncbi.nlm.nih.gov/pubmed/?term=INOUE%20H%5BAuthor%5D&cauthor=true&cauthor_uid=29367495
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5880839/


Levels of BPA in makdous, a traditional Syrian food, using solid-phase extraction followed by HPLC

Braz. J. Pharm. Sci. 2021;57: e19094	 Page 7/7

This is an open-access article distributed under the terms of the Creative Commons Attribution License. 

Richter CA, Taylor JA, Ruhlen RL, Welshons WV, Vom 
Saal FS. Estradiol and Bisphenol A stimulate androgen 
receptor and estrogen receptor gene expression in fetal 
mouse prostate mesenchyme cells. Environ Health Perspect. 
2007b;115(6):902-8.

Rochester JR. Bisphenol A and human health: a review of the 
literature. Reprod Toxicol. 2013;42:132–155.

Sadeghi M, Nematifar Z, Fattahi N, Pirsaheb M, Shamsipur 
M. Determination of bisphenol A in food and environmental 
samples using combined solid-phase extraction–dispersive 
liquid–liquid microextraction with solidification of floating 
organic drop followed by HPLC. Food Anal Methods. 
2016;9(6):1814–1824.

Schecter A, Malik N, Haffner D, Smith S, Harris TR, Paepke 
O et al. Bisphenol A (BPA) in U.S. food. Environ Sci Technol. 
2010;44(24):9425-30.

Sugiura-Ogasawara M, Ozaki Y, Sonta S, Makino T, 
Suzumori K. Exposure to bisphenol A is associated with 
recurrent miscarriage. Hum Reprod. 2005;20(8):2325-9. 

Tawfik MS. Interaction of packaging materials and vegetable 
oils: global migration and oil absorption. J Food Sci Technol. 
2005;3(4):506-510.

Thomson B, Cressey P, Shaw I. Dietary exposure to 
xenoestrogens in New Zealand. J Environ  Monitor. 
2003;5(2):229–235.

Vandenberg LN, Hauser R, Marcus M, Olea N, Welshons 
WV. Human exposure to bisphenol A (BPA). Reprod Toxicol. 
2007;24(2):139–177.

Vandenberg LN,  Colborn T,  Hayes TB,  Heindel JJ,  Jacobs 
DR Jr,  Lee DH et al. Hormones and endocrine disrupting 
chemicals: low-dose effects and nonmonotonic dose 
responses. Endocr Rev. 2012;33(3):378–455.

Vom Saal FS, Hughes C. An extensive new literature 
concerning low-dose effects of bisphenol A shows the 
need for a new risk assessment. Environ Health Perspect. 
2005;113(8):926–933.

Wang Q, Storm BK. Migration study of polypropylene (PP) oil 
blends in food simulants. Macromol Symp. 2006;242(1):307–
314.

Zhang JH,  Jiang M,  Zou L,  Shi D,  Mei SR,  Zhu YX et 
al. Selective solid-phase extraction of bisphenol A using 
molecularly imprinted polymers and its application to 
biological and environmental samples. Anal Bioanal 
Chem. 2006;385(4):780-6.

Received for publication on 30th January 2019
Accepted for publication on 27th August 2019

https://www.ncbi.nlm.nih.gov/pubmed/?term=Vandenberg%20LN%5BAuthor%5D&cauthor=true&cauthor_uid=22419778
https://www.ncbi.nlm.nih.gov/pubmed/?term=Colborn%20T%5BAuthor%5D&cauthor=true&cauthor_uid=22419778
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hayes%20TB%5BAuthor%5D&cauthor=true&cauthor_uid=22419778
https://www.ncbi.nlm.nih.gov/pubmed/?term=Heindel%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=22419778
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jacobs%20DR%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=22419778
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jacobs%20DR%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=22419778
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20DH%5BAuthor%5D&cauthor=true&cauthor_uid=22419778
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=16741779
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jiang%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16741779
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zou%20L%5BAuthor%5D&cauthor=true&cauthor_uid=16741779
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shi%20D%5BAuthor%5D&cauthor=true&cauthor_uid=16741779
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mei%20SR%5BAuthor%5D&cauthor=true&cauthor_uid=16741779
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhu%20YX%5BAuthor%5D&cauthor=true&cauthor_uid=16741779
https://www.ncbi.nlm.nih.gov/pubmed/16741779
https://www.ncbi.nlm.nih.gov/pubmed/16741779

