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Abstract: Endocrine disruptors, also known as  endocrine-disrupting chemicals, could mimic or  interfere with the 
body's hormones. Indeed, naturally occurring endocrine disruptors have been widely identified in daily foods. Moreo-
ver, industrialisation has resulted in increasing synthetic endocrine disruptors being produced and used as food addi-
tives or in food package materials, which makes exposure to endocrine disruptors become more common. Although 
the safety of synthetic chemicals has been extensively evaluated before entering into the food industry, increasing evi-
dence has also highlighted that long-lasting exposure might influence long-term metabolic outcomes and be associated 
with the prevalence of obesity. Therefore, this review summarised the sources, detection methods, obesogenic effects 
and possible mechanisms of endocrine disruptors commonly found in  foods, as well as discussed possible underly-
ing mechanisms by which endocrine disruptors contribute to the increased risk of obesity. In conclusion, the review 
may provide useful information for understanding the association between endocrine disruptors and obesity, which 
could provide a new angle of view for preventing obesity prevalence.
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Endocrine disruptors, also known as endocrine-dis-
rupting chemicals (EDCs), are a type of exogenous sub-
stances or mixtures which can influence the function(s) 
of the endocrine system and cause adverse health effects 
on the (sub)populations or their descendants. The ad-
verse effects include changes in morphology, physiol-
ogy, growth, reproduction, development, or  lifespan, 
caused by weakened functional capacity or  increased 
susceptibility to  environmental influences (Rousselle 
et  al.  2013). The  Yusho rice oil poisoning incident 
is a well-known incident in which food contaminated 

with endocrine disruptors, including a mixture of poly-
chlorinated biphenyls, polychlorinated dibenzofurans 
(PCDFs), and polychlorinated quaterphenyls (PCQs), 
affected nearly 14 000  people (Masuda et  al.  1998; 
Yoshida et al. 2009) with more than 500 dead.

Nowadays, endocrine disruptors are widely found 
in  food, which may have a  profound impact on  hu-
man health (Cwiek-Ludwicka and Ludwicki  2014; 
González-Castro et al. 2011). The best-known property 
of  endocrine disruptors is  their hormone-like effects 
(Vandenberg et al. 2020). In recent years, the neurobe-
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havioral toxicity of endocrine disruptors has also been 
revealed, which may result from their actions on nerves 
via endocrine signals (Xu and Yin 2019). Particularly, the 
obesogenic effects of endocrine disruptors have drawn 
great attention from researchers in the last decades due 
to the prevalence of obesity (Andújar et al. 2019; Blanco 
et al. 2020). For example, bisphenol A (BPA), a widely 
used plasticiser in  food packaging, increased the risk 
of precocious puberty, obesity, and type 2 diabetes mel-
litus (Mirmira and Evans-Molina 2014). In this article, 
we will summarise the detection methods, obesogenic 
effects, and possible mechanisms of endocrine disrup-
tors commonly found in foods.

ENDOCRINE DISRUPTORS IN  FOODS

Endocrine disruptors can affect organisms at low dos-
es and may synergistically exert their potential adverse 
effects. Indeed, this was often overlooked and could 
complicate determining accurate safety thresholds for 
endocrine disruptors in the daily diet (Kortenkamp 2014; 
Vandenberg  2019). Furthermore, studies also showed 
that the effects of endocrine disruptors are not only in-
fluenced by  the dosage and frequency of  exposure but 
also related to exposure in different periods of human life 
(Maffini et al. 2006). Even short-term exposure during im-
portant periods of human development (e.g. pregnancy, 
lactation, infants, and toddlers) may cause long-lasting 
and profound effects. For example, higher BPA exposure 
in early childhood was associated with excess child adi-
posity (Vafeiadi et al. 2016). A recent study also showed 
that selected EDCs could induce steroidogenesis in folli-
cular granulosa cells, highlighting their potential impacts 

on female reproduction and fertility (Luongo et al. 2022). 
Thus, assessing the public health effects of daily exposure 
to endocrine disruptors via foods is in great need. 

Various synthetic chemicals are endocrine disruptors 
or  have potential endocrine-disrupting activity. Pesti-
cides, herbicides, fungicides, veterinary drugs, and food 
packaging components together with natural compounds 
and heavy-metal pollutants are endocrine disruptors 
commonly found in food (Table 1) (Muncke 2009; Kow-
alska et  al.  2016; Ahmad et  al.  2017; Lee et  al.  2019; 
Cederroth et  al.  2020). The  endocrine disruptors that 
attract the most attention are the EDCs in food packag-
ing, especially plastic packaging. For example, BPA and 
phthalates, widely used in the production of plastic pack-
aging, have been found to possess potential health risks 
(le Maire et al. 2009; Schecter et al. 2010; Rudel Ruthann 
et al. 2011; Yang et al. 2019c; Darbre 2020).

The main sources of endocrine disruptors in food are 
crop, meat, water pollution, and food packaging chemi-
cals (Figure 1). The use of pesticides mainly causes crop 
pollution (Boon et  al.  2008; Jensen et  al.  2013; Al-Na-
sir et al. 2020; Qin et al. 2021), reclaimed water (Wang 
et al. 2018; Wu et al. 2020) during crop growth and heavy-
metal pollution in the soil (Gall et al. 2015; Rai et al. 2019). 
Organophosphorus pesticides (OPPs) and organochlo-
rine pesticides (OCPs), cyfluthrin, chlorpyrifos-methyl, 
propionamide, thiabendazole, triazophos, endosulfan 
and imidazole are insecticides commonly detected 
in fruits and vegetables (Schilirò et al. 2011; Li et al. 2018; 
Yang et al. 2019a; Martyniuk et al. 2020). Natural com-
pounds, phytoestrogens (Cederroth et  al.  2012) and 
mycotoxins (Kowalska et  al.  2016) can also cause crop 
pollution. Similarly, veterinary drugs (Lee et  al.  2019) 

Table 1. Types of endocrine-disrupting chemicals (EDCs) commonly found in food

Sources Types of EDCs

Insecticide

organochlorine pesticides (DDT and its metabolites),  
organophosphorus pesticides (Triazophos, Chlorpyrifos),  
pyrethroids (Fenvalerate, Cypermethrin, Permethrin, etc.),  

dioxins, organotin compounds, Imidacloprid
Herbicide antiandrogenic herbicides (Mesotrione, Hexazione, etc.), glyphosate-based herbicides
Fungicide Triadimefon, Triclosan
Veterinary drugs Cefuroxime, Cymiazole, Trenbolone, Zeranol, Phoxim, Altrenogest and Nandrolone, etc.

Food packaging

bisphenol A and its analogues, phthalates (diethylhexyl phthalate,  
dibutyl phthalate, butyl benzyl phthalate, diethyl hydroxylamine),  

diethylstilbestrol, polychlorinated biphenyls, perfluorinated compounds,  
alkylphenols (nonylphenol, octylphenol, etc.)

Natural com DDT pounds mycoestrogens (Zearalenone, Alternaria toxin, etc.), phytoestrogens (soy isoflavones, etc.)
Heavy-metal pollutants mercury (Hg) and complexes, cadmium (Cd) and complexes, lead (Pb) and complexes

DDT – dichlorodiphenyltrichloroethane
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and animal feed contaminated with endocrine disruptors 
(Walorczyk 2007) are the main sources of meat contami-
nation. Wastewater discharge (Jiang et al. 2020; Kasonga 
et al. 2021) will cause pollution of drinking water (Wee 
and Aris 2017), and it will also contaminate crops and 
aquatic organisms (fish, shellfish, etc.) (Álvarez-Muñoz 
et al. 2015). In recent decades, the endocrine disruptor 
pollution resulting from the wide use of plastic packag-
ing (Duan et al. 2020) and aluminium can coatings (Fat-
tore et al. 2015; González et al. 2020) in the food industry 
has attracted increasing attention. The release of harmful 
components from packaging during long-term storage 
worsens the situation. Using recycled plastics will further 
increase pollution (Xu et al. 2020). Therefore, it is neces-
sary to  conduct effective surveillance of  EDCs and de-
velop accurate, rapid and low-cost detection methods 
to reduce the adverse impact of EDCs.

METHODS FOR DETECTING  
ENDOCRINE DISRUPTORS

Pretreatment and extraction methods. Because 
endocrine disruptors are often present at  trace levels 
in food, preprocessing and extraction are normally nec-
essary for quantifying endocrine disruptors. Currently, 
solid-phase extraction (SPE), solid-phase microextrac-
tion (SPME), liquid-liquid extraction (LLE), and liquid-
phase microextraction (LPME) are several common 

extraction methods for endocrine disruptor identifica-
tion. For instance, BPA and its analogues in food cans 
were reported to be successfully separated by SPME for 
migration analysis (Viñas et al. 2010). LLE has been used 
to extract phthalates and heavy-metal pollutants from 
espresso coffee and its packaging (De Toni et al. 2017), 
while hollow-fibre LPME  has been used to  extract 
phthalates from water samples (González-Sálamo 
et al. 2018). In addition to conventional extraction meth-
ods, several novel extraction methods have also been 
developed in  recent years. For  example, ultrasound-
assisted extraction with continuous solid-phase extrac-
tion (SPE) and gas chromatography-mass spectrometry 
(GC-MS) were developed to determine multiple EDCs 
simultaneously (Hejji et al. 2021). Effervescent tablets 
have been used for microextraction phenolic endocrine 
disruptors in beverages (Jing et al. 2020). Graphene ox-
ide (Fe-alg-MGO) magnetic beads encapsulated in iron 
cross-linked alginate have been used as  adsorbents 
to extract BPA from water samples (Tasmia et al. 2020). 
Solid-phase MIP-SPE  sorbents, made by  synthesising 
a  molecularly imprinted polymer as  extraction sorb-
ent for  SPE, were used with high-performance liquid 
chromatography and ultraviolet detection for analys-
ing pesticides (Arias et al. 2020), and a novel composite 
material, Fe3O4@N-RGO, was used as  an  adsorbent 
to extract bisphenol endocrine disruptors from carbon-
ated beverages (Li et al. 2019).

Figure 1. Main sources of endocrine-disrupting chemicals (EDCs) in food
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Detection methods. As  illustrated above, the en-
docrine disruptors in  foods may come from various 
sources and include both natural and human-made 
chemicals. Particularly, all these endocrine disruptors 
may function synergistically. However, current regula-
tions are mainly focused on synthetic chemicals with 
endocrine-disrupting activity being introduced during 
the food manufacturing process. Therefore, fast and 
accurate detection methods would play an  important 
role in determining (or evaluating) the overall contents 
of  endocrine disruptors in  food, which may provide 
useful information to avoid excessive intake and thus 
prevent hazards such as obesity.

Laboratory analysis of endocrine disruptors is primar-
ily done by  GC-MS  and liquid chromatography-mass 
spectrometry (LC-MS). For instance, GC-MS was report-
ed to quantify bisphenols in canned food as well as to de-
termine phthalates and heavy metals in food packaging 
(De Toni et al. 2017; Cunha et al. 2020) while LC-MS was 
successfully used for the analysis of BPA in fruit juices, 
and phthalates in  fish fillets (Gallo et  al.  2019; Panio 
et al. 2020). Although these detection methods are ac-
curate, sensitive, and precise, they often require ex-
pensive equipment and complicated procedures. Thus, 
more convenient and affordable assays are in great need. 
Electrochemical sensors are considered promising alter-
natives because they are rapid, accurate and less costly. 
Different materials have been explored to develop elec-

trochemical sensors to  improve detection results, es-
pecially novel nanomaterials (Gallo et  al.  2019; Panio 
et  al.  2020). For  instance, nanocarbon-modified elec-
trochemical sensors were reported to be able to detect 
BPA at 5 nM (Jiang et al. 2021). Electrochemical sensors 
with nanocomposites composed of  black phosphorus 
and porous graphene also showed good selectivity and 
stability for accurately detecting BPA in plastic package 
materials (Cai et al. 2019). In addition, paper-based elec-
trochemical sensors with carbon black (a carbon-based 
nanomaterial) can detect BPA at 0.03 μM levels in drink-
ing water with low cost and high sensitivity (Jemmeli 
et al. 2020). Novel methods make detecting EDCs more 
convenient, less costly, and more accurate.

MECHANISM OF ENDOCRINE 
DISRUPTORS CAUSING OBESITY

Plenty of  scientific literature has shown endocrine 
disruptors to have adverse effects in animal models and 
exponentially harmful effects in  humans. The  asso-
ciation between endocrine disruptors and obesity has 
been widely studied. Several underlying mechanisms 
by  which endocrine disruptors lead to  the increased 
risk of obesity have been explored, including regulating 
nuclear receptors linked pathway, non-nuclear recep-
tor linked pathway, hypothalamic-pituitary axis and 
inducing oxidative stress (Figure 2).

Figure 2. The potential association between endocrine disruptors and obesity
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Table 2. Nuclear receptors (NRs) interact with endocrine-disrupting chemicals (EDCs)

NRs EDCs

Estrogen receptor (ER)

BPA and its analogues (BPF, BPS) have estrogenic and anti-androgenic effects,  
and their mixture had higher endocrine-disrupting activity  

at lower concentrations (Park et al. 2020).

Heavy metals show high estrogenicity in estrogen receptor-dependent  
on transcriptional expression assay steam (Choe et al. 2003).

ERs may modulate regional adiposity with ERα limiting adipose accumulation  
and ERβ counteracting the effect of ERα (Gavin et al. 2013).

Androgen receptor (AR)

Imidacloprid binds to AR to disrupt the endocrine system  
and affects reproductive health in mice (Yuan et al. 2020).

BPA, BPF, and BPS decrease AR activity  
(Qiu et al. 2021).

In male mice, ARs profoundly affect energy balance,  
and decreasing AR activation causes obesity (Fan et al. 2005).

Peroxisome proliferator-activated 
receptors (PPARs)

BPA can affect mRNA expression of all forms of PPAR in the liver and testes  
(Sharma et al. 2019).

BPA and BPS can induce the expression of PPARγ and its target genes  
in macrophages, and it may affect lipid metabolism due to the connection  

of macrophages with fat and liver cells (Gao et al. 2020).

PPARγ is one of the principal adipogenic factors at the centre of a complex  
network of transcription factors that regulate the differentiation  

of 3T3-L1 preadipocytes to adipocytes (Farmer 2006; Chinchu et al. 2020).

BPS and phthalates have been shown to regulate PPARγ and influence  
fat formation and accumulation (Desvergne et al. 2009; Martínez et al. 2020).

Organotin compounds affect the transactivation activity of PPARγ  
(Kanayama et al. 2005).

Nuclear receptors. Endocrine disruptors interact 
with nuclear receptors (NRs) and regulate signal trans-
duction (Table 2). Increasing evidence shows that NRs 
have important roles in obesity. For example, BPA, bis-
phenol F (BPF), and bisphenol S (BPS) increase estrogen 
receptor (ER) activity and decrease androgen receptor 
(AR) activity (Park et al. 2020; Qiu et al. 2021). Notably, 
ERs may modulate regional adiposity with ERα limit-
ing adipose accumulation and ERβ  counteracting the 
effect of ERα (Gavin et al. 2013). Endocrine disruptors 
such as BPA, BPF, and BPS activate both ERα and ERβ, 
but their activation responses are imbalanced, which 
may be the underlying mechanisms of their profound 
effects on metabolism. In male mice, ARs profoundly 
affect energy balance, and decreasing AR  activation 
causes obesity (Fan et al. 2005). Therefore, the inhibi-
tory effects on AR activity may also contribute to the 
obesogenic effects of BPA and its analogues.

Peroxisome proliferator-activated receptors γ (PPARγ) 
is one of the principal adipogenic factors at the centre 
of a complex network of transcription factors that regu-
late the differentiation of 3T3-L1 preadipocytes to adi-
pocytes (Farmer  2006; Chinchu  et  al.  2020). Notably, 
BPS and phthalates have been shown to regulate PPARγ 
and influence fat formation and accumulation (Des-
vergne et al. 2009; Martínez et al. 2020), while organo-
tin compounds also affect the transactivation activity 
of PPARγ (Kanayama et al. 2005).

Furthermore, some pesticides can interact with the 
aryl hydrocarbon receptor (AhR), thyroid receptor 
(TR), and mineralocorticoid receptor (MR) (Ghisari 
et al. 2015; Zhang et al. 2018a). Among these nuclear 
receptors, AhR affects lipogenesis in the liver and adi-
pose tissue (Bock  2020). Meanwhile, in  vitro studies 
also found that TR antagonism contributes to adipo-
genic effects (Kassotis et al. 2019), and there is in vivo 
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Table 2. To be continued

NRs EDCs

Thyroid hormone receptors (TRs)

Triazophos binds strongly to TRs, affecting the normal physiological function  
of the receptor and interfering with its natural ligands (Li et al. 2019).

4-methyl-2,4-bis(4-hydroxyphenyl)pent-1-ene, which is the metabolite  
of BPA, binds with TRs better than BPA because of structural similarity  

with thyroid hormones (Sheikh 2020).

Some pesticides can interact with aryl hydrocarbon receptor (AhR), TR,  
and mineralocorticoid receptor (MR) (Ghisari et al. 2015; Zhang et al. 2018a).

Among these nuclear receptors, AhR affects lipogenesis  
in the liver and adipose tissue (Bock 2020).

In vitro studies found that TR antagonism contributes  
to adipogenic effects (Kassotis et al. 2019).

There is in vivo and in vitro evidence that MR exerts a pro-adipogenic role  
by inhibiting UCP1 expression in brown adipocytes (Kuhn et al. 2019).

Glucocorticoid receptors (GR)  
and mineralocorticoid receptors 
(MR)

Several EDCs could promote adipogenesis by increasing GR activity  
(Neel et al. 2013; Sargis et al. 2010).

Pb is a heavy metal with endocrine disruptor activity. Pb(NO3)2 showed  
both anti-glucocorticoid and anti-mineralocorticoid activities.

Several heavy metal compounds (including BaCl2, CoCl2, CuCl2,  
Pb(NO3)2, LiCl, SnCl2, ZnCl2, CdCl2, MnCl2) also show  

an inhibitory effect on GR transactivation  
or an antagonistic effect on MR activity (Zhang et al. 2018b).

Estrogen-related receptors (ERRs)
BPA can bind specifically to ERRγ, but the physiological relevance  

needs to be further determined because the target gene  
and natural ligand of ERRγ are unclear (Takayanagi et al. 2006).

Progesterone receptor (PR)

Some common EDCs (DDT and its metabolites, nonylphenol, etc.) show  
anti-progestin activity due to their binding with human PR, and it may have  

negative effects on pregnancy and reproduction (Viswanath et al. 2008).

A molecular docking study reported the binding affinity  
of chlorpyrifos and human PR (Hazarika et al. 2020).

Increased expression of PR mRNA during mid-pregnancy was found  
to be associated with lipogenic activity (Rodríguez-Cuenca et al. 2006).

Retinoid X receptor (RXR)
The organotins induced 11β-HSD2 expression and activity in JEG-3 placenta cells  

by activating RXRα, which will cause development problems in the foetus  
(Inderbinen et al. 2020). 

Pregnane X receptor (PXR)

Poly- and perfluorinated compounds can activate human PXR  
and result in many human diseases (Zhang et al. 2017).

Insecticide cis-bifenthrin activation of the pregnane X receptor  
was reported to increase hepatic lipid synthesis and decrease lipid metabolism,  

which promoted the accumulation of lipids in the liver (Xiang et al. 2018).

Aryl hydrocarbon receptor (AhR) Monoethylhexyl phthalate can induce the expression of AhR,  
which is not conducive to human breast health.

BPA – bisphenol A; BPF – bisphenol F; BPS – bisphenol S; DDT – dichlorodiphenyltrichloroethane
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and in vitro evidence that MR exerts a pro-adipogenic 
role by  inhibiting UCP1  expression in  brown adipo-
cytes (Kuhn et al. 2019).

Similarly, glucocorticoid receptor (GR) activity was 
also proven to be correlated with the metabolism activ-
ity of adipocytes, and several EDCs could promote adi-
pogenesis by increasing GR activity (Sargis et al. 2010; 
Neel et  al.  2013). Besides, a molecular docking study 
reported the binding affinity of  chlorpyrifos and hu-
man progesterone receptor (PR) (Hazarika et al. 2020). 
Indeed, increased expression of  PR  mRNA  during 
mid-pregnancy was found to be associated with lipo-
genic activity (Rodríguez-Cuenca et  al.  2006). Ad-
ditionally, insecticide cis-bifenthrin activation of  the 
pregnane X receptor was reported to increase hepatic 
lipid synthesis and decrease lipid metabolism, which 
promoted the accumulation of lipids in the liver (Xiang 
et  al.  2018). In  summary, as  many nuclear receptors 
are closely related to obesity, the interaction between 
EDCs and NRs is worthy of attention.

Membrane receptors. EDCs also interact with sever-
al non-nuclear receptors (Levin and Hammes 2016) (Ta-
ble 3). For instance, membrane estrogen receptor (mER), 
androgen receptor (mAR), and progestin receptor (mPR) 
could be activated by a range of endocrine disruptors and 
they play vital roles in energy metabolism. Membrane 
ERα  transduces specific signals in 3T3-L1 progenitors 
and initiates interactions between membrane ERα and 
nuclear ERα that inhibit PPARγ expression and adipo-
genesis (Ahluwalia et al. 2020). Activation of membrane 
ERα, without involvement of  nuclear ERα, was found 
to  decrease triglyceride concentration and expression 
of mRNAs associated with lipid synthesis in differenti-
ated bone marrow stem cells and 3T3-L1 cells in wild-
type mice (Pedram et al. 2015). 

Hypothalamic-pituitary axis. The  hypothalamic-
pituitary (HP) axis of  the neuroendocrine system in-

cludes the hypothalamus, pituitary gland and endocrine 
organs such as thyroid and adrenal glands and gonads. 
The changes in HP activity were proven to be tightly as-
sociated with the development of obesity, while endo-
crine disruptors may exert their obesogenic effects via 
regulating the hypothalamic-pituitary-thyroid (HPT) 
activity (Table  4). Studies in  zebrafish larvae found 
that exposure to di(2-ethylhexyl) phthalate (DEHP) re-
sulted in  changes in  gene expression associated with 
the activity of the HPT axis (Jia et al. 2016). Similarly, 
BPF changed the expression of genes associated with 
the hypothalamic-pituitary-gonadal (HPG) axis (Yang 
et  al.  2019b) and ER expression (Baghel and Srivas-
tava 2020) in zebrafish. A human study also revealed 
that the presence of  BPA  in  the urine of  pregnant 
women was associated with the abnormal hypotha-
lamic-pituitary-adrenal (HPA) axis function (Giesbre-
cht et al. 2016). Besides, prenatal ethanol exposure has 
been shown to  increase the high blood glucose and 
high blood lipid sensitivity in  the offspring of  high-
fat diet-induced adult male mice via influencing the 
HPA axis (Xia et al. 2014). Taken together, EDCs can 
induce changes in the hypothalamic-pituitary axis that 
may be linked to obesity.

Oxidative stress. Excessive endogenous reactive ox-
ygen species (ROS) were identified as belonging among 
the most important factors causing various chronic dis-
eases including obesity (Paithankar et al. 2021). The level 
of ROS that exceeds the capacity of endogenous antiox-
idant systems will cause oxidative stress that damages 
health (Nilsson and Liu  2020). Many EDCs in  food, 
such as heavy metals, plasticisers, pesticides and others 
increase the production of ROS or  lower the endoge-
nous antioxidant activity. ROS influenced the differen-
tiation of mesenchymal stem cells to adipocytes (Kanda 
et al. 2011). For instance, a deficiency of catalase lead-
ing to an excess of H2O2 concentration in tissues could 

Table 3. Membrane receptors interact with endocrine-disrupting chemicals (EDCs)

Membrane receptors EDCs

Membrane estrogen receptors 
(mESR)

Xenoestrogens (including OCP, nonylphenol, BPA, coumestrol, DES, and heavy metal 
ions) can signal through mESR, and both rapid physiological changes and longstanding 

epigenetic modifications may be induced by EDC (Rosenfeld and Cooke 2019).

Membrane androgen receptors 
(mARs)

Several pesticides at relatively low concentrations disrupt rapid androgen  
signalling in the transfection of prostate cancer PC-3 cells in vitro  

through the membrane androgen receptor (Thomas and Dong 2019).

Membrane progestin receptor 
(mPR) DES and its analogues bound to mPRα can act as agonists (Tokumoto et al. 2007).

BPA – bisphenol A; DES – diethylstilbestrol; OCP – organochlorine pesticides
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significantly increase the body weight and the risk 
of  developing diabetes (Shin et  al.  2020). Therefore, 
EDCs-induced oxidative stress could also contribute, 
at least partially, to their obesogenic effects.

DISCUSSION

Until now, the use of EDCs in the food industry has 
become increasingly common. Growing evidence points 
out the non-unneglectable endocrine disruptive effects 
of long-term exposure to EDCs. Food has become a ma-
jor route for pollutants to enter the body. In recent years, 
studies of  the relationship between EDCs and obesity 
have increased. This review mainly discussed the sourc-
es of  EDCs commonly found in  food, the detection 
methods, and their association with obesity. Particular-
ly, understanding the mechanism underlying the obe-
sogenic activity of EDCs might provide novel ideas for 
obesity prevention. The subsequent studies may focus 
on the low-dose and synergistic effects of EDCs upon 
long-term exposure and exploration of safe alternative 
substances for the food industry. Meanwhile, accurate, 
rapid and cost-effective detection methods for identify-

ing and quantifying EDCs from daily foods are in great 
need. Besides, developing cost-effective, environmen-
tally friendly, and highly effective methods for quickly 
removing endocrine disruptor pollutants also draws 
great attention. For  instance, a  zeolitic imidazolate 
framework (ZIF-8) magnetic porous nanocomposite 
has been successfully synthesised for the fast and simul-
taneous removal of  microplastics and plastic-derived 
endocrine disruptors (Pasanen et al. 2023). In summary, 
the relationship between obesity (and its related diseas-
es) and endocrine disruptors is worthy of our attention 
to ensure food safety and people's health.

REFERENCES

Ahluwalia A., Hoa N., Ge L., Blumberg B., Levin E. (2020): 
Mechanisms by which membrane and nuclear ER alpha 
inhibit adipogenesis in  cells isolated from female mice. 
Endocrinology, 161: bqaa175.

Ahmad M.I., Usman A., Ahmad M. (2017): Computational 
study involving identification of endocrine disrupting po-
tential of herbicides: Its implication in TDS and cancer pro-
gression in CRPC patients. Chemosphere, 173: 395–403.

Table 4. Endocrine-disrupting chemicals (EDCs) regulate the activity of the hypothalamic-pituitary axis

Hypothalamic-pituitary axis EDCs

Hypothalamic-pituitary-thyroid (HPT) axis

Perfluorooctane sulfonate changes the expression levels  
of genes and disrupts the stability of thyroid hormone  

levels in the HPT axis (Shi et al. 2009).

Studies in zebrafish larvae found that exposure to di(2-ethylhexyl)  
phthalate resulted in changes in gene expression associated  

with the activity of the HPT axis (Jia et al. 2016).

Hypothalamic-pituitary-gonadal (HPG) axis

BPA exposure during the perinatal and postpartum periods  
changes the transcript levels of KiSS-1/GnRH  

and steroidogenic enzymes in the HPG axis in mice (Xi et al. 2011).

BPF changed the expression of genes associated  
with the HPG axis (Yang et al. 2019b).

Hypothalamic-pituitary-adrenal (HPA) axis

Perfluorooctane sulfonate affects the mRNA and protein  
expression levels of CRF1r and GR gene to inhibit the HPA axis  

(Salgado-Freiría et al. 2018).

A human study also revealed that the presence of BPA in the urine  
of pregnant women was associated with abnormal HPA axis function 

(Giesbrecht et al. 2016).

Prenatal ethanol exposure has been shown to increase  
the high blood glucose and high blood lipid sensitivity in the offspring  

of high-fat diet-induced adult male mice  
via influencing the HPA axis (Xia et al. 2014).

BPA – bisphenol A; BPF – bisphenol F

https://cjfs.agriculturejournals.cz/


401

Czech Journal of Food Sciences, 41, 2023 (6): 393–405 Review

https://doi.org/10.17221/80/2023-CJFS

Al-Nasir F.M., Jiries A.G., Al-Rabadi G.J., Alu'datt  M.H., 
Tranchant C.C., Al-Dalain S.A., Alrabadi N., Madanat O.Y., 
Al-Dmour R.S. (2020): Determination of pesticide residues 
in  selected citrus fruits and vegetables cultivated in  the 
Jordan Valley. LWT, 123: 109005.

Álvarez-Muñoz D., Rodríguez-Mozaz S., Maulvault  A.L., 
Tediosi  A., Fernández-Tejedor M., Van den Heuvel  F., 
Kotterman M., Marques A., Barceló D. (2015): Occurrence 
of pharmaceuticals and endocrine disrupting compounds 
in macroalgaes, bivalves, and fish from coastal areas in Eu-
rope. Environmental Research, 143: 56–64.

Andújar N., Gálvez-Ontiveros Y., Zafra-Gómez A., Rodrigo L., 
Álvarez-Cubero M.J., Aguilera M., Monteagudo C., Rivas A. 
(2019): Bisphenol A analogues in food and their hormonal 
and obesogenic effects: A Review. Nutrients, 11: 2136.

Arias P.G., Martínez-Pérez-Cejuela H., Combès A., Pichon V., 
Pereira E., Herrero-Martínez J.M., Bravo M. (2020): Selec-
tive solid-phase extraction of organophosphorus pesticides 
and their oxon-derivatives from water samples using mo-
lecularly imprinted polymer followed by high-performance 
liquid chromatography with UV detection. Journal of Chro-
matography A, 1626: 461346.

Baghel K., Srivastava R. (2020): Effect of estrogen and stress 
on estrogen receptor 1 in the HPG axis of immature male 
Gallus gallus domesticus: Involvement of  anti-oxidant 
system. Theriogenology, 155: 98–113.

Blanco J., Guardia-Escote L., Mulero M., Basaure  P., 
Biosca-Brull J., Cabré M., Colomina M.T., Domingo J.L., 
Sánchez D.J. (2020): Obesogenic effects of chlorpyrifos and 
its metabolites during the differentiation of 3T3-L1 preadi-
pocytes. Food and Chemical Toxicology, 137: 111171.

Bock K.W. (2020): Modulation of aryl hydrocarbon receptor 
(AHR) and the NAD+-consuming enzyme CD38: Searches 
of therapeutic options for nonalcoholic fatty liver disease 
(NAFLD). Biochemical Pharmacology, 175: 113905.

Boon P.E., Van der Voet H., Van Raaij M.T.M., Van Klaveren J.D. 
(2008): Cumulative risk assessment of the exposure to or-
ganophosphorus and carbamate insecticides in the Dutch 
diet. Food and Chemical Toxicology, 46: 3090–3098.

Cai J., Sun B., Li W., Gou X., Gou Y., Li D., Hu F. (2019): 
Novel nanomaterial of  porous graphene functionalized 
black phosphorus as electrochemical sensor platform for 
bisphenol A detection. Journal of Electroanalytical Chem-
istry, 835: 1–9.

Cederroth C.R., Zimmermann C., Nef S. (2012): Soy, phytoes-
trogens and their impact on reproductive health. Molecular 
and Cellular Endocrinology, 355: 192–200.

Chinchu J.U., Mohan M.C., Prakash Kumar B. (2020): Downreg-
ulation of adipogenic genes in 3T3-L1 Pre adipocytes- a pos-
sible mechanism of anti-obesity activity of herbal decoction 
Varanadi Kashayam. Journal of Herbal Medicine, 19: 100309.

Choe S.-Y., Kim S.-J., Kim H.-G., Lee J.H., Choi Y., Lee H., 
Kim Y. (2003): Evaluation of estrogenicity of major heavy 
metals. Science of the Total Environment, 312: 15–21.

Cunha S. C., Inácio T., Almada M., Ferreira R., Fernandes J.O. 
(2020): Gas chromatography-mass spectrometry analysis 
of nine bisphenols in canned meat products and human 
risk estimation. Food Research International, 135: 109293.

Cwiek-Ludwicka K., Ludwicki J.K. (2014): Endocrine disrup-
tors in  food contact materials; is  there a  health threat? 
Roczniki Państwowego Zakładu Higieny, 65: 169–177.

Darbre P.D. (2019): The  history of  endocrine-disrupting 
chemicals. Current Opinion in Endocrine and Metabolic 
Research, 7: 26–33.

Darbre P.D. (2020): Chemical components of plastics as endo-
crine disruptors: Overview and commentary. Birth Defects 
Research, 112: 1300–1307.

De Toni L., Tisato F., Seraglia R., Roverso M., Gandin V., Mar-
zano C., Padrini R., Foresta C. (2017): Phthalates and heavy 
metals as endocrine disruptors in food: A study on pre-
packed coffee products. Toxicology Reports, 4: 234–239.

Desvergne B., Feige J.N., Casals-Casas C. (2009): PPAR-medi-
ated activity of phthalates: A link to the obesity epidemic? 
Molecular and Cellular Endocrinology, 304: 43–48.

Duan C., Fang Y., Sun J., Li Z., Wang Q., Bai J., Peng  H., 
Liang  J., Gao  Z. (2020): Effects of  fast food packaging 
plasticizers and their metabolites on  steroid hormone 
synthesis in  H295R  cells. Science of  the Total Environ-
ment, 726: 138500.

Fan W., Yanase T., Nomura M., Okabe T., Goto K., Sato T., 
Kawano H., Kato S., Nawata H. (2005): Androgen receptor 
null male mice develop late-onset obesity caused by de-
creased energy expenditure and lipolytic activity but show 
normal insulin sensitivity with high adiponectin secretion. 
Diabetes, 54: 1000–1008.

Farmer S.R. (2006): Transcriptional control of adipocyte for-
mation. Cell Metabolism, 4: 263–273.

Fattore M., Russo G., Barbato F., Grumetto L., Albrizio S. 
(2015): Monitoring of  bisphenols in  canned tuna from 
Italian markets. Food and Chemical Toxicology, 83: 68–75.

Gall J.E., Boyd R.S., Rajakaruna N. (2015): Transfer of heavy 
metals through terrestrial food webs: A review. Environ-
mental Monitoring and Assessment, 187: 201.

Gallo Pasquale, Di Marco Pisciottano I., Fattore  M., Ri-
moli M.G., Seccia S., Albrizio S. (2019): A method to de-
termine BPA, BPB, and BPF levels in fruit juices by liquid 
chromatography coupled to  tandem mass spectrometry. 
Food Additives & Contaminants: Part A, 36: 1871–1881.

Gao P., Wang L., Yang N., Wen J., Zhao M., Su G., Zhang J., 
Weng D. (2020): Peroxisome proliferator-activated receptor 
gamma (PPARγ) activation and metabolism disturbance 
induced by bisphenol A and its replacement analog bis-

https://cjfs.agriculturejournals.cz/
https://www.agriculturejournals.cz/web/cjfs


402

Review Czech Journal of Food Sciences, 41, 2023 (6): 393–405

https://doi.org/10.17221/80/2023-CJFS

phenol S using in vitro macrophages and in vivo mouse 
models. Environment International, 134: 105328.

Gavin K.M., Cooper E.E., Hickner R.C. (2013): Estrogen 
receptor protein content is  different in  abdominal than 
gluteal subcutaneous adipose tissue of  overweight-to-
obese premenopausal women. Metabolism, 62: 1180–1188.

Ghisari M., Long M., Tabbo A., Bonefeld-Jørgensen  E.C. 
(2015): Effects of  currently used pesticides and their 
mixtures on  the function of  thyroid hormone and aryl 
hydrocarbon receptor in cell culture. Toxicology and Ap-
plied Pharmacology, 284: 292–303.

Giesbrecht G.F., Liu J., Ejaredar M., Dewey D., Letourneau N., 
Campbell T., Martin J.W. (2016): Urinary bisphenol A is as-
sociated with dysregulation of HPA-axis function in preg-
nant women: Findings from the APrON  cohort study. 
Environmental Research, 151: 689–697.

González-Castro M.I., Olea-Serrano M.F., Rivas-Velas-
co  A.M., Medina-Rivero E., Ordoñez-Acevedo  L.G., 
De León-Rodríguez A. (2011): Phthalates and bisphenols 
migration in Mexican food cans and plastic food containers. 
Bulletin of Environmental Contamination and Toxicology, 
86: 627–631.

González-Sálamo J., González-Curbelo M.Á., Socas-Rod-
ríguez B., Hernández-Borges J., Rodríguez-Delgado M.Á. 
(2018): Determination of  phthalic acid esters in  water 
samples by  hollow fiber liquid-phase microextraction 
prior to gas chromatography tandem mass spectrometry. 
Chemosphere, 201: 254–261.

González N., Cunha S.C., Ferreira R., Fernandes J.O., Mar-
quès M., Nadal M., Domingo J.L. (2020): Concentrations 
of  nine bisphenol analogues in  food purchased from 
Catalonia (Spain): Comparison of canned and non-canned 
foodstuffs. Food and Chemical Toxicology, 136: 110992.

Hazarika J., Ganguly M., Mahanta R. (2020): A computational 
insight into the molecular interactions of chlorpyrifos and 
its degradation products with the human progesterone re-
ceptor leading to endocrine disruption. Journal of Applied 
Toxicology, 40: 434–443.

Hejji L., Azzouz A., Colón L.P., Souhail B., Ballesteros  E. 
(2021): A multi-residue method for determining twenty-
four endocrine disrupting chemicals in vegetables and fruits 
using ultrasound-assisted solid-liquid extraction and con-
tinuous solid-phase extraction. Chemosphere, 263: 128158.

Inderbinen S.G., Engeli R.T., Rohrer S.R., Di Renzo E., Aen-
genheister L., Buerki-Thurnherr T., Odermatt A. (2020): 
Tributyltin and triphenyltin induce 11β-hydroxysteroid 
dehydrogenase 2 expression and activity through activation 
of retinoid X receptor α. Toxicology Letters, 322: 39–49.

Jemmeli D., Marcoccio E., Moscone D., Dridi C., Arduini  F. 
(2020): Highly sensitive paper-based electrochemical sensor 
for reagent free detection of bisphenol A. Talanta, 216: 120924.

Jensen B.H., Petersen A., Christiansen S., Boberg J., Axel-
stad  M., Herrmann S.S., Poulsen M.E., Hass U. (2013): 
Probabilistic assessment of the cumulative dietary exposure 
of  the population of  Denmark to  endocrine disrupting 
pesticides. Food and Chemical Toxicology, 55: 113–120.

Jia P.-P., Ma Y.-B., Lu C.-J., Mirza Z., Zhang W., Jia  Y.-F., 
Li  W.-G., Pei D.-S. (2016): The  effects of  disturbance 
on hypothalamus-pituitary-thyroid (HPT) axis in zebrafish 
larvae after exposure to DEHP. PLoS One, 11: e0155762.

Jiang R., Liu J., Huang B., Wang X., Luan T., Yuan K. (2020): 
Assessment of the potential ecological risk of residual en-
docrine-disrupting chemicals from wastewater treatment 
plants. Science of the Total Environment, 714: 136689.

Jiang L., Santiago I., Foord J. (2021): A  comparative study 
of fouling-free nanodiamond and nanocarbon electrochemi-
cal sensors for sensitive bisphenol  A  detection. Carbon, 
174: 390–395.

Jing X., He J., Zhao W., Huang X., Wang X. (2020): Efferves-
cent tablet-assisted switchable hydrophilicity solvent-based 
microextraction with solidification of  floating organic 
droplets for HPLC determination of phenolic endocrine 
disrupting chemicals in bottled beverages. Microchemical 
Journal, 155: 104680.

Kanayama T., Kobayashi N., Mamiya S., Nakanishi T., Nishi-
kawa J.-I. (2005): Organotin compounds promote adipocyte 
differentiation as agonists of the peroxisome proliferator-
activated receptor gamma/retinoid  X  receptor pathway. 
Molecular Pharmacology, 67: 766–774.

Kanda Y., Hinata T., Kang S.W., Watanabe Y. (2011): Reactive 
oxygen species mediate adipocyte differentiation in mes-
enchymal stem cells. Life Sciences, 89: 250–258.

Kasonga T.K., Coetzee M.A.A., Kamika I., Ngole-Jeme V.M., 
Benteke M.M.N. (2021): Endocrine-disruptive chemicals 
as contaminants of emerging concern in wastewater and 
surface water: A review. Journal of Environmental Manage-
ment, 277: 111485.

Kassotis C.D., Kollitz E.M., Hoffman K., Sosa  J.A., Staple-
ton H.M. (2019): Thyroid receptor antagonism as a contrib-
utory mechanism for adipogenesis induced by environmental 
mixtures in 3T3-L1 cells. Science of the Total Environment, 
666: 431–444.

Kortenkamp A. (2014): Low dose mixture effects of endocrine 
disrupters and their implications for regulatory thresholds 
in chemical risk assessment. Current Opinion in Pharma-
cology, 19: 105–111.

Kowalska K., Habrowska-Górczyńska D.E., Piastowska-
Ciesielska  A.W. (2016): Zearalenone as  an  endocrine 
disruptor in humans. Environmental Toxicology and Phar-
macology, 48: 141–149.

Kuhn E., Lamribet K., Viengchareun S., Le Menuet D., Fève B., 
Lombès M. (2019): UCP1  transrepression in  Brown Fat 

https://cjfs.agriculturejournals.cz/


403

Czech Journal of Food Sciences, 41, 2023 (6): 393–405 Review

https://doi.org/10.17221/80/2023-CJFS

in vivo and mineralocorticoid receptor anti-thermogenic 
effects. Annales d'Endocrinologie, 80: 1–9.

le Maire A., Grimaldi M., Roecklin D., Dagnino S., Vivat-
Hannah  V., Balaguer P., Bourguet W. (2009): Activation 
of RXR–PPAR heterodimers by organotin environmental 
endocrine disruptors. EMBO reports, 10: 367–373.

Lee H.-S., Kim N.-Y., Song Y.S., Oh G.-Y., Jung D.-W., Jeong D.-
H., Kang H.-S., Oh H.-S., Park Y., Hong J.S., Koo Y.E. (2019): 
Assessment of  human estrogen receptor agonistic/an-
tagonistic effects of veterinary drugs used for livestock and 
farmed fish by OECD in vitro stably transfected transcrip-
tional activation assays. Toxicology in Vitro, 58: 256–263.

Levin E.R., Hammes S.R. (2016): Nuclear receptors outside 
the nucleus: Extranuclear signalling by steroid receptors. 
Nature Reviews. Molecular Cell Biology, 17: 783–797.

Li Z., Nie J., Yan Z., Cheng Y., Lan F., Huang Y., Chen Q., 
Zhao X., Li A. (2018): A monitoring survey and dietary 
risk assessment for pesticide residues on peaches in China. 
Regulatory Toxicology and Pharmacology, 97: 152–162.

Li N., Chen J., Shi Y.-P. (2019): Magnetic nitrogen-doped 
reduced graphene oxide as a novel magnetic solid-phase ex-
traction adsorbent for the separation of bisphenol endocrine 
disruptors in carbonated beverages. Talanta, 201: 194–203.

Maffini M.V., Rubin B.S., Sonnenschein C., Soto A.M. (2006): 
Endocrine disruptors and reproductive health: The case 
of  bisphenol-A. Molecular and Cellular Endocrinology, 
254–255: 179–186.

Martínez M.Á, Blanco J., Rovira J., Kumar V., Domin-
go  J.L., Schuhmacher  M. (2020): Bisphenol  A  analogues 
(BPS and BPF) present a greater obesogenic capacity in 3T3-
L1 cell line. Food and Chemical Toxicology, 140: 111298.

Martyniuk C.J., Mehinto A.C., Denslow N.D. (2020): Organo-
chlorine pesticides: Agrochemicals with potent endocrine-
disrupting properties in  fish. Molecular and Cellular 
Endocrinology, 507: 110764.

Masuda Y., Schecter A., Päpke O. (1998): Concentrations 
of PCBs, PCDFs and PCDDs in the blood of Yusho patients 
and their toxic equivalent contribution. Chemosphere, 
37: 1773–1780.

Mirmira P., Evans-Molina C. (2014): Bisphenol A, obesity, and 
type 2 diabetes mellitus: Genuine concern or unnecessary 
preoccupation? Translational Research, 164: 13–21.

Muncke J. (2009): Exposure to endocrine disrupting com-
pounds via the food chain: Is packaging a relevant source? 
Science of the Total Environment, 407: 4549–4559.

Neel B.A., Brady M.J., Sargis R.M. (2013): The endocrine dis-
rupting chemical tolylfluanid alters adipocyte metabolism 
via glucocorticoid receptor activation. Molecular Endocri-
nology, 27: 394–406.

Nilsson R., Liu N.-A. (2020): Nuclear DNA damages gener-
ated by reactive oxygen molecules (ROS) under oxidative 

stress and their relevance to human cancers, including ion-
izing radiation-induced neoplasia part I: Physical, chemical 
and molecular biology aspects. Radiation Medicine and 
Protection, 1: 140–152.

Paithankar J.G., Saini S., Dwivedi S., Sharma A., Chowd-
huri D.K. (2021): Heavy metal associated health hazards: 
An interplay of oxidative stress and signal transduction. 
Chemosphere, 262: 128350.

Panio A., Fabbri C.S., Bruno A., Lasagni M., Labra M., Saliu F. 
(2020): Determination of phthalates in fish fillets by liquid 
chromatography tandem mass spectrometry (LC-MS/MS): 
A comparison of direct immersion solid phase microex-
traction (SPME) versus ultrasonic assisted solvent extrac-
tion (UASE). Chemosphere, 255: 127034.

Park C., Song H., Choi J., Sim S., Kojima H., Park J., Iida M., 
Lee Y.J. (2020): The mixture effects of bisphenol derivatives 
on estrogen receptor and androgen receptor. Environmen-
tal Pollution, 260: 114036.

Pedram A., Razandi M., Blumberg B., Levin E. (2015): 
Membrane and nuclear estrogen receptor collaborate 
to  suppress adipogenesis but not triglyceride content. 
FASEB Journal, 30: 230–240.

Qin G., Chen Y., He F., Yang B., Zou K., Shen N., Zuo B., 
Liu R., Zhang W., Li Y. (2021): Risk assessment of fungicide 
pesticide residues in  vegetables and fruits in  the mid-
western region of  China. Journal of  Food Composition 
and Analysis, 95: 103663.

Qiu W., Liu S., Chen H., Luo S., Xiong Y., Wang X., Xu B., 
Zheng C., Wang K.-J. (2021): The comparative toxicities 
of  BPA, BPB, BPS, BPF, and BPAF  on  the reproductive 
neuroendocrine system of  zebrafish embryos and its 
mechanisms. Journal of Hazardous Materials, 406: 124303.

Rai P.K., Lee S.S., Zhang M., Tsang Y.F., Kim  K.-H. (2019): 
Heavy metals in food crops: Health risks, fate, mechanisms, 
and management. Environment International, 125: 365–385.

Rodríguez-Cuenca S., Gianotti M., Roca P., Proenza  A.M. 
(2006): Sex steroid receptor expression in different adipose 
depots is modified during midpregnancy. Molecular and 
Cellular Endocrinology, 249: 58–63.

Rosenfeld C.S., Cooke P.S. (2019): Endocrine disruption through 
membrane estrogen receptors and novel pathways leading 
to  rapid toxicological and epigenetic effects. The  Journal 
of Steroid Biochemistry and Molecular Biology, 187: 106–117.

Rousselle C., Ormsby J.N., Schaefer B., Lampen A., Platzek T., 
Hirsch-Ernst K., Warholm M., Oskarsson A., Nielsen P.J., 
Holmer M.L., Emond C. (2013): Meeting report: Interna-
tional workshop on endocrine disruptors: Exposure and 
potential impact on consumers health. Regulatory Toxicol-
ogy and Pharmacology, 65: 7–11.

Rudel R.A., Gray J.M., Engel C.L., Rawsthorne T.W., Dod-
son R.E., Ackerman J.M., Rizzo J., Nudelman J.L., Brody J.G. 

https://cjfs.agriculturejournals.cz/
https://www.agriculturejournals.cz/web/cjfs


404

Review Czech Journal of Food Sciences, 41, 2023 (6): 393–405

https://doi.org/10.17221/80/2023-CJFS

(2011): Food packaging and bisphenol A and bis(2-ethyhex-
yl) phthalate exposure: Findings from a dietary interven-
tion. Environmental Health Perspectives, 119: 914–920.

Salgado-Freiría R., López-Doval S., Lafuente A. (2018): Per-
fluorooctane sulfonate (PFOS) can alter the hypothalamic-
pituitary-adrenal (HPA) axis activity by modifying CRF1 and 
glucocorticoid receptors. Toxicology Letters, 295: 1–9.

Sargis R.M., Johnson D.N., Choudhury R.A., Brady  M.J. 
(2010): Environmental endocrine disruptors promote adi-
pogenesis in the 3T3-L1 cell line through glucocorticoid 
receptor activation. Obesity, 18: 1283–1288.

Schecter A., Malik N., Haffner D., Smith S., Harris T.R., Paepke O., 
Birnbaum L. (2010): Bisphenol A (BPA) in U.S. Food. Envi-
ronmental Science & Technology, 44: 9425–9430.

Schilirò T., Gorrasi I., Longo A., Coluccia S., Gilli G. (2011): 
Endocrine disrupting activity in fruits and vegetables evalu-
ated with the E-screen assay in relation to pesticide residues. 
The Journal of Steroid Biochemistry and Molecular Biol-
ogy, 127: 139–146.

Sharma S., Ahmad S., Afjal M.A., Habib H., Parvez S., Raisud-
din S. (2019): Dichotomy of bisphenol A-induced expression 
of peroxisome proliferator-activated receptors in hepatic 
and testicular tissues in mice. Chemosphere, 236: 124264.

Sheikh I.A. (2020): Molecular interactions of thyroxine bind-
ing globulin and thyroid hormone receptor with estrogenic 
compounds 4-nonylphenol, 4-tert-octylphenol and bis-
phenol A metabolite (MBP). Life Sciences, 253: 117738.

Shi X., Liu C., Wu G., Zhou B. (2009): Waterborne exposure 
to PFOS causes disruption of the hypothalamus-pituitary-
thyroid axis in zebrafish larvae. Chemosphere, 77: 1010–1018.

Shin S.-K., Cho H.-W., Song S.-E., Im S.-S., Bae J.-H., Song D.-K. 
(2020): Oxidative stress resulting from the removal of endog-
enous catalase induces obesity by promoting hyperplasia and 
hypertrophy of white adipocytes. Redox Biology, 37: 101749.

Takayanagi S., Tokunaga T., Liu X., Okada H., Matsushima A., 
Shimohigashi  Y. (2006): Endocrine disruptor bisphe-
nol  A  strongly binds to  human estrogen-related recep-
tor  γ  (ERRγ) with high constitutive activity. Toxicology 
Letters, 167: 95–105.

Tasmia, Shah J., Jan M.R. (2020): Eco-friendly alginate en-
capsulated magnetic graphene oxide beads for solid phase 
microextraction of endocrine disrupting compounds from 
water samples. Ecotoxicology and Environmental Safety, 
190: 110099.

Thomas P., Dong J. (2019): Novel mechanism of endocrine 
disruption by fungicides through binding to the membrane 
androgen receptor, ZIP9 (SLC39A9), and antagonizing rapid 
testosterone induction of the intrinsic apoptotic pathway. 
Steroids, 149: 108415.

Tokumoto T., Tokumoto M., Thoms P. (2007): Interac-
tions of  diethylstilbestrol (DES) and DES  analogs with 

membrane progestin receptor-α and the correlation with 
their nongenomic progestin activities. Endocrinology, 
148: 3459–3467.

Vafeiadi M., Roumeliotaki T., Myridakis A., Chalkiadaki G., 
Fthenou E., Dermitzaki E., Karachaliou M., Sarri K., Vassi-
laki M., Stephanou E.G., Kogevinas M., Chatzi L. (2016): 
Association of  early life exposure to  bisphenol  A  with 
obesity and cardiometabolic traits in childhood. Environ-
mental Research, 146: 379–387.

Vandenberg L.N. (2019): Low dose effects challenge the evalu-
ation of endocrine disrupting chemicals. Trends in Food 
Science & Technology, 84: 58–61.

Vandenberg L.N., Najmi A., Mogus J.P. (2020): Agrochemicals 
with estrogenic endocrine disrupting properties: Lessons 
learned? Molecular and Cellular Endocrinology, 518: 110860.

Viñas P., Campillo N., Martínez-Castillo N., Hernández-Cór-
doba M. (2010): Comparison of two derivatization-based 
methods for solid-phase microextraction-gas chromatog-
raphy-mass spectrometric determination of bisphenol A, 
bisphenol S and biphenol migrated from food cans. Ana-
lytical and Bioanalytical Chemistry, 397: 115–125.

Viswanath G., Halder S., Divya G., Majumder C.B., Roy P. 
(2008): Detection of potential (anti)progestagenic endo-
crine disruptors using a recombinant human progesterone 
receptor binding and transactivation assay. Molecular and 
Cellular Endocrinology, 295: 1–9.

Walorczyk S. (2007): Development of a multi-residue screen-
ing method for the determination of pesticides in cereals 
and dry animal feed using gas chromatography-triple 
quadrupole tandem mass spectrometry. Journal of Chro-
matography A, 1165: 200–212.

Wang S., Liu F., Wu W., Hu Y., Liao R., Chen G., Wang J., 
Li J. (2018): Migration and health risks of nonylphenol and 
bisphenol A in soil-winter wheat systems with long-term 
reclaimed water irrigation. Ecotoxicology and Environmen-
tal Safety, 158: 28–36.

Wee S.Y., Aris A.Z. (2017): Endocrine disrupting compounds 
in  drinking water supply system and human health risk 
implication. Environment International, 106: 207–233.

Wu W., Liao R., Hu Y., Wang H., Liu H., Yin S. (2020): 
Quantitative assessment of  groundwater pollution risk 
in  reclaimed water irrigation areas of  northern China. 
Environmental Pollution, 261: 114173.

Xi W., Lee C.K.F., Yeung W.S.B., Giesy J.P., Wong  M.H., 
Zhang X., Hecker M., Wong C.K.C. (2011): Effect of peri-
natal and postnatal bisphenol A exposure to the regula-
tory circuits at the hypothalamus-pituitary-gonadal axis 
of CD-1 mice. Reproductive Toxicology, 31: 409–417.

Xia L.P., Shen L., Kou H., Zhang B.J., Zhang L., Wu Y., Li X.J., 
Xiong  J., Yu Y., Wang H. (2014): Prenatal ethanol expo-
sure enhances the susceptibility to  metabolic syndrome 

https://cjfs.agriculturejournals.cz/


405

Czech Journal of Food Sciences, 41, 2023 (6): 393–405 Review

https://doi.org/10.17221/80/2023-CJFS

in offspring rats by HPA axis-associated neuroendocrine 
metabolic programming. Toxicology Letters, 226: 98–105.

Xiang D., Chu T., Li M., Wang Q., Zhu G. (2018): Effects of py-
rethroid pesticide cis-bifenthrin on lipogenesis in hepatic 
cell line. Chemosphere, 201: 840–849.

Xu T., Yin D. (2019): The unlocking neurobehavioral effects 
of environmental endocrine-disrupting chemicals. Current 
Opinion in Endocrine and Metabolic Research, 7: 9–13.

Xu Z., Xiong X., Zhao Y., Xiang W., Wu C. (2020): Pollutants 
delivered every day: Phthalates in plastic express packaging 
bags and their leaching potential. Journal of  Hazardous 
Materials, 384: 121282.

Yang F.-W., Fang B., Pang G.-F., Ren F.-Z. (2019a): Organo-
phosphorus pesticide triazophos: A  new endocrine dis-
ruptor chemical of hypothalamus-pituitary-adrenal axis. 
Pesticide Biochemistry and Physiology, 159: 91–97.

Yang F.-W., Li Y.-X., Ren F.-Z., Luo J., Pang G.-F. (2019b): As-
sessment of the endocrine-disrupting effects of organophos-
phorus pesticide triazophos and its metabolites on endocrine 
hormones biosynthesis, transport and receptor binding 
in silico. Food and Chemical Toxicology, 133: 110759.

Yang J., Song W., Wang X., Li Y., Sun J., Gong W., Sun  C. 
(2019c): Migration of  phthalates from plastic packages 

to convenience foods and its cumulative health risk assess-
ments. Food Additives & Contaminants: Part B, 12: 151–158.

Yoshida H., Takahashi K., Takeda N., Sakai S.-I. (2009): Japan's 
waste management policies for dioxins and polychlorinated 
biphenyls. Journal of Material Cycles and Waste Manage-
ment, 11: 229–243.

Yuan X., Shen J., Zhang X., Tu W., Fu Z., Jin  Y. (2020): 
Imidacloprid disrupts the endocrine system by interacting 
with androgen receptor in male mice. Science of the Total 
Environment, 708: 135163.

Zhang Y.-M., Dong X.-Y., Fan L.-J., Zhang Z.-L., Wang Q., 
Jiang N., Yang X.-S. (2017): Poly- and perfluorinated com-
pounds activate human pregnane X receptor. Toxicology, 
380: 23–29.

Zhang J., Huang X., Liu H., Liu W., Liu J. (2018a): Novel 
pathways of  endocrine disruption through pesticides 
interference with human mineralocorticoid receptors. 
Toxicological Sciences, 162: 53–63.

Zhang J., Yang Y., Liu W., Liu J. (2018b): Potential endocrine-
disrupting effects of metals via interference with gluco-
corticoid and mineralocorticoid receptors. Environmental 
Pollution, 242: 12–18.

Received: May 26, 2023
Accepted: October 25, 2023

Published online: November 20, 2023

https://cjfs.agriculturejournals.cz/
https://www.agriculturejournals.cz/web/cjfs

