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A B S T R A C T 

Bisphenols A and its analogues are among the most common endocrine-
disrupting chemicals (EDCs) and have been a particular focus of environmental 
concern for decades due to their pervasiveness and severe hazard to organism 
health. Because of greater regulatory action and scientific and public concern 
about bisphenols adverse health effects, it is increasingly being used in a wide 
range of consumer and industrial products. According to an increasing amount 
of studies, bisphenol and analogues have a deleterious impact on various 
neuroendocrine functions in living organisms. It has the potential to produce 
neurotoxicity and behavioral impairment in addition to reproductive damage. 
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1. Introduction 

he environment has been impacted 
greatly from industrial activities over 
the last few decades. Chemicals that 
are hazardous to plants and animal 
are becoming more prevalent. 

Chemicals known as "plant killers" have the 
potential to destroy animal cells, but they differ 
substantially in how they affect the organisms. 
Some chemicals produce malignant tumors on 
their own or in combination with other 
chemicals, while others are general poisons, 
strong metabolism-stimulants [1, 2] that can 
elevate body temperature to deadly levels, and 
some attack the genetic composition of a race 
by causing gene mutations. Today, every human 
is exposed to toxic substances from the time of 
conception until death. Synthetic chemical 
substances are present in all environmental 
compartments since they have been so widely 
distributed over the past few decades in both 
the living and inanimate worlds. Endocrine-
disrupting chemicals (EDCs) are environmental 
neurotoxins that have drawn a lot of attention 
recently because of their widespread use in 

consumer products, high production volume, 
and pervasive presence in the environment, 
high potential for bioaccumulation, and 
potential for harm to organisms, including 
humans. EDCs are described as chemicals or 
mixtures that unintentionally disrupt the 
endocrine system's regular operations, 
including hormone production, secretion, 
transport, binding, biodegradation, and 
excretion. These disruptions might have a 
negative impact on the health of an organism, 
its offspring, or communities. A wide range of 
anthropogenic chemicals, such as those that act 
as agonists and antagonists of the estrogen 
receptors (ERs), androgen receptor, thyroid 
hormone receptor, and other receptors, are 
referred to as endocrine disrupting compounds 
(EDCs). Estrogenic substances (ECs), which 
include some organochloride pesticides, 
polychlorinated biphenyls, plasticizers like 
phthalates and BPA [3], alkylphenolic 
compounds, and natural and synthetic 
estrogens, can interact with the estrogen 
receptor or change estrogen metabolism, 
mimicking the effects of the natural steroid 17-
estradiol (E2). 
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Bisphenol A (BPA) in particular has received a 
lot of attention because of its detrimental 
effects on both organisms and the environment 
[1]. Bisphenol A [2, 2-bis(4-
hydroxyphenyl)propane; BPA] is the most 
commonly used and well-studied of the 
seventeen bisphenolic compounds. BPA has 
been identified as an endocrine disrupting 
substance that could harm both wildlife and 
human health [3]. BPA was initially produced in 
1891 by Aleksandr Dianin, but it was in 1936 
that its estrogenic properties were recognized. 
It is one of the first synthetic substances known 
to have endocrine activity, despite the fact that 
diethylstilbestrol (DES) has more strong 
estrogenic activity. In the 1950s, it was 
discovered that BPA could be polymerized to 
generate polycarbonate plastic [4], an 
economical material that is light, transparent, 
colorable, impervious to shock, heat, and 
chemicals, unalterable over time, and simple to 
shape and thermoform. BPA swiftly became one 
of the most commonly produced and used 
chemical in the world despite being a known 
synthetic estrogen. BPA is a phenolic organic 

synthetic compound used as an additive or 
monomer in the production of hard plastic and 
epoxy resins, which are then used as dental 
sealants, coatings, food cans, toys, water bottles, 
water pipes, thermal paper receipts, adhesives, 
digital media (CDs and DVDs), and 
polycarbonate plastics (Figure 1). 
Polycarbonates are used in a wide range of 
common products such as optical, media, 
automotive, electrical and electronics, 
housewares and appliances, construction, 
medical. The chemical bisphenol A (BPA), 
which has been linked to a number of health 
problems including heart disease, male erectile 
dysfunction, mammary and prostate cancers, 
diabetes, and early sexual maturation, has been 
outlawed in many developed countries [5].  

BPA have analogues with toxicities that are at 

par with or higher than those of BPA [7, 8]. The 

effects of BPB, BPF, and BPS on the activities of 

the estrogen and androgen receptors have also 
been examined in numerous laboratory  

 

 
Figure 1. Humans are exposed to BPA from various sources, including exposed roots. There are dietary and 

non-dietary sources [6]
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experiments [9, 10], and it was discovered that 
most analogues had the similar ability to 
influence endocrinological processes as BPA. 
The effects of these compounds on 
neurotoxicity, acute toxicity, and reproductive 
toxicity have been further identified by these 
investigations. Moreover, it was demonstrated 
that urine BPA interacts with the hormones c-
reaction protein (CRP) in postmenopausal 
women and follicle-stimulating hormone (FSH) 
in men to cause immunological and endocrine 
disruption. It was shown that BPA promotes 
oxidative stress by either creating reactive 
oxygen species (ROS) or by changing anti-
oxidant defenses in numerous animals’ in vitro 
laboratory investigations. BPA, BPS, BPF, and 
BPAF can also worsen the effects of oxidative 
stress on biomacromolecules [11], which are its 
main targets. Because urinary BPs appeared to 
be related to malondialdehyde (MDA) and 8-
hydroxy-2′-deoxyguanosine (8-OHdG), which 
are byproducts of lipid per-oxidation and DNA 
oxidative damage brought on by oxidative 
stress and frequently used as biomarkers of 
oxidative stress, analyses of the effects of 
pollutants on humans suggested that BPs might 
cause oxidative stress. Numerous studies in 
epidemiology have examined how BPs affect 
several diseases, including diabetes, obesity, 
and cancer in humans [12, 13]. 

2. Chemical Composition and Synthesis of 
BPA and Analogues 

There is mounting evidence that organic 
compounds with various industrial uses and 
varied chemical structures interact with living 
things and interfere with their endocrine 
systems. Two phenolic rings are connected by a 
bridging carbon in the chemical structure of 
one class of endocrine disruptors that mimic 
estrogens. These diphenylalkanes are known as 
bisphenols, specifically bisphenol F (BPF), 
bisphenol A (BPA), and bisphenol AF (BPA with 
perfluorinated methyl groups), depending on 
whether the bridging carbon has a substituent 
or not. The manufacturing of polycarbonates, 
epoxy resins, phenolic resins, polyesters, and 
polyacrylates all start with BPA, which is today 
one of the most important compounds in 
plastics [14, 15]. Due to their widespread use, 

significant amounts of bisphenols are released 
into various aquatic and terrestrial habitats. As 
a result, it is important to pay great attention to 
how they behave in the environment. The 
synthesis of BPA and its analogues is 
accomplished using a condensation reaction 
involving phenol and the proper solvent and 
catalyst. Phenol with acetone, 
hexafluoroacetone, formaldehyde, sulfur 
trioxide, and other chemicals can be combined 
to create BPA, BPAF, BPF, and BPS, respectively. 
BPA is classified as a high-volume production 
(HVP) chemical by the U.S. Environmental 
Protection Agency due to its extensive use. The 
first phenolic plastic, often known as Bakelite, 
was patented by L.H. Baekeland in 1909. This 
substance was created by a phenol and 
formaldehyde reaction that results in BPF. By 
copolymerizing formaldehyde and simple 
phenols or bisphenols, phenolic resins are 
created. For instance, perfluorinated BPA and 
formaldehyde are used to make polyformal II. A 
number of compounds, including bisphenol S 
(BPS), bisphenol F (BPF), bisphenol B (BPB), 
bisphenol P (BPP), fluorine-9-bisphenol (BPFL, 
also known as BHPF), bisphenol AF (BPAF), 
4,4′-thiodiphenol (TDP), and 4,4′-dihydroxy-
benzophenone (DHBP), are as BPA analogues 
[14-16], as depicted in Figure 2.  

3. The Endocrine System Affected by BPs, 
BPA, and Analogues Mimics 

Endocrine disrupting chemicals (EDCs) are a 
broad category of environmental substances 
that obstruct any part of hormone action. EDCs 
influence a variety of biological processes 
through both nuclear hormone receptors and 
membrane-initiated fast signaling events, which 
can either imitate or antagonize the actions of 
native hormones. Bisphenol A (BPA) is a typical 
EDC. BPA is an estrogenic EDC and a synthetic 
compound used in the production of 
polycarbonate plastics and epoxy resins. BPA 
exposure is common among humans and has 
been associated with a number of harmful 
health outcomes. BPA is almost always present 
in the environment. Bisphenols are present 
freshwater, surface water, air, river water, and 
soil, in rather significant proportions. Due to 
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Figure 2. Molecular structures and formulas of bisphenols 

 
the effects these substances have on human 
health, research into EDCs has become a top 
concern. Since EDCs are common and easily 
detected in the environment, such as in the air, 
river water, and the general population of 
different age groups, public awareness of EDCs, 
such as bisphenol A and analogues, has 
substantially increased over the past few 
decades [17, 18]. Among other products, 
bisphenol A and analogues are frequently used 
in household goods and food packaging. 
Exposure can happen through skin contact, 
ingestion, or inhalation. EDCs make up a large 
portion of the thousands of anthropogenic 
chemicals that are currently being released into 
the environment. Exogenous chemicals or 
chemical combinations that have a detrimental 
influence on the structure or operation of the 
endocrine system are what are referred to as 

these. Embryonic development, gonadal 
formation, sex differentiation, growth, and 
digestion are among the developmental, 
metabolic, and reproductive processes that are 
regulated by endocrine systems. These 
processes may be impacted by endocrine-
disrupting substances that bind to or block 
hormone receptors, causing or preventing 
hormonal response. Biocides, industrial 
substances, surfactants, and plasticizers like 
bisphenol A (BPA) are among the chemicals 
linked to endocrine disruption. Due to its use in 
a wide range of items, such as food and 
beverage packaging, flame retardants, 
adhesives, building materials, electronic 
components, and paper coatings, bisphenol A 
has become pervasive in the environment 
during the last 80 years. BPA is therefore 
widely dispersed in the air, water, and soil 
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habitats due to widespread waste disposal. It is 
currently preserved in human tissues as a 
result of human contact and absorption. 
However, BPA is losing ground to its 
equivalents in terms of prevalence as they take 
its place [19]. These include [20, 21] bisphenol 
S (BPS), bisphenol F (BPF), and bisphenol AF 
(BPAF).  
BPA is replaced by the chemicals bisphenol S 
(BPS) and bisphenol F (BPF). BPF and BPS [22] 
found in Baby bottles [23], food (such as dairy 
goods, meat and meat products, vegetables, 
canned foods, and cereals), beverage 
containers, paper products, personal care 
products (such as body wash, hair care 
products, makeup [24], lotions, and toothpaste) 
[25], and food packaging items (such as 
beverage containers). These alternatives have 
also recently become the subject of health 
concerns. Asthma, hay fever [26], and 
depressed symptoms [27, 28] were all linked to 
higher levels of BPS and BPF. Exposure to BPS 
or BPF is linked to a higher risk of 
cardiovascular disease (CVD) in people because 
they have endocrine-disrupting effects 
comparable to those of BPA. BPS and BPF are 
not secure BPA substitutes, despite the fact that 
BPA, BPS, and BPF have comparable chemical 
properties. The effects of BPS, BPF, and BPA on 
testosterone secretion were studied in a study 
[29], and it was discovered that BPS inhibited 
testosterone synthesis even more than BPA did 
[18, 30, 31]. Compared to BPA and BPF 
exposure, BPS exposure significantly affected 
the metabolism of liver lipids and glucose [32]. 
According to researches, obesity and abnormal 
thyroid signaling pathways are caused by 
exposure to high concentrations of BPS and BPF 
[33, 43]. BPA, BPF, and BPS all have comparable 
chemical structures and operate in the body in 
similar ways [21, 35, 36]. However, BPS is just 
as harmful to biological systems as BPA, if not 
more so. Mice that had been prenatally exposed 
to BPS had a considerably higher incidence of 
spontaneous epithelium lesions and 
inflammation than did BPA-exposed mice [37, 
38]. It has been suggested that BPS exposure 
among humans is increasing, with dietary 
consumption, inhalation, and skin contact being 
the main routes of exposure. 

It was discovered experimentally that BPS 
exposure changes the endocrine functions of 
the human adrenocortical carcinoma (H295R) 
cells and causes cell damage. The synthesis of 
steroid hormones is decreased because of BPS, 
and the transcripts of genes that produce 
steroid hormones are also down regulated [39]. 
According to reports, BPS has the potential to 
be harmful and estrogenic in vivo. Acute toxicity 
from BPS exposure was observed in Daphnia 
magna [40], and postnatal exposure to BPS 
caused rats' uteruses to enlarge [42]. BPS 
exposure has been linked to lower gonadal 
weight, egg production [42], and hatchability in 
zebra fish, according to recent studies [43-45]. 
BPS exposure increased hatching time, 
decreased sperm count, and caused 
abnormalities in the developing fetus [46]. 
Similarly, exposure to BPS raises plasma 
estrogen levels, lowers testosterone levels, and 
decreases the production of GnRH transcripts 
in the hypothalamus [47, 48]. BPS exposure in 
humans has been documented in the past and is 
rising as more BPS is used. Human urine [49] 
samples have been observed to exhibit various 
concentrations. By employing rats as an animal 
model, the potential consequences of BPS 
exposure were observed on the mammalian 
reproductive system [50]. BPA and analogues 
have also been found in different human 
biological tissues and fluids, including breast 
milk, urine [49], blood [51], and adipose tissue, 
indicating long-term environmental exposure 
[43] and inadvertent absorption of these 
compounds, as shown in Figure 3. 

3.1 Prenatal, postnatal, and concurrent exposure 
behavioral outcomes to bisphenols 

Studies on the behavioral and social-emotional 
growth of boys discovered that prenatal 
exposure to bisphenol A may be linked to 
externalizing and internalizing issues, anxiety 
and sadness, and somatizing tendencies. On the 
other hand, it was noted that externalizing 
issues in females were significantly linked to 
prenatal bisphenol A exposure. The social 
domain of Developmental Quotient (DQ) and 
social impairment were also linked to prenatal 
bisphenol A exposure. Girls' increasing inability 
to exercise inhibitory self-control was linked to 



 

 

2023, Volume 5, Issue 4 

 

Journal of Chemical Reviews 

 

 
386 

 

 
Figure 3. BPs and BPA mimics' effects on endocrine system [52] 

 
exposure to l-bisphenol A both during 
pregnancy and after [53-55]. According to these 
researches, exposure to bisphenol A during and 
after pregnancy may have sex-specific effects 
[56, 57] on a child's behavioral results. Children 
of school age were shown to have both negative 
and behavioral impacts when exposed to 
bisphenol A concurrently, according to studies. 

3.2 Fetal exposure and cognitive development 
and psychomotor development 

Studies looking at the emergence of cognitive 
and communicative abilities, such as language 
and intelligence quotient (IQ), have produced 
mixed results. According to studies, prenatal 
bisphenol A exposure had no effect on cognitive 
growth up to the age of four and on visual-
spatial skills at the age of eight. Only in boys did 
prenatal bisphenol A exposure lead to lower 
full-scale IQ, verbal comprehension, and 
vocabulary scores. In contrast, only in girls did 
prenatal bisphenol A exposure lead to negative 
effects on full-scale IQ, perceptual reasoning, 
and working memory [51, 58-60]. Recent 

research has linked prenatal exposure to lower 
Full Intelligence Quotient (FIQ) scores and 
semester-specific exposure to lower mental 
development index (MDI) scores in young 
children. Overall, it has been hypothesized that 
prenatal bisphenol A exposure may have 
negative impacts on cognitive and 
communication development. However, more 
research is required to clarify this link because 
these studies only offered limited association in 
terms of sex and child age [61-64]. 

In case-control, cross-sectional, and 
longitudinal investigations, it was hypothesized 
that attention deficit hyperactivity disorder 
(ADHD) symptoms, particularly in boys, were 
related to both prenatal and postnatal exposure 
to bisphenol A. However, a recent case-control 
research found no discernible difference in 
children's urine bisphenol A levels between 
ADHD cases and controls [65, 66]. Studies 
comparing case-control subjects to controls 
revealed that those with diagnosed Autism 
Spectrum Disorder (ASD) had greater levels of 
bisphenol A in their urine [49, 67]. 
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 3.3 Effects of bisphenol A on thyroid hormones 

During pregnancy and childhood, thyroid 
hormones are essential for neural migration, 
synaptogenesis, and myelination [51]. 
Biosynthesis, biotransport, biotransformation, 
and metabolism are all mechanisms through 
which bisphenol A might affect thyroid 
hormones. Di-2-ethylhexyl phthalate (DEHP) 
can also affect thyroid hormones by disruption 
of the hypothalamus-pituitary-thyroid axis, 
activation of the Ras-Akt-thyrotropin pathway, 
release of hormone receptors, and induction of 
hepatic enzymes [66]. According to the current 
literature, DEHP may also alter thyroid-specific 
transcription factor (TTF)-1, Paired Box 8 
(PAX8), sodium iodide symporter (NIS), 
thyroperoxidase (TPO), and the deiodinase 
protein family, damage thyroid follicles, and 
impair T4 production [68, 69]. 

Male mice exposed to bisphenol A during 
pregnancy [51] show decreased synaptogenesis 
and synaptic proteins, altered synaptic 
structure, altered behavior, and impaired 
learning-memory. The morphology and 
postnatal gene expression of sexually 
dimorphic areas in the rat brain are influenced 
by prenatal and postnatal bisphenol A 
exposure. Hippocampal dendrites have been 
reported to change. In animal research, 
prenatal exposure to bisphenol A diminishes 
spine density, branching, and spine synapses in 
hippocampal CA1 neurons [70-72]. Although 
some of these effects are sex-specific, an 
exposure can influence tyrosine hydroxylase 
immunoreactive neurons, lowering expression 
in the substantia nigra, locus coeruleus, 
periventricular preoptic hypothalamus, and 
midbrain areas [73]. Tyrosine hydroxylase, the 
homeostasis of calcium-dependent 
neurotransmitters, the dopamine receptor D2, 
and dopamine release could all be affected by 
bisphenol A. In human cell lines, bisphenol A 
metabolites impair calcium signaling linked 
with nicotinic acetylcholine receptors 
(nAChRs), and nicotinic acetylcholine 
receptors-mediated calcium channels in the 
brain and peripheral nervous system are crucial 
for various neurodevelopment processes. In 
addition, investigations on animals have 

revealed that exposure to bisphenol A causes 
morphological and functional changes in the 
hippocampus neurons as well as their death 
[74-77]. The blood of rodent offspring exposed 
to bisphenol A during pregnancy shows altered 
DNA methylation and gene expression, which is 
controlled by an underlying genetic profile. 
According to growing data, exposure to types of 
bisphenol may have significant epigenetic 
impacts. The placental epigenetic effects of 
maternal bisphenol A exposure, including 
genomic imprinting, DNA methylation, and the 
expression of non-coding RNAs, were discussed 
in a recent review studies. According to a recent 
study, bisphenol A exposure may have sex-
specific impacts on placental epigenetic 
alterations. Previous researches have also 
revealed that leptin plays a function in the 
formation of behavior. Leptin production by the 
placenta, which is epigenetically controlled by 
promoter DNA methylation and newborn 
neurodevelopment, was further studied. 
According to this study, enhanced placental 
leptin DNA methylation may be important for 
the neurodevelopment of newborn humans, 
notably for the way in which they respond sex-
specifically to varied stimuli. 

4. Conclusion 

Due to its extensive use and serious hazard to 
both human and animal health, bisphenol A 
(BPA), one of the most prevalent EDCs, has 
been a special focus of environmental concern 
for decades. BPA has been replaced with a 
number of structurally similar, but less well-
known alternative chemicals as a result of 
increased regulatory actions, scientific 
research, and public concern regarding the 
harmful health effects of BPA. The primary BPA 
alternatives that are increasingly being 
employed in a variety of consumer and 
industrial items are analogues to bisphenol A. 
Although it was thought to be a secure BPA 
substitute, accumulating data indicates that 
BPA analogues have negative impacts on 
various neuroendocrine systems in animals. 
Recent experimental work suggests that BPS 
has a significant potential to cause 
neurotoxicity and behavioral impairment in 
addition to its toxicity to reproduction.
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