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Abstract
The goal of this review is to address all agents and mechanisms capable of inducing and characterizing Endocrine-disrupting 
chemicals. Such agents are known to cause harmful effects to humans and wildlife. There is a wide range of chemicals developed 
for commercial use mainly in agriculture and plastic industries, which may cause endocrine disruption and affect human’s health, 
inducing many diseases and even tumours. Numerous studies correlate toxic endocrine disruptors and environmental contamination; 
however, no liability is being taken for the damages. A specific group of these substances can induce neoplasms called hormone 
dependent-tumours on the ovary,uterus,breasts, prostate and thyroid. Our proposal is to review the correlation between this wide 
range of abnormalities and their carcinogens agents.
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Introduction
A growing number of scientific evidence has been collected 
over the past few years suggesting that human capacity has 
been affected by a wide range of recurrent substances found in 
everyday products.Several indicators are showing an increased 
incidence of cardiovascular disorders,obesity, hormone-dependent 
cancers and chronic diseases,not to mention early puberty 
development,pregnancy length disorders and other reproductive 
and neoplasm abnormalities.Those acting agents have been 
defined as Endocrine-disrupting chemicals (EDCs).Endocrine 
disruptors are chemical products that may interfere and cause 
adverse effects on the endocrine system at any life-stage,given 
their resemblance to endogenous steroid hormones.Their actions 
were defined as agonist or antagonist against several hormones 
(oestrogens or androgens) [1]. Some EDCs can disturb proteins 
involved in the transport of hormones and disrupt the delivery 
of endogenous hormones to target cells.Usually, the molecular 

structure consists of a phenol group on the first ring and one 
group replacement by chlorine or bromine and mimics steroids 
hormones.These events interfere with synthesis, secretion, 
transport and metabolism of many hormones and, because of their 
similarities,induce a destabilization of hormonal homeostasis.
In 2013, Birnbaum showed that, between 1947 and 2007, the 
global production of these chemicals has increased 23.5 times, 
whereas in 2012 only, the US produced 9.5 trillion pounds or 2.09 
trillion kilograms of such products including pesticides, plastics, 
chemical drugs or even personal hygiene products [2]. Deserving 
more attention is DDT and its by-products, such as atrazine and 
2,4-dichlorophenoxyacetic acid found in toys, or containing plumb 
and cadmium,chemicals used for the production of plastic bottles 
containing Bisphenols A, phthalates and several other substances 
employed in the textile and apparel industries [1]. Among acting 
agents are substances like Bisphenol A and its by-products, such 
as Bisphenol B, Tetrabromobisphenol A and Bisphenol F and S 
[2-4].Some years ago, the first disruptor among EDCs considered 
a special hormone, was named Diethylbestrol (DES) causing 
disorders in the genital tract of female and male offsprings [5]. 
Our proposal is to evaluate the capacity of these agents to affect 
and interfere with the genesis of different neoplasms in women.
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Several Endocrine-Disrupting chemicals and their Effects 

Atrazine/Alachlor Herbicides Cadmium chloride/Methiran Fungicides 

Carbaryl/Chlordane/DDT, etc. Inseticides  

Aldicarb/DBCP  Nematocides  

Acrylamide Water treatment-paper manufacturing  

Ascarel (PCB) Adhesives/paints-silo storage coatings  

Benzoanthracene Benzopyrene Tar-asphalt-grease-mineral oils  

Bisphenols A, etc. Epoxy resin-plastics-can coatings  

Plumbs Bateries-paints/pigments  

Polychlorinated Dibenzodioxin Pesticide-burn/residues-PVC-diesel  

DBPC (Dibromochloropropane) Nematicide  

Carbon Disulfide Celophane manufacture-rayon-solvents/wax  

Sthyrene Plastic and glasses-rubber manufacturing  

 Phenilphenols Desinfecting products  

 Phthalates Plastificants/varnish-cosmetics/inseticides  

 HCB ( Hexachlorobenzene ) Organochlorinated processes  

 Manganese Iron-paint-fertilizers manufacturing  

 Mercury Agrotoxics-paints-soda industry  

 Ethylene Chloride Surgical equipment sterilization  

 Pentachlorophenol Paints-timber conservants-fungicide  

 Welding Metalsmithing and Weldings-Boilermaking  

 Trichlorfon Anthelmintics  

Endocrine-Disrupting Chemicals

In the last few decades,a growing number of neoplasms called 
hormone dependent-tumours on the breast, endometrium,ovari
es,testis,prostate and thyroid have been reported.Although early 
diagnosis has been increasingly common,several other etiological 
and causal factors such as nutrition, pharmaceutical drugs or 
chemicals (including Endocrine-disrupting chemicals) are also 
held responsible.The purpose of this review is to address the 
harmful effects of these potential carcinogenic agents involved 
in the genesis of human and wildlife tumours. Among several 
Endocrine-disrupting chemicals are: 

Bisphenols

Bisphenol A (BPA)was first synthesized in 1891,but evidences show 

oestrogen activity since 1936 [1]. Its annual production has steadily 
increased given its multiple applications in the manufacturing of 
toys, plastics, epoxy resin and food packaging.Exposure to BPA 
can occur by oral ingestion or transdermal/sublingual absorption, 
suffering a fast hepatic breakdown.Because of its lipophilicity, 
BPA can easily build-up in the adipose tissue. Since 1950, it was 
observed that BPA could be polymerized for the manufacturing 
of polycarbonate plastics given its malleability, lightweight, 
transparency and resistance to heat and other chemicals [3,4]. Five 
different types of Bisphenols are currently being employed in the 
industry such as Bisphenol B (BPB),Bisphenol F (BPF),Bisphenol 
S (BPS),Bisphenol AF (BPAF) and Tetrabromobisphenol (TBBPA) 
(Figure 1).
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Figure 1: Structural Formulas of different Bisphenols [2].

Phthalates

Phthalates and phthalates esters are substantially used in the 
industries of plastics, cosmetics and toys, or in the manufacturing 
of medical equipment like blood bags. Its global dissemination can 
be verified in the food industry including fruit juices, sports drinks, 
food supplements and frozen products like ice-cream [6] (Figure 
2). 

Figure 2: Structural formulas of Phthalates.

Atrazine

Atrazine (2-chloro-4-ethylamino-6-isopropylamino-1,3,5-s-
triazine) (ATR) is commonly used in agriculture as herbicide to 
reduce the growth of weeds in corn,soy and sugar cane cultures.
Atrazine remains active for long periods of time contaminating 
water tables and causing anomalies in many aquatic organisms, 
according to previous studies by Solomon et al [7] (Figure 3).

Figure 3: Structural formula of Atrazine.

Polychlorinated Bisphenols (PCB) and Polybrominated 
Diphenyl Ethers (PBDE)

This group of aromatic chemicals have phenolic ring with chlorine 
or bromine radicals and extremely high levels of toxicity.They 
have been manufactured since 1920,but some were banned in 1979 
because of their toxic effects.However,because of its multiple 
applications in the industry of plastics,rubber,adhesives,paints and 
resins.Many PCBs are still being used. Some of these chemicals 
have thyrogenic, estrogenic and anti-androgenic activity [8,9]. 
Polybrominated Diphenyl Ethers (PBDE) were first used as flame 
retardants for the manufacturing of mattresses and apparel.

DDT (Dichlorodiphenyltrichloroethane), DDE 
(Dichlorodiphenyldichloroethylene) and DDD 
(Dichlorodiphenyldichloroethane)

DDT is an insecticide with long average lifetime and lipophilicity;but, 
unfortunately it is considered a major environmental contaminant.
DDT was banned from the USA market in 1972,even though it 
has been used to control insects that carry malaria and typhoid 
fever [10,11]. DDD (Dichlorodiphenyldichloroethane) was 
associated to the genesis of endocrine disorders like diabetes type 
2,endometrial,pancreatic and breast cancer [18-20]. Other DDT’s 
metabolites include DDE (Dichlorodiphenyldichloroethylene) and 
DDD (Dichlorodiphenyldichloroethane).

Diethylstilboestrol (DES)

It is a powerful non-steroidal oestrogen, first synthesized in 
1938,which was previously used in the USA to prevent miscarriage 
and/or its potential complications.Initially,low doses of 5mg/day 
were administered,which were progressively increased to 125mg/
day or more, summing up to an average dose of 3650-4000mg.
In 1953,Dieckmann et al. proved this treatment to be ineffective 
[5].Yoshida et al.(2011) described adverse effects of perinatal 
exposure and their dose dependency in female rats [12]. In 1971, 
Herbst et al assessed young women (where mothers had been 
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treated with DES during gestation)having noticed a correlation 
between the use of DES and the appearance of clear cell vaginal 
adenocarcinoma,while in 1976, the same author described other 
abnormalities in the genital tract of these young women [13,14].
In 2012, Harris and Waring, and Troisi et al., in 2014, have 
noticed a correlation between the increased number of disorders 
in the reproductive system of the offspring (where mothers 
had been treated with DES during gestation).Male offspring’s 
developed cryptorchidism, and female offspring showed uterine 
abnormalities like T-shaped uterus and some types of hormone-
dependent cancers [15,16] (Figure 4).

Figure 4: Structural formulas of Oestradiol(E2) and 
Diethylstilboestrol.

Endocrine-Disrupting Chemicals and their Effects on the 
Development of Tumors
Uterine and Endometrial Tumors/Vaginal Neoplasias

Endometrial tumours are the most common type of neoplasms 
found in the female genital tract,second to breast tumours,and the 
rise in life expectancy has contributed to their incidence increase.
There are two distinctive types,type I being frequently reported 
following a higher oestrogenic activity and characterized by the 
development of different cases of endometrial hyperplasia.Type 
II being associated to elderly women with atrophic endometrium 
and several cancer-causing agents.Distinct epidemiological 
studies have been correlating these tumours and exposure to 
Endocrine Disruptors. Kogevinas et al. (1997) showed that 
exposure to dioxin increases the risk of endometrial tumour in a 
group of female workers [17]. Sturgeon et al (1998) have found 
no significant correlation between increased levels of serum DDT 
and endometrial cancer. Hiroi et al. (2004) have not detected 
increased Bisphenol A concentrations in patients with endometrial 
hyperplasia as compared to a control group. However, lower BPA 
concentrations were reported in the patients with hyperplasia 
and a distinct tendency to undergo malignant as compared to 
those patients with endometrial neoplasm [18,19]. There is 
limited evidence correlating ovarian neoplasms and Endocrine-
Disrupting Chemicals while the number of exposed women is 

insignificant. Donna et al.(1989) showed a 2.7 increased risk of 
ovarian neoplasms in women exposed to chlorothiazide [20]. 
An epidemiological study by Young et al.(2005)revealed limited 
correlation between ovarian cancer and occupational exposure to 
chlorothiazide [21].In a large study group Alavanja et al.(2005)
observing female applicators exposed to pesticides in Iowa and 
North Carolina, including two groups of women (in private 
and commercial areas), it was observed that women working in 
private areas had increased risk of developing epithelial neoplasm 
in the ovaries [22]. Finally, a study conducted by Vieira et al.in 
2013, revealed that high levels of perfluorooctanoic acid were 
detected in a population living next to Dupont facilities, in West 
Virginia, increasing the incidence of ovarian cancer [23]. In the 
vagina, evidences show that diethylstilboestrol, a nonsteroidal 
oestrogen, plays an important part in the carcinogenesis of female 
foetuses,where mothers had been treated to prevent miscarriages.
Further studies by Herbst et al.(1971-1976),Harris et al.(2012) and 
Troisi et al.(2013)described the incidence of vaginal adenosis and 
clear cell adenocarcinoma in young women, where mothers had 
been exposed to DES under several conditions during gestation 
[13-16].

Breasts Cancer and Chemicals

The mammary gland,as part of the mammal’s reproductive 
system,is responsible for lactation and particularly sensitive to 
Endocrine-Disrupting Chemicals because it involves growth and 
differentiation systems,secretion and regression,all under the 
influence of hormones and growth factors.Thus,the mammary 
tissue is strongly influenced by these factors during 3 typical life 
stages:puberty,gestation and lactation. During gestation, when 
the mammary buds begin to form the small ducts and extend 
down to the subjacent adipose tissue, many Endocrine-disrupting 
Chemicals might end up altering the development of the mammary 
structures. During puberty, mammary growth is exponential and 
proliferative when a fast division of the terminal mammary ducts 
and mammary buds occurs, which can be influenced by the adverse 
effects of the EDCs. Starting puberty and menarche at a younger 
age, late menopause, nulliparity, first pregnancy later in life and 
perimenopausal obesity have been associated with increased risk 
for breast cancer. A growing number of chemicals have been 
correlated to the development and growth of the mammary tissue 
increasing the risk for the development of breast neoplasms. In 
1982,a study conducted by the United States National Toxicology 
Program with rodents has established that 75-150mg/kg daily 
intake levels of BPA would be enough to have carcinogenic effects.
With limited evidences, this study raised many questions as it failed 
to review and include rodents in the perinatal period [24].Previous 
studies by Timms et al.(2005) and Moral et al.(2008)., included 
gestation and lactation periods with oral doses of 10-250ug/kg/
day, reporting proliferative lesions in breasts duct epithelium 
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and squamous metaplasia of the prostate in new-born rats,which 
are lesions with a predisposing condition for neoplasia [25,26].
Jenkins et al.(2009)and Prins et al.(2011) showed these chemicals 
would promote an early development of breast neoplasms as 
well as prostate intraepithelial neoplasia in rats [27,28].However, 
animal experiments evaluating exposure to BPA during specific 
life periods presented deficient design failing to have a conclusive 
oncogenic potential due to a reduced number of animals included 
and insufficient exposure time and/or lack of additional treatment. 
Despite the great variety of existing sexual hormone-mimicking 
chemicals, organochlorine compounds have been held responsible 
for the harmful effects observed in many sites. Among them are DDT 
(1,1,1-trichloro-2,2-bis(4-chlorophenyl)ethane)  and its isomer 
p’-DDT both having oestrogenic properties; DDE  (1,1-dichloro-
2,2-di-p-chlorophenylethylene)with mechanism of antiandrogen 
action;TCDD (tetrachlorodibenzo-p-dioxin) which is considered 
antiestrogenic;and PCB (polychlorinated  biphenyl)and its 
congeners,having oestrogenic and antiestrogenic action [29-32]. 

Dioxins and Breast Cancer-Actions

There are over 400 different types of dioxins (30 of them are toxic 
to humans),the most toxic being TCDD (tetrachlorodibenzo-p-
dioxin).TCDD is a chemical compound with strong lipophilicity 
and long average life (7-11 years)that has been commonly used as 
herbicide and pesticide.It reduces plasmatic levels of oestradiol 
and affects breasts development given its antiestrogenic properties.
Studies in humans by Den Hond et al. (2002)in Belgium, and Leijs 
et al.(2008) in the Netherlands, observed children living in polluted 
areas exposed to dioxin, showing evident signs of late breast 
development [33,34]. A historical accident happened in 1976, in 
the chemical plant of Seveso,Italy, releasing a significant amount 
of TCDD into the environment.Later studies observing residents 
exposed in the nearby zones(divided according to contamination 
levels),indicated a possible relationship between high levels of 
exposure over the years and increased incidence of neoplasms. A 
10 and 15-year follow-up of this population group (starting in 1989 
and 1997),by Bertazzi et al. failed to reveal increased neoplasm 
or mortality rates [35,36].However, a 15-20-year follow-up of the 
most vulnerable and exposed population group revealed a discrete 
increase in neoplasms [36,37].In 2002, the same population 
group of Seveso was reassessed by Warner et al. in the Women’s 
Health Study,to further evaluate the increased incidence of breasts 
neoplasia.In the group of women exposed to dioxin in early 
childhood,with plasma concentrations exceeding by 10 times the 
acceptable levels, it was observed twice as many cases of breast 
cancer (considering that this group was not yet aged 40-55, an age 
group with increased risk for developing this kind of neoplasia) 
[38].An epidemiological study conducted in Russia by Revich et 
al.in the region of Chapayevsk, where another episode of dioxin 
contamination occurred, revealed increased incidence of breast 

cancer among women living near contaminated sites [39]. 

Dichlorodiphenyltrichloroethane(DDT)  -  Dichlorodiphenyldic
hloroethylene(DDE)  Dichlorodiphenyldichloroethane (DDD) 
and Breast Actions

According to previous studies in humans by Rogan et al. (1987) 
and Karmaus et al. (2005) exposure to DDT and DDE might 
interfere with women’s ability to breastfeed [40,41]. References 
and evaluations of the National Toxicology Program evidenced that 
DDE has oestrogenic or antiandrogen-like activities, eventually 
interfering with hormone levels during lactation [10]. In the latest 
years, numerous studies have raised concerns about the effects of 
exposure to Endocrine-Disrupting Chemicals, that already exist in 
the environment or are being manufactured, which may contribute 
to the development of breast cancer.Most of these studies are 
considered ‘control cases’, showing inconsistent results and failing 
to reach conclusions with statistical significance.Another issue is 
the potential association with other types of existing chemicals 
that could be equally harmful, preventing the progress of research 
toward conclusive results. Before 1995, at least 7 “CONTROL-
CASE” studies were conducted to assess EDC’s concentrations in 
tissues or in the serum of different organochlorine compounds. The 
first experiment conducted by Wasserman et al.(1976)observed 
fragments of formalin-fixed mammary tissue from 9 patients with 
breast cancer and 5 control women, revealing the presence of DDT’s 
or PCB’s (Poly(bisphenol) B) metabolites.High concentrations of 
PCB were found in the lipids of tumoral mammary fragments of the 
female patients as compared to the mammary tissue of the control 
group.Despite that, the highest p,p’-DDE level, the main stored 
metabolite of DDT,was significantly higher in the control group 
[42]. The second and third studies,led by Unger et al.(1984)and 
Mussalo-Rauhamaa et al.(1990) evaluated the presence of DDE 
or DDT’s metabolites in fragments of mammary tissue collected 
from recently deceased patients with neoplasia as compared to 
normal control cases.No evidences of altered concentrations were 
found in both studies,although β-hexachlorocyclohexane levels 
were increased.These results were inconclusive considering the 
fragments were obtained from deceased female patients [43,44]. 

Falck et al.(1992)conducted the fourth study,detecting 7 
organochlorine compounds in the mammary tissue of women 
diagnosed with breast cancer in a control group.High concentrations 
of DDE and PCB were found in the mammary tissue of the patients 
with neoplasms,although no statistical significance was found 
when the patients were classified by age group or as smokers or 
non-smokers [45]. In the fifth study,Dewailly et al.(1993)found 
oestrogen-receptor-positive or negative (ER+ or ER-)in the 
tissue of breast neoplasms and detected increased PCB and DDE 
concentrations(depending on the group selected),although a small 
sample was considered in this study,leading to inconclusive results 
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[46]. A mammography screening of 14290 participants living in the 
surrounding areas of New York was conducted as a cohort study 
(the sixth study) by Wolff et al. from 1985-1991;where 58 patients 
were diagnosed with breast cancer. 80% were Caucasian women, 
average age of 51, with significantly high serum PCB and DDE 
levels [47].Another significant contribution was a study arm (the 
seventh study) including Californian women evaluated from 1964-
1971 by Krieger et al. Among participants, 150 patients developed 
breast cancer and other 150 were selected for the control group. 
They were divided into three distinct racial groups:Asian,white 
and black women all within the same age range.An individual 
assessment of the racial groups revealed white and black presented 
high serum DDE levels as compared to the control group.Lower 
serum DDE levels were evidenced in Asian women in relation to 
the control group. A multivariable control system was developed 
to control body mass indexes, age of menarche onset, gestations 
and menopause which were used for the proper evaluation 
of potential risks. PCB levels were lower in Asian and white 
women in comparison to the control group. Odds ratio statistical 
analysis showed no correlation between serum concentrations of 
organochlorine and increased risk of developing breast cancer.In 
addition,serum concentrations varied according to the geographic 
area [48]. Wolf et al(1993) showed the control group had 7.7ng/
ml serum DDE levels,while Kriger et al.(1994)observed white 
women had 35.0ng/ml,black women had 43.4ng/ml and Asian 
women had 50.8ng/ml.Black and Asian women had higher seric 
levels when compared to white women [47,48]. Studies conducted 
before 1995 showed no correlation between exposure to PCB or 
DDT and its metabolites with increased risk for developing breast 
cancer.Since then,other signi9ficant researches correlating PCB or 
DDT and its metabolites were targeting the adipose tissue or the 
serum levels of the patients,most of them clsssified as Control-
case studies.Van’t Verr et al.(1997)detected DDE concentrations 
in tissue samples of female patients across 5 European countries 
associated to increased incidence of breast cancer. They were 
post-menopausal patients, 265 diagnosed with cancer and 341 
in the control group. Logistic regression analysed with age, sex, 
body mass, index, alcohol consumption and age by the end of the 
last pregnancy showed DDE levels varied according to country 
of origin,but levels lower than 1,9ug/g were found in the control 
groups.These findings showed no association between the level of 
exposure to DDE and increased risk of developing breast cancer 
[49]. Liljegren et al.(1998) in Sweden and Guttes et al.(1998)in 
Germany,evidenced no correlation between DDE and PCB levels 
and the development of breast cancer in the adipose tissue of 
humans [50,51]. According to previous studies by Sutherland et 
al(1996) a variety of chemicals were assessed in a cohort study 
called ‘Charleston Heart Study’, including 405 black and white 
women detecting 32.0ng/ml serum DDE levels, following the same 
line of thought and findings of Krieger et al [48].These patients 

were followed until 1994, and 20 participants developed breast 
cancer, however no evidences were found of increased breast 
neoplasms associated to DDE levels using regression models and 
other variables [52].

In a cohort study by Hunter et al. (1997) called the ‘Nurses Health 
Study’, including 120000 nurses followed since 1976, DDE and 
PCB blood levels were assessed in 240 women with breast cancer 
and the same number of control participants. Average serum 
DDE levels were 6.01ng/ml in the patients with breast cancer and 
6.97ng/ml in the control group, while PCB levels were 5.08ng/ml 
and 5.16ng/ml, respectively. No association was made between the 
highest plasma levels of organochlorines with an increased risk for 
breast cancer based on multivariable adjustments and comparison 
of both groups [53]. According to the ‘City Heart Study’ conducted 
in Copenhagen, by Hoyer et al. (1998) and subsequently by the 
Danish Cancer Center Registry, 240 from 7712 women, who had 
their serum stored, were diagnosed with breast cancer and 447 
patients were in the control group. 18 different pesticides or its 
metabolites and 28 variations of PCB were detected in the serum 
samples of these participants.No relation between DDT and 
its isomers or any kind of PCB congeners was evidenced using 
statistical analysis and regression models.Among all chemical 
compounds evaluated, only Dieldrin was found using the odds ratio 
of 1.96 and 2.05 and its potential correlation with breast cancer 
[54]. Later studies have shown inconsistencies in the association 
between DDT and its potential influence in the increased rate of 
breast cancer.Cohn et al.’s case-control study(2007)noted that 
increased disease incidence was related to the duration of exposure 
to DDT and its metabolites, like DDE. High serum p,p’-DDT levels 
are age-related, particularly for those patients born before 1931 
(exposed before the age of 14), showing 5 times more chances 
of developing breast cancer [55]. Another study was conducted 
in the Canary Islands, Spain, by Boada et al(2012) to assess the 
multiple effects of human exposure to organochlorine pesticides.
After evaluating multiple variables,they observed the serum levels 
of DDE, DDD and Aldrin insecticide (hexachlorocyclopentadiene)
were extremely high in women diagnosed with breast cancer as 
compared to healthy women [56]. The ‘Long Island Breast Cancer 
Study,by White et al.(2013) observed a group of female patients 
aged less than 20 years,following an intensive exposure to DDT 
under the presence of oestrogen and progesterone receptors 
showing an increased risk for developing breast neoplasia in 
relation to a control group that was not exposed [57]. Ingber et 
al.(2013)found there are significantly conflicting meta-analyses 
showing results differ greatly when DDT and DDE levels are 
correlated to increased incidence of breast neoplasms.Variations in 
data including age, menopausal state, study designs and variable 
considerations make this association even more inconsistent [58].
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Bisphenol A And Breast Actions 

Bisphenol A has structural similarity to oestradiol and binds to the 
oestrogen receptor alpha with lower levels of activity but has a 
strong affinity with Gama receptor and G-protein, being capable 
of inducing the proliferation of breast cancer epithelial cells by 
stimulating the oestrogen receptor alpha [59-61]. Several in vitro 
studies and other studies carried out with rodents have been showing 
BPA might alter breast development and growth and increase the 
likelihood of tumour development. Markey et al. (2001), Munoz-
de-Toro et al. (2015) and Acevedo et al. (2013) evidenced that 
exposure to low doses of BPA during foetal, prenatal and puberty 
periods are associated to the development of preneoplastic lesions, 
with different forms of hyperplasia. And yet, when doses higher 
than 2.5ug/kg of BPA are administered, this exposure is correlated 
to the development of ductal adenocarcinomas [62-64]. 

Phatalates and Actions on the Breast

In 2014, in a study by Wolf et al. observing late pubertal 
development and pubic hair growth in 1200 prepuberal girls were 
detected in these participants high molecular weight phthalates 
associated to the antiandrogenic properties in their urine samples.
Delayed breast growth wasw also observed in these participants 
[65]. Lopez-Carrilo et al. study (2010), in Northern Mexico, 
correlated the urinary concentrations of phthalates metabolites 
(found in 82% of the female patients) and breast cancer showing 
that concentrations of MEP (monoethyl phthalate) were higher 
in patients diagnosed with breast cancer than in control cases. 
The study concluded that exposure increased 2.5 times the risk 
of tumour development as compared to the control group [66]. 
Animal experiments showed by Moral et al (2011) that DBP 
(dibutyl phtalate) adversely affects rodents’reproductive system 
having a weak binding affinity with oestrogen receptors.Exposure 
of pregnant rats to DBP could induce (through nursing mothers) a 
hypoplasia of the alveolar buds in their female offspring [67]. 

Actions on the Breast by Atrazine

Epidemiological studies have found limited or no correlation 
between atrazine (ATR) exposure in agriculture and increased 
incidence of breast cancer.A study conducted in Kentucky, 
USA,showed that the contamination of superficial waters with 
atrazine, from 1991-1992 has significantly affected the incidence 
of breast cancer in exposed women.When deeper waters were 
included in the analysis, from 1993-1994, no correlation was found 
[68,69]. A populational study conducted by Muir et al.(2004)
in the urban and rural areas of Lincolnshire and Leicestershire 
Counties,England,from 1989-1991,revealed a positive association 
between the exposure to atrazine(found in pesticides) and 
increased incidence of breast cancer [70]. These experiments are 

limited, and no correlation has been found between exposure to 
atrazine and increased risk of developing breast cancer.Many 
animal experiments show that early exposure of pregnant rats 
to ATR might interfere with the development of the mammary 
glands of their female offspring [70]. Although not considered 
carcinogenic, extensive and chronic use of ATR increased 
mammary adenocarcinoma in Sprague-Dawley rats and high doses 
this chemical induced breast hyperplasia in male rats in a study by 
Gammon et al.(2005) [71].

Diethylstilboestrol (DES) and the Breast Actions

DES, a non-steroidal oestrogen formerly used to prevent 
miscarriages (in variable dosages of 5mg/day-125mg/day), can 
cause several anomalies.Herbst et al. observed anomalies in 
the female offspring of pregnant women exposed,having later 
developed vaginal adenosis or clear cell adenocarcinoma of the 
vagina [14]. Harris and Waring (2012) and Troisi et al.(2013) 
have correlated the exposure to DES and many disorders such 
as: cryptorchidism in boys, uterine anomalies (T-shaped uterus) 
and hormone-dependent tumours.Animal experiments showed 
pregnant or nurturing rats exposed to high doses of DES stimulated 
mammary growth causing anomalies Christenesen CH, et al. 
(2010). When those animals were exposed to DES during prenatal 
period, it was observed an increased risk for developing mammary 
tumours related to a significant increase in EZH2 protein or histone 
methyltransferase linked to the genesis of hormone-dependent 
breast cancer [72,73].

Perfluorooctanoic Acid (PFOA)and Breast actions

PFOA is a surfactant widely used in the cleaning of water and 
grease, and as water repellent or firefighting foam. Also used 
in dental products or food packaging with average life of 16-
22 days in rats and 2-4 years in humans. Combining in-vitro 
PFOA and oestradiol activates oestrogen and antioestrogen 
properties [74]. Such properties are known to cause late pubertal 
development and increase risk to developing breast cancer. The 
‘Breast Cancer and Environment Research Program’showed 
a direct association between serum PFOA levels and lactation 
period (considering breastfed girls aged 6-8).Also, a significant 
correlation was made by Kale et al.(2015)between contaminated 
water sources in North Kentucky and lactation history of the 
exposed breastfed girls, causing late breast development during 
pubertal period [75]. Several animal experiments also evidenced 
a direct correlation between PFOA levels and functional changes 
in breast development. Gestational exposure to PFOA can delay 
the epithelial development of the mammary glands and result in a 
rise in mortality rate of new-borns. Those mammary abnormalities 
can increase mammary hyperplasia and stromal density, both 
associated to a greater risk of developing breast cancer [76].
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Endogenous and Exogenous Steroid Hormones and the Breast 
actions

Growing concerns have been raised about the harmful effects 
of steroid hormones used as hormone replacement therapy or 
associated to oral contraceptive methods. Endogenous production 
of numerous hormones affects different tissues with variable 
response levels to cyclic alternation from the beginning of the 
administration of these exogenous therapies. Action potential 
varies widely and depends upon many factors including dosage, 
growth factors and type of acting hormones, etc.Hormone 
influence on breasts differs from uterine endometrial action.
Endogen oestrogens affect cellular proliferation in the mammary 
gland and, under progesterone influence (in the 2nd phase of the 
cycle),maturation and structural gland alterations can be observed.
Replacement hormone therapy has been considered in many 
experiments and the ‘Nurse Health Study’ evidenced the relative 
risk for developing breast cancer increases 1.3 times (oestrogen use 
only)and 1.4 times (when oestrogen is associated to progestogens) 
[77]. In 2002, the ‘Women Health Initiative’ (WHI)investigated 
the risks involved in the hormonal therapy during climaterium 
including a large randomized group (16608 women, 290 of them 
diagnosed with breast cancer).After a 5.2-year follow-up,an 
increased risk for developing this type of neoplasm was observed 
when oestroprogestative replacement was used in comparison to 
oestrogen only therapy [78]. Another relevant study, conducted 
from 1996-2001,was the ‘Breast Cancer and Hormone Replacement 
Therapy in the Million Women Study’ following-up a group of 
1084110 women (9364 diagnosed with breast cancer and 637 
cancer-related deaths after a 2.6 and 4.1-year follow-up).Patients 
that underwent the hormonal therapy had 1.66 increased risk for 
developing this pathology as compared to the patients that did not 
undergo such therapy.In the same way,increased risk was related 
to oestrogen-progesterone hormone preparations in comparison to 
oestrogens-only preparations.The results showed little variation 
depending on the oestrogen-progesterone doses administered,or 
upon the continuous or sequential treatment schemes [79]. In two 
epidemiological studies, conducted from 1991-1996, a discrete 
1.2-1.5 increased risk for developing breast cancer was observed 
in the group of contraceptive pills users (including 50000 users 
and 100000 control patients).

However, among women using hormonal contraceptive methods 
for more than ten years, no increased risk was noticed [80,81]. 
According to a recent study by Manson et al.(2017) there was a 
correlation between menopausal hormone therapy versus placebo 
during a 5-7-year follow-up and mortality risk up to 18 years (WHI 
initiative randomized trials) being followed in 40 centers.Among 
27347 women with average age of 63.4, 80.6% white,7489 deaths 
were reported; in 8506 cases, 0.625mg conjugated oestrogens + 
medroxyprogesterone acetate were used versus placebo (8102 

cases during a 5.6-year follow-up)and 5310 cases using conjugated 
oestrogens-only versus placebo (5429 with a 7.2-year follow-up).
Total mortality causes were 27.1% in the hormone therapy group 
as compared to 27.6% in the placebo group; while in the cancer-
related (hormone therapy), total mortality rate was 8.2% versus 
8.5% in the placebo group.This study showed that among post-
menopausal women, hormone therapy associated to conjugated 
oestrogens + medroxyprogesterone and a 5.6-year follow-up or 
conjugated oestrogen-only for 7.2 years were not associated to 
all causes of cardiovascular diseases and even to cancer mortality 
during an 18-year follow-up [82].This wide range of chemical 
substances used in different industries for the manufacturing of 
pesticides, plastic and resin compounds, paint and ink, among 
others, include numerous examples of contaminants that are 
potentially harmful to the environment and human health. They 
are also considered co-authors and facilitators for the development 
of numerous disorders such as breast carcinomas.

Analysed different papers our conclusions are: There has been a 
progressive increase in breast cancer incidence; There are critical 
periods of breast development during windows of susceptibility to 
endocrine-disrupting chemicals’ action; Many rodents experience 
critical periods of breast development making them predisposed 
to developing neoplasms; Dioxins are chemical disruptors that 
may delay pubertal breast development in young girls and rodents; 
Epidemiological studies emphasize the importance of evaluating 
the effects of endocrine disruptors in women that are predisposed 
to developing breast cancer; Further research is needed to shed 
more light on different endocrine disruptors combinations based 
on their chemical structures, on the evaluation of cell lines of 
pre-cancerous tissues to establish potential mechanisms of action 
related to the origin of breast cancer. 

Prostatic Neoplasia

The prostate is an accessory gland of the male genital tract 
producing part of the seminal fluids and facilitating sperm 
transport. It is dependent on testes androgen hormones in early 
stages of its embryogenesis and growth. The 5-alpha-reductase 
enzyme regulates prostate development metabolizing testosterone 
to DHT.In addition to being androgen-dependent, the prostate 
is affected by many disorders including neoplasia and benign 
hyperplasia not to mention the influence of other steroids such as 
oestrogens or protein hormones.

Among several agents that can cause adverse effects to the prostate 
are:

Pesticides 

Pesticides are commonly used by farmers and farm workers 
on a large scale presenting potential health hazards.In 1993,a 
follow-up of 57000 farm workers was conducted in the 
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‘Agricultural Health Study’(AHS)observing an increased risk 
for developing prostate cancer within this populational group.
Early analysis in 2003, showed exposure to methyl bromides 
could induce this increased risk,but subsequent analysis observed 
organophosphates(malathion, aldrin, etc.)and organochlorines 
would increase risk for developing prostate cancer in patients 
with family history [83-86]. These chemicals induce alterations 
metabolizing enzymes in liver, testosterone, estradiol and 
estrone.Malathion is known to reduce FSH, LH and testosterone 
serum levels while aldrin can rise aromatase activity [87,88]. 

After investigating farmers in British Columbia, Canada,Band 
et al.(2011)have correlated a significant increase in prostate 
cancer with Endocrine-Disrupting chemicals(EDCs) such as 
Endosulphan(oestrogen agonist and androgen antagonist activities 
and aromatase activity),DDT(xenoestrogen activity binding to 
oestrogen receptors),diazinon(estrogenic activity)and malathion 
(antiandrogenic properties) [89]. Based on these reviews,e 
agree that several pesticides can influence the development 
and incidence of prostate cancer.Among the organochlorine 
insecticides that might be held responsible for the genesis of this 
neoplasms are dieldrin, endosulfan, lindane, toxaphene, dicofol 
and heptachlor.According to previous studies by Koutros et 
al.(2011)and Karami et al.(2013) the gene expression of TXNRD2 
may also be altered by these pesticides [87]. The RXR complex, 
involved in the metabolism of vitamin D, has a protective effect 
and its reduction could increase the risk for developing prostate 
cancer [90,91]. Initially,the agent orange and other toxins had 
no correlation to the etiopathogeny of this disorder.Later, as a 
mixture with equal parts of 2,4-Dichlorophenoxyacetic acid  and 
2,4,5-Trichlorophenoxyacetic acid,the agent orange was widely 
used as defoliant chemical during Vietnam war.Veterans exposed 
to this agent showed a significant 2.3-6 increase in the incidence 
of prostate cancer in comparison to unexposed veterans [92-94]. 
In addition, it was observed an early, more aggressive progression 
and recurrence of this disease in the exposed group [90,91]. A 
meta-analysis of cohort data (40286 participants) conducted by 
Leng et al. (2014) verified this association related to the genesis 
of this disorder [95].

Bisphenols

Several studies have indicated that bisphenols may have 
carcinogenic properties for the development of prostate cancer.
Tarapore et al.study(2014)involved 60 urology patients showing 
increased serum BPA levels in the patients with positive 
prostate biopsy as compared to negative prostate biopsy.Cancer 
development was also observed at a comparatively early age in 
patients with increased serum BPA levels suggesting that increased 
levels were correlated to life style, although a more comprehensive 
follow-up is still needed to better assess patients.96 Even lower 
doses of BPA are capable of inducing cell proliferation and cell 

lineage replication, increasing the chances of migration and 
invasion of LNCaP cells [97]. Animal experiments also showed 
that mesenchymal cell lines in cultures of foetal rats prostate have 
a similar response to estradiol in relation to androgen receptors and 
oestrogen receptors alpha, based on a dose-dependent stimulation 
[98].

Polychlorinated biphenyl (PCB)

Only a few references show that PCB153 and PCB180 have been 
associated with increased risk of prostate cancer.A 35-year follow-
up including a cohort of 24865 employees relates exposure to 
these chemicals and prostate cancer-related mortality, in studies 
conducted by Ruder et al.(2014) [99]. However, no association 
was made between prostate cancer and organochlorinated 
chemicals (such as p’-DDT, p,p’-DDT and p,p’-DDE) in Sawada 
et al.’s case/control study(2010) with 14203 male patients 
and 12.8-year follow-up [100]. In Canada,Aronson et al.also 
failed to make an association between chemicals and increased 
incidence of prostate cancer after examining urology patients and 
detecting plasma levels of PCB153 and PCB180 [101]. It seems 
a potential correlation depends on exorbitant concentrations of 
polychlorinated chemicals and the increased incidence of PCa 
in elderly men.Animal experiments or studies with cell lineages 
evidenced PCB’s effects on prostate cancer cell line LNCaP can 
reduce cell proliferation and slowdown 5 alpha-reductase activity 
and PSA secretion. Other PCBs such as PCB153 and PCB118 may 
induce cell proliferation and increase PSA concentrations even 
though low doses are used.

Viclozin

Viclozin is a fungicide with antiandrogenic properties and androgen 
receptors antagonists. Positive responses were evidenced in male 
adult rats, but similar findings were not observed in humans by 
Cowin et al. (2010) [102].

Heavy Metals

Arsenic and cadmium are involved in the genesis of many 
neoplasms including prostate cancer. Inorganic arsenic found 
in the soil of contaminated areas has toxic effects that can lead 
to oxidative stress causing damage to DNA and might disrupt 
steroids receptors.Previous studies by Garcia-Esquinas et 
al.(2013) evidenced a high prostate-cancer-related mortality rate 
in a group of 4000 American Indians (20 years follow-up) exposed 
to inorganic arsenic [103]. Environmental concerns have been 
raised in relation to cadmium exposure (as smokers or via food 
intake) once heavy metals mimic and induce oestrogen receptors’ 
activation. Inconsistent findings by Mullins et al. (2012) and 
Julin et al. (2012) fail to verify a positive or negative relationship 
between prostate cancer and cadmium [104,105].
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Thyroid Neoplasms
Thyroid hormones are crucial to regulate the homeostasis and 
control several physiological processes in humans and vertebrates.
Thyroid hormones’ control depends on the hypothalamic release 
of TRH-releasing factor, Thyroid Stimulating Hormone (TSH) and 
secretion of 2 types of Thyroid Hormones: T4 (the most important) 
and T3.Several Endocrine-disrupting chemicals might affect the 
entire chain of the hypothalamic–pituitary–thyroid axis including 
the synthesis, release and transport of thyroid hormones, as well as 
its metabolism and mechanism of action on target tissues. Many 
chemical substances found in the environment may adversely 
affect iodine uptake and consequently disrupt thyroid function.
Among them are: perchlorate,chloride,nitrate and thiocyanates.
Chlorides and nitrates are commonly found in high concentrations 
on the water supply chain while thiocyanates are toxic components 
of tobacco.Perchlorate is widely used in the manufacturing of 
explosives and car automobile airbag inflation systems.These 
are all capable of inhibiting iodine’s uptake leading to low or 
insufficient absorption levels [106]. Perchlorates have a complex 
mechanism of action on thyroid function, but a recent study by 
Taylor et al.(2014) evidenced exposure of pregnant women 
with borderline thyroid function to high concentrations of this 
substance reduced cognitive function in their offspring [107]. 
Thyroperoxidase is an enzyme that plays an important role in the 
synthesis of the thyroid hormones which may be disrupt under the 
influence of isoflavone or thiocyanate. Other phenolic compounds, 
such as Bisphenols, might have a binding affinity with plasma 
proteins hence reducing circulating thyroid hormones and their 
tissue-specific actions in a Cao et al. study (2010) [108]. A great 
number of chemical compounds have been shown to interfere 
with, potentially reducing, thyroid function, although it has been 
hard to establish consistent results on humans.
 Among them are:
Perchlorates 
Experimental studies show perchlorates have a half-life of about 
8 hours and an exposure level of about 5.2ug/Kg/day would be 
enough to reduce iodine intake and consequently affect the synthesis 
of thyroid hormones [109]. Gisnberg et al.(207) and Steinmaus et 
al.(NHANES Survey)(2013)observed children are highly sensitive 
to thyroid hormone deficiency and when perchlorate levels found 
in breast milk are high they may interfere with children’s thyroid 
hormones and affect their development [110,111].
Polychlorinated Biphenyls (PCB)

Prenatal or postnatal exposure to Polychlorinated Biphenyls B 
(PCBs)has been associated to a wide range of cognitive disorders 
in children, even though accurate measurements for these functions 
are hard to establish by Schantz et al. (2003) and Majidi et al. 
(2014) [112,113].

Polybrominated Diphenyl Ethers (PBDEs)

PBDEs have been found in the blood of pregnant women,in cord 
blood and breast milk while high PBDE concentrations detected 
and have been associated to impaired cognitive functions as well 
as deficient verbal and IQ performance of the exposed children by 
Frederiksen et al (2009)and Herbstman et al (2010) [114,115]. This 
association was also verified in animal experiments,particularly 
rodents’ exposure to polyphenols B or PBDE [116]. In Erikson 
et al (2006)high levels of PBDE causes a decrease in thyroid 
hormone levels and consequently disrupt neurodevelopment and 
induce cognitive deficit.

Phthalates 

Evidences from animal, biochemical and human studies show that 
Phthalates can interfere with free and total Thyroid Hormones(T4). 
After evaluating NHANES Survey’s data, Meeker et al. (2011) 
observed a negative association between MEHP urinary levels and 
free and total T4 and a positive association between MEHP urinary 
levels and TSH levels [117]

Bisphenol A (BPA)

Several epidemiological studies in humans have evidenced a 
correlation between exposure to BPA and the rise in levels of 
thyroid hormones. Meeker et al. have also observed an association 
between total and free T4 and the levels of exposure to BPA, 
showing that these chemicals have weak binding affinity and are 
indirect antagonists of the thyroid hormone receptors [117]. Weiss 
et al. (1997) observed that BPA creates a disruptive action which 
mimics the resistance thyroid hormone [118].

Conclusions
In the latest years, several experiments have brought to our 
attention that toxic chemicals play a specific part in the genesis of 
tumours. Previous researches show those chemicals have different 
degrees of toxicity and carcinogenicity. Based on that information, 
safety measures must be established and followed in our daily 
routines to ensure low exposition of pregnant women and prevent 
damage to intrauterine foetal development.

With this purpose in mind, the International Federation of 
Gynaecology and Obstetrics (FIGO) recommends the following: 

•	 Common awareness that global exposure to toxic 
compounds, associated to the genesis of many pathologies, may 
harmfully affect human population; 

•	 Avoiding exposure to these chemicals must be prioritized 
by all parts involved;

•	 Toxic chemicals have a global effect crossing frontiers 
between countries via food, water, wind and many business 
relationships;
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•	 Corrective and preventive actions must be taken to avoid 
continuous release of these chemicals into the environment with 
negative impacts on vulnerable populations [119].
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