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Abstract: 

This historical perspective outlines how advances in endocrinology are uncovering mechanisms by 

which environmental chemicals may interfere in the synthesis and actions of hormones. Such 

chemicals have been termed endocrine disrupting chemicals (EDCs). Advances in understanding 

of receptor-mediated genomic and non-genomic actions of hormones have demonstrated the ability 

of EDCs to compete with hormone for binding to receptors in target cells and thereby to either 

mimic or antagonise hormone action. Advances in development of a range of assays for identifying 

endocrine activity of environmental chemicals have led to an appreciation of the wide distribution 

of EDCs to which the human population are now exposed in air, water, food and consumer 

products. Technological advances for measuring EDC concentrations in human tissues have 

demonstrated their widespread presence in human urine, blood, milk, adipose tissue, placenta and 

breast. Advances in understanding of the wide-ranging physiological effects of hormones and 

underlying defects in endocrine disorders have begun to reveal how EDCs may provide a new 

dimension to endocrine dysfunction. Evidence is accumulating for a role of EDCs in many male 

and female reproductive disorders, thyroid and adrenal disorders, immune system dysfunction and 

metabolic disorders including obesity, diabetes and cardiovascular disease. Deregulation of 

hormonally controlled cell growth may contribute to development of endocrine cancers. Adverse 

effects of EDCs on developmental processes, including neurodevelopment, have implications for 

child health and for appearance of disorders not only in later adult life but also into future 

generations. 

Keywords: Endocrine disruption, endocrine-disrupting chemicals, endocrine disrupters. 

 

 

RESEARCH ARTICLE 

mailto:p.d.darbre@reading.ac.uk


Philippa D. Darbre.        Medical Research Archives vol 9 issue 9. September 2021           Page 2 of 15 

 Copyright 2021 KEI Journals. All Rights Reserved                         https://esmed.org/MRA/mra/  

1. Introduction 

“An endocrine disrupter is an 

exogenous substance or mixture that 

alters function(s) of the endocrine 

system and consequently causes 

adverse health effects in an intact 

organism, or its progeny, or 

(sub)populations” 1. 

 In almost every area of biology, 

advances in basic science are needed before 

disease or aberrant mechanisms can be 

unravelled. Accordingly, advances in 

understanding of endocrinology have also 

been a prerequisite for understanding how 

environmental chemicals are causing 

endocrine disruption. Over the past century. 

as man-made chemicals have been released 

into the ecosystem from agricultural and 

industrial activities of man, many of these 

chemicals have been found to interfere in the 

synthesis and actions of hormones and such 

chemicals have been termed endocrine 

disrupting chemicals (EDCs) 2.  

 

2. Early warnings of endocrine disruption 

came from declines in animal populations 

Although endocrine disruption has 

only received high profile scientific and 

public attention over the past 30 years, the 

ability of environmental chemicals to disrupt 

hormone actions has become increasingly 

evident from the loss of fertility of farm 

animals and reproductive failure in wildlife 

populations over the past century (Figure 1). 

In the 1920s, pig farmers in the United States 

documented a lack of fertility in swine herds 

when fed mouldy grain 3, and further reports 

in the 1940s from sheep farmers in Western 

Australia documented infertility in their 

sheep after grazing on specific fields of 

clover 4. Times were tough for these farmers 

and loss of fertility in their animals meant 

loss of livelihoods. More recent research has 

shown that the underlying mechanisms 

resulted from consumption of estrogenic 

compounds contained within the mould 

(mycoestrogens) 5 or plant material 

(phytoestrogens) 6, which were disrupting 

fertility through their potent estrogenic 

activity.  

Over the following decades, 

endocrine-disrupting properties were 

reported widely in wildlife living in water, in 

air and on land after exposure to agricultural 

and industrial chemicals which were being 

used increasingly liberally and becoming 

more widespread in the ecosystem (Figure 1). 

Effects of the pesticide 

dichlorodiphenyltrichloroethane (DDT) and 

its metabolites were reported in birds 7 and 

mammals 8,9, which coincided with 

controversial warnings of more widespread 

consequences of chemical pollution for 

wildlife populations from organochlorine 

compounds. Publication in 1962 of the book 

“Silent Spring” by Rachel Carson 10 was a 

significant landmark in generating public 

awareness of endocrine disruption as a 

widespread phenomenon causing loss of 

wildlife populations after the liberal 

agricultural use of pesticides and herbicides 

and contamination of the land with other 

organochlorine compounds. The impact of 

this book was such that it led to international 

environmental organisations to champion the 

issues raised. However, a follow-on book 

entitled “Our Stolen Future” published by 

Colborn and colleagues at the Silent Spring 

Institute in the United States in 1996 11 gave 

even more serious warnings and 

demonstrated the inadequacy of measures 

taken in the intervening years.  
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Figure 1. Correlation between historical landmarks in advances in endocrinology and historical landmarks 

in the recognition of endocrine disruption.  

 

Early breakthrough in identifying 

specific causes of environmentally-driven 

endocrine disruption (Figure 1) began with 

demonstration of the loss of populations due 

to imposex in bivalves and gastropods in 

harbour waters from use of tributyltin in 

antifouling paints applied to the underside of 

boats 12,13. Sudden loss of the alligator 

population in Lake Apopka in Florida, United 

States was shown to result from a specific 

spill of dicofol into the lake 14. In the United 

Kingdom, feminisation of male fish was 

reported downstream of sewage effluent 

works and linked to inadequate removal of 

estrogenic compounds in the released water 

15,16. Loss of bird populations has been 

extensively documented as resulting from 

eggshell thinning associated with pesticide 

exposures 17-19. The strongest evidence of 

causality has been through the demonstration 

of the reversal of problems following 

reduction in chemical exposure 20. The 

question much debated is now as to whether 

adverse effects might also occur in the human 

population in response to the same chemicals 

and therefore whether the endocrine 

disrupting effects reported in wildlife might 

be a warning of impending consequences to 

human health. Endocrine mechanisms across 

species show remarkable similarities, but the 

UNDERSTANDING OF ACTIONS OF 
HORMONES 

UNDERSTANDING OF ACTIONS OF 

ENDOCRINE DISRUPTING CHEMICALS 

• 1900s Discovery of hormones as chemical 
messengers 

• 1902 Identification of secretin as 
regulator of the digestive system 

• 1960s Identification of cellular receptors 
• Hormones act through binding to 

specific intracellular receptor proteins 

• 1980s Receptor genes cloned 
• Gene transfection systems allowed 

expression of cloned receptor genes in 
cultured cells 

• Reporter gene systems allowed for 
assay of receptor activity in cultured 
cells 

• 1920s Reports of infertility in pigs fed mouldy 
grain 

• 1940s Reports of infertility in sheep grazing on 
certain clovers 

• 1960s on- Environmental chemicals reported to 
be causing loss of wildlife 
• 1962 Publication of book “Silent Spring” 
• 1960s &70s Pesticides & egg shell thinning 

in birds 
• 1990s Tributyltin & imposex; dicofol & loss 

of alligators 
• 1990s Feminisation of fish 

• 1990s Environmental chemicals reported to 
• bind to hormone receptors 
• mimic hormone actions in vitro 
• interfere in hormone synthesis pathways 
• disrupt hormone actions in animal models 

Regulatory beginnings for EDCs 
• 1991 Wingspread Meeting USA   – term EDC 

adopted in USA 
• 1996 Weybridge Meeting Europe – term EDC 

adopted in Europe 
• 2007 REACH law in Europe 
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scope needed for invoking any precautionary 

principle for the human population will be an 

immense challenge for endocrinology to 

provide sufficient causative evidence to 

motivate political will. 

 

3. Early warnings of endocrine disruption 

in humans have come from the legacy of 

diethylstilboestrol 

 The ability to synthesise hormones 

was a major advance in endocrinology. This 

began in the 1930s with the synthesis of a 

range of chemicals with oestrogenic activity 

including diethylstilboestrol 21 and led during 

subsequent decades to chemical synthesis of 

many other hormones and a realisation of the 

pharmaceutical potential of such compounds. 

Synthetic oestrogens and progestins were 

used to control female reproductive functions 

through development of the contraceptive pill 

in the 1960s 22, and then later hormone 

replacement therapy 23. Synthetic 

glucocorticoids were developed as anti-

inflammatory agents 24 and more recently the 

use of dexamethasone to reduce 

inflammation during covid-19 infections has 

been a major life-saver worldwide 25. 

Antioestrogens and antiandrogens provide 

effective targeted therapies to reduce tumour 

growth in cancer, as do also the aromatase 

inhibitors for breast cancer 26. 

 However, it was the synthesis of 

diethylstilboestrol (DES) in 1938 21 and its 

subsequent use to prevent miscarriage in the 

first trimester of pregnancy 27 that has 

revealed the strongest warnings of adversity 

from endocrine disruption in the human 

population, and in particular the 

consequences of administering such a potent 

synthetic oestrogen to women during the 

vulnerable stages of pregnancy. Several 

million women were prescribed DES 

between 1940 and 1971 until it was reported 

to have caused a rare vaginal cancer in some 

daughters born to the women who had taken 

DES during pregnancy 28. From 1971, 

prescription ceased but the legacy lives on. 

Long-term follow-up studies have shown that 

in utero exposure to DES is associated with a 

lifelong increased risk of a range of adverse 

reproductive health outcomes for both 

daughters and sons 29. Furthermore, the 

adverse consequences are also now being 

reported as passing on to the following 

generations of daughters 30 and sons 31 born 

to the DES-exposed women without any 

further exposure. These reports demonstrate 

that exposure to this potent synthetic 

oestrogen in the foetal life of a woman can 

have consequences not only for her 

reproductive health in later adult life but also 

for that of her children without the need for 

any further exposure. Furthermore, the 

effects on the DES-exposed sons show that it 

is not only the female line but also the male 

line which can be vulnerable. However, the 

fact that not every DES-exposed daughter or 

son had adverse symptoms emphasizes the 

diversity in response between individuals and 

shows the difficulty in identifying causative 

agents of hormone disruption where 

variations in susceptibility can influence 

outcomes. 

 

4. Advances in molecular endocrinology 

reveal the ubiquity of endocrine disruptors 

 The ability to disrupt hormone actions 

has been known about since ancient times, 

not least in the context of the use of castration 

to change serving males into eunuchs, but an 

appreciation of hormones as specific 

identifiable chemical messengers began only 

in 1902 with the identification of secretin in 

the regulation of the digestive system 32 

(Figure 1). However, it was in the late 1950s 

and early 1960s that the molecular actions of 

hormones started to be understood and that 

their mode of action was shown to involve 

binding to specific cellular receptor proteins, 

most notably from the pioneering work of 

Elwood Jensen on the oestrogen receptor 33. 

Developments in protein chemistry allowed 
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estrogen receptor protein to be purified 33, 

developments in chemical synthesis of 

oestrogenic compounds 21 and improvements 

in methods for radiolabelling synthetic 

hormones allowed specific binding of 

hormone to receptor protein to be 

demonstrated 33. Subsequent work showed 

that estrogen binds to receptor in the 

cytoplasm of a cell and that the complex then 

moves to the nucleus 34-36 leading to 

induction of specific mRNAs 37. Further 

purification of estrogen receptor protein led 

to development of antibodies 38,39 which 

ultimately allowed the cloning of estrogen 

receptor cDNA in the mid 1980s 40. 

Analogous pathways of discovery were 

followed for other steroid receptors and other 

members of the nuclear receptor superfamily 
41.  

These advances in molecular 

endocrinology allowed for the development 

of assays showing that hormone-receptor 

complexes could bind to DNA and function 

as transcription factors capable of regulating 

gene expression 41 (Figure 1). It was these 

same assays which were then also used to test 

the ability of different ligands to act as 

agonists or antagonists of specific receptors 

and hence allowed EDCs to be tested for their 

ability to disrupt specific receptor systems 

and specific receptor-mediated gene 

expression profiles 2 (Figure 1). Initially, 

most reports were of estrogen- or androgen-

disrupting activity because these were the 

assay systems most widely available, but as 

time has progressed, disruption through many 

other receptor systems have been reported as 

the assays have become available 2. Some 

environmental chemicals, particularly 

organochlorine compounds, were shown to 

bind to another nuclear receptor termed the 

aryl hydrocarbon receptor causing alterations 

to expression of cytochrome P450 genes 42. 

Since some of the P450 genes encode 

enzymes acting in the synthesis and/or 

metabolism of hormones, the mechanism of 

action of EDCs became understood as 

involving disruption to synthesis and 

metabolism of hormones as well as effects 

through altering gene expression 42. Now, 

more recently, non-genomic mechanisms of 

action of hormones are being unravelled, 

which may explain the rapid actions of 

hormones, and as assays have developed, so 

EDCs have been shown to interfere also in 

cell-signaling phosphorylation cascades 43,44. 

Over recent years, EDCs have also been 

shown to interfere in receptor-mediated 

epigenetic pathways through altering 

enzymes involved in DNA methylation and 

histone acetylation 45. 

Advances in development of such a 

range of assays for endocrine activity of 

compounds 2 have led to an understanding of 

the wide range of environmental chemicals 

distributed across global ecosystems which 

can act as endocrine disruptors, and the extent 

to which the human population is exposed to 

EDCs on a daily basis from contaminants in 

drinking water 2, air 46, food 2, or consumer 

products 2 as summarised in Figure 2. 

 

5. Development of analytical 

endocrinology has shown the wide uptake 

of endocrine disruptors into human tissues 

Assessment of the ability of 

environmental EDCs to enter human tissues 

from the many exposure routes (Figure 2) has 

been a priority area for investigation and this 

has been dependent on technological 

advances in detection limits for measuring 

chemicals in human body tissues using 

chromatographic separation methods and 

mass spectrometry. Although most EDCs 

bind more weakly to hormone receptors than 

do the physiological hormones 47, their 

presence in tissues is still significant at 

micromolar levels and even at nanomolar 

levels and especially when considering 

additive effects of mixtures of chemicals 48-

51. EDCs have now been detected globally in 

human urine, blood and milk which are the 

https://esmed.org/MRA/mra/


Philippa D. Darbre.        Medical Research Archives vol 9 issue 9. September 2021           Page 6 of 15 

 Copyright 2021 KEI Journals. All Rights Reserved                         https://esmed.org/MRA/mra/  

most accessible sampling methods, but more 

specialised tissue samples such as placenta, 

adipose tissue and breast tissue have also 

been reported as containing EDCs 2. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Advances in molecular endocrinology have enabled development of assay systems which 

demonstrate the wide range of environmental chemicals with endocrine-disrupting activity. Endocrine 

disrupters are found in diet, in air and in many consumer products. Some are naturally occurring (such as 

the plant phytoestrogens) but the majority are man-made chemicals released into the ecosystem by human 

activities (for detailed references see reference 2). 

 

Over the past 20 years, establishment 

of the National Health and Nutrition 

Examination Survey (NHANES) in the 

United States has demonstrated the 

widespread contamination of the US 

population. Under the NHANES project, 

many EDCs have been measured widely in 

human urine including phthalate esters (used 

in plastics) 52, bisphenol A (BPA) (used in 

plastics) 53, 4-tertiary-octylphenol (used to 

make resins and surfactants) 53, triclosan 

(used as an antimicrobial agent) 54, parabens 

(used as preservatives) 55 and benzophenone-

3 (used as an ultraviolet (UV) filter) 56. 

Although the presence of EDCs in human 

tissues cannot be taken alone to imply any 

adverse consequences, demonstration of their 

presence is a prerequisite for any adverse 

actions and development of increasingly 

sensitive methods for their detection in 

ENVIRONMENTAL SOURCES OF ENDOCRINE DISRUPTING CHEMICALS 

 AGROCHEMICALS 
 Pesticides (DDT & metaboltes, dieldrin, lindane, other chlorinated organics) 
 Herbicides (atrazine, glyphosate) 

 INDUSTRIAL CHEMICALS 
 Polychlorinated biphenyls (PCBs) (electrical industry) 
 Polychlorinated dibenzodioxins (by-product of incineration) 
 Polyaromatic hydrocarbons (combustion of fuels for transport) 

 FLAME RETARDANTS 
 Polybrominated diphenyl ethers (PBDEs) 

 STAIN RESISTANCE COATINGS 
 Perfluorooctanoic acid (PFOA), perfluorooctane sulphonate (PFOS) 

 PLASTICS 
 Bisphenol A and phthalate esters 

 DETERGENTS 
 Alkyl phenols 

 ANTI-FOULING PAINTS 
 Molluscicide (organotins) 

 PHARMACEUTICALS & COSMECEUTICALS 
 Synthetic estrogens (ethinylestradiol), synthetic progestins (contraceptive pill) 
 Synthetic glucocorticoids (anti-inflammatories) 
 Paracetamol (analgesic, antipyretic) 

 PERSONAL CARE PRODUCTS 
 Antimicrobial preservatives (parabens, triclosan) 
 UV filters (benzophenones & at least 50 related compounds) 
 Fragrance (butylphenylmethylproprional, benzyl salicylate, musks) 
 Antiperspirant (aluminium salts) 

 PHYTOESTROGENS 
 Natural components of plants (foods, nutraceuticals, personal care products) 
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human tissues has brought an awareness of 

their entry into human tissues which was 

previously not considered to be possible. 

 

6. Advances in medical endocrinology 

reveal consequences of EDC exposure for 

human health 

Over the past century, substantial 

advances have been made in understanding of 

the wide-ranging physiological effects of 

hormones and in the underlying defects in 

endocrine disorders 57,58. The ability of 

environmental chemicals to cause endocrine 

disruption provides a new dimension to 

endocrine dysfunction 2. Evidence is now 

accumulating for a causative role of EDCs in 

many male and female reproductive 

disorders, thyroid and adrenal disorders, 

developmental disorders, immune system 

dysfunction and metabolic disorders, 

including obesity, diabetes and 

cardiovascular disease 2 (Figure 3). 

Deregulation of hormonally controlled cell 

growth may contribute to the development of 

endocrine cancers 2. Adverse effects of EDCs 

on developmental processes, including 

neurodevelopment, have implications for 

child health and development of disorders 

later in adult life 2 (Figure 3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Advances in medical endocrinology are showing the many human endocrine disorders which 

result from exposure to endocrine-disrupting chemicals (for more details see reference 2). 

ENDOCRINE DISRUPTING CHEMICALS 

 MALE REPRODUCTIVE DISORDERS 
 Urogenital tract malformations (hypospadias, cryptorchidism) 
 Reproduction – spermatogenesis – sperm counts, sperm quality 
 Testicular dysgenesis syndrome 
 Disorders of breast - gynecomastia 
 Pubertal development, prostatic hyperplasia, gender identity 

 FEMALE REPRODUCTIVE DISORDERS 
 Pubertal development, menopause 
 Reproduction – fertility, pregnancy, health of offspring 
 Disorders of uterus (fibroids, endometriosis) 
 Disorders of ovary (premature ovarian failure, irregular menstruation, 

polycystic ovary) 
 Disorders of breast (breast cyst, fibroadenoma) 

 CANCER OF REPRODUCTIVE TISSUES 
 Female – breast, endometrial, ovarian, cervical cancers 
 Male – Prostatic, testicular, breast cancers 

 THYROID DISORDERS 
 Dysfunction of thyroid hormone synthesis, thyroid cancer 

 ADRENAL DISFUNCTION 
 Dysfunction of adrenocortical steroidogenesis 

 DEVELOPMENTAL DISORDERS 
 Disorders resulting from in utero and early life exposure to EDCs 
 Neurological & behavioural disorders 

 IMMUNE SYSTEM DYSFUNCTION 
 Immunomodulation and disease susceptibility, inflammatory responses 

 METABOLIC DISORDERS 
 Obesity, diabetes 
 Cardiovascular disease 
 Dysfunction of gut microbiome 
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The effects of exposure to DES 

during human development in utero gave 

early warning that humans could be 

vulnerable to endocrine disruption with long-

lasting consequences 28-31. However, a new 

focus on human health opened up in the early 

1990s with reports of declining sperm quality 

in men living in Denmark compared with 

men living in Finland, its less industrialised 

neighbour, and this was proposed to relate to 

exposure to pollutant chemicals 59. The 

decline in sperm quality was associated with 

incidence of hypospadias, cryptorchidism 

and testicular cancer defining a new testicular 

dysgenesis syndrome 60 and opening the door 

to wider discussions concerning 

environmental chemicals as causative agents 

in other increasingly reported not only male 

but also female reproductive problems 2. 

Another new focus on human health 

was also opened in the 1990s when David 

Barker proposed a link between aberrant 

foetal development and adult disease 61. With 

the unfolding legacy of reproductive 

consequences following in utero exposure to 

DES 28-31, wider discussions were initiated on 

the potential for other EDCs to impact on 

foetal development with long-lasting 

consequences for adult health 62-64. When 

some EDCs were demonstrated to possess 

obesogenic properties, concerns were raised 

for the potential for exposure to such 

chemicals in foetal life to be linked with the 

epidemic of obesity 65. Given the evidence 

that breast cancer is an endocrine-regulated 

cancer with origins often in early life, 

questions need to be asked about the potential 

for EDC exposure to be causative in the rising 

incidence observed now worldwide 66 and 

such questions could be relevantly expanded 

to other endocrine-related cancers 2. 

The demonstration that so many 

environmental chemicals can act by 

disrupting hormone action has brought a 

whole new dimension to medical toxicology, 

because by acting through receptor-mediated 

processes, adverse effects can occur at much 

lower concentrations and in a much more 

targeted manner than would occur for 

classical nonspecific toxicity. Furthermore, 

the non-monotonic actions of hormone 

receptor-mediated mechanisms have also 

challenged the basic premise of toxicology 

that “the dose makes the poison”, a concept 

first introduced by the Swiss chemist 

Paracelsus (1493-1541). Since dose-response 

curves for receptor-mediated actions may not 

always be linear 67, with mechanisms at high 

concentrations often different from those at 

low concentrations, this challenges classical 

toxicological responses in which higher 

doses are expected to give greater toxicity. 

Unravelling the many ways in which EDCs 

can disrupt hormone action has occurred 

alongside advances in endocrinology, and 

EDCs have been shown to interfere in many 

different endocrine pathways both as 

individual chemicals and as complex 

mixtures 48-51 as outlined in Figure 4 2. In 

assessing the outcomes of exposure to EDCs, 

it must be taken into account that there will 

be differences in response between different 

tissues and different individuals 2. Tissue 

responses will depend not only on relative 

receptor concentrations and cellular 

environment of the target cells but also on the 

wider microenvironment within the tissue 68. 

Variations in responses of different 

individuals will depend on a complexity of 

interactions between the individual genetic 

background and lifestyle factors. In this 

context, it must be considered that EDCs can 

compromise human health, even if they do 

not do so for every person 2.
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Figure 4. Mechanisms of action of endocrine-disrupting chemicals which characterise them as differing 

from non-specific toxic compounds. Their ability to bind to hormone receptors allows for them to act at 

much lower doses and in a more targeted manner than non-specific compounds (for more details see 

reference 2). 

 

7. Concluding comments 

Modern life appears to be making it 

inevitable that the human population will 

continue to be exposed on a daily basis to 

complex mixtures of EDCs from air, water, 

food and consumer products. Although 

concentrations of individual chemicals may 

be low, uptake into human tissues and 

bioaccumulation of lipophilic EDCs ensures 

that chemicals, which did not even exist 100 

years ago, are now ubiquitously present in the 

human body and outcomes will depend not 

only on exposures but also on individual 

susceptibilities.  

Over recent decades, there have been 

many discussion meetings about how 

regulatory measures might be taken to reduce 

exposure to EDCs. One of the most 

significant early scientific meetings on EDCs 

was the World Wildlife Fund Wingspread 

Conference in Wisconsin in the USA in 1991, 

which was where the term “endocrine 

disrupter” was first proposed 69. Europe has 

played a significant role in championing the 

regulation of EDCs. The first European 

meeting on EDCs was held in 1996 in 

Weybridge to discuss the implications of 

findings 70, and a further meeting 15 years 

later in Finland reported on progress made 

from European-funded projects 71. EDCs 

have been addressed in several acts of 

European law including The Water 

Framework Directive (European Parliament 

2000), The European Registration, 

Evaluation, Authorisation and Restriction of 

CHemicals (REACH) legislation (European 

Parliament 2006), The Plant Protection 

Products Regulation (PPPR) (European 

ENDOCRINE DISRUPTING CHEMICALS 

 EFFECTS ARE RECEPTOR-MEDIATED 
 Receptors give targeted responses 
 Effective concentrations determined by binding affinity to receptors 

 ACT AT LOW DOSES 
 Receptors are activated by low doses of compounds 

 RESPONSES ARE NON-MONOTONIC 
 Dose-response curves may not be linear 
 Effects at high doses may be entirely different from those at low doses 

 EFFECTS MAY BE LONG-TERM 
 Long-term effects may differ from short-term effects 

 EACH EDC MAY HAVE MULTIPLE DIFFERENT EFFECTS 
 EDCs may bind to more than one receptor 

 MIXTURE EFFECTS  
 Mixtures of EDCs may have additive or complementary actions 

 EFFECTS WILL BE TISSUE-SPECIFIC AND CELL TYPE-SPECIFIC 
 Effects are determined by presence of relevant receptors 

 EFFECTS MAY DIFFER AT DIFFERENT LIFE STAGES 
 Windows of susceptibility 

 EFFECTS MAY BE MULTIGENERATIONAL & TRANSGENERATIONAL 
 Effects may pass on to future generations without need for further 

exposure 
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Parliament 2009), The Cosmetics Regulation 

(European Parliament 2009) and the Biocidal 

Products Regulation (European Parliament 

2012) 72.  

The ability of different combinations 

of EDCs to cause similar clinical outcomes 

provides a very real problem for any 

regulatory actions or preventative measures. 

Some adverse effects such as gynecomastia 

caused by exposure to dermal estrogenic 

EDC exposures in men can be clearly 

reversible upon ceasing exposure, thus 

allowing for the causative agents to be 

identified 73-77. However, the long-term, 

multifactorial nature of other adverse health 

outcomes such as cancer is much more 

difficult 2. Nevertheless, research must move 

to a position of being able to advise on how 

to avoid the many adverse clinical outcomes 

which are on the rise, not least in relation to 

EDC exposures of mothers during pregnancy 

and of early life exposures in children. Even 

if an EDC is only part of a mixture and can 

be substituted by another EDC acting via a 

similar mechanism, it makes it no less 

problematic. Even if an EDC is not always 

present at higher concentrations in blood or 

tissue of an individual affected by an adverse 

endocrine health outcome, it makes it no less 

culpable in those individuals where it is 

present or present as part of a mixture. All 

this leads to a conclusion that regulating 

individual chemicals is not enough and that 

EDC exposure needs to be reduced “across 

the board”. The human body is remarkably 

tolerant of toxic insult but for every 

individual there is likely to be a point where 

the body can no longer cope with more. This 

is expressed very well in the idiom “the straw 

that breaks the camel’s back”, which 

describes a seemingly minor or routine action 

that causes an unpredictably large and sudden 

reaction because of the cumulative effect of 

small actions. This concept has been well 

known in mathematics as “Catastrophe 

Theory”, a theory developed in the 1960s by 

the French mathematician René Thom to 

make predictions of gradually changing 

processes which may lead to sudden changes 
78. The parallels with increasing exposures to 

EDCs in modern life are stark, and this maybe 

serves to remind us, as endocrinologists, of 

our need to be mindful of advances in all 

areas of endeavour and their applicability to 

our own field of interest.
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