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Abbrevıatıons: PPARS, Peroxisome proliferator activated 
receptors; EDCs, Endocrine disrupting chemicals; POPs, Persistant 
organic pollutant; TBT:Tributytin; DES, Diethylstilbestrol; BPA, 
Bisphenol A; BDEss, Polybrominated diphenylethers; DDT, Dikloro 
difenil trikloroethan; DDE, Dikloro difenil dikloroetilen.

Adipose tissue functions and alterations due 
to EDCs

Obesity is a global health problem in recent years.1,2 Adipose 
tissue was known as a fat storage tissue increasing with the rise of the 
body mass index the indicator of obesity. Recently it is well known 
that adipose tissue is not only a storage tissue but also has endocrine 
and metabolic functions.3,4 The major body weight regulators and 
inflammatory agents such as leptin, peroxisome proliferator-activated 

receptors (PPARs) is controlled by adipose tissue.These regulators 
stimulate food intake, metabolic efficiency, and energy storage.4,5 
Interruptions in endocrine functions of adipose tissue may contribute 
to obesity.6 Many environmental chemicals, are mainly lipophilic and 
accumulate in adipose tissue, affect actions of hormones so these 
chemicals have been defined as endocrine-disrupting chemicals(EDCs) 
or endocrine disruptors.1,7 With the increase in production of EDCs 
in the world parallels the global obesity prevalence increases.8,9 
Obesogens as xenobiotic chemicals which bring about decreasing 
detoxification mechanism of body may alter the normal progress of 
adipogenesis or energy balance.3,8,10,11

EDC contamination 
EDCs occur at all parts of the environment as they are present 

in surface and ground water, in rivers, lakes, oceans; in precipitates, 
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Mini ReviewAbstract

Obesity is a global health problem in recent years. Adipose tissue was known as a 
storage tissue increasing with rise of the body mass index the indicator of obesity. 
Recently, adipose tissue is well known to be an endocrine organ with endocrine and 
metabolic functions. Interruption of endocrine functions of adipose tissue might 
contribute to obesity. Many environmental chemicals affect actions of hormones 
so these chemicals have been defined as endocrine-disrupting chemicals (EDCs) or 
endocrine disruptors. With the increase in production of EDCs in the world parallels 
the global obesity prevalence increase. These chemicals commonly found in pesticides 
/herbicides, industrial and household products, plastics detergents and personal care 
products. Humans are mainly exposed to EDCs with contaminated water and food, 
particularly with meat, fish and dairy products as animals also accumulate EDCs 
in their adipose tissue; dermal absorbtion as well as inhalation of polluted air. The 
reported rise in obesity of children under 2 years of age is also suggestive of alterations 
during development. In fetal and early life EDCs exposure may also have an influence 
on epigenetic programming of obesity. These pollutants can pass from mother to fetus 
via placenta and breast feeding. EDCs are also thought to alter microbiata profile 
thus resulting in obesity as well as altering related epigenetic variations. Studies also 
report that gender, dose, life stage and duration of EDCs exposure are also important 
factors in altered functions, but it is still not clear that which chemical at which dose 
and duration may cause the significant alterations. Some obesogens are found in 
nature such as phytoestrogens and the others are mostly synthetic chemicals. These 
substances are defined persistant organic pollutant (POPs) and they accumulate in 
adipose tissue as they ara lipophilic chemicals. Common EDSs are Tributyltin (TBT), 
4-Nonylphenol used in industry, persistent organochlorines (POPs) used in agriculture 
industry, diethylstilboestrol (DES) as a pharmaceutical, bisphenol A (BPA) and 
phthalates used in plastics, parabens as preservatives, phytoestrogens in edible plants, 
polybrominated diphenylethers (PBDEs) as flame retardants. We aimed to overview 
common environmental pollutants accepted as EDCs with their sources humans are 
exposed in daily life, their health contributions and acting mechanisms in general and 
searched current literature with the key words: obesogens, POPs, endocrine disruptors 
in pubMed and filtered the results with articles in recent 5 years. One of the main 
issues of the world is obesity which is related to genetic and environmental factors. 
Although obesity is related with excessive food consumption or lack of exercise 
with the increasing industrialization it is also strongly associated with environmental 
factors such as synthetic chemicals and pollutants. Although there are policies to 
reduce the EDCs exposere, individual precautions and conscious consumers tought 
to be more effective. This mini review provides current experience about association 
between obesity and endocrine disrupting chemicals.
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lands and plants.12,13 They appear as they transfer to land via air and 
back to air when their concentrations in the air are reduced as well as 
their circulation between water and air and/or lands seems to be the 
same.13,14 These chemicals commonly found in pesticides /herbicides, 
industrial and household products, plastics detergents and personal 
care products.1,7 These synthetic chemicals are enduring so they do 
not degrade in the nature. For this reason these substances are defined 
persistant organic pollutant(POPs) and they accumulate in adipose 
tissue.15,16 Some obesogens are found in nature such as phytoestrogens 
and the others are mostly synthetic chemicals. Humans are mainly 
exposed to EDCs with contaminated water and food, particularly with 
meat, fish and dairy products as animals also accumulate EDCs in their 
adipose tissue; dermal absorbtion as well as inhalation of polluted air.8 
They are lipophilic and bioaccumulate in the food chain and human 
body. More obese the individual is more chemicals are accumulated 
and more accumulated chemicals induces more fat deposit as they 
are endocrine disruptors and damages the endocrine control of body 
weight.1 

Common EDCs
Widespread EDCs which human are known to be exposed are 

Tributyltin (TBT), 4-Nonylphenol used in industry, persistent 
organochlorines (POPs) used in agriculture industry, diethylstilboestrol 
(DES) as a pharmaceutical, bisphenol A (BPA) and phthalates used 
in plastics, parabens as preservatives, phytoestrogens in edible 
plants, polybrominated diphenylethers (PBDEs) as flame retardants.1 
Tributyltin(TBT) used as a biocide in antifouling paints applied to 
the hulls of ships and cause imposex in molluscs and to masculines 
female fish.1,17 TBT may inhibit aromatase which is responsible for 
the conversion of testosterone into estrogens.1,18,19 4-Nonylphenol 
is has eustrogenic effets and used as a surfactan in industry and 
domestic applicarion.1,20,21 POPs are used mostly as insecticides 
(DDT, DDE) and Diethylstilbestrol (DES) is a non steroidal estrogen.
The DES toxicity includes its interference with reproductive system 
and association with female reproductive tract cancers.1,22 Bisphenol 
A a componenet of polycarbonat plastics and resins. It is ubiquitous 
in food and beverage containers, baby bottles, toys, dental sealants. 
Foods and beverage can be contaminated by BPA as a result of heating 
or acidic/basic condition during storage.1,8 Phythalates are diester of 
phthalic acid .They are used in commonly plastic scuh as polyvinyl 
chloride and some products such as food and beverage packaging, 
soaps, shampoos,cosmetics and hair sprays.8 Parabens are mostly 
found in personal care products, foods, pharmaceutical products and 
paper products.1,23 Phytoestrogens are found naturally in plant such as 
soy and soy products. They are defined dietary estrogens. Increased 
consumption of soy products and soy supplements cause exposure to 
phytoestrogens. Genstein which is predominant isoflavone in soybean 
is responsible of changes in the metabolic and adipogenic regulators 
such as PPAR ɣ.8,24,25 Recent experimental data supported that genistein 
dysregulates the body composition, in a dose-dependent and gender-
specific manner, disrupting and reprogramming the signals dictating 
adipose tissue expansion, likely throughout the early-life epigenetic 
regulation of Wnt10b, a further key adipogenic gene in adipose 
tissue.8,26 Polychlorinated Bisphenols are organic chemicals and found 
in electricam equipment. Some PBCs are identified as EDCs because 
of their estrogenic and antiandrogenic effects.8,27 Although PCBs 
were banned at the end of the 1970s in many countries because of 
environmental toxicity, these compounds still remain present in the 
environment due to their high stability and represent one of the key 

constituents of POPs all over the world.8,28 Perfluoroalkyl substances 
(PFASs) are non organochlorine POPs used in industrial applications.
PFASs are detectable in human blood.8 Pesticides consumption is 
the most important source of EDCs exposure.1,29 Two main types 
of pesticided are organochlorine and organophosphate pesticides. 
Although Organochlorine pesticides was banned, they are still 
detected in tap water. Organophosphate pesticides have replaced 
organochlorine.1,29 These pesticides enter into food chain and tends to 
persist environment and accumulate human body.8,30

Acting mechanisms of EDCs on human body
Human body might be exposed to these chemicals with oral 

intake by contaminated water and food consumption, respiration, or 
dermal absorption.1,7 EDCs related to obesity may involve in several 
mechanisms. EDCs distrupt lipid and glucose metabolism (endocrine 
regulated metabolic process) and also neuroendocrine control of 
appetite and satiety.1,9,17,31,32 Moreover EDCs affect pro-inflammatory 
mechanisms by activating oxidative stress- sensitive transcription 
factors such as nuclear factor kappa B (NFKB) stimulating cytokines, 
chemokines and adhesion molecules in the vascular endothelium. 
Along the pro-inflamatory mechanisms, EDCs are associated with 
an increased risk of non communicable or chronic diseases such 
as cardivascular diseases or diabetes and insulin resistance.1,18,33,34 
As EDCs are accumulated in fat tissue several studies shown an 
increasing in blood POPs following fat loss when obese individuals 
lose weight with diet or bariatric surgery, with approximately 30 kg 
decrease in fat Mass.3,35,36 Gender dose, life stage and duration of 
EDCs exposure are also important factors.1,37 In obesogen hypothesis, 
EDCs effect obesity related epigenetic variations and microbiata 
profile.8,38 EDCs stimulate expression of noncoding RNAs, changes 
in chromatin structure and DNA and histone methylation.8 Low 
levels of DNA methylation can produce active adipogenic genes so 
adipocyte number increases. Increasing active adipogenic genes may 
change metabolic set point.8,38 According to set point theory, body 
weight sustains stable from internal regulatory mechanisms that are 
genetically determined.39 Change in metabolic set point causes weight 
regain after weight loss.8,38

In 14th week of gestation, adipogenesis begins8,40 and goes on 
during postnatal period.6,41 The reported rise in obesity of children 
under 2 years of age is also suggestive of alterations during 
development.1,42,43In a study with children in the Faroe Island shown 
that prenatal exposure to polychlorinated bisphenols and dikloro 
difenil dikloroetilen contained in seafood is related with increased 
body weight.1,44 In early life EDCs exposure can influence epigenetic 
programming of obesity.1 These pollutants can pass from mother to 
fetus via placenta and breast feeding. In a cohort conducted in 189 
adult obese individuals aimed evaluation of POPs level in visceral and 
subcutaneous adipose tissue has found that both were affected with 
POPs but visceral adipose tissue was more sensitive to accumulation. 
Additionally they found a relationship between increased POPs 
accumulation and increased metabolic risk as dysglycemia and high 
blood pressure had positive relationhip with elevated POPs level.

 A rodent model experiment female mice were fed with high fat 
and high sucrose diet with or without pollutants. The pollutants were 
prepared as a mixture of low doses. It contained ‘Tolerable Daily 
Intake(TDI)’ doses of tetrachlorodibenzo-p-dioxin, PCB, bisphenol A 
and phthalate. Each pollutant was used at a dose grossly corresponding 
to the TDI reference dose. They found that mice fed with pollutants 
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even at TDI doses had increased body weight, plasma fasting glycose 
and plasma insulin levels. Additionally they have out that metabolic 
outcomes were sex and age depended that female were more sensitive 
to exposure in diffrerent stages of life span.

Conclusion
One of the main issues of the world is obesity which is related to 

genetic and environmental factors. Although obesity is related with 
excessive food consumption or lack of exercise with the increasing 
industrialization it is also associated with strongly environmental 
factors such as synthetic chemicals and pollutants. Common EDSs 
are Tributyltin (TBT), 4-Nonylphenol used in industry, persistent 
organochlorines (POPs) used in agriculture industry, diethylstilboestrol 
(DES) as a pharmaceutical, bisphenol A (BPA) and phthalates used in 
plastics, parabens as preservatives, phytoestrogens in edible plants, 
polybrominated diphenylethers (PBDEs) as flame retardants. While 
these chemicals are known to be used industrially, many chemicals 
may occur unintentionally during industrial processes. Obesogens 
as xenobiotic chemicals which bring about decreasing detoxification 
mechanism of body can alter the normal progress of adipogenesis 
or energy balance. Environmental pollutants and poor nutritional 
patterns affect hormonal regulation, metabolic pathways, cell 
modification/stress and thus resulting in increased disease risk due 
to long term effects of gene expression. In other words obesogenes 
causing alterations in PPARɣ activation and causes elevated fat cell 
quantity and volume which results in obese humans and animals. 

When considering the relationship between obesity and EDCs, 
production of EDCs must be controlled by policies and exposure 
to these substances especialy in early life stages should be reduced. 
Two important policies are applied for EDCs exposure.The UNEP 
Stockholm Convention (UNEP, 2001) propose to eliminate or 
reduce the production and use of persistent organic pollutants. The 
other protocol The Aarhus Protocol on Persistent Organic Pollutants 
examines to eliminate any discharge, emissions and losses of persistent 
organic pollutant in Europe, some former Soviet Union conuntries 
and The United States. The Protocol bans the production and use of 
some products outright. Although there are policies to reduce the EDCs 
exposere, individual precautions and conscious consumers tought to 
be more effective.

Recommendation 

Industrilization and processes in food supply are neccessary for 
global increase of human population and development. In order to 
reduce exposure to EDCs, personal cautions might be summarized as 
maintaining ideal body weight as individuals with more adipose tissue 
are vulnerable for more accumulation of EDCs. 

Diet should include a variety of foods as potential harm from 
contaminants has to be compensated with potential benefits and 
also in order to decrease exposure to a spesific EDC from a spesific 
source. Animal sourced fats which are high in persistent toxics due 
to bioaccumulation should be decreased and before meat, fish and 
poultry consumption fat and skin should be trimmed. Vegetables 
and fruits should be washed thoroughly with a brush and fruits and 
vegetables which have any damage should not be selected and outer 
layer of the leafly vegetables should be peeled. For reduction of 
industrial chemical exposure it is important to be aware of the spesific 
EDC sources which are commonly in use during daily life such as 

cosmetic products, detergent, packaged food and plastics and should 
be considered during selection of the relevant product.
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