Vol 2 | Issue 1 | Pages 36-44

Annals of Toxicology

Review Article DOI: 10.36959/736/637

Synthetic Endocrine Disrupting Chemicals are not a
Significant Cause of Obesity

Carr J Smith**(2), Thomas A Perfetti?, A Wallace Hayes® and Sir Colin Berry* '.)

Check for
1Albemarle Corporation, Alabama, USA

2Perfetti & Perfetti, LLC, Winston-Salem, NC, USA

3University of South Florida College of Public Health and Institute for Integrative Toxicology, Michigan State University,
USA

“Queen Mary University of London, UK

Abstract

Background: Obesity is a worldwide epidemic with approximately two billion adults classifiable as overweight and over
600 million as obese. In the US, approximately two-thirds of adults over age 20 are overweight with about 35% currently
obese with the obesity percentage steadily rising.

Aim: Obesity is a complex disease wherein an excessive amount of body fat accumulates from ingesting more calories
than are burned. Obesity usually results from a combination of factors including genetics, ready availability of inexpensive
high caloric foods, low exercise levels or sedentary lifestyles, and poor dietary choices.

Methods: This paper provides an overview of the available information on synthetic endocrine disrupter chemicals and
reasons why these chemicals are not a significant cause of obesity.

Results: Prenatal effects of exposure to synthetic endocrine disrupting chemicals (EDCs) have been proposed as a
causative factor in the obesity epidemic. Population effects from prenatal EDCs would be expected to be very minor as
exposures to EDCs are very low; and humans are routinely exposed to a huge number and high concentration of naturally
occurring chemicals with potential endocrine effects. Further reducing exposures to the trace amounts of EDCs in the
environment would not be expected to measurably ameliorate the obesity epidemic which is mainly being driven by
excessive caloric intake of high carbohydrate and high sugar content foods.

Conclusions: While exposure to synthetic EDCs is not a major factor in developing obesity, the converse is true; adipose
tissue is an important source of estrogens, testosterone, thyroid stimulating hormone, leptin and approximately 500
biologically active compounds termed adipokines. The hormonal and pro-inflammatory effects of adipose tissue underlie
the association between obesity and increased risk of a number of chronic diseases.
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We recently published two reviews on obesity [4,5]. In
these reviews, the putative relationship between EDCs and
obesity was noted: “The adverse health effects of obesity are
likely to be extensive and include many factors apart from the
widely understood type 2 diabetes risk.”

“A significant body of literature reports that exposure to
endocrine disrupting chemicals can adversely affect the en-
docrine glands, with an increased tendency toward devel-
oping obesity among the notable effects [6]. Any study on
the potential adverse effects of exposures to relatively low
concentrations of chemicals that might alter the endocrine
system must take into account the very high percentages of
societal obesity and the clear biological activity of the many
molecules released by adipose tissue.”

Exposure to synthetic endocrine disrupting
chemicals (EDCs) is very low

The World Health Organization (WHO) defines an endo-
crine disrupting chemical (EDC) as 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” [3]. Under
the auspices of the United Nations (UN) Environment Pro-
gramme, the International Panel on Chemical Pollution (IPCP)
has published a list of 45 chemicals from 11 structural groups
classified as EDCs or potential EDCs [7]. This list has been ad-
opted by the European Commission. Forty-eight additional

chemicals are under consideration by the European Chemi-
cals Agency (ECHA) for classification as EDCs [8].

The United States National Institute of Environmental
Health Sciences (NIEHS) describes three common mecha-
nisms by which EDCs can exert their effects [9]. First, EDCs can
possess estrogenic or androgenic activity, or mimic or partial-
ly mimic the activity of thyroid hormones. Second, EDCs can
function as anti-estrogens or anti-androgens via intracellular
receptor binding. Third, EDCs can adversely impact either
the synthesis or regulation of hormone receptors thereby al-
tering receptor function, e.g. liver metabolism of receptors.
Exposure to EDCs is of particular concern in situations char-
acterized by rapid cellular development including pregnancy
and infancy [9].

In the previously noted recent review, we [4] discussed
the mechanisms of obesity, insulin resistance, and the met-
abolic syndrome; and also reviewed the mechanisms of obe-
sity-related alterations in bone density, composition, and re-
silience to fracture; and presented the diverse mechanisms
associated with cancer and obesity.

Numerous regulatory agencies in the United States and
in the European Union have programs directed at under-
standing EDCs (European Food Safety Authority (EFSA); US
Environmental Protection Agency (US EPA); US EPA, [10-13].
Human exposure to a number of the 45 EDCs adopted by the
European Commission has been measured (Table 1). Expo-

Table 1: Reported levels of the 45 Endocrine Disrupting Chemicals (EDCs) in human body fluids.

Endocrine Disrupting Chemicals CAS RN Chemical Class Regulatory Reported levels of EDCs in References

(EDC) Adopted by the European Status Human Body Fluids (blood,

Commission (EC) plasma, umbilical cord fluid,

etc.) or Urine’

Benzophenone-2; 2,2',4,4'- 131-55-5 Benzophenone Component 0.05-0.07 ng/ml [17]

tetrahydroxybenzophenone Under Study

Benzophenone-3; Oxybenzone 131-57-7 Benzophenone  Component 60-140 ng/ml [20]
Under Study

Benzyl butyl phthalate; BBP B5-68-7 Phthalate Sunset date, | BDL (0.2 ng/mL) [14]
02/21/2015

3-Benzylidene camphor (3-BC); 15087-24-8 Camphor Component BDL [15]

1,7,7- trimethyl-3- (phenylmethylene) Under Study

bicyclo[2.2.1]heptan-2- one

Bis(2-ethylhexyl) phthalate (DEHP) 117-81-7 Phthalate Sunset date, | 103.55 + 92.98 ng/ml [25]
02/21/2015

Bisphenol F 620-92-8 Phenol Component 212 ng/ml [23]
Under Study

Bisphenol S 80-09-1 Phenol Component 12.3 ng/ml [23]
Under Study

Butylated hydroxytoluene 128-37-0 Phenol Component 4.4-273.9 ng/g [28]
Under Study

Butylparaben; butyl 4-hydroxybenzoate b4-26-8 Phenol Component 0.03-0.42 ng/ml [18]
Under Study

Carbon disulphide 75-15-0 Bisulphide Component BDL Very short half-life None
Under Study

Dibutyl phthalate (DBP) 84-74-2 Phthalate Sunset date, |0.18-13.47 ug/mL [27]

02/21/2015
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Dicyclohexyl phthalate (DCHP) 84-61-7 Phthalate Component BDL (0.2 ng/mL) [14]
Under Study

Diethyl phthalate (DEP) 84-66-2 Phthalate Component 0.64-3.11 pg/mL [27]
Under Study

Dihexyl phthalate (DHP) 84-75-3 Phthalate Component BDL (0.2 ng/mL) [14]
Under Study

4,4'-Dihydroxybenzophenone 611-99-4 Benzophenone | Component BDL Very short half-life None
Under Study

Diisobutyl phthalate (DiBP) 84-69-5 Phthalate Sunset date, | BDL (0.2 ng/mL) [14]
02/21/2015

Diisodecyl phthalate (DiDP) 26761-40-0 | Phthalate Component BDL (0.2 ng/mL) [14]
Under Study

p-(1,1-Dimethylpropyl) phenol 80-46-6 Phenol Component BDL Very short half-life None
Under Study

Dioctyl phthalate (DOP) 117-81-7 Phthalate Sunset date, | BDL (0.2 ng/mL) [14]
02/21/2015

Diundecyl phthalate (DuDP), branched and 85507-79-5 | Phthalate Component BDL (0.2 ng/mL) [14]

linear Under Study

2-Ethylhexyl 4-methoxycinnamate 5466-77-3 Acrylate Component 5-8 ng/ml [20]
Under Study

Ethylparaben [120-47-8 Phenol Component 0.02-31.7 ng/mL [80]
Under Study

4-Heptylphenol, branched and linear 1987-50-4, | Phenol Component BDL Very short half-life None

72624-02-3 Under Study

Metam-sodium 137-42-8 Dithiocarbamate | Component BDL Very short half-life None
Under Study

3-(4-Methylbenzylidene) camphor; 1,7,7- | 36861-47-9 | Camphor Component 16-18 ng/ml [15]

trimethyl-3-[(4-methylphenyl) methylene] Under Study

bicyclo[2.2.1] heptan-2-one

Methylparaben (MPB) 99-76-3 Phenol Component 43.9 ng/mL [24]
Under Study

4-Nitrophenol 100-02-7 Phenol Component BDL Very short half-life None
Under Study

4-Nonylphenol, branched and linear - Phenol Component 32 ng/mL [19]
Under Study

4-Nonylphenol, branched and linear, - Phenol Sunset date, 0.07-0.16 ng/ml [19]

ethoxylated 01/04/2021

Pentachlorophenol (PCP) 87-86-5 Phenol Component 109.6 ng/ml [26]
Under Study

Propylparaben; propyl 4-hydroxybenzoate | 94-13-3 Phenol Component 2.9-60.4 ng/ml [81]
Under Study

Quadrosilan; 2,6-cis- 33204-76-1 | Siloxane Component - None

Diphenylhexamethylcyclotetrasiloxane Under Study

2,4-Dihydroxybenzophenone 131-56-6 Benzophenone  Component 2.2-6.3 ng/ml [17]

(Resbenzophenone) Under Study

Resorcinol 108-46-3 Phenol Component BDL [16]
Under Study

Tebuconazole [107534-96-3  Triazole Component - None
Under Study

Tert-butylhydroxyanisole (BHA); tertbutyl- | 25013-16-5  Phenol Component Very short half-life [82]

4-methoxyphenol Under Study

Tert-butyl methyl ether; MTBE; 2- 1634-04-4 Ether Component 5-20 ng/ml [83]

methoxy-2-methylpropane Under Study
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4-(1,1,3,3-Tetramethylbutyl)phenol 140-66-9 Phenol Sunset date, | 0.2-20.6 ng/ml [19]
01/04/2021

4-(1,1,3,3-Tetramethylbutyl)phenol, - Phenol Component BDL Very short half-life None

ethoxylated Under Study

Thiram 137-26-8 Dithiocarbamate Component BDL Very short half-life None
Under Study

2,4,6-Tribromophenol 118-79-6 Phenol Component BDL Very short half-life None
Under Study

Triclosan 380-34-5 Phenol Component 5.9 ng/ml [21]
Under Study

Triphenyl phosphate 115-86-6 Phenol Component 2.9 ng /mil [22]
Under Study

Zineb f12122-67-7 | Dithiocarbamate  Component BDL Very short half-life None
Under Study

Ziram [137-30-4 Dithiocarbamate | Component BDL Very short half-life None
Under Study

"BDL Very short half-life means the ED is metabolized very rapidly and the parent compound was eliminated.

sure levels to the 45 EDCs are very low. Eleven of the 45 EDCs
are metabolized very rapidly with the resultant half-life be-
ing so short that exposure cannot be measured as the parent
compound is eliminated prior to detection. The rapidly me-
tabolized EDCs include the following chemicals: Carbon disul-
phide (CASRN 75-15-0); 4,4'-dihydroxybenzophenone (CARN
611-99-4); p-(1,1-dimethylpropyl) phenol (CASRN 80-46-6);
4-heptylphenol, branched and linear (CASRN 1987-50-4 and
CARN 72624-02-3); metam-sodium (CASRN137-42-8); 4-ni-
trophenol (CASRN 100-02-7); 4-(1,1,3,3-tetramethylbutyl)
phenol, ethoxylated; Thiram (CASRN137-26-8); 2,4,6-tribro-
mophenol(CASRN118-79-6); Zineb (CASRN [12122-67-7); and
Ziram (CASRN137-30-4).

For example, oral absorption of metam-sodium is rapid
and almost complete (85%) based on urinary and expired
air excretion (50 and 35%, respectively). The metabolism of
metam is extensive and rapid, suggesting a decomposition
of metam into MITC (methylisothiocyanate), CO,, and COS.
MITC is further conjugated to glutathione and excreted in
urine while CO,, COS, and CS,, are excreted via expired air.
In terms of chemical analysis, metam is photosensitive and
decomposes in minutes [10].

Nine of the 45 EDCs are metabolically stable chemicals but
were in body fluids at levels below the analytical limit of de-
tection [14-16]. These nine EDCs include: benzyl butyl phthal-
ate (BBP) (CASRN [85-68-7) [14]; 3-benzylidene camphor (3-
BC) [15]; 1,7,7-trimethyl-3-(phenylmethylene)bicyclo[2.2.1]
heptan-2- one (phenylmethylene)bicyclo[2.2.1]heptan-2-
one (CASRN 15087-24-8) [15]; dicyclohexyl phthalate (DCHP)
(CASRN 84-61-7) [14]; dihexyl phthalate (DHP) (84-75-3) [14];
diisobutyl phthalate (DiBP) (CASRN 84-69-50); diisodecyl
phthalate (DiDP) (CASRN 26761-40-0) [14]; dioctyl phthalate
(DOP)(CASRN 117-81-7) [14]; diundecyl phthalate (DuDP),
branched and linear (CASRN 85507-79-5) [14]; and resorcinol
(CASRN 108-46-3) [16].

Three of the 45 EDCs were measured at less than 1 nano-
gram (ng)/milliliter (ml) [17-19]. Five of the 45 EDCs were
measured at levels from 1-10 ng/ml [17,20-22]. Two of the 45

EDCs were measured at levels from 10-20 ng/ml [15,23]. Two
of the 45 EDCs were detected at levels between 20 and 50 ng/
ml [19,24]. One of the 45 EDCs was detected at a level of 50-
100 ng/ml [20]. Three of the 45 EDCs were detected at levels
between 100 and 150 ng/ml [20,25,26]. The four EDCs report-
ed at the highest levels were: Dibutyl phthalate (DBP) (CASRN
84-74-2), detected at 0.18-13.47ug/ml [27]; diethyl phthalate
(DEP) (CASRN 84-66-2), detected at 0.64-3.11ug/ml [27]; bi-
sphenol F (CASRN 620-92-8), detected at 212 ng/ml [25]; and
butylated hydroxytoluene (CASRN 128-37-0), detected at 4.4-
273.9 ng/g [28]. In summary, each of the 45 EDCs is found in
human body fluids at very low levels or at concentrations so
low as to be below the current analytical detection limit.

Routine exposures to naturally occurring chemi-
cals are extremely high

Testing to determine the endocrine disrupting potential
of chemicals is conducted according to standardized proto-
cols. In 2012 and then in 2018, the Organization for Economic
Co-operation and Development (OECD) released its “Revised
Guidance Document 150 on Standardized Test Guidelines for
Evaluation of Chemicals for Endocrine Disruption” [29]. The
OECD guidance document focuses on the disruption of estro-
gen, androgen, thyroid hormones, and steroidogenesis. The
United States Environmental Protection Agency (USEPA) has
published similar guidance documents detailing in vitro and
in vivo tests for endocrine disruption [11,12]. In addition to
these assay methods, computer-based models can also be
used to estimate the endocrine disruptor potential of chem-
icals, e.g. the United States Food and Drug Administration
(USFDA) Endocrine Disruptor Knowledge Base (EDKB) [13].
One aspect of the EDKB program is predicting the affinity for
binding of chemicals to estrogen and androgen nuclear re-
ceptor proteins.

The number of naturally occurring chemicals to which hu-
mans are routinely exposed is enormous, and the concentra-
tions are significant. First, 99.9% of the pesticides to which
humans are exposed are naturally produced by plants as a de-
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fense mechanism against insect and animal predation [30,31].
It has been estimated that Americans eat about 1.5 grams of
natural pesticides per person per day while eating common
vegetables including tomatoes, potatoes, and legumes, or
drinking coffee [30]. For example, in cabbage alone, 49 chem-
icals have been identified [30]. The chemical constituents in
cabbage represent but a small fraction of chemicals that hu-
mans ingest when eating plants. Duke has stated that tens
of thousands of secondary plant products have been identi-
fied and that hundreds of thousands of such compounds are
thought to exist [31].

Second, a very large number of chemicals of diverse
structures reported as mutagens, rodent carcinogens, and
endocrine disruptors are found in common foods and drinks
[32,33]. Among these chemicals to which humans are ex-
posed via diet are the polycyclic aromatic hydrocarbons
(PAHSs), N-nitrosamines, and heterocyclic amines [32,33].

Third, the healthy human gut usually contains between
300 to 1000 different species of bacteria [34,35], with 30 to 40
species accounting for 99% of the total bacterial count [36].
The mass of bacteria residing in the gut of an average-sized
(70 kg) man is estimated to weigh about 0.2 kg [37]. Sender,
et al. estimate that the number of cells in an average man’s
body and the number of bacteria in his gut are similar, i.e. 3.0
x 10® human cells and 3.8 x 10 bacteria [37]. The huge num-
ber of bacteria in the human gut produces a large number of
different chemicals [38].

Fourth, 25 million metric tons of synthetic persistent or-
ganic pollutants (POPs) were produced worldwide from 1945
to 2015 [39]. A number of natural processes produce com-
paratively large amounts of organic compounds. Common
wood-degrading and forest litter-degrading fungi produce
9,900,000 metric tons yearly of chlorinated anisyl metab-
olites including tetrachloro-4-methoxyphenol and tetra-
chloro-1,4-dimethoxybenzene [40,41]. Microorganisms in
temperate and boreal forest soils produce 11,600,000 metric
tons yearly of chlorinated organic substances (OCl) [42-45].
Marine macroalgae produce 13.3 tons yearly of the volatile
halogenated chemicals CHBr,, CHBr,Cl, and CH,Br, [46,47].
Each year, volcanoes release 3,000,000 tons of volatile halo-
genated chemicals including HCI, and 11,000,000 tons of HF
[48-50]. Volcanoes, forest fires, and burning municipal solid
waste (MSW) release 13.1 tons per year of dioxins, polychlori-
nated dibenzofurans, and polychlorinated dibenzo-p-dioxins
[51]. The yearly quantity of organic compounds produced in
nature that are either themselves relatively stable, or can re-
act (e.g. HCl, HF) with other naturally occurring compounds
and form relatively stable compounds is astronomical at an
estimated release into the environment of 1.79 billion met-
ric tons yearly. Assuming that yearly worldwide releases of
organic compounds into the environment by natural sources
have remained approximately stable during the post-War pe-
riod, the total tons of organic compounds released into the
environment over the 70-year period from 1945-2015 is an
astronomical 125 billion metric tons. Therefore, natural re-
leases of organic compounds into the environment exceed
synthetic production of POPs over the same time period by
5,000-fold.

EDCs classified to date fall into a number of different com-
mon chemical classes including benzophenones; phthalates;
camphor; phenols; bisulphides; acrylates; dithiocarbamates;
siloxanes; triazoles; and ethers. It can be anticipated that as
more chemicals are tested that additional chemical classes
will display endocrine disrupting activity. Many billions of
pounds of chemicals are produced each year naturally by
plants as pesticides; ingested in foods and beverages; made
by gut bacteria; or produced by a variety of natural processes
including common wood- and forest litter-degrading fungi;
microorganisms in temperate and boreal forest soils; bacteria
in marine sponges; marine macro-algae; volcanoes; and for-
est fires. Many of these naturally produced chemicals fall un-
der the chemical classifications which include currently classi-
fied EDCs, and many thousands of naturally produced chem-
icals are yet to be tested for endocrine activity. Therefore, it
can be safely assumed that exposure to naturally produced
chemicals possessing endocrine activity greatly exceeds the
sub-nanogram, nanogram and microgram levels of exposures
to synthetic EDCs.

Exposure to synthetic EDCs is not geographically
or temporally associated with obesity rates

Obesity has risen rapidly both worldwide and in the Unit-
ed States (US) over the last several decades. In 2014, it was
estimated that more than 1.9 billion adults were overweight
with over 600 million classifiable as obese [52]. Approximate-
ly two-thirds of US adults over 20 years of age are currently
classified as overweight with about 35% classified as obese
[53]. The obesity rate in the US is predicted to reach 42% by
2030 in people over 18 years of age [54].

Obesity rates vary greatly by country, with no correlation
between potential exposure to EDCs as indicated by degree
of industrialization and obesity [55]. Across the US, expo-
sures to EDCs would be expected to be similar. Despite the
similarity in EDC exposure, obesity rates vary significantly by
state from West Virginia’s obesity rate of 38.1% to Colorado’s
rate of 22.6% [56]. Higher rates of obesity were correlated
with lower levels of education [57], lower incomes [58], and
ethnicity [59]. A number of studies have reported a genetic
predisposition toward developing obesity [60]. In addition to
genetics, a number of changes in lifestyle are correlated with
increased rates of obesity including transitioning from living
at home in high school to going away to college [61], decom-
missioning out of the military [62], and immigrating from a
low obesity country to a high obesity country [63]. Obesity
rates also do not correlate with the time scale of EDC produc-
tion and dissemination into the environment as the rates of
obesity in the US and worldwide have risen much more rap-
idly over the last several decades than have environmental
exposures to EDCs [64].

Possible explanation of absence of a relationship
between obesity and EDCs

In a recent editorial entitled “Human exposure to syn-
thetic endocrine disrupting chemicals (S-EDCs) is generally
negligible as compared to natural compounds with higher or
comparable endocrine activity. How to evaluate the risk of
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the S-EDCs?” [65], a possible explanation for the absence of a
relationship between obesity and EDCs was addressed.

Sifakis, et al. [66] have “evaluated the available epidemi-
ological studies on the effects of synthetic endocrine disrupt-
ing chemicals (S-EDCs) in humans and concluded that due to
the complexity of the clinical protocols, the degree of occu-
pational and environmental exposure, the variable endpoints
measured, and sample sizes, causal relationships between
the reproductive disorders and exposure to specific toxicants
(S-EDCs) are not established.” It is expected that these or sim-
ilar confounders are also at play in studies of EDCs as they
effect obesity and as a result causal relationship between
obesity and exposure to specific toxicants (S-EDCs) are also
not well established.

Hormonal and pro-inflammatory effects of adi-
pose tissue

On a population basis, endocrine disrupting chemicals
play an insignificant role in the development of obesity. In
contrast, adipose tissue itself is composed of a number of dif-
ferent types of secretory cells including adipocytes; precursor
cells; endothelial cells; macrophages; foam cells; neutrophils;
lymphocytes; fibroblasts; and other cells [67-69]. The range of
biological activities, structural diversity, and sheer number of
different molecules secreted by adipose tissue is enormous.
Molecules secreted by adipose tissue include the following.

® Cytokine and cytokine-like proteins including tumor ne-
crosis factor alpha (TNFa), interleukin 6 (IL-6), monocyte
chemotactic factor 1 (MCP-1), resistin and progranulin

® Proteins of the fibrinolytic system including plasminogen
activator inhibitor (PAI-1) and Tissue Factor

® Complement and complement-related proteins including
Adipsin, Complement Factor B, acylating simulation pro-
tein (ASP) and C1qg/TNF-related proteins (CTRPs)

® Enzymes including dipeptidyl peptidase-4 (DPP-4)

® Lipid transport molecules including apolipoprotein E, cho-
lesterol ester transfer protein, and lipoprotein lipase

® Endocannabinoids and other lipids including anandamide,
2-arachidonoylglycerol (2-AG) and free fatty acids; and

® Proteins of the Renin Angiotensin System (RAS) including
angiotensinogen [70].

The class of molecules secreted by fat cells, termed ad-
ipokines, is sufficiently complex and important that it mer-
its separate discussion. Approximately 500 adipokines have
been discovered to date with the following examples demon-
strating the extremely wide range of biochemical and phys-
iological reactions reported in the literature: Leptin, discov-
ered in 1994, regulates appetite; adiponectin, discovered in
1995, enhances insulin sensitivity and lessens inflammation;
ADAMTS1, discovered in 1997, affects fat stem cell differ-
entiation, blood vessel formation, and ovulation; chemerin,
discovered in 1997, increases inflammation and blood pres-
sure; resistin, discovered in 2001, mediates insulin resistance;
retinol-binding protein 4, discovered in 2005, affects insulin
resistance; lipocalin-2, discovered in 2007, increases insulin

resistance and inflammation; isthmin-1, discovered in 2014,
improves fat metabolism in the liver, mediates immune func-
tion, and influences embryonic developmental patterning;
asprosin, discovered in 2016, modulates glucose release from
the liver; Slit2-C, discovered in 2016, stimulates glucose me-
tabolism; and lipocalin-5, discovered in 2018, improves skele-
tal muscle respiration [67,68].

Adipose tissue is very hormonally active as demonstrat-
ed by possessing a large number of different receptors for
traditional endocrine hormones [69] including the following:
Insulin receptor; glucagon receptor; growth hormone (GH)
receptor; thyroid stimulating hormone (TSH) receptor; gas-
trin/CCK-B receptor; glucagon like peptide-1 receptor; and
angiotensin Il receptors type 1 and 2. Adipose tissue possess-
es enzymes capable of activating, interconverting, and inac-
tivating steroid hormones [70,71]. A number of different en-
zymes that produce steroids are expressed in adipose tissue
including cytochrome P450-dependent aromatase; 3-hydrox-
ysteroid dehydrogenase (3HSD); 11HSD1; 17HSD; 7-hydrox-
ylase; 17-hydroxylase; 5-reductase; and UDP-glucuronosyl-
transferase 2B15 [70,71].

Role of receptors in obesity

In Smith, et al. [4,5], receptors relevant to obesity, insu-
lin resistance, and the metabolic syndrome were described
as “... adipose tissue is hormonally active, possessing a large
number of different receptors for classical endocrine hor-
mones [69]. Insulin and glucagon receptors are present as are
receptors for growth hormone, thyroidstimulating hormone
(TSH), gastrin/CCK-B, glucagon-like peptide-1, and angioten-
sin Il receptors types 1 and 2. Adipose tissue also possesses
enzymes capable of activating, interconverting, and inactivat-
ing steroid hormones [70,71].

“The relationships among obesity, the metabolic syn-
drome, and type 2 diabetes mellitus are complex and have
been reviewed by Hardy, et al. [72]. Although abdominal (vis-
ceral) adipose tissue increases the risk for developing insulin
resistance and type 2 diabetes, increased subcutaneous adi-
pose tissue decreases the risk for these conditions. Hardy, et
al. [72] hypothesized that excess fatty acids released by vis-
ceral adipose tissue drain into the portal vein, impair insulin
signaling, and induce inflammation and cytokine production
by macrophages. Ye [73] has reviewed inflammatory mech-
anisms influencing insulin resistance via inhibition of insulin
signaling in adipocytes and hepatocytes. First, insulin recep-
tor substrate 1 and insulin receptor are inhibited by inflam-
mation [74,75]. Second, inflammation impairs PPARc (per-
oxisome proliferator-activated receptor c) function [76,75].
Third, inflammation increases plasma free fatty acids via stim-
ulation of lipolysis and inhibition of triglyceride synthesis [77].
This third mechanism proposed by Ye [73] is consistent with
the mechanism proposed by Hardy, et al. [72].”

Conclusions

While exposure to synthetic EDCs is not a major factor in
developing obesity, the converse is true; adipose tissue is an
important source of estrogens, testosterone, thyroid stimu-
lating hormone, leptin, and approximately 500 biologically
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active compounds termed adipokines. The hormonal and
pro-inflammatory effects of adipose tissue underlie the as-
sociation between obesity and increased risk of a number of
chronic diseases.

In certain regulatory settings, consideration of the poten-
tial effects of exposure to EDCs is appropriate [3,7,8]. Within
the context of public health, efforts to address the extreme-
ly serious health consequences of already unacceptably high
and still rising obesity rates, an inordinate focus on exposures
to nano-molar and micro-molar levels of synthetic EDCs is
misplaced. Educational efforts should continue to emphasize
awareness of caloric content and portion sizes [78] in addi-
tion to increasing physical activity levels [79].
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