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e A WHICH MAN-MADE
4 CHEMICALS HAVE
| BECOME A PART OF
EVERYDAY LIFE. IT IS

CLEAR THAT SOME OF

& THESE CHEMICAL
B POLLUTANTS CAN
AFFECT THE ENDOCRINE
(HORMONAL) SYSTEM

ENDOCRINE DISRUPTOR
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An endocrine disruptor is an
substance or mixture that alters
function(s) of the endocrine system and

consequently causes health
effects in an intact organism, its progeny,
or (sub)populations.
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Endocrine Disrupting Chemicals (EDCs)
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TABLE 2. SOME KNOWN EDCS AND THEIR USES

Category/Use Example EDCs

Pesticides DDT, chlorpyrifos, atrazine,
2,4-D, glyphosate

Children's products Lead, phthalates, cadmium

Food contact materials BPA, phthalates, phenol
Electronics and Building materials Brominated flame retardants, PCBs
Personal care products, medical tubing Phthalates

Antibacterials Triclosan

Textiles, clothing Perfluorochemicals

Abbreviations: BPA: bisphenol A; 2,4-D: 2,4-dichlorophenoxyacetic acid; DDT: dichlorodiphenyltrichlo-
roethane; PCBs: polychlorinated biphenyls




TABLE 3. EXAMPLES OF EDC ROUTES OF EXPOSURES IN HUMANS

How we are exposed
to EDCs

Oral consumption of
contaminated food or
water

Oral consumption of
contaminated food or
water

Contact with skin and/
or inhalation

Contact with skin and/
or inhalation

Intravenous

Application to skin

Biological transfer from
placenta

Biological transfer from
mother’'s milk

Where the EDCs come
from

Industrial waste or pesticides
contaminating soil or ground-
water

Leaching of chemicals from
food or beverage containers;
pesticide residues in food or
beverage

Household furniture treated
with flame retardants

Pesticides used in agriculture,
homes, or for public disease
vector control

Intravenous tubing

Some cosmetics, personal
care products, anti-bacterials,
sunscreens, medications

Maternal body burden due to
prior/current exposures

Maternal body burden due to
prior/current exposures

EDC example(s)

PCBs, dioxins, perfluori-
nated compounds, DDT

BPA, phthalates,
chlorpyrifos, DDT

BFRs

DDT, chlorpyrifos,
vinclozolin, pyrethroids

Phthalates

Phthalates, triclosan, Para-
bens, insect repellants

Numerous EDCs can cross
the placenta

Numerous EDCs are
detected in milk

Abbreviations: BFR: brominated flame retardant; BPA: bisphenol A; PCBs: polychlorinated biphenyls
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DES, o,p’-DDT, DEHP, bisphenol A

hexachloro-4-biphenylol, luteolin

p,p’-DDE, vinclozolin :

norethindrone, norgestrel

o,p’-DDD, glycyrrhizic acid

PCBs, goitrin
TCDD, PAH

azoxyglycosides, streptozotocin

cadmium, nickel, aluminum

vitamin A analogs






BOX 4: PHTHALATES

Phthalates are a class of plasticizers used to soften polyvinyl chloride (PVCs), add
fragrance to a product, or enhance pliability in plastics and other products. Phthalates
are classified as low molecular weight (3-6 carbon backbone) and high molecular weight
(>6 carbon backbone), with the low molecular weight classes thought to pose the most
significant health risks. Phthalates act by interfering with androgen (testosterone)
production. Because androgens are critical to male development, including genital
development, boys are thought to be most vuilnerable to exposure. However, androgens
ailso play important roles in females, making phthalates relevant to both sexes. Use of
some phthalates has been restricted from toys since 1999 in the EU and 2008 in the US.
Phthalates are found in:

Shampoo, lotion, nail polish and other personal care products;

Cosmetics;

Baby products including lotion, shampoo, powders and teethers;

Toys:

Scented products such as candies, detergent and air fresheners;

Automobiles (phthalates are responsible for the ‘new car” smell);

Medical equipment including tubing, blood bags, and plastics in the NICU;
Building materials including vinyl flooring, wall paper, paint, glue and adhesives;
Enteric coatings of pharmaceuticals;

Art supplies including paint, clay, wax and ink.

Phthalate exposure is linked to:

Genital abnormalities in boys:

Reduced sperm counts;

Decreased "‘male typical® play in boys;
Endometriosis;

Elements of metabolic disruption including obesity.

Introduction to EDCs (December 2014 45
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When humans are tested for the presence of EDCs in their ( )|
blood, fat, urine, and other tissues, the results consistently
demonstrate a variety of EDCs in all individuals

worldwide.
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ENDOCRINE
DISRUPTOR SCREEN | rinioics, M

e Use of New

. Screening
I N G Chemicals o

e Guideline

Stay Informed:

¢ Jointhe EDSP

EPA implements screening, testing and research programs to gather information the Agency usesto
evaluate possible endocrine effects associated with the use of a chemical. EPA takes appropriate steps

to mitigate any related risks to ensure protection of public health and the environment.
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‘ chemicals that may interfere with
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produce adverse developmental

Cell Phones reproductive, neurological, and
Chmate Change immune effects in both humans

and wildiife. A wide range of

substances, both natural and

man-made, are thought to cause

endocrine disruption, including

pharmaceuticals, doxin and

Formaldehyde dioxin-like compounds

Ginkgo polychiornated biphenyts, DDT

Harmiul Algal Blooms and other pesticides, and

Hazardous MateralWaste plasticizers such as bisphenol A. Endocrine disruptors may be
found in many everyday products— including plastic botties, metal
food cans, detergents, flame retardants, food, toys, cosmetics, and
pesticides. The NIEHS supports studies 10 determine whether
exposure 10 endocring disruptors may result in human health
effects including lowered fertility and an increased incidence of

Dwoxins
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Flame Retardants
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Health
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disruplors may pose the grealest risk during prenatal and early
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OBESITY
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Abstract

+ References - Author information

The increasing incidence of cbesity is a senous global public health challenge. Although the obesity
oepvdomic s largely fusled by poor nutrition and lack of axercise, certain chamicals have beoen shown
10 potentially have a role in its asticlogy. A substantial body of evidence suggests that a subciass of
endocrine-disrupting chemicals (EDCs), which interfore with endocrine signalling, can disrupt
hormonally regulated metabolc processes, ospecially if exposure occurs dunng early development

These chemicals, so-cCalled ‘obesogens’ might predispose some individuals 10 gain woight despito
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Leanest State Percentage of Obese Adult Population Fattest State

Colorado (3-year average from 2007-09 (DC Behavioral Risk Factor Surveillance System data) Mississippi
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EPIDEMIC
EVERYWHERE

Estimated numbers of people Estimated number of people

Estimated numbers of people

with diabetes (millions)

with diabetes (millions)

Developed countries

Age group (years)

Developing countries

Age group (years)

World

45-64
Age group (years)




Adipocytes at the crossroads of energy homeostasis

CNS regulation
Satiety signals

Energy absorption Energy expenditure
Fat digastion and absorption Fat oxidation

Energy storage and conversion
Short-term fat storage
Fat oxidation




EXPOSURE

EDCs affect multiple organs

Thyroid |
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300,000, US Chemical Production (#)
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Autism rate in the US (%)

AND OBESITY /
DIABETES

Diabetes (%)

Obesity (%)

Gore et al, 2014
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ENDOCRINE AND
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SYSTEMS

(NEGAGTIVE
FEEDBACK
SYSTEM)

Homeostass g
B

‘l'lnaeased sacration of A
B

B

ilncmasad secraton of B

. a

l Deocreased secrobon of A

A

.

Decreased secrebon of B
(and a rehm o homeos nse)




0 & Normal Hormone

Hormone

Nucleus

v
Cellular Response

When absorbed in the body, an endocrine disruptor can decrease or increase
normal hormone levels (left), mimic the body's natural hormones (middle), or
alter the natural production of hormones (right) - NIH



somatostatin - GHRH
corticotropin .
releasing hormone  vasopressin arginine gonadotropin thyroid releasing

STORES IN . e

THE FATTY TISSUE =

_ gonadotropin
- 9 P

thyroid stimulating
hormone

corticosteroids “——-

vitamin A

testosterone estradiol thyreid hormone

vitamin D

/\

::T;Z metabolism <reproduction growth development

Neurontin-endocrine pathways known to be affected by
EDCs resulting in symptoms of metabolic syndrome and
disruptions in reproduction, growth and development
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Chemicals referred to as “obesogens” are thought to
enhance weight gain by altering or reprogramming key
parts of the endocrine system governing metabolism,
energy balance, and appetite, resulting in obesity and its
related adverse health outcomes.




& - Increased :
numberand | Obesity
| EDCs PPARy size of adipocytes (animals and

|
Alterations to humans)

Obesogens activation
stem cells

Nature Reviews | Endocrinology
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Nature Reviews | Endocrinology
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Cross talk between
endocrine axes in the
human with particular
relevance to
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Manufacturing Sites:
Albermarle Chemical
& Great Lakes Chemical

« Studies conducted in Inuit populations in Arctic Canada reveal
their breast milk samples contain contaminants at levels similar
to toxic waste.

+98% of brominated

flame retardants are

manufactured in the US
+ Levels of PBDEs have recently been measured in Inuit

*50% of brominated populations. These levels are on the rise from those of

flame retardants are W 15 years ago.

used in the US

+ Changes in temperature allow for PBDEs

to move long distances as they settle in

cold climates and volatilize in warm climates.
This is known as the "grasshopper effect.”

+Dr. Schecter and colleagues are finding
that all blood and breast milk samples taken
in the US are contaminated with PBDEs.

+ Brominated flame retardants accumulate in fatty tissue,
especially in animals, and are absorbed by organic
material such as water, soil,and plant life, including forests.

+Dr.Amold Schecter and colleagues have found that levels
of PBDEs in foods from market shelves in the US are 10 to 100
times higher than those previously found in Europe and Asia.
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BPAis nearly ubiquitousin oursociety
6 billion Ibs BPA manufactured/year

O Epoxyresins: medical
piping, food cans, liquid
infant formula

WHERE IS ?

1 Polycarbonate plastics:
plastics #7, food
containers, dental
sealant, water/baby
bottles

I Thermal paper:sales
receipts, cigarette filters,
lottery tickets, recycled
paperproducts
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EXPOSU

Adipose Tissue Hypothalamus

. 1 N
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EXPOSURE

Bisphenol A

Mitochondri
dysfunction
| —— »
-DNA methylation

-Histone modifications
-microRNAs coxpression Antioxidant
depletion
-ONA adduct

-Aneuploldy ]
-Mutagenicity /

Respiratory system Cardiovascular system | Renal system | Metabolic system Nervous system Endocrine system

Diabetes type 2, Obesity, Reproductive disorders, Cardiovascular disease,
Birth defect, Behavior disorders ,Chronic respiratory disease
Chronic kidney disease, Breast cancer



EXPOSURE BPS may be as efficacious as BPA in

changing brain development and behavior

BPA

[but not bisphenol]

FREE
48 4

relative to control (%)
" 5

Percentage of locomotor activity
relative

Percentagec

0

1Cl 1uM - +
BPS0.0063uM - -

h://wholepregnancy.org/index.php?id=videos_articles&art_topicid=23




GENDER-BENDING CHEMICALS

PHTHALATES: Found in
vinyl flooring, shower
curtains, solvents,
plastics, PVC. Banned in
cosmetics made in EU.
PARABENS: Preservative
used in cosmetics,
creams, lotions and
deodorants.
TRICLOSAN: Anti-
bacterial chemical used
In soaps, toothpaste and
chopplng boards.

», PCBs: Found in
) electrical
circuits,
paints, brake
linings and
flame
retardants.
Banned in EU.
BISPHENOL A: Used
in clear plastic baby
bottles, tin cans,
mobile phone
casings. Banned in
baby bottles In
Canada.
LINURON/DIURON:
Herbicides used to
control weeds on

¢ roads, forests and farms.

races found on food.

VINCLOZOLIN:
ungicide banned in
U, but found
n imported fruit
nd vegetables,

PENTA-BDE:

n EU, found In
Id foam

mattresses
nd car seats.

PROCHLORAZ:
ungicide used
n fruits and
egetables.

PROCYMIDONE:
ungicide
anned in EU
ast year, traces
ound in UK
eans, fruit
moothies
nd breakfast
ereal.

Source:

¢ CHEM TRUST

\
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EARLY

EXPOSURE IN throughout development

ormone Development of first

LIFE

Hours post fertilization

Maternally deposited hormones




ARE THEY

REALLY What about BPA-free products?
f?

“m
China  Korea

Malaysia

Image courtesy of: hit 2nts 1t a-freefpa; Liao, C., Liu, F., Alomirah, H., Loi, V., Mohd, M., Moon, H., Nakata, H., Kannan,
K. 2012 Bisphenol Sin urine lrom United Slates and seven Aslan countries: Occurrence and human exposures. Environmental Science & Technology 46: 6860-6866




MECHANISM OF
ACTION

Life Stage at Exposure Route of Exposure Duration of Exposure | ADME
* Prenatal * Dermal | *Acute | * Absorption
* Childhood * Inhaled | * Sub-Chronic . * Distribution
* Puberty * Injection | * Chronic . *Metabolism
* Adulthood * Ocular | * Excretion
* Oral | |

Systemic Effects

* Disruptions in cell signaling pathways
* General cytotoxicity

» Genotoxicity

* Immunotoxicity

* Metabolic toxicity

* Neurotoxicity

* Reproduction and development toxicity
* Stress response




EDC/Hormones

AND GENES EZZe
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ARTHRITIS

COLD
INTOLERANCE
DEPRESSION
DRY SKIN
FATIGUE
FORGETFULNESS

HEAVY
MENSTRUAL
PERIODS

INFERTILITY
MUSCLE ACHES

DIFFICULTY
SLEEPING

HEAT
INTOLERANCE
INFERTILITY
IRRITABILITY

MUSCLE
WEAKNESS

NERVOUSNESS

SCANT
MENSTRUAL
PERIODS
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EFFECTS
ON THYROID

Possible Mode(s) of Action for
Thyroid Hormone Disruption

Hypothalamus

Target organs

(74 Vi
@Tg\,\ Bram\
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Brominated
Flame Retardants

Elimination of
Thyroid Hormone




EFFECTS
ON THYROID

TH membrane transporters
(MCT8, MCT10 , OATCP1)

/ TH overload elimination
\ \ by phase Il enzymes
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@ Local Deiodinases







Dual defect of type 2 diabetes:

Treating a mo.\"mg target

Insulin Type 2 B-cell
Resistance Diabetes Dysfunction >

¥ 2 >
v/
0&0/. ‘Q\jo"’
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‘0 4 o p-cell Failure .
? 4, Insulin \\ oz o
y ¢ Concentration Y ;’
) : = \ """
' ] W X\ Insulin
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. e pertety = lﬁ.t | 3 m
-.-...-....---------_..-"‘ ~ S |I L |
Euglycaemia s R ¥ s
Normal IGT = Obesity Diagnosis of Progression of S T
type 2 diabetes type 2 diabetes ]

DeFronzo et al. Diabetes Care 1992;15:318-68



Insulin ialing in Peripheral Tissue
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Proteins
amino acids
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tissue
protein

NH, €O,

Metabolism Summary

Carbohydrates
glucose,fructose,
galactose

glycogenesis
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PFA
D

Pathway
NPY/A T ‘

Ghrelin
Nutrient
Vagus nerve

Figure 1. Signals such as leptin and insulin are secreted in proportion to the size of the fat mass and circulate in the blood.
They enter the brain and act at the level of the hypothalamus. Neuroendocrine signals from the stomach, the gastrointestinal
system and the liver are sent to the hindbrain, providing information about the food that is eaten: its taste and chemical

content, and how much the stomach is distended.



Brain inflammation

M

Activation of cell stress pathways

\/

Neuronal insulin resistance
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Synapse deterioration

\

Memory impairment

vype 2 diabetes

Adipose tissue

p-cell failure

Peripheral inflammation
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Activation of cell stress pathways

Peripheral insulin resistance
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Overall health decline
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AND OBESITY

GUT BACTERIA
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Cytokine-driven MAIT cell superantigen activation:

Localized specific MAIT cell activation ~Turbo on the cytokine storm

Riboflaving » »
metabolite antigens s

State of superantigen-induced anergy




HUMORAL IMMUNITY CELLULAR IMMUNITY
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Pathogem
Epithelial Damage
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Metabolic ~ Lowgrade
endotoxemia inflammation,

Gut barrier Insulin resistance,
alterations Type 2 diabetes

«Dysbiosis»

Gut microbiota
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/ Nutritional
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AND OBESITY

Nutrigenomics and T2DM
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Exposure to EDCs may also be in the form of pesticides,
algicides, and other chemicals designed to kill unwanted
organisms. Spraying of homes, agricultural crops, and
ponds releases airborne and sedimented chemicals that
are inhaled, get on skin, and are ingested from sprayed
Jood. It is not surprising that some of these chemicals
are EDCs.

DDT and chlorpyrifos, the first banned in many parts of the world but the second

still registered in most countries, appears below.
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www.boisethyroid-endocrinology.com



