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THE STORY OF HOW A BAD START
LASTS A LIFETIME………..



11/04/2018

5

Developmental 
Origins of Health 
and Disease (DOHaD)

Fetal programming
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Why are there sensitive windows and persistent effects? 

Ross MG and Desai M
Contemporary OB/GYN
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What is Transgenerational Inheritance?

• Exposure occurs in the F0 generation
• Exposure stops-not continous, not across generations
• Health effect is evaluated in generation(s) not directly exposed

Xin et al, Semin. Cell Dev Biol 2015

Adverse phenotypes across multiple generations!!!!
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How does it happen?

Skinner et al
TRENDS 2010

Kelly, 
Epigenetics and Chromatin 2014
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Development

A sensitive time for 
environmental 

chemical exposures 
to alter programming 

that lasts a 
lifetime
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We all carry a Chemical Body Burden

Every pregnant woman has a body burden of 

chemicals without her knowledge …with the 

potential of harm
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PROGRAMMING OF METABOLIC DISORDERS

Warner and Ozanne, Biochem J 2010

Endocrine Disruptors
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An endocrine disruptor is an exogenous chemical, 
or mixture of chemicals, that interferes with any 
aspect of hormone action. 
Zoeller et al, Endocrine Society Position Statement, Endocrinology 153: 4097–4110, 2012

Endocrine Disruptors
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>80,000
Some % are toxic 
to humans and 

wildlife

Some % are 
Endocrine 
Disruptors

Some % are 
obesogenic, 

diabetogenic or 
both

Endocrine Disruptors

chemicals 
In commerce
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Endocrine disruptors are 
a 

matter of high concern 
for the World Health 

Organization

Endocrine Disruptors
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93%

50 - 97%

100%

91 – 99%

DDE, most
population

100%

% of people tested by CDC
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� Major routes of human 
exposure: ingestion, 
inhalation and dermal 
contact

� DEHP daily exposure 3–30 
μg/kg/d

� Urinary concentration of the 
DEHP metabolite MEHP is 1.5 
μg/l

� The reference dose of DEHP 
20 μg/kg of body weight per 

day

Applications of phtalates
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Applications of PCBs and dioxins

� Dioxins (PCDDs, PCDFs and 
certain PCBs), PCBs (209 
possible PCB congeners 
exist)

� Thyroidogenic, estrogenic, 
and antiandrogenic actions

� TCDD in residents of the 
USA less than (20 ng/kg of 
lipid) but can increase up 
to 11 times in exposed 
groups. 

� The reference dose (RfD) 
is: 7 × 10−10 mg/kg of 
body weight per day 
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� Synthetic fluorinated organic 
compounds 

� Mean value found in serum for 
PFOA 2.08 ug/L and 6.31 ug/L 
for PFOS

� Food is thought to be the most 
important source of exposure. 
Treated carpets and floors 
treated with waxes and sealants 
that contain PFASs important 
source of exposure for babies 
and infants

� The RfD for PFOA and PFOS is 20 
ng/kg of body weight per day

Applications of PFCs (PFOA, PFOS)

PFCs
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� Main sources of human 
exposure (indoor 
environments, diet, 
and occupational 
exposure)

� BDE-47 is found in the 
serum of 100% of the 
population of the USA

� Daily exposure doses 
of TBBPA range (0.04 
ng/kg - 7.50 ng/kg of 
body weight per day) 
in adult individuals 
and (0.31 ng/kg -
58.54 ng/kg of body 
weight per day) in 
children 

Applications of flame retardants
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� DDT banned except for disease vector control

� DDT 70 μg/l in the serum of people living in countries where DDT was 
used to treat malaria, and in milk and adipose tissue at levels >2–3 
ng/kg in China. 

� OCPs are detected in human breast milk and adipose tissue 

� Estrogenic, antiestrogenic, or antiandrogenic activity

Applications of organochlorine pesticides
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Principles of Endocrine Disruptor  Action 
( same as principles of hormone action)

� EDCs act via receptors

� EDC responses are tissue specific

� EDC effects are sexually dimorphic

� EDCs act at low doses throughout the lifespan

� EDCs effects are life-stage specific: effects in adults but 
development is most sensitive lifestage
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Mode of action

� Mimic or partly mimic naturally 
occurring hormones in the body 
like estrogens , androgens, and 
thyroid hormones.

� Bind to a receptor within a 
cell and block the endogenous 
hormone from binding (anti-
estrogens and anti-androgens).

� Interfere or block the way 
natural hormones or their 
receptors are made or 
controlled, for example, by 
altering their metabolism in 
the liver.
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ENDOCRINE DISRUPTING CHEMICAL SPOTLIGHT: 
BISPHENOL-A (BPA)
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� Bisphenol A was discovered in 1891 by Russian chemist 
Aleksandr Dianin

� In the early 1930s, the British biochemist Edward Charles 
Dodds tested BPA as an artificial estrogen, but eventually 
developed diethylstilbestrol (DES) and found it to be more 
potent.

� 1940s and 1950s, the chemical industry discovered that BPA was
an excellent hardener for epoxy resins and plastic
polycarbonate

� Estimated use per year of 6 billion pounds-used in consumer
products

� Effects on the endocrine system occur at very low doses

About bisphenol-A…..
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� “ DES Daughters” , are at an increased risk for clear

cell adenocarcinoma (CCA) of the vagina and cervix,
reproductive tract structural differences,
pregnancy complications, and infertility.
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Adapted from Welshons, W. V. et al. Endocrinology 2006
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BISPHENOL-A 
exposure levels
on humans

0.07-12 µg/kg 

bw/day 
(Joint Research Center. Institute for 
Health and Consumer Protection. European 
Commission)

0.3-4 ng/ml 
(1.3-18 nM) 

Unconjugated

BISPHENOL-A 
concentration 

in human serum
from adult men and women

(Vandenberg et al, EHP 2010)

BISPHENOL-A is
found in urine of

93% US citizens
(Calafat et al, EHP 2008)
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PREGNANCY
AS A SENSITIVE WINDOW 
FOR THE OFFSPRING



11/04/2018

29

0 16

Vehicle or BPA
(10 or 100 µg/kg/d)

End points measured in offspring

9

P0

P0

Days

Vehicle (Control)

BPA10

P0

BPA100

P30

P30

P30



11/04/2018

30

Evolution of body weight
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Glucose and insulin sensitivity in P30 animals
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Hyperinsulinemia and hyperleptinemia in  BPA-mice at P30
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The gene cluster representations illustrate the changes in gene expression in pancreatic islets from controls, BPA10, and BPA100 mice 
(intense blue indicates the lowest expression and intense red, the highest expression). Genes were clustered according to their pattern 
of expression across the different samples analyzed. The arrows indicate whether genes were up-regulated (↑) or down-regulated (↓) 
in the BPA10 and BPA100 samples with respect to the control samples.

Published in: Marta García-Arévalo; Paloma Alonso-Magdalena; Joan-Marc Servitja; Talía Boronat-Belda; Beatriz Merino; Sabrina Villar-Pazos; 
Gema Medina-Gómez; Anna Novials; Ivan Quesada; Angel Nadal; Endocrinology 2016, 157, 4158-4171.
DOI: 10.1210/en.2016-1390
Copyright © 2016 

325 genes upregulated

most of them related to

cell cycle, mitosis, cell

division
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Increased pancreatic β-cell mass
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EARLY HYPERINSULINEMIA

INCREASED BETA CELL MASS

ABNORMAL GENE EXPRESSION
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LONG-TERM CONSEQUENCES?
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Glucose-stimulated insulin secretion: altered pancreat ic β-cell function
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Early Hyperinsulinemia
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ADULT OFFSPRING
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Nadal A, Quesada I, Tuduri E, Nogueiras R and Alonso-Magdalena P  (2017) Nature Rev Endocrinol
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FROM ANIMAL TO HUMAN EVIDENCE: EPIDEMIOLOGICAL STUDIES 

LINKING EDCs DIABETES  AND/OR OBESITY



11/04/2018

49

Endocrine Reviews 36: E1-E150, 2015
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OBESOGENS

DIABETOGENS

Hyperinsulinaemia

Hypoinsulinaemia

Insulin Resistance

Dyslipidemia

Glucose
Intolerance T-2 DM

OBESITY

Fatty Liver

Insulin
resistance

Glucose
Intolerance

Dyslipidemia

T-2 DM
DES
Bisphenol-A
Phthalates
DDT
PFOA
TBBPA
PCBs
TBT

POPs
Bisphenol-A
PFOS
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Endocrine Reviews 36: E1-E150, 2015

• Diabetes, obesity and cardiovascular disease

• Neurodevelopment and neuroendocrine systems

• Thyroid gland dysfunctions

• Female reproductive health

• Male reproductive health

• Hormone sensitive cancers 

in females and in males

Based on 1322 studies from peer-reviewed literature
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These three scientific societies, as scientific and medical professional 

societies, recognize that EDs contribute to serious health problems such as 

diabetes, obesity and neurodevelopmental and reproductive disorders
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Lead, methylmercury, and PCBs 

associated with adverse effects on 

child’s developing brain and nervous 

system in multiple studies.

The National Toxicology Program (NTP) 

childhood exposure is associated with 

reduced cognitive function, including 

lower intelligence quotient (IQ) and 

reduced academic achievement, 

attention-related behavioral problems 
(including inattention, hyperactivity, 

and diagnosed attention-

deficit/hyperactivity disorder)
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From: Elucidating the Links Between Endocrine Disruptors and Neurodevelopment
Endocrinology. 2015;156(6):1941-1951. doi:10.1210/en.2014-1734
Endocrinology | Copyright © 2015 by the Endocrine Society
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MOVING FROM RESEARCH 
TO PREVENTION!!
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Good News: Windows of Susceptibility are also 

Windows of Prevention

Reduce exposures to environmental chemicals  prior to 

and during pregnancy

© Olivier Bonhomme, Le Monde 
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Suggestions for Reducing Exposures to Chemicals Linked to Adverse Health 

Effects

Food and Water

� Don’t microwave polycarbonate plastic food containers or use them for storing hot liquids

� Avoid plastic containers designated  #3, #6, and #7

� Eat fresh and frozen foods while reducing consumption of canned and processed foods

� Opt for glass, porcelain, or stainless steel containers when possible, especially for hot food and drinks

� Prepare more meals at home and emphasize fresh ingredients

� Wash fruits and vegetables before consuming them

� Consider using a water filter

� If possible, purchase organic produce, meat, and dairy products

� Eat a diversified diet with plenty of variety
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Personal Care

� Read labels and avoid products containing phthalates

� Choose products labeled “Phthalate-Free” and “BPA-Free”

� Avoid fragrances and opt for cosmetics labeled “no synthetic fragrance”, “scented only with essential oils”, or 

“phthalate-free”

� Wash your hands often, especially before preparing and eating food

� Minimize handling of receipts and thermal paper

For Children

� Avoid hand-me-down plastic toys

� Opt for infant formula bottles and toys that are labeled “BPA-Free”

Exercise and Activity

� Check air quality in your area [https://airnow.gov]

� Avoid outdoor exercise when pollution levels are high

� Avoid exercise near high traffic areas. Instead, choose routes away from busy roads and vehicles
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GRACIAS

Bemidji Statement: 
“We have the sacred right and obligation to ensure that 
our decision-making is guided by consideration of the welfare and well 
being of the seventh generation to come.”
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BPA AND METABOLIC DISORDERS:BPA AND METABOLIC DISORDERS:

EPIDEMIOLOGICAL EVIDENCEEPIDEMIOLOGICAL EVIDENCE

From http://preventcancer.aicr.org/site/PageServer?pagename=cancer_diet_mystery_epidemiological
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Estimated Mean Bisphenol A (BPA) Concentrations in 
Relation to Reported Diseases and Conditions
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Prenatal exposure to BPA positively associated with increased BMI and adiposity in children
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BPA levels in children associated with overweight and obesity
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BPA levels in adults associated with overweight and obesity
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� Modes of action/causality/vulnerable phases
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• BPA can act as an estrogen

• Timing of exposure and exposure dose/concentration are critical

• The effects of BPA might be different in individual cell types and these effects can vary depending on intrinsic and extrinsic

influences

• When BPA binds to clasic nuclear estrogen receptors and induce specific ERE binding, BPA is usually less potent than

estradiol

• When BPA action is mediated by estrogen receptors outside the nucleus, its potency is as high as that of estradiol, ranging

within the pico-nano molar concentrations

• BPA exerts pleiotropic cellular and tissue-type specific effects and non-monotonic dose-response at the cellular and

intracellular level at low physiological relevant concentrations

BASED ON EXISTING EVIDENCE, WE ARE CONFIDENT OF THE FOLLOWING:
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The concept of estrogenicity of an exogenous chemical is based on the property of these compounds to bind

ERα and ERβ, and to act subsequently as transcription factors when binding to the ERE in the DNA

ER

P160s
SRC-1
GRIP1
p/CIP

CBP/p300

Matthews JB, Twomey K, Zacharewski TR. In vitro and in vivo interactions of bisphenol A and its metabolite, bisphenol A glucuronide, with estrogen 

receptors alpha and beta. Chem Res Toxicol 2001;14(2):149-157. 
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Nadal , Díaz and Valverde ,  Physiology 2001
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In the case of EDCs, the dose does not
make the poison
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Fetal life: a critical “window” in which the appropiate n umber
of beta cells are set in place

Embryogenesis

Fetal growth

Postnatal growth

Late fetal gestation, fastest expansion of β-cell mass

Growth of β-cell mass but at reduced rate

From Rojas et al, Islet cell development
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PREGNANCY
AS A SENSITIVE WINDOW 

FOR THE MOTHER
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Bisphenol-A action on pregnant mice

0 16

BPA treatment

End points measured at pregnancy
days 17 and 18 9

Alonso-Magdalena et al, EHP 2010

BPA 10 µg/kg/day

BPA 100 µg/kg/day
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Time after glucose injection (min)
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Alonso-Magdalena et al, EHP 2010

BPA-exposed pregnant females developed  glucose 

intolerance which resembles gestational diabetes
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CONSEQUENCES OF GESTATIONAL DIABETES IN THE LONG TERM 
FOR THE MOTHER

GESTATIONAL

DIABETES: Any degree
of glucose intolerance
with onset or
first recognition during
pregnancy

Normally
remission
after
delivery

Delivery

• Increased risk for the
development of 
diabetes usually type 2.

• Approximately 10% of 
women with GDM will
have diabetes soon
after delivery, rising to 
20-60 % within 5-10 years

Diabetes
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Animal model: Consequences in the long term 
for the mother?

0 16

BPA treatment
9

3

months
postpartum

Vehicle (Control)

BPA10

64

BPA100

5

months
postpartum

months
postpartum

Alonso-Magdalena et al, Endocrinology 2015

7

3 64 5 7

3 64 5 7
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Alonso-Magdalena P.  et al Endocrinology 2015

BPA-exposed pregnant mums seven months after labour

� Glucose intolerance

� Decline of pancreatic β-cell function

� Decreased pancreatic β-cell mass

� Decreased β-cell proliferation

� Increased β-cell apoptosis Time (min)
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� Decline of pancreatic β-cell function

� Reduced β-cell mass

� Decreased β-cell proliferation

� Increased β-cell apoptosis
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AGE

R
a
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s
/l
e
v
e

ls

Beta cell apoptosis
Cell cycle inhibitors
(p16in k4a,p19Arf…)

Islet amylin deposition

Beta cell proliferation
Cell cycle activators
(Cyclin D, cyclin dependent
kinases….)
Transcription Factors (Pdx-1…
Transcriptional regulators (Bmi-1)

Modified from Gunasekaran et al, Aging 2011. Summary of the effects of age
on various beta cell parameters. Multiple factors influe nce the beta cell as it
ages.

The aging pancreatic β-cell



11/04/2018

88

Control BPA10 BPA100

P
dx

-1
 m

R
N

A
re

la
tiv

e
ex

pr
es

si
on

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

*

A

Control BPA10 BPA100

C
cn

d2
 m

R
N

A
re

la
tiv

e
ex

pr
es

si
on

0.0

0.2

0.4

0.6

0.8

1.0

1.2

*

Control BPA10 BPA100

p1
6 

m
R

N
A

re
la

tiv
e

ex
pr

es
si

on

0.0

0.4

0.8

1.2

1.6

2.0

2.4 *
B C

Alonso-Magdalena P.  et al Endocrinology 2015

Altered gene expression of important cell cycle regulators in pancreatic β-cells 
seven months after labour
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Altered protein expression of important cell cycle regulators in pancreatic β-cells seven 
months after labour
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Many of these compounds individually have been shown to 
behave as diabetogens, obesogens or both
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PRECAUTIONARY PRINCIPLE

� General practitioners, endocrinologists, pediatricians

and obstetricians should consider advising patients on

the exposure to those EDCs that may be risk factors

for type 2 diabetes.

� This precaution would be particularly useful during the

most sensitive periods of life, such as infancy and 

pregnancy.

� Public health policy should be readdressed for those

EDCs, such as BPA, for which use is still unrestricted.
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The Perfect Storm for Diabetes and Obesity

Continued exposure to environmental chemicals, leading to more fat cells, 
inflammation 

altered homeostatic and reward pathways

Throughout Life:  Stress on Abnormal Metabolic System (second hit!)

Increased consumption of fat and sugar leading to “food addiction”

Reduced Exercise, Altered Microbiome

Development:  Environmental Chemicals  & Nutrition, Stress…

Altered “homeostatic” programming
Hedonic, reward pathway
Glucose homeostasis
Number of fat cells, fat cell function

Energy expenditure, metabolic rate
Inflammation
Emotional and/or stress responses

Epidemic of Obesity and Metabolic Diseases
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The Perfect Storm for Diabetes and Obesity

Development:  Environmental Chemicals  & Nutrition, Stress…

• Altered “ programming” of components of the homeostatic system
• Hedonic, reward pathway
• Glucose homeostasis
• Fat cells 
• Energy expenditure  
• Inflammation/inflammatory responses

Throughout Life:  Continued Stress on Abnormal Metabolic System (second 
hit!)

Continued exposure to environmental chemicals, leading to altered homeostatic 
and reward pathways, altered insulin signaling signaling, more fat cells, 
inflammation 
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Two different manners of understanding the etiology of di abetes…..

Sudha B. Biddinger1,2 and C. Ronald Kahn

Annu. Rev. Physiol. 2006. 68:123–58 
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Corkey, Diabetes 2012
Alonso-Magdalena et al, EHP 2006
Nadal et al, Mol Cell Endocrinol 2009

Why we are fat?
Bostonia Winter-Spring 2012

Hyperinsulinemia
the cause of the
problem
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Around the Home

� For those with a submersible pump in their well who notice an oily film or 
fuel odor in their well water, check to see if the pump has failed and, if 
so, replace it. Contact your local Department of Public Health for 
information on how to clean the well

� Old fluorescent bulbs and deteriorating construction materials from older 
buildings should be replaced and discarded safely. Contact your local 
Department of Public Health

� Don’ t burn wood or trash
� Use hand-powered or electric lawn care equipment instead of gas-powered 

alternatives
� Forbid smoking indoors and advocate for measures to make public spaces 

tobacco-free
� Clean your floors regularly and remove dust from your home with a damp 

cloth.
� Plant trees, which filter out airborne gases and particulate matter



11/04/2018

99



11/04/2018

100

Islet of 
Langerhans

TAKEN THE ETIOLOGY OF TYPE-2 DIABETES AND OBESITY 
FROM ANOTHER POINT OF VIEW

BPA
exposure

β-Cell Mass

HYPERINSULINEMIA 

INSULIN RESISTANCE 
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Diabetic mother’ s environment confers risks for T2D in 
mothers and offspring

↑Glucose

↑ FFA
↑ TG

FOOD

Bisphenol-A
NOXA

↑Insulin 
↑Leptin

HORMONES
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We all carry a Chemical Body Burden

287
chemicals in 
cord blood

47
chemicals in every 
pregnant woman tested

In breast milk (BPA, 
PCBs, dioxins, 
pesticides, mercury, 
flame retardants)
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The presence of chemicals in the womb 

does not mean that they are causing harm.

However, every pregnant woman has a body burden 

of chemicals without her knowledge

…with the potential of harm.
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ANIMAL MODELS
EXPOSURE DURING ADULTHOOD
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Bisphenol – A
100 µg/kg/day

INSULIN RESISTANCE

GLUCOSE INTOLERANCE

Safe dose US-EPA: 50 mg/kg/day
Safe dose EFSA-EU: 4 mg/kg/day

ADULT MALE MICE

HYPERINSULINAEMIA

Alteration of 
insulin release

↓ Food intake
↓ Body Temperature
↓ Locmotor Activity

LONG EVANS TOKUSHIMA FATTY 
RATS

Alonso-Magdalena et al, EHP2006
Batista et al, Plos One 2012

Yang et al, Toxicol Environ Health Sci 2014

Accelerates onset of 
glucose intolerance
and hyperinsulinemia
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C e l lu la r M o d e l s
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Figure 1. Pregnancy-like actions of endocrine disrupting chemicals on 
islet function and glucose homeostasis

Alonso-Magdalena, P. et al. (2011) Endocrine disruptors in the etiology of type 2 diabetes mellitus

Nat. Rev. Endocrinol. doi:10.1038/nrendo.2011.56

EDCs
Maternal hormones

Insulin resistance
↓Insulin sensitivity in 

peripheral tissue

Obesity

Islet adaptation
(↑β-cell mass

and/or secretion)

β-cell compensatory

response
Euglycemia

Inadequate β-cell

compensation

or β-cell failure

Dysglycemia
Gestational

diabetes
Type 2 diabetes 

mellitus
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http://lameva.barcelona.cat/bcnmetropolis/es/editorial/descontaminar-el-cos-dels-

habitants-de-les-ciutats/

http://lameva.barcelona.cat/bcnmetropolis/es/calaixera/reports/accions-individuals-

per-protegir-se-dels-disruptors-endocrins/
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Genetic predisposition and 
environmental factors play key roles

The etiology of type 2 diabetes is based on

The induction of 
insulin

resistance

Disruption of 
beta cell
function
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1. ↑ Glucose-stimulated insulin secretion
2. ↑ Insulin biosynthesis 
3. ↑ Beta-cell proliferation and islet volume
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DEHP daily exposure 3–30 μg/kg/d
Urinary concentration of the DEHP metabolite MEHP is 1.5 μg/l
The reference dose of DEHP is 20 μg/kg of body weight per day
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Figure 2 Exposures that occur preconceptionally, in  utero, in early life and in adult life may 
result in epigenetic dysregulation.

Abby F Fleisch et al. J Mol Endocrinol 2012;49:R61- R67

© 2012 Society for Endocrinology
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Figure 3 There are multiple potential causal pathwa ys through which an environmental 
exposure may lead to epigenetic modifications, whic h may, in turn, impact clinical outcomes. 

Abby F Fleisch et al. J Mol Endocrinol 2012;49:R61- R67

© 2012 Society for Endocrinology
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Figure 2 Mechanisms of endocrine disruption. 

Elin Swedenborg et al. J Mol Endocrinol 2009;43:1-1 0

© 2009 Society for Endocrinology
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ENDOCRINE DISRUPTING CHEMICALS

HERBICIDES
2,4,-D
2,4,5,-T
Alachlor
Amitrole
Atrazine
Linuron
Metribuzin
Nitrofen
Trifluralin

FUNGICIDES
Benomyl
Ethylene thiourea
Fenarimol
Hexachlorobenzene
Mancozeb
Maneb
Metiram - complex
Tri-butyl-tin
Vinclozolin
Zineb

INSECTICIDES
Aldicarb
beta-HCH
Carbaryl
Chlordane
Chlordecone
DBCP
Dicofol
Dieldrin
DDT and metabolites
Endosulfan
Heptachlor / H-epoxide
Lindane (gamma-HCH)
Malathion
Methomyl
Methoxychlor
Oxychlordane
Parathion
Synthetic pyrethroids
Transnonachlor
Toxaphene

INDUSTRIAL CHEMICALS
Bisphenol - A 
Polycarbonates
Butylhydroxyanisole (BHA)
Cadmium
Chloro- & Bromo-diphenyl ether
Dioxin (2,3,7,8-TCDD)
Furans
Lead
Manganese
Methyl mercury
Nonylphenol
Octylphenol
PBDEs
PCBs
Pentachlorophenol
Penta- to Nonylphenols
p-tert-Pentylphenol
Phthalates
Styrene
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ENDOCRINE DISRUPTING CHEMICALS
HERBICIDES
2,4,-D
2,4,5,-T
Alachlor
Amitrole
Atrazine
Linuron
Metribuzin
Nitrofen
Trifluralin

FUNGICIDES
Benomyl
Ethylene thiourea
Fenarimol
Hexachlorobenzene
Mancozeb
Maneb
Metiram - complex
Tri-butyl-tin
Vinclozolin
Zineb

INSECTICIDES
Aldicarb
beta-HCH
Carbaryl
Chlordane
Chlordecone
DBCP
Dicofol
Dieldrin
DDT and metabolites
Endosulfan
Heptachlor / H-epoxide
Lindane (gamma-HCH)
Malathion
Methomyl
Methoxychlor
Oxychlordane
Parathion
Synthetic pyrethroids
Transnonachlor
Toxaphene

INDUSTRIAL CHEMICALS
Bisphenol - A

Polycarbonates
Butylhydroxyanisole  (BHA)
Cadmium
Chloro- & Bromo-diphenyl ether
Dioxin (2,3,7,8-TCDD)
Furans
Lead
Manganese
Methyl mercury
Nonylphenol
Octylphenol
PBDEs
PCBs
Pentachlorophenol
Penta- to Nonylphenols
p-tert-Pentylphenol
Phthalates
Styrene

Testosterone synthesis inhibitor           Estrogen receptor agonist
Thyroid hormone transport inhibitor     Androgen receptor antagonist
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Graphics by Paul Volden

Agricultural Chemicals 
(pesticides/herbicides/fungicides),
Food Additives

Industrial Chemicals and By-
Products
(Air Pollutants, solvents, PCBs)

Waste Products
(Dioxin, PAHs)

Pharmaceutical Products
Phytochemicals

Personal Care Products, Flame 
Retardants,
Water Proof  Coatings, packaging 
(BPA, phthalates, parabens, PFOA/PFOS)

Exposures to Endocrine Disruptors Are 
Ubiquitous

Some 
bioaccumulate
and/or are persistent
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Figure 2 

Trends in Endocrinology & Metabolism 2010 21, 214-222DOI: (10.1016/j.tem.2009.12.007) 
Copyright © 2010 Elsevier Ltd Terms and Conditions
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Figure 2 Potential mechanisms of obesogen action that alter metabolic set-points and increase the risk 
of obesity

Heindel, J. J. et al. (2015) Endocrine disruptors and obesity
Nat. Rev. Endocrinol. doi:10.1038/nrendo.2015.163
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In utero

Offspring (3-8 months)
Altered glucose tolerance

Insulin resistance

Hyperinsulinaemia

Decrease in serum adiponectin

Mild weight increase in a non-monotonic
dependent manner
Gender and age dependent

Maternal
Glucose intolerance

Hyperinsulinaemia

Hyperleptinaemia

BISPHENOL-A

(Alonso-Magdalena et al, 2010

Alonso-Magdalena et al, 2015)

Alonso-Magdalena, EHP 2010
Wei et al, Endocrinology 2011
Rubin et al, 2001
Liu et al, Plos One 2013 
Angle et al,  Reprod Toxicol 2013
MacKay et al, Endocrinology 2013
Garcia-Arevalo et al, Plos One 2014
Ma et al, Diabetologia 2013
Ding et al, J Endocrinol 2014
Li et al, Toxicol Letter 2014
Susiarjo et al, Endocrinology 2015



11/04/2018

129



11/04/2018

130



11/04/2018

131

SOLUCIÓN GLOBAL DEL PROBLEMA

Corto Plazo: cambios en las normativas
para reducir la exposición

Medio y Largo Plazo: 
Tenemos que ir más allá del Reducir, Reutilizar y Reciclar. 
Hacía la cuarta R: REDISEÑAR



11/04/2018

132

La OCDE define la QUIMICA VERDE como: “el diseño, la fabricación y uso de
productos y procesos químicos eficientes, eficaces, seguros y más
respetuosos con el medio ambiente”

Hill et al, The Chemist 86: 24-31, 2013

Riesgo= Peligro x Exposición

Tradicionalmente: 

Riesgo    Exposición

Química Verde:

Riesgo      Peligro
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AND MEANWHILE………
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We all carry a Chemical Body Burden

287
chemicals in 
cord blood

47
chemicals in every 
pregnant woman tested

In breast milk (BPA, 
PCBs, dioxins, 
pesticides, mercury, 
flame retardants)
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The presence of chemicals in the womb 

does not mean that they are causing harm.

However, every pregnant woman has a body burden 

of chemicals without her knowledge

…with the potential of harm.


