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Overview

• What is an endocrine disruptor?
• Which environmental exposures are associated with 

reproductive toxicity?
• How do endocrine disruptors cause damage?



What is an endocrine disruptor?



“Exogenous agent that interferes 
with the synthesis, storage/release, 

transport, metabolism, binding, 
action, or elimination of natural 

hormones”

Cooper and Kavlock, 1997



Endocrine System
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Endocrine Disruptors

• Estrogens
• Androgens
• Anti-estrogens
• Anti-androgens
• Progestogens
• Adrenal toxins
• Thyrotoxic agents
• Aryl hydrocarbons
• Retinoids



Endocrine Disruptors

• Types of endocrine disruptors
– Pharmaceutical agents

• diethylstilbestrol, oral contraceptives
– Pesticides

• dichloro-diphenyl-trichloroethane (DDT), methoxychlor (MXC) 
– Flame retardants

• polybrominated diphenyl ethers (PBDEs)
– Plasticizers

• phthalates, bisphenol A
– Heavy metals

• lead, mercury, arsenic
– Environmental contaminants

• dioxins, polychlorinated biphenyls (PCBs)



Pharmaceutical Agents: 
Diethylstibestrol (DES)



DES versus Estradiol

DES

Estradiol



DES Story

• 1966-1969
– 7 women between 15-22 developed clear cell 

adenocarcinoma of the vagina
• 1969-current

– Serious adverse outcomes in male and female 
children of DES-exposed mothers

– DES use limited; not manufactured in US



DES Events

• Females
– Abnormalities of the 

reproductive tract
• Uterus, Fallopian tubes

– Infertility
– Preterm labor
– Fibroids
– Cancer

• Vagina, Breast
– DES granddaughters

• Males
– Cryptorchidism
– Abnormal semen
– Reduced fertility
– Testicular cancer
– Hypospadias



What did we learn from the DES story?

• Placenta does not always protect the fetus
– We must use care with drugs given to pregnant women

• Not all estrogens are good for all tissues, species
• Chemicals can have delayed, long-lasting effects
• Chemicals can have transgenerational effects
• Nothing? A lot?

– DES being used a prostate and breast cancer treatment 
in some countries

– DES being used to treat dogs and cats with urinary 
incontinence



Pesticides

• Pesticides
– Banned

• Dichloro-diphenyl-
trichloroethane (DDT)

• Kepone
• Hexachlorocyclohexane

– Current
• Atrazine
• Endosulfan
• Lindane
• Methoxychlor

DDT



Pesticides

• Used on crops, lawns, gardens, homes, and pets
• Contaminate food and water
• Known reproductive toxicants in wildlife and humans

– eggshell thinning in birds (DDT)
– abnormal reproductive organs in alligators (DDE)
– masculinization of rodents (kepone, DDT, methoxychlor)
– spontaneous abortion in women
– endometriosis in women
– low conception rates in women
– infertility in men and women
– altered sex ratio in humans and fish (more females)



Lake Apopka Disaster



Lake Apopka Disaster

Guillette et al., 1996; Toft et al, 2003



Sesame Control MXC (64 mg/kg/day)

Methoxychlor

Borgeest et al., 2002



Methoxychlor
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Hexachlorocyclohexane (HCH) and Miscarriage
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Flame Retardants



Flame Retardants



Flame Retardants

Talsness et al, 2008



Flame Retardants

Lilienthal et al., 2006



Plasticizers-Phthalates



Phthalates

• More than 18 billion pounds of phthalates 
are produced worldwide each year

• One of the top three contaminants present 
in human tissue (CDC report, 2005)

• Little to nothing is known about the health 
risks from everyday, environmental 
exposure



Phthalate Effects

• Have both anti-androgenic and estrogenic effects on 
development and sexual differentiation of the brain

• Chronic exposure in humans is associated with:
– Decreased pregnancy rates
– High rates of miscarriage
– Pregnancy complications

• Anemia
• Toxemia
• Preeclampsia

• Animal studies have shown that exposure inhibits ovarian 
and testicular synthesis of steroid hormones required for 
fertility



Prenatal Exposure to Phthalates

• Maternal exposure to phthalates results in a 
number of abnormalities of the male 
reproductive system
– Reduced anogenital distance
– Retained nipples
– Undescended testes
– Impaired reproductive behavior



Phthalates

Hogberg et al, 2008



Phthalates

Swan et al., 2005



Phthalates

Gupta et al., unpublished



Phthalates

Gupta et al., unpublished



Bisphenol A (BPA)

• BPA was originally synthesized in 1891 and intended for 
use as a chemical estrogen to help prevent miscarriage

• Diethylstilbestrol (DES) was a more potent estrogen and 
used instead of BPA

• BPA was then employed by plastics manufacturers, and 
remains so today



Plastics is the country's third-largest manufacturing 
industry, producing nearly $379 billion worth of goods 
each year (Society for the Plastics Industry).

BPA is Everywhere



BPA

• BPA is released from polycarbonate plastics 
and resins by:
– Exposure to light
– Heating
– Aging
– Coming into contact with acids and bases in 

cleaning products



• BPA is found in 95% of human urine samples 
– it is rapidly metabolized and excreted

• BPA has been detected in ovarian follicular fluid, 
suggesting the follicle may be a source of BPA 
exposure for the early fetus 

• BPA is able to rapidly cross the placenta and enter 
fetal organs in rats

BPA



• BPA is an endocrine disrupting chemical:
– Anti-androgenic effects
– Antagonistic effects on thyroid hormone receptor
– Agonist and antagonistic effects on estrogen 

receptors
• Effects depend on the receptor subtype and 

cell type

Effects of BPA 



- Reduced sperm production
- Altered prostate development
- Increased susceptibility to prostate cancer

- Altered mammary glands
- Decreased fertility
- Chromosomally abnormal oocytes

Gender Specific Effects of BPA



Prenatal Exposure to BPA in Rodents

• BPA causes long-term adverse effects 
– Multiple cystic follicles in the ovary
– Altered cyclicity
– Impaired ovulation in adult life
– Altered sexual differentiation of reproductive tissues
– Early puberty onset
– Weight gain
– Decreased anogenital distance
– Premature breast development



BPA

• BPA not banned in the US, but bans are 
being proposed

• FDA has approved BPA as a food additive, 
but this has been extensively criticized

• Marketing for baby bottles has been 
changed
– BPA free or glass bottles 



Environmental Contaminants

• Dioxins (TCDD)
– paper bleaching
– pesticide 

manufacturing



Dioxins

• Animal models
– reproduction

• malformations
• decreased sperm count
• delayed puberty
• endometriosis

– behavior
• demasculinized sexual behaviors
• decreased reflexes
• increased locomotor activity

– other
• wasting syndrome

• Humans
– reproduction 

• possible birth defects
• change in sex ratio 

(more females than 
males)

• endometriosis

– other
• chloracne



Dioxins

www.ejnet/org/dioxin



Dioxins



TCDD and Sex Ratio

Mocarelli et al., 2000



Environmental Contaminants

• Polychlorinated biphenyls 
(PCBs)
– banned in 1970s

• electrical transformers
• capacitators
• hydraulic fluids
• plasticizers
• adhesives

– persist in fish



Polychlorinated biphenyls 
(PCBs)

• Animal models
– reproduction

• small litter size
• abortions
• early puberty

– neurologic, behavior
• altered sex 

differentiation
• cognitive deficits

– thyroid
• altered activity

• Humans
– reproduction

• intrauterine growth retardation
• hyperplasia in tissues
• birth defects

– neurologic, behavior
• impaired short-term memory
• delayed psychomotor development

– thyroid
• altered activity



PCBs



PCBs

Pollutionissues.com



PCBs

US EPA website, 2005



PCBs



PCBs

Brouwer et al., 1999



PCBs

Schantz et al., 2003



PCBs

Guillette et al., 1998



PCBs and Normal Time to Conception
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How do agents disrupt/modulate
the endocrine system?



Mechanisms of Damage

• Endocrine Disruption
– mimic hormones
– block hormones
– trigger inappropriate 

hormone action



Mechanisms
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Cells
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Mechanisms of Toxicants

No Damage

Detoxification

Damage

No Detoxification

Damage

Bioactivation

Tissue

Toxicant



Mechanisms of Damage

• Damage reproductive tissues
– ovary
– uterus
– oviducts
– cervix
– vagina
– testes
– epididymis
– prostate



What can we do to avoid endocrine 
disruption?

• Awareness
• Screen and Regulate chemicals

– prevention
• Regulate food and water

– prevention
• Mechanistic studies

– treatment 



Summary

• We are exposed to many endocrine disrupting 
agents

• Endocrine disruptors may affect reproduction in 
wild-life and humans

• We need more studies to determine which 
chemicals affect reproduction and how such 
chemicals act
– Prevention
– Treatment
– Policies
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