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Brain Health & the Environment 

It’s all inter-connected

What if I tell you that there are over 800 million

children around the world (including the US), or 40% of the 

world’s children, that have a condition that slowly takes away 

their intelligence and a bright future [UNICEF 2020 Report]

This condition results in:

-learning deficits and a need for special education

-poor school performance & increased school dropout 

-delinquent behavior & incarceration

-risk of psychiatric disease such as depression & schizophrenia

-increased risk of drug use & abuse

-increased risk of Alzheimer’s disease later in life
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These are the same children that will be responsible for our world in the decades to 

come…………
THESE ARE THE REAL FACES
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• The Flint Water Study found that 10% of the homes tested had 25 ppb of lead, 

far exceeding the EPA’s action level of 15 ppb.

• The highest test came back at 13,200 ppb; at 

5,000 ppb, water is considered hazardous 

waste.

• April 2014 – To save costs, Flint, MI switched the source of it’s drinking water 

supply from Detroit city water to the Flint River



Stempel



Stempel

In cities like Detroit, your zip code dictates lead exposure level

3.5 ug/dL is the current CDC level of action
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CHILDHOOD LEAD INTOXICATION IS A 

GLOBAL PUBLIC HEALTH PROBLEM



Stempel



Stempel

Mean IQ effect as a function of 

blood lead adjusted for HOME

score, maternal education, 

maternal IQ, and birth weight.

Env Hlth Persp 113: 894, 2005 
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HOW DOES LEAD AFFECT THE BRAIN?

Primary neuron in culture - Hippocampus
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SYNAPSES ARE POINTS OF INFORMATION 

TRANSFER FROM NEURON TO NEURON
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Research has discovered:

Lead interferes with the ability of NEURONS to grow, 

connect, and communicate.
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ADULT NEUROGENESIS

What are the consequences of lead exposure 

at the cellular level?

http://arjournals.annualreviews.org/na101/home/literatum/publisher/ar/journals/production/neuro/2005/28/1/annurev.neuro.28.051804.101459/images/large/ne280223.f4.jpeg
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Pb2+

Gestation Lactation

Postnatal day 1 21 45      50

BrdU

78

Proliferation Survival

LEAD EXPOSURE & ADULT NEUROGENESIS:

EXPERIMENTAL DESIGN
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PROLIFERATION OF NEWLY BORN CELLS IN THE 

SUBGRANULAR ZONE - DENTATE GYRUS

SPB

IPB

Control
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SURVIVAL OF NEWLY BORN CELLS IN THE 

DENTATE GYRUS

0.1mm

Lead

SPB

IPB

Control
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HIPPOCAMPUS CONNECTIVITY
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DENSITY & MORPHOLOGY OF APICAL DENDRITES

IN NEWLY BORN  NEURONS (DOUBLECORTIN LABELING)

CONTROL

LEAD EXPOSED
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EFFECT OF LEAD EXPOSURE ON DENTATE 

GYRUS LTP IN THE RAT HIPPOCAMPUS

Stimulating Electrode

Recording Electrode

LTP= Long-Term Potentiation is a long-lasting 

increase in synaptic efficacy believed to be 

involved in information storage in the brain
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ACQUISITION OF LEARNING BEHAVIOR

SPATIAL LEARNING – MORRIS WATER MAZE

Probe 
Test

Probe 
Test

[Nihei, et al., Neuroscience 99:233, 2000]
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SUMMARY

• Early life lead exposure alters adult neurogenesis 

and the morphology of newly born neuron in the 

hippocampus of adolescent animals. 

• These effects alter neuronal circuitry in the 

hippocampus with detrimental effects on synaptic 

plasticity and cognitive function. 
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TAKE-HOME MESSAGE

Lead attacks the most 

fundamental aspect of the 

human brain, 

the synapse

It undermines the ability of 

children to develop the mind.
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THANK YOU!!
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LABELING OF PROGENITOR CELLS 

IN THE SGZ

Source: Christie and Cameron. (2006). Hippocampus.

BrdU-DAB

3H-Thy

BrdU

Ki67

Retrovirus-GFP
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Pb2+

Gestation Lactation

Postnatal day 1 21 45      50

BrdU

78

Proliferation Survival

LEAD EXPOSURE & ADULT NEUROGENESIS:

EXPERIMENTAL DESIGN
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E-WASTE: A NEW GLOBAL SOURCE OF LEAD AND 

OTHER TOXIC METALS EXPOSURE IN CHILDREN
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2000 20162009

Estimated Age-Adjusted Death Rate per 100,000

Heat-map of drug-poisoning mortality estimated age-
adjusted death rate per 100,000

 in the United States in the years 2000, 2009 and 2016.

Source: National Center for Health Statistics, National Vital 
Statistics System, mortality data 

Rossen et al., 2017
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Fentanyl is a synthetic opioid that is up to 50 times stronger than heroin and 100 times stronger 

than morphine. It is approved by the FDA as an analgesic.

Fentanyl produces its pharmacological effects by activating mu-opioid receptors in the brain. 
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StempelMales: Control n=8, Pb2+-exposed n=7; Females: Control n=8, Pb2+-exposed n=6.

Spatial distribution of µ-Opioid Receptors in the rat brain using 
[3H]-DAMGO autoradiography 

-3.30 mm Bregma
(hypothalamus, thalamus, basolateral 

amygdala, stria medullaris of the 
thalamus)

1.30 mm Bregma
(striatum and nucleus accumbens) 

CONTROL Pb2+ exposed 

0

fmol/mg

tissue

208

CONTROL Pb2+ exposed 

Top Row= Males

Lower Row= Females
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Hypothalamus Thalamus
Basolateral

Amygdala
Striatum

Lateral

Posthalamic

Nuclei

Stria Medullaris

of the

Thalamus

Ventral

Posteromedial

Thalamic Nucleus

Nucleus

Accumbens

MALE

FEMALE

[3H]-DAMGO specific binding  to µ-opioid receptors in 
different brain regions of adolescent 

male and female rats exposed to Pb2+

*p<0.05 ,**p<0.01 and ,***p<0.001 compared to Control 
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SPATIAL LEARNING TASK
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TRACKING OF SWIMMING PATH

Day 1

Day 9

Control 1500 PbAc
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PROBE TEST-NO PLATFORM

PbAc
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