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*Sensory systems require experience (activity) to develop — 1960s
*Motor systems require experience (activity) to develop — 1970s
*Cognitive systems require experience (activity) to develop — 1980s

*Social-emotional systems require experience (activity) to develop —
1990s

‘Reward/motivation systems require experience to develop - ????
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The Divisions are Artificial
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Where we have been......
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Table 1 | Neurodevelopmental consequences of prenatal drug exposure

Age of exposure

Late early to mid
gestation (primarily
based on animal
studies)

Throughout

gestation

Throughout

gestation

Throughout
gestation and early
postnatal exposure

Drug

Cocaine

Aleohol

Micotine

Amphetamine or
methamphetamine

Meurochemistry involved
DA >MNA and 5-HT. Blocks

monoaminergic transporters and
increases synaptic concentrations of
monoamines

GABA and NMDA. Blocks NMDA receptor
activity and increases GABAergic activity

Acetylcholine. Activates nAChRs

DA >NA and 5-HT. Reverses the action
of monoaminergic transporters and
increases synaptic concentrations of
monoamines

MNeurodevelopmental consequences

Altered neuroanatomical morphology,
disrupted cognition and altered cellular
signalling

Craniofacial dysmorphologies, decreased
birth weight, hyperactivity, cognitive
deficits, cortical dysgenesis, cell death
and reduced brain volume

Decreased birth weight, hyperactivity,
cognitive disabilities and emotional
disruptions

Low birth weight, decreased arousal,
deficits in learning and decreased volume
of the hippocampus and striatum

Refs

18-37,42-
47,54-59,63-
65,203

113-115,118-
120,126-132

82,866-94,96—
08,100~
105,107,108

66,67,70-73,
7681

Thompson, Levitt and Stanwood, Nat Rev Neurosci 2009
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: Cortical pattern established for NA, 5-HT, DA,
Synaptogenesis (local tuning) GABA and glutamate
34W-36M  P2-P2I
Biochemical differentiation
Establishment of topography
24-28W E18-P7
Cell death
Aggregation Innervation by GABAergic interneurons and
22-34W El6—PO & AAAAAAAAAAAAAAAAAAAAA glutamatergic projection neurons
- Gt [0 Appearance of transient projections
8-15W El6-PO Aggregation Innervation by VTA, LC and raphe neurons
Migration Generation and migration of GE interneurons
and pallium projection neurons
5W En-17
Proliferation Generation of LC, VTA and raphe neurons
Cell death

Thompson, Levitt and Stanwood, Nat Rev Neurosci 2009
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Prenatal Exposure to Cocaine — Alters Effective Concentration to Obtain
the Reinforcing Properties of Cocaine in Adult Offspring
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Thompson, Stanwood & Levitt, unpublished
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Non-Drug Factors in Early Development Also
Can Alter These Systems — And Create
Vulnerability For A Lifetime
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Self-Report: Alcoholism Self-Report: Illicit Drugs

16 | 40 |
op 14 % 3° _
12 ] 30 |
10 ] 25
8 20

6 - 15 1’|

4 10 {7
2 - 5 .
0 . 0 |

0 1 2 3 4 ACEs 0 1 2 3 4 5+
Source: Dube et al, 2002 Source: Dube et al, 2005

Schilling et al, BMC Public Health 7 (2007)
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Active Lever Presses
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Zhang et al Psychopharmacology, 2005
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Brain chemicals — neurotransmitters — participate
In the process of building brain architecture

Genes and Environment tune these chemicals
during development

*The neurotransmitters (i.e. DA), now tuned poorly,
will have long-term impact on brain function —
particularly related to the systems in which they
serve important roles.



The cognitive, motivational (reward)
and social-emotional links occur early
In development, and the healthy
development of these systems matter
for long-term outcomes.
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Building healthy architecture in these
systems depends on a combination of
factors — genes and environmental

*These systems are built over time
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Language ] . ]
Sensory Pathways Higher Cognitive Function
(Vision, Hearing)

FIRST YEAR
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Source: C.A. Nelson (2000)
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Source: Chang & Merzenich (2003)



Interaction as Serve and Return
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early_positive experiences

A balancing act

New homeostatic
‘set point’
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early negative experiences

A balancing act

New homeostatic
‘set point’



- Early Childhood Adversity Can Lnfluence

DEVELOPMEMNT
A SCIENCE IN
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Research on the developmental
biology of stress (developmental
allostasis) helps explain some of the
underlying reasons for differences in
learning, behavior, and high risk for
physical (cancer, cardio, diabetes),
and mental health disorders.



Like Sensory and Stress-Response
Systems, Our Reward Systems Are

Tuned During Development
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Barr et al, Nat Neurosci, 2009
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“Social Defeat”, Dopamine and Reward Systems

(5 min bouts of aggression w/o physical injury)

X&ﬁ

Key ‘reward’ pathway

Feder et al Nat Rev Neurosci 2009



“Social Defeat”, Dopamine and Reward Systems

Unsusceptible
or resistant

resilient adaptation

Susceptible
or vulnerable

; Disrupting
changes
ol 2
€ .0

Feder et al Nat Rev Neurosci 2009 Low capacity for adapéatlon
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Low capacity for adaptation

*Social aversion
Depression

Anxiety Disorders

Feder et al Nat Rev Neurosci 2009
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801
B5 Performance
predicted by
chance

Percentage of All Reaches
o o
o o

20
1 Low Foraging Demands
High Foraging Demands
27 Intermittent Separations

Lyons and Schatzberg, Neurobiol Learning Mem, 2003
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Lyons and Schatzberg, Neurobiol Learning Mem, 2003



Experience Affects Stress Response for a Lifetime!

High Care Pups

Stress Response

AN

Restraint Time

Source: Meaney et al. (200?)



The links between cognitive, social-
emotional and reward systems
occur early in development, and the
healthy development of these
systems matter for long-term
outcomes.



In part, through ‘epigenetics’.....
and it’'s is really powerful



3 GENE REGULATORY PROTEINS
attract or repel enzymes that

add or remove epigenetic
markers

4 EPIGENETIC “MARKERS” control
where and how much protein is made
" = by a gene, effectively turning a gene
: (// ~ “on” or “off”, thereby shaping how

brains and bodies develop

GENE - a specific
segment of a
DNA strand

DNA strands encircle “histones” that determine
whether or not the gene is “readable” by the cell

& s

CHROMOSOME - can pass
on genes to next generation



Early Experiences Can Transmit
Across Generations

Maternal diet
supplements during
pregnancy causes
shift in offspring’s
fur color,

reduced obesity
and cancer risk

in genetically
identical mice.

Source: Jirtle & Skinner (2007) choline/folate



How Experience Influences Genes

Stress Response

Restraint Time Source: Meaney et al. (2005)
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Successful
Fate child

Free WN

Parents /
Genes /

Environment

Unsuccessful
child
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Reward/Motivation
Development

Emotional
Development

/NN

Interactions (+/-) «—— Brain Architecture Social
(serve & return) Development
Cognitive

Development
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Important to development & in the context of
stable and supportive relationships

Potentially disruptive, but buffered by
supportive relationships & safe environments

Disrupts brain architecture, increases the risk
of stress-related physical and mental illness
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Controls Toxic Stress Positive “Innoculating” Stress
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Cocaine Dose Moffett et al J. Pharm Exp Ther 2006



5= BRAIN &

BIOLOGICAL
DEVELOPMENT

A SCIEMCE IM
SOCIETY SYMPOSIUM

*All systems require experience to develop

Patterns of activity (experience), good or bad,
will impact brain architecture and chemistry

«Cognitive, social-emotional and reward
systems are interconnected

*There are sensitive periods during which time
the architecture and chemistry of systems can
be changed

*The early impact on brain architecture and
chemistry will have long-lasting consequences
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In the context of the reward systems,
distinguishing between a brain architecture and
chemistry that reflects motivated, non-
motivated or aversive behavior will be critical in
designing interventions that work.........

So remember...........
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Thank You!




