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ADHD

8-12% of Children Affected in U.S.
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ADHD is a Complex Spectrum Disordk Belep S Ut iidhao
= Variable Symptoms =

= Variable Response to Therapeutic
= Numerous Co-Morbid Conditions

FLORIDA
INTERNATIONAL
UNIVERSITY




MULTIPLE CONTRIBUTORS TO ADHD

- Nutrition

Social
environme

Interactions
among factors
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GENETIC CONTRIBUTION TO ADHD
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Environmental Factors in ADHD

Low Birth Weight
Hypoxia

Maternal Smoking?
Lead

PCBs?

Methyl Mercury?
Pesticides?
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Why Pesticides?

m Specifically put into the
environment

s Target and non-target
species affected

= Children are thought to
be uniquely susceptible

m Child-specific behaviors
= Immature detoxication system
m Critical periods of neuronal

development
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Experimental Design
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GD6 0.3, 1 or 3 mg/kg Deltamethrin PND 22 PND 40-120

l Every 3 Days Jr
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Behavior
Neurochemistry
Molecular Markers
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DEVELOPMENTAL DELTAMETHRIN EXPOSURE
CAUSES HYPERACTIVITY

Male 185% Female B 12500~
o xxx O 100007 o 4% % e de K
L 75001 131% o 33% o
g *% g , T E 10000 =
© 92% T T 75001 4% 'a_-)
~— 7500+
o 5000 - o L g€
c g c g 50001 %“’ 5000
NS JURS a
2 25001 2 _
a 0O 25001 T 2500+
- - o
..(g fg — 0-
|9 0+ T T |9 0+ I I
Control 0.3-DM 1-DM  3-DM Control 0.3-DM 1-DM  3-DM N
N
C:,i\o
C D S
3500 -%-Control -+ Deltamethrin
@ -=- Control ® 15000 «©
§ < 30001 —+—Deltamethrin ~ © o
32 2 &)
O W 25004 ®
> 2100 5 10000
Sc °E
T @ 15001 g8
32 o
2 = 10007 O 50001
< 5001 T
B 0 T T T 1 }9 0

FLORIDA
INTERNATIONAL
UNIVERSITY

Richardson et al., 2015



Operant Behavioral Tasks
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Figure 1. Operant panel for children, based on
Sagvolden et al. {1998).
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INCREASED FIXED INTERVAL RESPONSE IS
INDICATIVE OF IMPULSIVENESS IN
CHILDREN WITH ADHD
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DELTAMETHRIN INCREASES FI RESPONSES:
EVIDENCE FOR IMPULSIVE-LIKE BEHAVIOR
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DELTAMETHRIN INCREASES FR RESETS AND
DECREASES MEAN LONG WAIT IN MALES
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PYRETHROID EXPOSURE IS ASSOCIATED
WITH INCREASED RISK OF ADHD
DIAGNOSIS

“Variable Sample Size (n) | Adjusted Odds Ratio (95% fols
Y wvalue
Total 2,123
Age (yvears) 2,123 1.1 {(1.0-1.2) 0.162
Sex
Female 1,121 Referent
Male 1,002 2.9 (1.5-5.7) 0.003
Race
MNMon-Hispanic white TO2 Referent
Other Hispanic 98 0.4 (0.1-1.3) 0.138
Mexican Aamerican 559 0.3 (0.1-0.5) <0.001
MNMon-Hispanic black 106 0.6 (0.4-0.9) 0.019
Other, including multiracial 658 0.6 (0.1-3.09) 0.557
Covered by health
insurance
Mo 394 Referent
"es 1,729 1.3 (0.6-2.9) 0.545
3-PBA quintiles (pug/l)
15" quintile (0.07-0.07) 482 Referent
2™ quintile {0.1-0.23) 385 3.5 (1.7-7.3) 0.001
3™ quintile (0.24-0.45) 408 1.6 (0.9-3.0) 0.119
4™ guintile (0.46-1.1) 431 2.1 (0.9-4.9) 0.068
5" quintile (1.11-462.1) 417 2.1 (1.04-4.2) 0.037
3-PBA Above the LOD
(0.1 pg/l)
MNo 482 Referent
es 1.641 2.3(1.4-3.9) 0.002
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SYMPTOM COUNTS FROM DISC ANALY SIS
REPRODUCE EFFECTS OBSERVED IN MICE

Inattentive Symptom Count

Urinary 3-PBA Level > LOD
Qverall
Boys
Girls

Logsg-transformed Urinary 3-PBA
Overall
Boys
Girls

ACR (95 % Cl)

1.26 (0.75, 2.12)
1.61(0.92, 2.60)
0.89 (0.44,1.81)

121(0.83,179)
149(105,21)
100 (058, 1.71)

Hyperactive-Impulsive Symptom Count

ACR (95 % Cl)

1.77(0.95, 3.30)
249 (1.17,5.27)
1.01(0.51, 2.00)

150 (103, 2.19)
157 (105, 234)
151 (0.8, 260)

Abbreviations: 3-PBA, 3-phenoxybenzoic acid; ACR, Adjusted Count Ratios; LOD, limit of detection

Adjusted for child’s age, race/ethnicity, income, health insurance status, prenatal tobacco exposure, blood lead level (log,,-transformed), urinary

organophosphate metabolite level (log,q-transformed), and urinary creatinine level. Overall models also adjust for sex
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DOPAMINE SYSTEM AND ADHD

Dopaminergic synapse
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D1 RECEPTOR CONTRIBUTES TO
BEHAVIORAL DYSFUNCTION
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DEVELOPMENTAL DELTAMETHRIN
INCREASES D1 RECEPTORS
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D1-Receptor
Expression

LONG-TERM INCREASES IN DAT AND D1
MRNA EXPRESSION
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DELTAMETHRIN DECREASES EXPRESSION OF
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KNOCKDOWN OF DNMTS INCREASES DRD1
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DEVELOPMENTAL DELTAMETHRIN CAUSES
HYPOMETHYLATION OF DRD1

Drd1a Intron Promoter
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ARE THERE CRITICAL PERIODS OF
EXPOSURE?

Gestational-Lactational e Adult

y Hyper?‘:ti"ity | « ER Stress (Hossain and

« Impulsive Behavior Richardson, 2011; 2020;

- Dopamine system appears to be Hossain et al., 2015; 2019)
target . .

pr”_mary ?rge _ « Learning and memory deficits
* Epigenetic mechanisms (Hossain et al., 2015;
« NHANES data supportive of submitted)

animal work Ctroct Tl |
Postnatal (unpublished data) (HC?gSZigne?alIJ Zr‘(?]l_lsrf)geneﬁs

* Hyperactivity submitted)

e Impulsive Behavior * No hyperactivity

e Learning and memory? )
J Y  Hippocampus appears to be

* Dopamine system and a sensitive target
hippocampus both appear to be
targeted « Human studies needed
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CONCLUSIONS

Pyrethroid Exposure is Associated with ADHD Risk, Particularly
In males

Developmental Deltamethrin Reproduces Features of ADHD
e Hyperactivity

e Impulsive-like Behavior

 Male Sex Bias

Dysregulation of the DAT and Drd1 Contribute to Behavioral
Dysfunction

Epigenetic Mechanisms are Responsible for the Long-Term
Changes in DAT and DRD1
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OPPORTUNITIES AND CHALLENGES

Who is at risk, when and why?
How to promote and support multidisciplinary research teams

How to develop and use methodology to address polygenic and
multiple environmental contributors

Harnessing new technologies (i.e. CRISPR) to generate
relevant animal models for testing GXE Interactlons

Laboratory models need to be validated for the disease of
interest

How to leverage existing and ongoing neuroscience studies to
Incorporate environmental exposure assessment

How to determine the relevance of peripheral biomarkers to
changes in the brain
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