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Executive Functions 

depend on Prefrontal 

Cortex and the other 

neural regions with which 

it is interconnected. 
 

 



Unusual properties of  the 

prefrontal dopamine system 

contribute to PFC’s 

vulnerability to environmental 

and genetic variations that 

have little effect elsewhere.   



Dopamine is a critically important 

neurotransmitter in prefrontal cortex 

and in the striatum. 

One way neurons communicate with 

one another is by one neuron releasing 

dopamine and the other neuron taking 

it up with dopamine receptors. 

 



Much of  the released dopamine doesn’t 

reach another neuron and needs to be 

cleared from the space between and 

around the neurons.   

The best mechanism from clearing away 

released dopamine is by dopamine 

transporter (DAT) protein. 

Dopamine transporter is abundant in the 

striatum but sparse in prefrontal cortex. 



The best mechanism from clearing 

away released dopamine is by 

_____________________. 

Dopamine transporter is abundant 

in _____________ but sparse in 

_____________. 



Striatum 

=  DA Transporter 

=  DA Receptor 



Prefrontal Cortex 

=  DA Transporter 

=  DA Receptor 



Polymorphisms of  the 

dopamine transporter 

(DAT1) gene should be 

important for which brain 

region?   

 

 



Polymorphisms of  the 

dopamine transporter 

(DAT1) gene should be 

important for the striatum. 

 

 

 



In ADHD there is a primary 

problem in the striatum 

(PFC-striatal circuit)  
  

I hypothesize that 

in ADD there is a primary 

problem in PFC (in  

the PFC-parietal network) 

 

 

 



Polymorphisms of  the dopamine 

transporter (DAT1) gene should  

be important for the striatum 

and for which types of  ADHD? 

 

 

 



Polymorphisms of  the dopamine 

transporter (DAT1) gene should  

be important for the striatum 

and for the types of  ADHD that 

includes hyperactivity (ADHD-H   

& ADHD-C; the types of  ADHD 

linked to the striatum) 

 

 



    Levels of  hyperactive-

impulsive symptoms are 

correlated with the number 

of  DAT1  high-risk alleles 

but levels of  inattentive 

symptoms are not.  
  

  (Waldman et al., 1998)  

 

 



   DAT binding specifically in 

the striatum has been found 

to be related to motor 

hyperactivity but not  to 

inattentive symptoms.   
 

(Jucaite et al., 2005) 

 

 



The dopamine receptor 

subtype, DRD4, is present in 

prefrontal cortex in humans, 

but not in the striatum.  

(Meador-Woodruff  et al., 1996) 



 Polymorphisms of  the  

DRD4 gene should affect 

which brain region? 



 Polymorphisms of  the  

DRD4 gene should affect 

prefrontal cortex. 



   DAT1 gene expression 

preferentially affects     

   caudate volume,  

   while DRD4 gene expression 

preferentially affects 

prefrontal gray matter volume      

   (Durston et al., 2005)  



 Polymorphisms of  the DRD4 gene     

should affect prefrontal cortex 

and therefore should be linked to 

what type of  ADHD? 



 Polymorphisms of  the DRD4 gene     

should affect prefrontal cortex 

and therefore should be linked to 

the inattentive type of  ADHD   

(the type dependent on PFC). 



 A link between the DRD4 gene and 

ADD is consistent with the finding of   

Auerbach et al. (2001) 

       Significant relation between 

individual differences in sustained 

attention & working memory and 

polymorphism of  the DRD4 gene in 

normal infants (those with a 7-

repeat-allele performed worse)   



The Role of  Parenting and Dopamine D4 

Receptor Gene Polymorphisms in 

Children's Inhibitory Control 

Smith et al.    2013 

Developmental Science, 16, 515-30. 
 

In the face of  less positive parenting, 

children with > 7-repeat allele displayed 

lower Inhibitory Control than children 

without a 7-repeat allele 
 



ADD is a different disorder from ADHD.    

They have…. 

• different cognitive & behavioral 

profiles,  

•  different patterns of  comorbidities,  

• different responses to medication, 

and 

•  different underlying neurobiologies.  



ADHD children tend to be 

frenetic and hyperactive.                             

 

A significant proportion of  

ADD children are exactly the 

opposite - hypoactive, 

sluggish, & very slow to 

respond. 



ADHD children tend to 

be insufficiently self-

conscious.  

ADD children tend to be 

overly self- conscious. 



Both groups tend to have social problems, 

….but for different reasons.   

An ADHD child alienates other children by 

butting in, taking their things, failing to 

wait his or her turn, & acting without 

having first considered others’ feelings.   

An ADD child is likely to have social 

problems because of  being too passive or 

shy. 



     ADD children are not so 

much as easily distracted 

as easily bored.  



       Their problem is more in motivation 

(under-arousal) than in inhibitory 

control.   

 

       It is not so much that distraction 

derails them… as that they go 

looking for distraction because 

their interest in what they had 

started has dwindled.  

 



Challenge or risk, something to literally get their 

adrenaline pumping, can be key to keeping 

their attention and to eliciting optimum 

performance.  

(Note, the beneficial effects of  Amphetamines, 

which release more DA & NE.) 

ADD adults sometimes say they can focus better 

when driving if  they speed than if  they drive 

slowly. 

ADD children often perform better on the 

continuous performance tasks when 

challenged by a fast presentation rate. 



The dopamine transporter 

moves dopamine from the 

synapse back into the sending 

neuron.  

Methylphenidate blocks the 

dopamine transporter (1.e., 

blocks re-uptake), causing an 

increase in dopamine 

concentration at the synapse.  

Synapse  

Dopamine  

Dopamine receptor  

Methylphenidate’s Mechanism of  Action 

at High Doses 



Most children with ADHD respond 

positively to methylphenidate (Ritalin) 

in moderate to high doses. 

Barkley et al., 1991; Barkley, 2001; 

Milich et al., 2001; Weiss et al., 2003 



    On the other hand, a significant 

percentage of  children with 

ADD are not helped by methyl-

phenidate and those who are 

helped often do best at low 

doses.   

 (Barkley et al., 1991; Barkley, 2001; 

Milich et al., 2001; Weiss et al., 2003)  



 Recent research shows that low 

doses of  MHP (dosages that are 

usually more effective in treating 

ADD) preferentially increase 

dopamine release in the PFC & 

preferentially enhance signal 

processing in PFC. 

 Berridge et al., 2006;  

 Devilbiss & Berridge, 2008; 

 Schmeichel & Berridge, 2013; 

 Spencer et al., 2012 

 



Prefrontal Cortex 

=  DA Transporter 

=  DA Receptor 



This makes prefrontal cortex more 

dependent on secondary 

mechanisms (such as the COMT 

[catechol-O-methyltransferase] 

enzyme) for clearing dopamine 

from extracellular space  than are 

other brain regions, such as the 

striatum. 



COMT Gene 

  catechol-O-methyltransferase 

   gene 

 

codes for the COMT enzyme,   

which methylates released 

dopamine. 

It’s located on chromosome 22. 



A single base pair substitution       

CGTG  to  CATG    

translates into a substitution of   

Methionine for Valine at codon 158 



Catechol-O-methyltransferase (COMT) Val158 Met 

High dopamine 

Zalsman et al. 

Low activity 

enzyme 

High activity  

enzyme 
Low dopamine 

SYNAPSE 



Why would people with the 

Methionine variant of  the 

COMT gene be likely to 

have more dopamine in 

prefrontal cortex? 

 

  



Because the Methionine 

variant of  the gene codes 

for a slower COMT enzyme 

which would leave more DA 

around longer in PFC. 

 

  



The Methionine variant of  

the COMT gene is 

associated with better PFC 

function and better 

executive functions.   

 

  



Which variant of  the COMT 

gene is usually associated 

with better PFC function and 

better executive functions?   

  



The Methione variant of  the 

COMT gene is associated 

with better PFC function 

and better executive 

functions.   

 

  



This is specific to EFs:    

There is no relation 

between COMT genotype 

and IQ or other non-PFC 

functions.  
  



The Optimum Level of  

Dopamine in PFC is an 

Intermediate Level 

too little too much 

Arnsten & Li, 2005; 

Vijayraghavan et 

al., 2007 



too little too much Met-158 

Val-158 

Optimal level of  DA in PFC 

Differences in COMT Genotypic  

lead to Differences in PFC DA Levels 

 



Dots - Congruent  

Push Left 

Push Right Push Left 

Push Right 

Dots - Incongruent  



Diamond et al. 

(2004) 

American 

Journal of 

Psychiatry 



 

What’s the downside 

of  Met variant of  

COMT?  



 

 

 

Even mild stress increases DA release in 

PFC but not elsewhere in the brain 

Stress and Prefrontal Cortex 

(Roth et al., 1988) 



Genotypic Difference in PFC DA Levels 

leads to Genotypic Differences in Stress 

Reactivity 

too little too much Met-158 

Val-158 

Effect 

of  Mild 

Stress 



Val/ Val COMT 

Met / Met COMT 

Buckert et al. (2012): Under stress, young adults homozy-

gous for COMT-Val158 showed better EF performance  

than young adults homozygous for COMT-Met158 

Val 

Met 



Persons homozygous for  

COMT-Met158 tend to 

be more sensitive to stress  
Buckert et al. 2012; Armbuster et al. 2012 

have higher anxiety 
Olsson et al. 2005 

and have heightened pain stress 

responses  
Zubieta et al., 2003 

Diatchenko et al., 2005           



It has long been known that some of  

the brightest people also have the 

most fragile personalities and are 

highly reactive to stress. 

 

Here is a possible mechanism for 

why the two might go together.    

 
 re: dandelion & orchid children 



‘Dandelions’ are children who do okay 

wherever they are planted.  They are 

often seen as models of  resilience.  

Perhaps children homozygous for 

COMT-Val158 are the dandelions; 

they’ll do okay even in a stressful 

environment, but might lack the 

exquisite fine-tuning of  prefrontal 

cortex needed to achieve the 

brilliance of  which a COMT-Met158 

child might be capable.   



Research shows that some of  the 

children who look the worst when they 

are in an unsupportive, stressful 

environment are exactly those who 

blossom the most when in a good 

environment.  

Perhaps some children homozygous 

for COMT-Met158 are among the 

orchids -- they might look like a 

disaster when in a stressful 

environment, yet might blossom 

brilliantly in the right environment.  

  



The COMT Met-158 genotype, which 

confers risk on individuals when they 

are in adverse, stressful circum-

stances, holds out promise of  

extraordinary potential if  only the 

right fit of  circumstances can be 

found for the individual.  

 A child who is not doing well in 

one environment, or with a particular 

instructional style, might shine in 

another environment or with a 

different instructional approach. 



    Questions? 

Comments? 
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Effect of  Stress on Trace Eyeblink Conditioning 

in Male and Female Rats 

Shors & Leuner, 2003 



 

 

 

Even mild stress increases DA release in 

PFC but not elsewhere in the brain 

Stress and Prefrontal Cortex 

(Roth et al., 1988) 



The Optimum Level of  

Dopamine in PFC is an 

Intermediate Level 

too little too much 

Arnsten & Li, 2005; 

Vijayraghavan et 

al., 2007 



Hypothesis: 

Gender Difference in Baseline 

Level of  Dopamine in PFC 

too little    

     DA 

too much 

DA 
Females 

Males 



Hypothesis: 

Gender Difference in Baseline 

Level of  Dopamine in PFC 

too little    

     DA 

too much 

DA 
Females 

Males 

Female animals 

perform superbly 

at baseline (i.e., 

unstressed). 



too little too much Females 
Males 

Male animals 

perform better 

when slightly 

stressed. 

It follows from the Hypothesis of   

a Gender Difference in Baseline 

Level of  Dopamine in PFC… 

Female animals 

perform worse 

when slightly 

stressed 

Effect 

of  Mild 

Stress 



WHY? 

Why might Females have 

higher baseline levels of  

DA in PFC than Males? 



Estrogen down-regulates 

COMT gene transcription (Ho, 

2006). 
 

COMT enzymatic activity is 

30% lower in women than men.  
  

Varies with estrus cycle in rats; 

inverse relation between COMT 

activity and estrogen levels. 



Stress & PFC 

(Shansky et al., 2004) 

Delayed Alternation 



Stress & PFC   (Females only) 

 

 

 

(Shansky et al., 2004) 

Delayed Alternation 



too little too much Met-158 

Val-158 

Optimal level of  DA in PFC 

Effect of  

Estrogen 

Hypothesized that which Version of  the 

COMT Gene would be most Beneficial 

for EFs would vary by Estrogen levels 







     Jeanette Evans 

 

John Fossella, Elizabeth Hampson,  

Clemens Kirschbaum, C., & Adele Diamond 

Jan. 15, 2009 

Gender Differences in the Cognitive 

Functions Sensitive to the Level of  

Dopamine in Prefrontal Cortex.   

Presented at inaugural conference of  a 

series on "Executive Function & 

Dysfunction," University of  Boulder, CO 



If  women have higher baseline 

levels of  DA in PFC that would have 

implications for gender and 

menstrual-phase differences in the 

optimal dosage levels of  

medications that affect PFC DA 

levels.   



No stressor used 



What would happen 

when there’s mild 

stress? 



too little too much Females 
Males 

Male animals 

perform better 

when slightly 

stressed. 

It follows from the Hypothesis of   

a Gender Difference in Baseline 

Level of  Dopamine in PFC… 

Female animals 

perform worse 

when slightly 

stressed 

Effect 

of  Mild 

Stress 
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Effect of  Stress on Trace Eyeblink Conditioning 

in Male and Female Rats 

Shors & Leuner, 2003 
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Predicted Results  Hearts and Flowers Task -   Golnoush 

(an EF task sensitive to DA in PFC) 

Stressed 

Unstressed 

Better performance 

when UN-stressed 

Better performance     

     when stressed 

All subjects are COMT 

Val-Met heterozygotes. 

http://www.google.ca/url?sa=i&rct=j&q="Golnoush+Alamian"&source=images&cd=&cad=rja&docid=Qh2QmMhCIy046M&tbnid=E6aKTzba5GpKWM:&ved=0CAUQjRw&url=http://ca.linkedin.com/pub/golnoush-alamian/35/ba/6b7&ei=WDZ7UZeiGc_QigKHw4GACw&psig=AFQjCNExiKBgQuWtGcn_k5n69wr4Mxlwrg&ust=1367115716831110
http://www.google.ca/url?sa=i&rct=j&q="Golnoush+Alamian"&source=images&cd=&cad=rja&docid=Qh2QmMhCIy046M&tbnid=E6aKTzba5GpKWM:&ved=0CAUQjRw&url=http://ca.linkedin.com/pub/golnoush-alamian/35/ba/6b7&ei=WDZ7UZeiGc_QigKHw4GACw&psig=AFQjCNExiKBgQuWtGcn_k5n69wr4Mxlwrg&ust=1367115716831110


To test our hypothesis concerning 

the mechanism by which stress 

affects cognition differently in men 

& women, we are attempting to 

model the effects of  mild stress on 

EFs pharmacologically. 

         Debra Yew & Michael Bichin 



 What is the effect of  a 

low dose of  MHP (a 

dosage that is usually 

more effective in treating 

ADD) on the brain? 
  



At low doses the mode of  

action of  MPH is different  --     

it preferentially increases    

DA in PFC. 

Berridge et al. 2006;  

Devilbiss & Berridge 2008; 

Schmeichel & Berridge 2013; 

Spencer, Klein, & Berridge 2012 



Hypothesized Gender Difference 

in the Cognitive Effect  

of  Low Dose MPH 

too little too much Females 
Males 

Effect of  

Low dose 

MPH 

When estrogen levels 

are high, women will 

perform superbly with-

out MPH & will perform 

worse with MPH. 

Men will show 

better EFs when 

taking a low dose of 

MPH.  



 The doses of  MPH that are optimal 

for controlling behavioral problems 

are probably too high for    

aiding cognitive problems 

indeed they can have the effect of  

an ADHD patient being less able to 

concentrate & attend (more in a 

daze) 



How do physicians usually determine 

whether a particular dose of  MPH is 

optimal for a child? 

Usually they ask a parent. 

Usually parents base their answers on 

whether the child’s behavior is 

better. 

No one uses cognitive measures to see 

if  the children’s attention, working 

memory, or any other EFs are better. 



I hypothesize that many children with 

ADHD are being prescribed a level of  

MPH that is too high for optimal 

performance in school  

and that the high level of  MPH is 

actually impairing  their ability to get as 

much out of  class as they could without 

medication. 

We hope to put that to the test soon. 



    Questions? 

Comments? 



thanks so much for  
your attention 



    BREAK 


