
Neuromodulation 



Neurotransmitters 

Excitatory 

Inhibitory 

Modulatory 

Glutamate 

GABA 
glycine 

Dopamine 
Norepinephrine 
Serotonin 
Acetylcholine 
 
Neuropeptides 



Dopamine Norepinephrine 

Epinephrine 
Neuromodulators have global effects! 

made by small clusters of cells (nuclei) 
in brain stem or midbrain 

project axons to many areas of brain 



Histamine Serotonin 

Neuromodulators have global effects! 

made by small clusters of cells (nuclei) 
in brain stem or midbrain 

project axons to many areas of brain 



Examples: 
Dopamine 
Serotonin 
Epinephrine 
Acetylcholine 

G-protein-coupled receptors 

open or close channels 





open/close ion channels 
change gene expression 

… 





Signal back 
to nucleus 





Depression 



Major Depressive Disorder!
≥ 5 of following symptoms:"

Depressed mood"
Loss of interest or pleasure in most or all activities"

Insomnia or hypersomnia"
Change in appetite or weight"

Psychomotor retardation or agitation"

Low energy"
Poor concentration"

Thoughts of worthlessness or guilt"
Recurrent thoughts about death or suicide"



S Sleep disturbance  

 I Interest/pleasure reduction  

G Guilt, feelings or thoughts of worthlessness  

E Energy changes/fatigue  

C Concentration/attention impairment  

A Appetite/weight changes  

P Psychomotor disturbances  

S Suicidal thoughts 



Depression 

Affective (mood) 

Cognitive (ideations) 

Somatic (physical) 

depressed mood 
loss of interests or pleasure 
blunted emotion 

feelings of worthlessness 
unjustified guilt 
thoughts of death/suicide 

sleep (insomnia, hypersomnia) 
appetite or weight changes 
agitation 
concentration 



Depression!

8 - 12% incidence of major depressive episode 

2:1 females-to-males (diagnosis bias?) 

Suicide 3rd leading cause of death for 15-24 year olds 

Bipolar Disorder   (Manic Depression)"

Depression" Mania"

•  Decreased need for sleep 
•  Talkativeness 
•  Racing thoughts or flight of ideas 
•  Distractibility 
•  Increased self-esteem or grandiosity 



Depression 
Strong genetic component 



Depression Serotonin System!



Norepinephrine System!Depression 



Treatment for Depression 

Classes of Antidepressants 

Monoamine Oxidase Inhibitors (MAOIs) 

Selective Serotonin Reuptake Inhibitors (SSRIs) 

MAO 
oxidization (degradation): 
   norepinephrine 
   dopamine 
   serotonin 

  Serotonin  
      (5-HT) 
transporters 

transport serotonin from synapse 
back into axon terminal after release 

MAO 

SSRI 

Non-selective Serotonin Reuptake Inhibitors (NSRIs) 
  Serotonin / 

Norepinephrine / 
Dopamine 

transporters 

SSRI reuptake of serotonin/norepinephrine/dopamine 

decreased 

decreased 

decreased 



Berton & Nestler 2006 



Selective !
Serotonin !
Reuptake !
Inhibitors!
 (SSRIs)!



Monoamine !
Oxidase !
Inhibitors !
(MAOIs)!



Selective !
Serotonin !
Reuptake !
Inhibitors !
(SSRIs)!



Caspi et al. 2003"

 short “s”      lower transcriptional efficiency"

long “l” " "“normal form”"5-HTT gene!
serotonin transporter"

employment"
financial"
housing"
health"
relationship"

Genetic predisposition to depression"
lif
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2 forms"



Caspi et al. 2003"

 short “s”      lower transcriptional efficiency"

long “l” " "“normal form”"5-HTT gene!
serotonin transporter"

Genetic predisposition to depression"

2 forms"





Abnormal activity in prefrontal cortex 

↑activity during manic phase 
↓activity during depressive phase 



To get at what is really going on, need to get at the circuitry 

How? 



Fundamental Problem in Making Mouse Models 

Human 
Symptoms 

Cellular 
Effects ? 

Genotype Phenotype 

Environment 

? 





Forced Swim Test!



Tail Suspension Test!

(DBh-/- lack noradenaline)!

ProzacTM! PaxilTM!



Tests for anxiety!

CDP similar to Valium"



Stress & Depression!

Glucocorticoids"
Cortisol"
ACTH"

Stress Hormones"



Stress Hormones in the Brain!



Stress Leads to Vulnerability to Depression!



Stress Has Long-term Effects on Genes !

Epigenetics"

Feder, Nestler, & Charney 2009"





Adult	  Neurogenesis	  









Stress 

Evidence for role of neurogenesis in depression 

↓Neurogenesis 
Depression 

↑Mood SSRIs 
↑Neurogenesis Exercise 

Electroshock 
 Treatment 

SSRIs 2-6 weeks ↑Mood 
Similar to the amount of time required for increased neurogenesis and maturation of neurons 

Finally, depressed patients have decreased hippocampal volume  



Schizophrenia 



Schizophrenia!
1.1% population >18yo, 51 million people worldwide"

Male-to-Female 1.4:1"

Though occurs earlier and with worse prognosis in males"

Usually presents in early twenties"

Estimated 30-40% of homeless population"



Schizophrenia!

Positive Symptoms!

Hallucinations"

Delusions"

Disorganization"

o  Auditory"
o  Visual"
o  Somatic"

o  Bizarre"
o  Grandiose"
o  Paranoid"
o  Nihilistic"
o  Erotomanic"

o  Tangential speech"
o  Circumstantial speech"
o  Derailment"
o  Neologisms"
o  Word salad"



Schizophrenia!
Negative Symptoms!

o  Decreased expressiveness"
o  Apathy"
o  Lack of energy"
o  Lack of emotion"

Cognitive Impairment!

o  Processing speed"
o  Attention"
o  Learning & memory"
o  Reasoning"
o  Verbal comprehension"
o  Social cognition"

And finally, can also have mood or anxiety symptoms"





Schizophrenia! Strong genetic component"



Hallucinations in Schizophrenia!





Dopaminergic systems in the brain!



Dopaminergic Receptors!



Actions of anti-psychotics at dopaminergic synapses!







Just One Working Model of Schizophrenia!



Modeling Schizophrenia in Mouse!

Human Trait! Mouse Trait!

Social withdrawal"
Psychomotor agitation"

Stereotypic behaviors"

Learning, memory deficits"

Cognitive rigidity"

Deficits in reciprocal grooming or huddling"
Increased locomotor activity"

Repetitive grooming"

Impaired learning (fail in mouse school)"

After learning one task, cannot relearn a slightly different task"

Decreased GAD67 gene"
expression"
Reduced prefrontal cortical "
dopamine release"
Increased ventricle volume"

…ditto"



Fundamental Problem in Making Mouse Models 

Human 
Symptoms 

Cellular 
Effects ? 

Genotype Phenotype 



DISC1 Mutation!

Brandon & Sawa 2011 "

(Disrupted in Schizophrenia 1 gene)"



Mutation identified in DISC1 gene "
of humans with schizophrenia"

Genetically engineer a mouse"
with the same mutation:"

DISC1-deficient "
transgenic (Tg)"
mouse"



Enlarged Lateral Ventricles!

Shen et al. 2008"



Decreased Neuron Proliferation"

Shen et al. 2008"



Partial Agenesis of Corpus Callosum"

Shen et al. 2008"



Reduced Interneurons in Hippocampus"

Shen et al. 2008"



Immobility! Stress Calls!

Shen et al. 2008"


