
 
Mood Disorders 
 
Key Neurotransmitter Networks 
 
Norepinephrine 

• Norepinephrine is produced by tyrosine, which is transported into the norepinephrine 
neuron by tyrosine transporter, it is then converted to Dopa (by tyrosine hydroxylase, 
then converted by DDC to dopamine, in norepinephrine neuron there is DBH which 
converts dopamine to norepinephrine. Then it is put in a vesicle VMAT2 and 
norepinephrine is released outside the norepinephrine neuron. 

• There are norepinephrine transporter which takes released norepinephrine that is released 
from the neuron and pull it back in the presynaptic neuron. When it comes in the neuron 
it will meet VMAT2 where it is stored in vesicles and released outside the cell or MAO A 
or B which destroys the norepinephrine. 

• Many receptors on pre and post synaptic neurons 
o Presynaptic Alpha2 auto receptor: 

§ these are the breaks to shut off more epinephrine release when it builds up 
in the synapse 

§ Norepinephrine fills the receptor makes the break lights go on and stops 
the release 

o Post synaptic 
§ Alpha 1 
§ Alpha 2 auto receptor 

• When norepinephrine occupies the alpha 2 receptor it also puts on 
the breaks by reducing norepinephrine in the synapse 

§ Betas 
• Nerves start in the brainstem (locus cerulius) go up into the brain and down to the spinal 

cord 
o Norepinephrine “tunes” the brain.  

§ When we give drugs to boost norepinephrine (in depression) you will get 
improved symptoms 

Serotonin 
• Serotonin: tryptophan is transported into the neuron by tryptophan transporter. Which is 

converted to TRY-OG to 5HTP, the converted by AAADC to 5HT (serotonin) then 
stored in a VMAT2 vesicle and transported outside the cell.  

• Serotonin is destroyed by serotonin being brought into the neuron by the serotonin 
transporter (SERT) which stores it or it is destroyed by MAO-B at high levels 

• Subtypes of receptors: some excite and some inhibit 
o 1B/D receptor on the axon terminal is an autoreceptor, there are potentially two 

receptors 
§ On the axon terminal autoreceptor 
§ When serotonin builds up presynaptically it attaches to this receptor it 

turns off serotonin release 
o 2B still under investigation 
o 5HT1A is an autoreceptor 



§ If serotonin is in the pre-synapse and it builds up it will the occupy the 
5HT1A post synaptically which puts on the break and turns the signals 
down. So the release goes down.  

Dopamine 
§ Dopamine is produced by tyrosine, which is transported into the dopamine neuron by 

tyrosine transporter, it is then converted to Dopa (by tyrosine hydroxylase, then converted 
by DDC to dopamine Then it is put in a vesicle VMAT2 and dopamine is released 
outside the dopamine neuron 

§ Dopamine action is terminated depends on the location of the dopamine terminal.  
o Striatal dopamine terminal 

§ MAO A or B in dopamine neuron, or vesicle releases it outside the neuron 
and it is either transported by into the neuron or it is destroyed by COMT 

o Cortical dopamine terminal 
§ There is no transporter on the dopamine neuron 
§ Dopamine can either go into a norepinephrine neuron (has transporter) 
§ Or destroyed by COMT or MAO A or B 

§ Dopamine receptors 
o Post synaptic 

§ D1-like (D1 and D5) 
• Excitatory and stimulate the postsynaptic neuron 

§ D2-like (D2, D3, and D4)  
• Inhibitory  

o Presynaptic 
§ D2 

• Autoreceptor: turns off more dopamine release 
§ D3 

• Autoreceptor: turns off more dopamine release 
• More sensitive to dopamine than D2 

o Mesocortical  
§ Presynaptically D3 or D2 (in the VTA) 
§ Postsynaptically D1 receptors (in prefrontal cortex) 

• Lacks autoreceptors no transporter or transport inhibitory  
o Mesostriatal (mesolimbic and nigrostriatal) 

§ Presynaptically D3 or D2 (in the VTA and SN) 
§ Postsynaptically D1, D2, D3 receptors and transport inhibitor (in 

prefrontal cortex 

GABA 
§ Made from glutamate that is converted by GAD to GABA, gets stored in the vesicles by 

VIAAT transporter, then released outside neuron 
§ Destroyed by GABA-T in the neuron 
§ Receptors 

o GABAa receptor  
§ Made of four transmembrane region subunits 

• Needs five of these to make a GABA receptor 
• In the center is a chloride channel, chloride is inhibitory 
• Many different models of GABAa 

o Most have BZ binding site which is benzo receptor 



o One type does not and instead has a neuroactive site acted 
on by: neuroactive steroids, alcohol, general anesthetics 

§ Two types of inhibition by the GABAa mediated inhibition 
• Postsynaptic 

o Phasic inhibition 
o Benzos only work on this site 

• Extra synaptic 
o Tonic inhibition 
o Neuroactive steroids (may be antidepressants) 

§ Needs a GABA to open receptor for benzodiazepine go through (benzo 
help GABA by positive allosteric modulator). Only modifies if GABA is 
there. 

§ Flumazenil: benzodiazepine antagonist, reverses benzos action 
o GABAb receptors 
o GABAc receptor 

 
Glutamate 

§ Presynaptic 
o Metabotropic 

§ When activated turns off release 
§ Postsynaptic there are four receptors 

o NMDA 
§ Blocked by Mg++, glutamate cannot get in. Three things have to 

happen 
• Need Magnesium to pop off  

o by activation by AMPA or Kainate receptor 
depolarization 

• Have to have glutamate in the glutamate site 
• Have to have glycine in the glycine site 
• When this happens: calcium floods in and leads to long 

term potentiation 
§ Mediates plasticity, memory  

o AMPA 
§ Has a sodium channel- creates excitatory transmission 
§ Too much to long it desensitizes 

o Kainate 
§ Has a sodium channel- creates excitatory transmission 
§ Too much to long it desensitizes 

o Metabotropic 
§ Key glutamate pathway 

o Created by parietal neurons which make glutamate. Some go to brainstem, 
hippocampus striatum, or thalamus to the cortex, or cortex to thalamus 

 
Overview and Neurobiology 
Symptoms Dimension of a Major Depressive Episode 

§ One of these is required: 
o Depressed mood 
o Apathy/loss of interest 



§ & Four or more of these 
o Weight/appetite changes 
o Sleep disturbance: inefficient information processing in the hypothalamus, 

thalamus, prefrontal cortex, and basal forebrain. Regulated by serotonin, 
norepinephrine and dopamine 

o Psychomotor agitation/retardation 
o Fatigue 
o Worthlessness/guilt 
o Executive dysfunction 
o Suicidal ideation 

Symptom Dimension of Manic Episode 
§ One of these is required: 

o Elevated/expansive mood 
o Irritable mood 

§ & Three or more of these (Four or more if mood is only irritable) 
o Inflated self-esteem/grandiosity 
o Increase goal-directed activity or agitation 
o Risk taking 
o Decreased need for sleep 
o Distractible/concentration 
o More talkative pressured speech 
o Flight of ideas or racing thoughts 

Mood chart: Bipolar 

 

 



 
For a bipolar I diagnosis the patient must have one episode of mania 

 
For bipolar II  the patient will be hypomanic, not manic 

 



 
Mixed Features (DSM-5) of Manic or Hypomanic Episodes 
Manic or Hypomanic episode, with mixed features 

§ Full criteria for manic or hypomanic episode 
§ At least three of the following symptoms of depression 

o Depressed mood 
o Loss of interest or pleasure 
o Psychomotor retardation 
o Fatigue or loss of energy 
o Feelings of worthlessness or excessive or inappropriate guilt 
o Recurrent thoughts of death or suicidal ideation/actions 

Mixed Features (DSM-5) of Major Depressive Episodes 
Depressive episode, with mixed features 

§ Full criteria for Major depressive episode 
§ At least three of the following symptoms of depression 

o Elevated, expansive mood (e.g. feeling high, excited, or hyper) 
o Inflated self-esteem or grandiosity 
o More talkative than usual or feeling pressured to keep talking 
o Flight of ideas or subjective experience that thoughts are racing 
o Increase in energy or goal directed activity 
o Increased or excessive involvement in activities that have a high potential 

for painful consequences 
o Decreased need for sleep 
o *NOTE: Not included: psychomotor agitation, irritability, distractibility 

Schizophrenia and Bipolar Disorder 
Dichotomous Disease Model 

 
 

Continuous Disease Model 

 



Identifying Bipolar Depression 
§ Family history of bipolar disorder 
§ Family history of substance abuse 
§ Comorbid substance abuse 
§ Suicidal attempts 
§ Earlier age of onset <25 years 
§ Irritability 
§ Psychotic symptoms 
§ Mood reactivity 
§ Restlessness 
§ Psychomotor agitation (BPII) 
§ Psychomotor retardation (BPI) 
§ Shorter depressive episodes 
§ More previous depressive episodes 
§ Guilt 
§ Melancholia 

 
Unipolar or Bipolar Depression: Questions to ask 
Who’s your daddy? 
§ What is your family history of: 

o Mood disorder? 
o Psychiatric hospitalization? 
o Suicide? 
o Anyone who took lithium, mood stabilizers, drugs for psychosis or depression? 
o Anyone who received ECT? 
o These can be indication of unipolar or bipolar spectrum disorder in relatives 

§ Where’s your mama? 
o I need to get additional history about you from someone close to you, such as your 

mother or spouse 
o Patient may especially lack insight about their manic symptoms and under-report 

them 

 
 

 



Neurobiology of Mood Disorders 
§ Monoamine receptor hypothesis of depression 

o Deficiency of serotonin, or dopamine, and norepinephrine. Thus, an increase of 
these neurotransmitters should return to a normal state. 

o Antidepressants boost one or more of these monoamines. 
o Deficiency of monoamines, receptors get angry and upregulate 

§ Give a medication that boosts the monoamines, then monoamines goes up 
in 20 minutes. Leads to a delayed clinical affect (2-4 weeks), and receptor 
gets de-sensitized. 

• Desensitize is linked to neurotropic activity 
§ Monoamine signaling increase BDNF release which modifies monoamine 

innervation 
o BDNF gene expresses BDNF to keep your brain alive 

§ If you have stress, microbiome irregular, problems with sleep, chronic 
clinical illness, inflammation, and early life adversity, BDNF not 
expressed this affects neuroplasticity. 

• Without BDNF neurons undergo apoptosis 
o In depression there is loss of gray matter, flattening on the brain. At first you lose 

connections but eventually the nerves die and that cannot be replaced 
o Symptomatic Brain Network 

§ Neurotrophic dysregulation goes to epigenetic change leads to 
inflammation leads to oxidative stress leads to HPA dysregulation leads to 
neurotrophic dysregulation 

o Neuro-progression 
§ Damage to synapses and neurons leads to structural brain abnormalities 

which leads to a cognitive decline 
§ Damage to synapses and neurons leads to functional brain abnormalities 

which leads to vulnerability to relapse treatment resistance 
§ Hypothalamic -Pituitary Adrenal (HPA) axis 

o Hippocampal atrophy and hyperactive HPA in Depression 
§ Antidepressants take 4-5 weeks to work 

o Due to the receptor hypothesis of depression: states that depression is caused by 
upregulation of monoamine receptors 

o Antidepression efficacy is related to downregulation of these monoamine 
receptors 

o When antidepressants block the reuptake pump it causes more neurotransmitters 
to accumulate in the synapse. This causes the receptors to downregulate. The time 
course of receptor adaptation is consistent with the delayed clinical effect of 
antidepressant and the development of tolerance to antidepressant side effects. 

§ Antidepressants boost synaptic actions (DA, SA, NE), block one or more presynaptic 
transporters (DAT, SERT, NAT) 

§ SSRI have many 5HT receptors  
o 5HT 2C (anxiety, agitation, and panic)  
o 5HT 2A (basal ganglia changes motor movement: akathisia, restlessness, 

psychomotor agitation.) (brainstem: rapid muscle movement) 
o 5HT 2A and 2C in spinal cord and sexual dysfunction 
o 5HT3 hypothalamus vomiting 
o 5HT4 is GI 



 

 

 

 



 

 



Remember dopamine, serotonin, and norepinephrine can innervate these area. 

 

 

Symptom Based Algorithm for Treating Depression: 

Treat with SSRI and SNRI and patient still has fatigue, lack of interest, concentration interest 
loss, insomnia, fatigue

 

May need to augment with something else to target these remaining symptoms 

For sleep and boots GABA. Serotonin, or histamine 

For concentration or fatigue boost dopamine or norepinephrine 

 

 

 


