


over 100 NTs have been identified... most: 

1. are synthesized under direction of the nucleus 
2. are packaged in vesicles 
3. are released from presynaptic axon terminal 
4. cross synaptic cleft 
5. bind to postsynaptic receptors - most can bind 
with several types of postsynaptic receptor, 
causing PSPs with varying parameters 
6. are removed and/or degraded 
7. back to step 1
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2 Main Classes of Neurotransmitters 

• Small molecules 

• amino acids - building blocks of proteins (e.g., Glu / GABA) 

• all over the nervous system, global / local levels of excitation / inhibition 

• “biogenic amines” - “modulatory”, often confined to specific regions 

• 3 catecholamines (all synthesized from tyrosine) 

• Dopamine - DA 

• Norepinephrine (noradrenaline) - NE 

• Epinephrine (adrenaline) - E 

• 2 non-catecholamines 

• Serotonin (5 hydroxytryptamine) - 5-HT 

• Histamine - H 

• Acetylcholine - ACh 

• single ions (e.g., zinc)
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2 Main Classes of Neurotransmitters (cont) 

• Large molecules 

• “neuropeptides” (proteins/fragments) - hormones, endorphins 

• modulatory (slow and fast) 

• often in the hypothalamus 

• “Unconventional” (e.g. retrograde signals) - fatty acids (anandamide), gases 
(NO)
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• AMINO ACIDS 

• main “excitatory” NT is the amino 
acid glutamate 

• Generally lets Na+ in 

• main “inhibitory” NT is the amino acid 
gamma-aminobutyric acid (GABA) 

• Generally lets Cl- in or K+ out 

• Location is ubiquitous 

• Several subtypes of each (e.g., NMDA, 
GABAa) 

• Some ionotropic / some 
metabotropic 

• Removed from synapse by presynaptic 
and/or glial uptake
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• The Big 4 modulators - each is present at “baseline 
levels” in specific regions that can be quickly adjusted up / 
down - ratio of each is often most important 

• Dopamine (DA) 

• Epinepherine (E; aka adrenaline, also NE) 

• Serotonin / 5-hydroxytryptamine (5HT) 

• Acetylcholine (ACh) 
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ACh pathways



• The Big 4 (cont)  

• Dopamine (DA) - made in basal ganglia + other areas 
near top of brainstem 

• Associated with: 

• focus / energy / pursuit of goals 

• craving / motivation / drive 

• Not necessarily “pleasure” 

• Epinepherine (E; aka adrenaline, also NE) - made in 
brainstem (locus ceruleus +) 

• Similar circuits / derived from DA 

• E made in kidneys does not reach brain 

• Increased “energy”
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• The Big 4 (cont) 

• Serotonin / 5-hydroxytryptamine (5HT) - generally 
made in brainstem 

• contentment / soothed / happy / satiety (“enough”) 

• tends to inhibit DA circuits 

• Acetylcholine (ACh) - made basal forebrain 

• states of focus related to learning / “opening up” / 
increased neuroplasticity 

• High energy but calm
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• Ratios of these change throughout day 

• Waking hours: 

• 1st half - DA / E are highest 

• 2nd half - DA / E decline, 5HT rises 

• ACh is context dependent during waking 

• Sleeping hours - DA / 5HT / ACh cycle wildly  

• Not so much w/ E - increases associated w/ 
waking up 

NEUROTRANSMITTERS



• Role of hormones (“large molecule” / neuropeptides) 

• Rapid fx (e.g. adrenaline increases heart rate) 

• Slow fx (e.g., gene expression > puberty) 

• In general, tend to act in concert w/ the NTs 

• testosterone <-> dopamine 

• cortisol <-> epinepherine 

• prolactin / oxytocin <-> serotonin 

• acetylcholine not tied strongly to any hormone
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• Manipulating the 
neuromodulators: 

1. Nutrition 
2. Behaviors 
3. Dietary supplements 
4. Drugs
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• Dopamine (DA) 

• Generally maximize by: 

• eating tyrosine-containing foods 

• exposure to sunlight as soon as you wake 

• Rapidly increase: 

• dietary supplements  

• cold exposure 

• non-sleep deep rest states (e.g., meditation) ? 

• stimulants
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• Epinepherine (E; aka adrenaline) 

• Rapidly increase w/ 

• Exercise / breathing techniques (e.g., 
hyperventilation) / cold exposure 

• Decrease w/ beta-blockers 

• Serotonin / 5-hydroxytryptamine (5HT) 

• Maximize w/ tryptophan-rich foods (whole milk, etc) 

• Rapidly increase - gratitude (receiving more than 
giving), cuddling
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• Acetylcholine (ACh) 

• Maximize w/ choline-rich foods (eggs, etc) 

• Rapidly increase (to increase focus) w/ dietary 
supplements, nicotine (gum?)
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