
PHA3032 

Theme 1 

N1 

1. Be able to describe the criteria for identification of central neurotransmitters 

2. Be able to compare and contrast the storage and release and of different neurotransmitters 

3. Be able to describe the differences between type I / II neurotransmitters from type III neurotransmitters / 

neuromodulators 

4. Be able to describe the mechanism through which different neurotransmitters produce their effect 

ONE 

Neurotransmitters are chemicals used to signal across neurons (bridging the gap for electrical activity). 

- This includes glial and nerve cells 

 

Abnormal signalling correlates to disease 

Classification of Epliepsy: 

- Seizure – clinical manifestation of abnormal / excessive synchronous excitation of a population of cortical 

neurones 

- Epilepsy – 2 or more recurrent unprovoked seizures. 

o Affects approx 0.5‐1 % of the population 

o Current drugs are effective in 70% of cases / 20% of patients are refractory to drug treatment  



Cellular mechanisms of seizure generation and targets for anti‐epileptic drugs 

- Too much neuronal excitation = schizophrenia (there is a need to decrease neurotransmission, but this can 

often lead to symptoms associated with too little neuronal inhibition) 

- Too little neuronal inhibition = Parkinson’s (increasing neurotransmission can cause too much excitement) 

Stages of the neurotransmitter: 

1. The pre‐synaptic neuron contains/stores the neurotransmitter and synthetic enzymes – neurotransmitter in 

storage vesicles 

2. Stimulation of neuron causes release of the transmitter – movement and release of vesicle contents 

3. Transmitter bind to receptors on the post‐synaptic neuron – neuron either excited or inhibited (transmission 

continues or stops) 

4. Signal termination: 

a. Removal of transmitter by a transporter (re‐ uptake for recycling) 

b. Catabolic enzymes to destroy the transmitter 

TWO 

Type I: 

- Simple amino acids – 2,000 – 14,000 nmol/g (high concs) 

- Glutamate 

- Glycine 

- Gamma‐aminobutyric acid (GABA) 

- 90% of synapses 

- FAST neurotransmission 

Type II: 

- Catecholamines / amines / purines – 0.2 – 25 nmol/g (medium concs) 

- Catecholamines: 

o NA (mostly in periphery, sometimes in brain) 

o Dopamine (mostly in brain, sometimes in periphery) 

o Adrenaline 

- Amines (ACh, 5‐HT, HA) 

- Purines (ATP, adenosine) 

- Many synapses 

- SLOWER neurotransmission 

- Made/stored in the nerve terminal 

Type III: 

- Neuropeptides – 0.002 – 0.5 nmol/g (very low concs, mostly in the brain) 

- Endogenous opioid peptides (enkephalin) 

- Pituitary hormones (oxytocin) 

- Hormones release factors (CRF) 

- Brain peptides (substance P) 

- Fewer synapses 

- SLOWEST neurotransmission 

- Made in the nuclear region as it requires the nucleus and ribosomes for synthesis. Stored in dense-core 

vesicles that are considerably larger than vesicles storing neurotransmitters. These large dense-core vesicles 

differ from small synaptic vesicles in that a more intense and prolonged stimulus is needed to cause the 

large vesicles to release their contents into the synaptic cleft. 



THREE 

CNS Receptors 

- Ionotropic 

o Binding of neurotransmitter stimulates entry of ions via a ligand gated receptor ion channel 

o Usually associated with type I neurotransmitters 

- Metabolic 

o Binding of neurotransmitter stimulates the production of a second messenger via a G‐protein 

o Usually associated with type II and III neurotransmitters 

 

 

 

FOUR 

Neuropeptides: 

- 3‐200 amino acids in length 

- Most neuropeptides are < 50 amino acids in length 

- Generally act on metabotropic / G‐protein linked receptors 

- The synthesis of neuropeptides requires the transcription of DNA into mRNA and translation of mRNA into 

protein (occurs at the nucleus) 

Long distance signalling by neuropeptides: 

- Neuropeptides are NOT rapidly cleared from the synapse 

- Neuropeptides can travel larger distances to activate receptors distant from the synapse of release 



 

Neuropeptide Synthesis: 

1. Pre‐pro‐peptides contain an N‐terminal signal sequence that directs it into the RER 

2. Removal of the pre‐ sequence leaves the pro‐peptide which is released / transferred to the golgi and 

packaged into dense core vesicles 

3. Further processing occurs within the golgi and dense core vesicles leaving the final neuropeptide 

4. Preproopiomelanocortin: 

a. Breaks down into five different neuropeptides and the body can use all five at once: 

i.  
ii. Neuropeptides have a higher release threshold (require stronger signalling) because they 

have a stronger/modulatory effect and are very energy expensive. 

iii. There is no reuptake, once they are broken down, they are gone and cannot be reused 

Exocytosis of neuropeptides: 

- High frequencies of nerve activation are required to release neuropeptides 

- Increasing the frequency of stimulation causes disproportionate increases in neuropeptide release 

- The terminal stores of neuropeptides is less than classical neurotransmitter – thus neuropeptides are used 

sparingly under normal conditions (low frequencies) 

Inactivation of neuropeptides: 



- Action terminated by peptidases (associated with the extracellular membranes of neurons NOT glia) 

- These include but are not limited to: 

o Neutral metalloendopeptidase 

o Aminopeptidase‐N  

o Peptidyldipeptidase (ACE) 

- There is NO neuronal re‐uptake 

- The neuropeptide can only be replenished by new synthesis and axonal transport 

It is thought that the reason why people get depression is because they have change in their neuronal growth in the 

dendritic region. Drugs that treat depression target and normalise this growth. 

The Comparison: 

 



 

Neuropeptide receptors: 

- Most are G‐protein coupled receptors 

- Receptors for neuropeptides bind their ligand with much higher affinity – cf nM affinity for neuropeptides vs 

M‐mM affinity for Ach 

- It is thought that several groups contribute to binding at the same receptor pockets 

- Neuro-modulatory effects: co-transmission 

Neurotrophic factors: 

We are born with more neurons than we need (there is not enough space or energy to keep them alive). They 

undergo cell selection and survival is based on neurotrophic exposure. Those exposed to concentrations that 

promote survival will remain whilst the others undergo apoptosis. 

- Diverse group of peptides peptide‐like molecules 

o Different neurotrophins have different affinities for TrK receptors and some can interact with 

multiple TrK receptors 

- Synthesised by either / both neurons and glia 

- Regulate gene expression to: 

o Stimulate / alter cellular proliferation and growth 

o Establish “nerve‐target” connections during survival 

o Promote / affect cellular survival 

Growth/survival/proliferation: These are all long-term changes 



 

Classes: 

- A: acted upon by: 

o NGF 

- B: acted upon by: 

o BDNF 

o NT-4/5 

o NT-3 

- C: acted upon by: 

o NT-3 

Examples: 



 

Tyrosine domain and enzyme are always intracellular. Neutrophin activity causes dimerization of the tyrosine kinase 

domains = autophosphorylation = activating the receptor to cause an intracellular signal cascade: 

 

TrKA receptor signalling: 

- Ras activation-raf activation-MEK activation (mitogen and extracellular signal regulated kinase) 

- MAPK activation (MAP kinase; mitogen activated protein kinase) 

o MAPK phosphorylates one or more substrates that translocate to the nucleus 



o Phosphorylates / activates transcription factors 

N2 

1. Be able to describe the major classes of classical central neurotransmitters 

2. Be able to explain specific roles for these transmitters in neurological disorders 

3. Describe some of the targets that can alter the function of these neurotransmitter systems 

ONE 

Major Classes (of neurotransmitter in the CNS) 

- Type II: 

o Catecholamines (NA, dopamine, Adr) 

o Amines (ACh, 5-HT, HA) 

o Purines (ATP, adenosine) 

o 0.2 – 25 nmol/g (medium concs) 

o Many synapses 

o SLOWER neurotransmission 

- Receptors: metabolic 

o G-protein coupled (secondary messenger system) 

o Usually associated with Type III and Type II 

Functional Neuropharmacology: 

 

Brain Anatomy 



 

Local (short)/inter neurons: 

- Localised to specific brain regions 

- Regulating activities of specific areas 

Projection neurons: 

- Long 

- Affecting and controlling a distant region 

- Creates brain systems (projects to more than one region) 

- Recruits a number of brain systems to complete complex tasks (limbic system and basal ganglia) 

Monoamines: 

 

TWO 



Role of NA in the Brain: 

Has key influences on cortex activity. Though 

it arises from the locus coeruleus portion of the brain, it does not act there, bur rather projects to the cerebellum, 

amygdala, hypothalamus and cortex. 

Activity: 

- Arousal (wakefulness) 

- Attention (increases memory) 

- Mood (elevates) 

- Panic (high levels causes panic) 

Deficits contribute to depression. 

High levels of NA contribute to panic disorders. 

Termination: 

1. Taken up by NA transporter (NT) (which is only found in neurons that synthesis NA) 

2. Metabolised by MOAA 

 

5-HT Role in the Brain: 

Activity: 

- Alteration of sleep state 

- Sensory gating: 



o Transmission of signals to higher regions of the CNS 

- Anxiety/panic 

- Hallucinations (LSD acts on 5-HT receptors)  

Deficits lead to clinical depression 

Reserpine: used to treat high blood pressure and severe agitations, but can cause depression. This is because it 

inhibits uptake of NA into storage vesicles. 

Termination of action: 

1. Taken up from the synapse by serotonin transporter: SERT (which is only found in neurons that synthesis 

5-HT) 

2. Metabolised by MOAA 

 

 

 

Role of Dopamine (DA) in the brain: 



Activity: 

- Behaviour (VTA: mesocortical/mesolimbic pathway): 

o Addiction 

o Psychosis: 

▪ Schizophrenia 

- Motor control (SN: nigrostriatal pathway): 

o Parkinson’s disease 

 

Acetylcholine 

- Broken down by BuChE (pseudo) or AChE 

- Activation: 

o Cognition: 

▪ Memory 

▪ Learning 

- Deficit: 

o Memory loss and Alzhemier’s 

o By the end of the 19th century, dementia was well defined (most common form of dementia is 

Alzheimer’s) 

o  
o  

THREE 

Antidepressants Mechanism of Action: 

- Reuptake blockers: 

o Fluoxetine 

- MAO inhibitors: 

o Cordyline 



 

Schizophrenia: hyperactive dopamine pathways 

- Overactivation of the n. accumbens which causes positive symptoms of psychosis (D2 antagonsits inhibits 

positive psychosis symptoms) 

- Diagnosis: 

 

Treatment (classic antipsychotics): 



 

Parkinson’s: underactive dopamine pathways 

- D2 agonists are used to treat Parkinson’s but they can contribute to schizophrenia 

Alzheimer’s: 

 

Cholinergic Pathwyas: 



 

PETs look at β-amyloid (Aβ) plaques. Toxicity: 

- Blocks functioning of other normal genes with glutamine repeats 

- Monomer forms are thought to be highly toxic 

- Effects synaptic function 

- Effects microglial function 

o Inflammation and oxidative stress 

- Neuronal dysfunction and death 

 

Treatment of Alzheimer’s: 

- Direct Cholinergic receptor activation: don’t work 

- Synthetic precursors: don’t work 

- Cholinesterase inhibitors: AChE inhibitors have shown to have some effect on cognitive and behavioural 

symptoms of AD 

AChE inhibitors: 

- Physostigmine 

- Over the course of the disease, more and more neurons are lost. Though AChE inhibitors work for a period of 

time (6-12 months) they do not offer long term treatment because despite increased levels of ACh, there are 

no neurons for them to act upon. 



- BuChE activity increases activity over the course of AD due to glial proliferation which is triggered by ongoing 

neuronal damage. 

N3 

1. The role of GABA as a major inhibitory neurotransmitter 

2. The synthetic and metabolic pathways for GABA 

3. The mechanisms of release and re‐uptake of GABA 

4. The subtyping of GABA receptors into GABAA and GABAB types 

5. How drugs affect GABA neurotransmission, eg affecting synthesis, storage release, action at receptors, and 

re‐uptake and/or breakdown 

ONE 

Amino Acid Transmitters 

Amino acid transmitters are the most abundant type of neurotransmitter. 

- Synthesised in specific groups of cell bodies (specific synthetic enzymes) 

- Local circuits / long axons 

- Termination of action is via specific transporters for each transmitter / nerve terminal and glial cells 

AA Transmitters: 

- Glutamate (GLU) 

o Ligand gated ion channel receptor (mostly- also has G-protein coupled receptors) 

▪ NMDA 

▪ KA 

▪ AMPA 

o Excitation of cells 

o Generation of EPSPs (excitory post synaptic potential) 

- GABA (‐amino butyric acid) 

- Ligand gated ion channel receptor (mostly- also has G-protein coupled receptors (GABAB) 

o GABAA (ionotropic) 

o GABAB (metabotropic) 

o GABAC (ionotropic) 

- Inhibition of cells 

- Generation of IPSPS (inhibitory post synaptic potential) 

Distribution 

- GABA is the major inhibitory transmitter in the CNS 

- Distributed diffusely throughout the brain – about 30‐40% of synapses in the CNS use GABA 

- Majority being short intrinsic inter‐neurons 

- Mediate “local” inhibition circuits 

- Usually via the initiation of IPSPs in post synaptic neuron 

- Co-exists with other neurotransmitters/peptides 



Strongly associated with the amygdala (plays a fundamental role 

in the anxiety pathway) 

Role (in the brain/spinal cord): 

- Activation of GABAergic nerves results inhibition and: 

o Sedation / sleep induction (anesthesia) 

o Depression of neuronal excitability in the brain (anti‐convulsant / limits epileptic seizures) 

o Depression of neuronal excitability in the spinal cord (“centrally acting” skeletal muscle relaxant / 

anti‐spastic) 

o Anxiolytic (reduction in anxiety) 

Agonists: 

- Benzodiazepines (clinically relevant) and barbiturates (less clinically relevant) 

o Sleep disorders / anxiety 

o Epilepsy 

o Spasticity 

o Schizophrenia  

TWO/ THREE 

Synthesis, Release, Metabolism and Termination  

Synthesis  



 

TCA: The Citric Acid Cycle 

GABA‐T (GABA transaminase) is inhibited by 

- Vigabatrin 

- Valproate (also inhibits succinic semialdehyde dehydrogenase) 

o Potent antiepileptic 

o Irreversible inhibition 

- Leads to substantial increases in neuronal and extra‐neuronal levels of GABA – enhanced levels of neuronal 

inhibition / quiescence 

Metabolism 

 



GABA Transaminase breaks down GABA. GABA transaminase antagonists allow for build-up of GABA, thus leading to 

an inhibitory process (hence the anti-epileptic properties of GABA transferase antagonists).  

Termination of action 

- Action of GABA at its receptors is terminated by re‐uptake: 

o GAT1 ‐ present on pre and post synaptic neurons (requires Na+ and Cl‐) 

▪ Selectively inhibited by structural analog diaminobutyric acid (DABA) 

▪ Selectively inhibited by tiagabine 

• Potent antiepileptic 

o GAT2,3 ‐ present on glia 

▪ Selectively inhibited by ‐alanine 

- Inhibition of re‐uptake leads to increases in extra‐neuronal levels of GABA and enhanced levels of neuronal 

inhibition 

Both metabolism and re‐uptake tightly regulate levels of GABA. This means that if either the re-uptake or metabolic 

pathway is disrupted, significant results can occur (hence high potency of GABA related drugs). 

Glycine  

Distribution: 

- Glycine is the major inhibitory transmitter in the spinal cord 

- Co‐agonist at glutamate receptors 

- Majority being short intrinsic inter‐neurons 

- Mediate “local” inhibition circuits 

- Initiation of IPSPs in post synaptic neuron (like GABA) 

Role in the brain: unclear – clues arise from disorders (cows, dogs, racehorses) showing a mutation in glycine 

receptors making nonfunctional functional – spasticity / rigidity / convulsions. Thus, is associated with too much 

excitability. 

 



SHMT is probably reversible so can also contribute to the metabolism of glycine. Re‐uptake into both presynaptic 

neurons AND glia terminates the action of glycine. 

FOUR 

Receptor Types: 

- GABAA (ionotropic) 

o Cl‐ entry) 

o IPSPs and neuronal inhibition 

- GABAB (metabotropic) 

o  cAMP (coupled to Gi)  increase opening of K+ channels resulting in hyper‐polarisation and 

neuronal inhibition. 

o GABAB receptor belongs to the G‐ protein linked receptor super‐family 

o NOT formed from subunits (separate gene family) 

o INSENSITIVE to benzodiazepines and barbiturates 

 

GABAA 

- 5 subunits that thread through the membrane (each protein is one subunit) which forms a pore 

- There is a family of GABAA receptor formed from different subunit combinations 

- Several allosteric sites 



 

α and β  GABA binding site 

 

Allosteric modulation: usually requiring binding at the orthosteric site (one the diagram above, receptors on the right 

are positive allosteric sites, the channel site is a negative allosteric site). 

Positive modulation: changes the conformation of the receptor such that it makes it easier for orthosterically binding 

molecules to bind 

Negative modulation: changes the conformational shape of the receptor to make it more difficult for molecules to 

bind to the orthosteric site. 



 

GABAB 

 

 



GABAB Receptors 

- Largely presynaptic 

- Found in the spinal cord 

- Activation of these GABAB receptors inhibiting excitability of spinal motor‐ neurons 

- Baclofen clinically used as a spinal/central muscle relaxant used in spasticity 

Glycine Receptors: 

- Inhibitory glycine receptors: 

o GLYr I to III (ionotropic) 

▪ Cl‐ entry 

▪ IPSPs and neuronal inhibition due to hyperpolarisation 

- There is a DIFFERENT family of glycine receptors associated with glutamate receptors that promote 

excitation 

 

FIVE 

Drugs for GABAA Receptors: 

 



 

Benzodiazepines and Barbiturates do not activate GABAA directly, they only activate in the presence of GABA. 

Endogenous agonist or antagonists: 

Agonists: anxiolytic 

- N‐methyl diazepam has been detected in low amounts in the brain, but it is most likely derived from food 

e.g. potatoes 

Antagonists: axiogenic 

- diazepam binding inhibitor (DBI) identified in human brain; found in high concentrations in CSF of patients 

with severe anxiety disorders 

- Benzodiazepine antagonists (flumazenil) have no effect on their own but prevent the effects of 

bezodiazepine agonists = antidote to BDZ overdose 

Inverse agonist: anxiogenic 

- ‐carbolines 

- Ethyl‐‐carboline‐3‐carboxylic acid ethyl ester (CCE) was first extracted from human urine 

- Decreases FREQUENCY of channel opening 

(Both at the BDZ site). 

N4 

1. Be able to describe the steps of neuro‐ transmission for GLUT 

2. Know the key sites of action for drugs that modulate the glutamatergic (ie agonists antagonists) 

3. Understand the concepts and mechanisms behind excitotoxicity 

ONE 



Distribution of GLUT 

- L‐glutamate is the major excitatory transmitter in the CNS 

- Distributed diffusely throughout the brain (neurotransmitter role) via short and long neurons 

- A major pool of brain glut is associated with cellular metabolism (TCA cycle) 

- Many synapses in the CNS use GLUT 

- Additional amino acid transmitters include aspartate and homocysteate 

- Mostly excitory through the EPSP in post-synaptic neurons 

Function: 

 

Role in the Brain 

- Activation of glutamatergic nerves results excitation and: 

o Consciousness 

▪ Anaesthetic ketamine is a glutamate antagonist 

o Activation of neuronal excitability 

▪ Newer anti‐convulsants that limit epileptic seizures inhibit glutamate activation 

o Memory / cognition (long‐term potentiation‐ LTP) 

o Excitotoxicity 

 

Synthesis: 



 
Shunting: 

- GLUT (glutamate) is taken up by glial cells and converted to GLN (glutamine) and recycled via specific amino 

acid transporters back to the neuron where it can be converted back to GLUT 

- GLN has NO pharmacological activity at GLUT receptors 

 

Termination of Activity 

 

Re‐uptake tightly regulates levels of GLUT 

- Action of GLUT at its receptors is terminated by re‐uptake 

- 5 subtypes of glutamate transporter (EAAT) 

o EAAT 1,2 mainly located to glial cells 

o EAAT 3,4,5 mainly located to neuronal cells 

▪ Because there are multiple transporters with different roles, this increases selectivity for 

drug targets. 

 

Transporters: 



 
 

Transporters are readily reversible (transporting GLUT into the extracellular space) 

- The reversal of transporters occurs in stroke damage leading to extended damage through excitotoxity. 

o In stroke, GLUT transporters are damaged. GLUT builds up in the cell cytosol and is squirted back 

into the synapse, causing excessive excitations, thus leading to excitotoxicity. 

o GLUT transporters need energy, which comes from oxygen. During stroke, oxygen is limited, thus 

resulting in damaged GLUT transporters. 

- Malfunction in transporters implicated in neurodegenerative diseases 

 

GLUT Receptors: 

 



 
 

GLUT receptors 

 

Two major subgroups: 

- Ionotropic family 

o 3 types 

▪ NMDA (N‐methyl‐d‐aspartate) 

▪ KAINATE 

▪ AMPA (α‐amino‐3‐hydroxy‐5‐hydroxy‐5‐methyl‐5‐isoxazole proprionate) 

o Potential for several different subtypes within each family member (named according to agonist 

selectivity) 

- Metabotropic family 

 

Distribution: 

- NMDA receptors widely distributed (enriched in cortex and hippocampus) 

o Learning and memory 

- AMPA receptors are usually co‐localised with NMDA receptors 

- KAINATE concentrated in a few areas complementary to NMDA and AMPA 

 

NMDA Receptor 

 

4 Subunits that allows Na+ through and a small amount of Ca+: 

- There are several different NMDA receptor subunits leading a number of NMDA subtypes 

- Associated with NMDA receptors are several allosteric sites 



 
The glycine site is a co-activator site. Glycine acts as a co-agonist and can be found in low concentrations in the ECF. 

Activation of NMDA receptors REQUIRES glycine (as well as GLUT) (not AMPA or KA receptors). 

 

 
NMDA receptors –Mg2+ blockade 

- The NMDA receptor is normally underactive (safety feature) NMDA receptors are blocked by Mg2+ (in a 

voltage dependent manner) 

- It occurs at normal concentrations of Mg2+ 

o Mg2+ block disappears if the cell that has NMDA receptors on it is depolarised/activated 

 



 
 

NMDA Receptors are problematic in this sense because when depolarised, they allow both Na+ and Ca2+ (at low 

concentrations) through. This can result in Ca2+ influx and cell cytotoxicity. AMPA and KAINATE only allow Na+ and 

are thus, less problematic. 

 

AMPA and KAINATE receptors 

- Formed from the assembly of distinct subunits 

- AMPA and KAINATE receptors mediate a fast excitatory response 

o Mediated by an influx of Na+ ions 

 

Roles of AMPA and KAINATE receptors: 

- AMPA receptors have a role in synaptic plasticity (and learning) 

- KA receptors contribute to the development of temporal lobe epilepsy 

 

Metabotropic Receptors 

 



 
- G‐protein linked receptors – thus slower transmission 

- NOT necessarily excitatory 

- Group I mGluRs are linked to Gq, activate phospholipase C and use IP3 as a second messenger 

- Group II and III are linked to Gi and inhibit adenylate cyclase and lower levels of cAMP 

 

Role of metabotropic receptors: 

 
- Strongly implicated in: 

o Schizophrenia 

o Anxiety disorders 



o Epilepsy 

 

TWO 

Drugs that act on NMDA: 

 

Ketamine and PCP inhibit NMDA activation via binding within the NMDA channel site: 

- PCP (1950s) used as anaesthetic 

o Side effects include: 

▪ Alterations in short‐term memory 

▪ Hallucinations 

▪ Nightmares 

▪ Psychosis / delirium 

o Also known as “angel dust” 

- Ketamine still used as a veterinary anaesthetic 

 

 
 



 
- Need to know a drug for each site 

 

 
 



 
 

 

THREE 

Excitotoxicity: the phenomenon that occurs when there is over‐activation of the excitatory glutamate system 

- Excessive activation of NMDARs is neurotoxic 

 



 

Excessive NMDA activation leads to an excessive influx of Na+ and intracellular Ca2+ (overload). This causes 

activation of Ca2+ dependent enzymes (kinases, lipases, proteases, NOS) resulting in: 

- Generation of toxic free radicals 

- Stimulation of neuroinflammatory cascades 

- Activation of apoptosis 

 

Initiators of exitotoxicity: 

1. Stroke is associated with loss of cellular homeostasis (loss of transporter function that dependent of cell 

energy driven) 

a. GLUT levels tightly regulated by EAATs 

b. Loss of energy = loss of transporter regulation and reversal of EAATs 

c. Pumping of GLUT into ECF 

d. Excessive ECF glutamate and excessive NMDAR activation 

 


