
What is psychopharmacology? 

Scientific study of the effects of drugs on mood, 

sensation, thinking and behaviour → Effect of drugs 

on psychology. 

Is its goal different to psychological therapies? They 

are different tools trying to achieve the same goals. 

Consider pain 

Mental versus physical? 

psychological versus biological/pharmacological. 

Treating pain 

Where is the pain? In the brain. Not the limb. Signals 

are sent from the limb to the brain. Psych or pharm 

treatment can be used to stop the pain signals from 

getting to the brain. Psychological treatment 

(hypnosis, comfort etc…) and pharmacological 

treatment (stopping the sensation from being taken 

to the brain). 

Thoughts, emotions, and sensations in the brain make 

us experience pain. The brain can alter the pain 

experienced from the arthritis joint pain generator. 

Thus, psychological treatment e.g. distraction can 

have an influence on how much signal is sent from the 

limb to the brain and thus how much pain is 

generated by the brain. 

Thus, the brain can amplify the signal, turn it down, or 

tell the nerves how much of a signal to send up in the 

first place. Nerve sensitivity can be set by the brain, 

and/or conditions right in the tissue. Even the 

structure of the nerve can and does change. 

Psychological treatments and pharmacological 

treatments can either affect the brain directly 

(distraction or serotonin med) or indirectly 

(anaesthetic). 

Pharmacological treatment e.g. anaesthetic injected 

into the limb, can also prevent signals from reaching 

the brain. 

Somewhere in the brain there is a neural firing we call 

pain. 

What is the is the difference between psyc and phar 

treatment then? Psychological v’s Pharmacological 

manipulations? affect the same things, but with 

different techniques 

What is psychopharmacology? 

An attempt to understand and manipulate mood, 

sensation, thinking and behaviour, but in terms of 

chemistry 

Very hard to ignore psychopharmacology as a 

psychologist 

At the core of what makes people who they 

are 

Crucial for understanding drug/substance 

abuse 

Crucial for understanding how concurrent 

drug treatments might affect CBT 

Crucial for understanding about other 

(pharmacological) treatments that may help 

your clients 

Overview 

Overview of the central nervous system (CNS) 

The building blocks of the brain (neurons) 

How communication occurs 

Communication between neurons 

Communication within a neuron 

Main neurotransmitters relevant to psychology 

Not an exhaustive list but three main 

neurotransmitters: 

• Serotonin 

• Dopamine 

• Norepinephrine (noradrenaline) 

Each is associated with a range of psychological 

functions 

Each needs to be ‘just right’ for normal psychological 

function (there can be too much which leads to side 

effects). 

Serotonin (5-HT) 

Perhaps most important neurotransmitter for mood. 

Main pharmacological treatments for anxiety and 

depression affect the serotonergic system e.g. Prozac, 

Zoloft, Tofranil. But, related to a range of other 

functions as well as shown by the many pathways 

which extend from the raphe nucleus to other brain 

areas.  
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Release of serotonin to frontal cortex enhances 

positive mood. 

Release at basal ganglia affects movement and 

relevant to obsessions and compulsions. 

Limbic system – anxiety 

Hypothalamus – appetite 

Brain stem – insomnia, nausea, vomiting, sexual 

dysfunction 

Dopamine (DA) 

Historically this has been the most important 

treatment for schizophrenia (e.g. Awakenings, 1990). 

Heavily implicated in drugs of abuse, as it reinforces 

our desire to engage in behaviours that stimulate the 

‘reward centre’ of the brain. 

 

The areas where cell bodies for dopamine are include 

the tegmentum, substantia nigra, and around the 

hypothalamus. These all project to different regions of 

the brain. The ends of branches are where dopamine 

is released. 

Basal ganglia – movement. Parkinson’s disease 

associated with degeneration of DA projections in the 

basal ganglia. 

Nucleus accumbens – euphoria, maladaptive changes 

e.g. delusions of grandeur. 

Frontal cortex – cognition. In schizophrenia, people 

take drugs to reduce dopamine activity which relieves 

some symptoms. Side effects – lower dopamine in 

frontal cortex so impaired cognition as revealed by 

poorer performance on the stroop task. 

Norepinephrine (NE) 

Different name for noradrenaline. Related to 

autonomic activation (fight or flight). Implicated in 

affect (including happiness), anxiety, anger. 

Norepinephrine pathways are at the locus coeruleus 

and project to different regions of brain. 

Frontal cortex – Attention. Low mood when at frontal 

cortex. 

Limbic system – energy levels. Agitation levels. Mood. 

Cerebellum – tremor. 

5-HT, DA, NE 

Collectively referred to as monoamines (as they each 

have a single amine group in the molecule). Complex 

interaction of them is related to most of what we call 

psychology 

Neurons 

The ‘Lego blocks’ underlying communication. Some 

other cells communicate to some degree, but neurons 

are the main ones specialised to communicate 

Neural communication 

Within the neuron, electrical communication in the 

form of action potentials and between neurons, 

chemical communication. So, action potentials don’t 

travel from neuron to neuron, chemicals do. 

But how does the neuron to neuron (chemical) 

communication happen? How does the within neuron 

(electrical) communication happen? 

Communication within a neuron 

(electrical) 

Diffusion does not require energy happens naturally. 

‘Ions diffuse from high to low ion concentration 

regions’ i.e. move down the concentration gradient. 

regardless of the electrical charge. Down a 

concentration gradient – from a region of high 

concentration to low concentration of ions. Happens 

independent of electric charge. 

‘Like charges repel, Opposite charges attract’. Same as 

with magnetics (north and south poles) as is for 

chemicals 

2 forces acting on the Na+ ions: chemical (diffusion) 

and electrical because ions repel each other because 

of positive charge. 

If chemical and electrical forces make ions move in 

opposite directions, depends on which is stronger. 

Effect of cell membrane 

More sodium ions outside the cell. Two forces acting 

on these: diffusion forces because there is a lower 

concentration of sodium ions in the cell and the 

electrical force because the positive sodium ions are 

attracted to the negative charge inside the neuron.  
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the membrane stops this movement and maintains 

the concentration gradient and electrical/potential 

differences across the membrane. Results in: 

resting membrane potential across membrane 

(-70 mV). This means that its 70 mV more 

negative inside compared to outside. 

concentration gradient of ions across 

membrane 

This means that the ions have potential to do work. 

Part of what makes communication between and 

within neurons possible, is that the membrane can be 

opened. This allows ions to flow in and out of the cell, 

which enables neurons to communicate 

This occurs via ion channels. Ion channels generally 

only allow specific ions to pass through the cell 

membrane. When ion channels open, both electrical 

and diffusion forces act on the ions. 

The combined force (diffusion gradient + voltage 

difference) is the electrochemical gradient. 

However, the concentration gradient is the driving 

force that makes cell communication happen i.e., ions 

diffuse through gated ions channels to where the 

lowest concentration (of that particular ion) is e.g., for 

a Na + channel, Na+ ions diffuse into the cell because 

there are less Na+ ions inside the cell. Potential 

difference plays very little role. 

Communication between neurons 

Chemical (from neuron to neuron) 

2 Stages 

1st – chemicals released from pre-synaptic 

neuron into the synaptic cleft 

2nd – chemicals cause changes in receptors, 

that lead to changes in the cell membrane 

voltage (electrical force between the inside 

and outside of the cell). These voltage 

changes make the neuron more (or less) likely 

to fire 

This is what we are interested in in 

psychopharmacology, as if we can modulate the 

chemistry, then we can modulate psychology 

1st stage – chemical release 

When a pre-synaptic neuron fires (i.e. an action 

potential occurs), the voltage change causes synaptic 

vesicles to move to the neural membrane 

Here they fuse with the membrane, and release their 

contents (neurotransmitters) into the synaptic cleft 

(synapse) 

The neurotransmitter disperses across the synapse, 

where it can combine with a receptor. This triggers a 

response in the post-synaptic neuron. The transporter 

returns some of the neurotransmitters to the 

presynaptic neuron and the degenerative enzyme 

breaks down the neurotransmitter so that the parts 

cannot activate the receptors. 

2nd stage – membrane depolarisation 

It is more positive outside than inside a neuron due to 

more positive ions outside than inside. Resting 

membrane potential is normally -70 mV 

When receptors are activated, this can allow specific 

ions to enter or leave the neuron through ligand-

gated channels, which changes the resting membrane 

potential. We refer to these as ligand-gated ion 

channels. Ligand = small ion or molecule that binds to 

a metal atom. 

When neurotransmitters bind to the post synaptic 

receptors, they can be excitatory or inhibitory. 

Excitatory neurotransmitters → ligand gated 

sodium ion channels open → sodium diffuses 

into the neuron and is attracted to the 

negative charge in the cell → more positive 

inside the cell so reducing voltage difference 

e.g. from -70 mv to -62 mv → depolarisation 

→ excitatory post synaptic potential 

Inhibitory neurotransmitter → ligand gated 

potassium ion channels open → There are a 

lot more potassium ions inside the cell. It is 

more negative inside the cell so the electrical 

forces want the potassium to stay inside the 

cell. However, because the potassium 

concentration is much higher inside the cell, 

the potassium moves outside the cell through 

potassium ion channels → The inside of the 

cell becomes more negative so increasing 

voltage difference → hyperpolarisation → 

inhibitory post synaptic potential. 

There are also voltage-gated ion channels. These 

respond to voltage changes, but not to ligands. The 

voltage gated channels do not respond when a 

neurotransmitter binds to the receptors on the post 

synaptic membrane. 

Communication within a neuron 
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Electrical (within a neuron) 

presynaptic neurons sent chemicals to the dendrites 

of another neuron, and these changed the post-

synaptic membrane voltage. But to communicate, this 

neuron needs to get the message to the end of the 

neuron (axon terminal) so that it can pass on the 

message to other neurons. This occurs via action 

potentials (APs). 

The action potential 

If lots of neurons converge on a single neuron and 

release excitatory neurotransmitters to bind to post 

synaptic receptors, ligand gated sodium ion channels 

open and then the membrane potential reaches the -

55 mV threshold potential. At -55 mV, voltage-gated 

Na+ channels respond to the change in voltage and 

open up, allowing ‘huge’ amounts of Na+ to enter the 

neuron. An action potential is initiated, which travels 

down the axon. When voltage gated ion channels 

open, they let in more sodium ions than ligand gated 

ion channels.  

Once the first voltage gated Na channels open, the 

sodium ions enter and spread down the axon. The 

resulting depolarisation causes more to open up 

sequentially, as the voltage change due to the Na+ 

influx moves along the axon. 

Here we can see how the membrane voltage changes 

as a result of the initial ligand-gated channels (initial 

membrane depolarisation), and subsequent voltage-

gated channels (action potentials). Note refractory 

periods. 

EPSPs after several EPSPs get potential difference to 

reach -55mV as a result of many neurons converging 

onto and stimulating one neuron ligand gated sodium 

ion channels open up. 

Absolute refractory period – No other action 

potentials can be initiated in this neuron because 

sodium ion channels are open and inactive. 

Relative refractory period – action potential can occur 

but difficult. 

This is how signals travel along a neuron. If this was a 

passive process that automatically flowed from one 

neuron to another, it would be too clunky to explain 

our thoughts and behaviour. But the chemical 

modulation of these action potentials, at the synapse, 

enable the complexity of AP firing rates that make up 

our human experience 

If we had a ‘happiness neuron’, such that we felt 

happy when it fired, can you think of any options for 

modulating this to make us happy? 

Electrically stimulate the neuron to increase 

firing. E.g. electroconvulsive therapy and 

transcranial magnetic stimulation which 

focuses on particular regions of the brain and 

stimulates them to get neurons working. 

Chemically stimulate the neuron to increase 

firing e.g. increase sensitivity of neuron to 

neurotransmitters and increase amount of 

neurotransmitters in the synapse. Can be 

done using SSRIs which prevent serotonin 

from being taken back up into the presynaptic 

neuron. 

Can hypothetically target happiness neuron to 

increase its activity. 

Hypothetically, what does CBT do? 

CBT trains neurons by activating certain 

adaptive thoughts. Leads to rewiring of the 

brain to enable more-useful neural 

connections (some dendrite connections 

strength others weaken etc.) So, 

strengthening them and making them more 

likely to fire and thus improving 

communication between the neurons. 

Chemically (pharmaceuticals) and electrically 

(electroconvulsive therapy), rewiring of neural 

connections leads to the same thing, but with 

different method. 

We might want to give a drug to stimulate a ‘happy’ 

set of neurons. But we need to know more about the 

chemical organisation of the brain to know how/if this 

is possible/useful 

Need to know about… 

Spatial, temporal and functional organisation of our 

neurochemical system.  

Neural processes suitable for pharmacological 

modulation with this knowledge 

We can then talk about the pharmacological agents 

that we could give to manipulate these, and thus our 

psychology 
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