
PHU33112: Neuropharm. Psych 
disorders; Depression.
Rang and Dale chapters 31-33 (CNS General Introduction).  Chapters 34-43 (Drugs used in affective 

disorders, anxiolytics, and hypnotics, antipsychotics. Drug dependence and abuse, CNS Stimulants 

and psychomimetics. Drug treatment of neurodegenerative disorders, antiepileptics. 

Molecular Neuropharmacology (Nester) (Pain, Reward&addiction) 

Fundamentals of Psychopharmacology (BE Leonard.) (Schizophrenia, Depression) 

American Psychiatric Association; Diagnostic and Statistical Manual of Mental Disorders; fifth 

edition. 

ICD-11 from the WHO. 

Depression: A highly complex illness. 
Depressive Illness: refers to a persistent, morbid sadness, a depressed and unhappy emotional state, 

with abnormal inhibition of mental and bodily functions. It is a field in which therapeutic empiricism 

has led the way, with mechanistic understanding tending to lag behind; part of the problem being 

that it is difficult to develop animal models that replicate the human condition. 

Depression is the most common of the affective disorders (disorders of mood.), and may range from 

mild, to severe or psychotic depressive illness. 

Depression is a disturbance of both the mind and the body; it can manifest in the mind but also 

other systems e.g. cardiac. 

It can be life disrupting and if left untreated, can be fatal. The earlier it is treated; the more effective 

treatment tends to be; as depressive illness becomes more severe over time when left untreated. 

Prevalent issue; approximately 5% of the population are currently suffering from depression. This is 

epidemiological data from countries like the United States, but Ireland fits well into this. 

Common predisposing factors; Women (2-3% higher in women than men), Living in a socially 

deprived area. 

Associated with trauma. i.e. Environmental factors play into predispositions, such as loss of your 

partner, parental breakup. 

Early Life: Trauma in childhood seems to predispose to adolescent or adult psychiatric disorders. E.g. 

Abuse during development/childhood. This goes as far back as in utero. Malnutrition or infection in 

an expecting mother may predispose to a psychiatric disorder in the child, during their adolescence 

or adulthood. 

Brain/Body connection: Trauma can involve any part of the body and affect the brain; due to 

intrinsic and complex links between the brain and body, via the nervous system. E.g. the endocrine 

system can affect the brain and may be affected by trauma. (Knock-on effect.) 

Depression is a highly complex disorder that cannot be classified as one thing that fits for every 

patient. As such, it’s been broken into endophenotypes that loosely fit most patients.



Classical Classification of Depression 

Primary: The depression is the primary illness, not as a result of a different illness. 

Vs. 

Secondary: The depression is secondary/as a result of a different condition, such as chronic pain, 

inflammatory disease. A study in nine countries (the TIDES study) screened over 6,000 patients with 

CF, ages 12 years through adulthood, and over 4,000 parents. The results showed that depression 

and especially anxiety were elevated in patients with CF and in parents of children with CF. 

Elevations were two to three times those reported in community samples. (ECFS) 

 

Endogenous: The depression is due to internal “Malfunction” with neurotransmission in the brain. 

Aka. Melancholic depression. May be hereditary. 

Vs 

Reactive: The depression is due to a reactive reason that would affect mood and could lead to a 

depressive state, e.g. a bereavement. 

 

Unipolar: Low mood only. 

Vs. 

Bipolar: Potential for swings in mood between high mood, elevated expansive thoughts and manic 

behaviour, and low moods. 

Due to its complex nature; depression is a complicated illness. 

It may occur along with anxiety in Mixed anxiety and depression. 

It may occur at particular times such as post-natal. 

It may occur at higher latitudes during winter months, known as seasonal affective disorder, 

potentially due to the loss in balance of the circadian rhythm. 

It may also manifest with schizophrena, such as in schizoffective disorder or psychotic depression. 

Neurotic depression occurs with other irrational behaviour, such as phobias. 

Catatonic depression is depressive illness along with either agitation of muscles, or with a complete 

cease in movement for hours at a time. 

Symptoms 
Must be persistent. Must be at least two weeks (minimum diagnostic timeline.), and usually before 

presenting to a GP, a patient will have been suffering for months. 

Symptoms can be both emotional and biological. 

Core symptoms in bold, usually coupled with two or more of the others. 

 Depressed mood.  

 Inability to experience pleasure; i.e. loss in interest in things that make us happy usually. 

(known as an anhedonic state.) 

 Loss of motivation, reduced energy and an in ability to experience pleasure. 



 Pessimistic thinking, feelings of worthlessness and a loss of self esteem. 

 Psychomotor disturbances (Retardation or agitation). 

 Impairment of reality, hallucinations, delusions or confusion. 

 Suicidal Ideation. 

 Mind/Body connect based symptoms: 

 Diminished cognition; difficulty thinking, or memory loss. (Previously less noticed but 

becoming more prevalent as a symptom.) 

 Early morning waking sleep pattern (disturbed sleep, such as waking at 2, 3AM and not 

being able to return to sleep. 

 Biological symptoms, such as changes in appetite, changes in weight (gain possible but 

usually loss.), changes in libido (ass. With anhedonia.) GIT upset, poor bowel function. 

Depression, Aetiology: Can we define its cause? 
 

 

Genetic heritability isn’t the only factor; there is a gene-environment relationship relating hereditary 

factors and other predisposing factors. 

For example, someone with genetic factors won’t certainly suffer from depressive illness. Nor will 

someone with solely non-genetic (environmental factors). Someone who has both susceptibility 

genes and environmental factors (such as loss; loss of someone you love, of money, of self-esteem 

(“loss of self” -Freud)) is more vulnerable to the illness. 

Inheritability of Depression. 
Major depression is seen to be a familial disorder. 

First degree relatives carry a three-fold increase in risk compared to the general population. 

There is no classical mendelian inheritance pattern, i.e. it can’t be pinned on a single gene. As such, 

it’s called a “genetically complex disorder”. 



Developments in genomic sequencing gives new hope; functional genomics are helping us to 

become more familiar with genetic factors of depressive illness. 

Neurotransmitters and Depressive Symptomology. 
The monoamine theory of depression by Schildkraut, states that depressive illness is caused by a 

deficit of the monoamine neurotransmitters, dopamine, noradrenaline and 5-hydroxy tryptamine 

(serotonin), in the brain, while mania is a result of excess of these. This theory arose from studying 

the effect of various drugs that can exacerbate or alleviate the symptoms of depression, and their 

known chemical effects on monoaminergic neurotransmission in the brain.  As such, this theory 

states that the key players in depression are Noradrenaline, Serotonin, and Dopamine. 

Drugs studied to give basis to the monoamine theory: 

 



 

Since we know that the different monoamines produce different effects; we can observe symptoms 

to more effectively target treatment. E.g. if someone has suicidal ideation and appetite changes, 

they are serotonin deficient and should receive treatment that will increase serotonin levels. 

Through symptom observation; we can assess the basis of the illness, and hopefully increase 

effectiveness of treatment. 

Mnemonic:  SAGS: Serotonin, appetite, guilt/worthlessness, suicidal ideation 

  DNA Eats Fish: Dopamine/Noradrenaline, Apathy (Anhedonia), Executive  

  dysfunction, Fatigue. 

 

 

 

 

 



Noradrenaline (review from 1
st

 year) 
Noradrenergic neurons end in a series of varicosities, strung along the nerve terminal network. 

The noradrenaline is synthesised in the nerve terminus in the varicosities. 

The synthesis process is: 

Tyrosine (Amino Acid) 

 

To (Tyrosine Hydroxylase adds a second OH Group. REQUIRES Oxygen, Iron, and BH4) 

DOPA 

  

To 

Dopamine (DOPA Decarboxylase removes the -COOH) 

 

To (Dopamine B-Hydroxylase adds an -OH to the beta-carbon. REQUIRES Cu2+) 

Noradrenaline 

 

To (Phenylethanolamine-N-Methyltransferase adds a methyl group to the amine.) 

Adrenaline 

 

 



Storage 

Most noradrenaline is packaged into vesicles, with a little being free in the cytoplasm. 

The concentration in vesicles is maintained by the VMAT, the vesicular monoamine transporter. 

Certain drugs such as resperine block this transport and thus deplete noradrenaline stores. 

Release 

Exocytosis when influx of Ca2+ due to action potential. 

Release is regulated by a variety of mediators (pre-synaptic modulation.) 

Interestingly, noradrenaline can regulate its own release by acting on Alpha 2 and  Beta-2 receptors. 

This is known as autoinhibitory feedback. 

Uptake and Degredation of Catecholamines. 

The action of released noradrenaline is terminated mainly by the reuptake into the noradrenergic 

nerve terminals. Some of it is also sequestered by other cells in the vicinity. Circulating 

adrenaline/noradrenaline is then metabolised enzymatically, but at a slower rate than the hydrolysis 

of Ach. 

The main metabolic enzymes of catecholamines are intracellular, so uptake usually precedes 

metabolic degradation. 

Two uptake mechanisms exist for terminating the action of adrenergic catecholamines - uptake 1 

and uptake 2. Uptake 1 occurs at the presynaptic nerve terminal to remove the neurotransmitter 

from the synapse. Uptake 2 occurs at postsynaptic and peripheral cells to prevent the 

neurotransmitter from diffusing laterally. 

Uptake one: Highly selective. High affinity. Low rate. On neuron membrane. 

Uptake two: Low selective. Transports noradrenaline, adrenaline, isoprenaline. Higher rate. 

About 75% of released noradrenaline is repackaged into vesicles to end the action of it. The 

remaining 25% is captured by non neuronal cells to limit its spread. This relies on the transporters: 

Norepinephrine Transporter NET, Vesicular Monoamine Transporter VMAT  and the Extraneuronal 

Monoamine Transporter EMT. NET is blocked by cocaine and tricyclic antidepressants. 

Intraceullarly, the enzymes Monoamine Oxidase and Catechol-O-Methyl Transferase are 

responsible for metabolic degradation. MAO converts the catecholamine to an aldehyde, which are 

metabolised by Aldehyde Dehydrogenase to a corresponding carboxylic acid. 

MAO inhibitors are used for their effects in the CNS, where the amines noradrenaline, dopamine and 

5-Hydroxytryptamine play key roles. MAO inhibitors obviously have side effects relating to the 

effects of increased noradrenaline in the peripheral nervous system. 

The Locus ceruleus contains over 50% of noradrenergic neurons in the brain. 

These LC neurons project to virtually all areas of the brain and spinal cord. 

Axons of LC neurons project to other brain regions, making noradrenaline a key transmitter in 

communication in the brain. 

Noradrenaline is also thought to be important in the arousal system, controlling wakefulness and 

alertness, as well as control of mood and blood pressure.s 



Dopamine and Serotonin. (1
st

 year) 

Dopamine 
Dopamine is involved in several common disorders of the brain, such as parkinsons, schizophrenia 

and attention defecit disorder. 

It is also involved in dependence disorders and endocrine disorders. 

Many drugs used to treat this conditions influence dopamine transmission. 

Dopamine is most abundant in the corpus striatum, as is glutamate x. 

It is also present in the hypothalamus, where its release into the pituitary blood supply inhibits the 

secretion of prolactin. 

The synthesis of Dopamine are the first steps of the synthesis of catecholamines. 

Tyrosine is hydroxylated by tyrosine hydroxylase. This process requires the co-factors borne, oxygen 

and iron. This results in DOPA. Dopa is converted dopamine by DOPA Decarboxylase. 

Dopamine is largely recaptured after release, by the specific dopamine transporter. 

It is broken down by monoamine oxidase and catechol-o-methyl transferase. These results in an 

aldehyde derivate. The aldehyde is converted to an acid derivative by aldehyde dehydrogenase. 

Dopamine receptors. 
There are five subgroups, D1 to D5. All five are G-Protein Coupled. D1 are the most abundant. Each 

receptor type are expressed in the brain in distinct but overlapping areas. The D1 and D5 subtype are 

Gs and stimulate adenylyl cyclase, while 2,3,4 are all Gi/Go and inhibit adenylyl cyclase, active K+ 

channels, inhibit Ca2+channels. 

D1 and D5 inhibit postsynaptic transmission. 

2,3,4 inhibit post and pre synaptic transmission and also stimulate or inhibit release of hormones. 

The D2 receptor is also an auto receptor. 

Stimulation of the D2 receptor results in a reduction of dopaminergic transmission. 

Effects and Pathways. 
The effect of dopamine in the brain depends on the pathway it is in. 

Nigrostriatal system – Projection from substantia nigra to the basal ganglia. Controls movement. 

When blocked, movement disorders such as parkinsonism can occur. 

Mesolimbic Systems – Projection from Ventral Tegmental Area to the nucleus accumbens. It controls 

behaviour, and produces hallucination if overactive. 

and Mesocortical – Projection from Ventral Tegmental Area to the Limbic cortex. Mediates psychotic 

symptoms and cognitive side effects. 

Tuberohypophyseal aka Tuberoinfundibular – Projection from hypothalamus to anterior pituitary to 

control prolactin secretion. Dopamine inhibits prolactin release. 

 



Serotonin 
Serotonin is an indole, produced from Trytophan. 

Its chemical name is 5-Hydroxy tryptamine. 

Its synthesis pathway starts with tryptophan. 

Tryptophan hydroxylase converts this to 5-Hydroxy Trytophan. 

Aromatic Amino Acid Decarboxylase then converts this to 5-HydroxyTryptamine aka Serotonin. 

Serotonin is converted to Melatonin in the brain. 

It is metabolised by Monoamine oxidase and  aldehyde dehydrogenase to 5-Hydroxy indoleacetic 

acid. 

It is packaged by VMAT 2 into vesicles. Reserpine can disrupt this. 

Serotonin binds to serotonin binding proteins in the vesicles. 

Vesicular release occurs by Ca2+ mediated exocytosis. 

Para ChloroPhenylAlanine can irreversibly inhibit TryptoPhan Hydroxylase, to produce a long lasting 

depletion of serotonin. 

Fenfluramine and para-chloroamphetamine induce a rapid release of serotonin from neurons by 

disrupting storage. This increases cytoplasmic serotonin which is released from the terminal by 

serotonin transporter working in reverse. 

Dietary tryptophan depletion can also reduce serotonin levels. 

Serotonin Receptors. 
There are 7 subtypes, all of which are G-protein coupled except for 5-HT3 which is an ion channel. 

They are all expressed in the CNS. 

5HT1 receptors are inhibitory in their effects. They are present in the limbic system and targets for 

anti-anxiety and anti-depressant medication. 5-HT1 agonists are also used to treat migraine, e.g 

sumatriptan (Prescription Only.) 5HT1 receptor antagonism  Migraine due to upset vascular tone. 

5HT2 receptors are abundant in the cortex and limbic system. They can exert excitatory or inhibitory 

effects by increasing GABA release or Glutamate release. They are the targets of some anti-

depressants or some anti-psychotics. Lorcaserin is anti-obesity drug which satietes appetite. 

5HT3 receptors are pentameric ligand gated ion channels. They are found in the medulla, in a region 

which controls vomiting. Specific antagonists can be used to treat nausea and vomiting.  Side 

effects of SSRIs  vomiting and nausea. 

5HT4 receptors are important in the GI tract, and also expressed in the limbic system and substantia 

nigra. Activation of these receptors can work against respiratory depression brought on by opioid 

use. 

5HT5 receptors – only one is active in humans. Antagonists have anti depressant, antipsychotic, 

anxiolytic effects. 

5HT6 receptors are in the hippocampus and limbic system. Blockade of these receptors increase Ach 

and glutamate release. 5HT6 antagonists improve cognition and relieve schizophrenia. 

 



 

Serotonin Reuptake. 
Serotonin reuptake is facilitated by a transmembrane protein transporter, known as the serotonin 

transporter, or SERT. SERT is similar to the DAT and NET transporters, ie 12 transmembrane 

segments, and is na
+
 and cl

-
 dependent. 

mRNA expression for SERT is found in raphe nuclei. 

Serotonin Reuptake inhibitors prolong the effects of Serotonin by inhibiting the SERT. 

Serotonin Metabolism 
5-Hydroxy tryptamine is oxidised by monoamine oxidase to  

5-Hydroxyindole acetaldehyde. 

Aldehyde dehydrogenase converts this to 

5 Hydroxy indole acetic acid. 

Metabolism 
Metabolism occurs in two phases. Both phases usually increase polarity and water solubility. 

Phase one. 

These reactions are usually catabolic, simple reactions such as oxidation, hydrolysis or reduction. 

They make products more reactive, and, paradoxically, sometimes more toxic. Phase one reactions 

will introduce a reactive group such as a hydroxyl group into the molecule, a process known as 

functionalisation. This allows for conjugation in phase two. Therefore, phase one is important to 

allow phase 2 to occur. 

These reactions are often brought about by Cytochrome p450 enzymes. 

Examples of these enzymes: 

Enzyme isoform Drug metabolised 
CYP1a2 Paracetamol, caffeine. 
CYP2d6 Codeine 
CYP3a4 Ciclosporin, Simvastatin 
The mechanism of their action is complicated but the result is simple: the addition of one molecule 

of oxygen to a metabolite. Unfortunately, we still need to know the cycle😊 


