
 Dr Matthew Ho 
BSc(Med) MBBS(Hons) FANZCA 

 

Neuropharmacology 

Pharm-10A8 Classify drugs used in the treatment of depression. Outline the interactions between 
antidepressant drugs and drugs that are commonly used during the perioperative period.  

1. Depression is a common mental health disease in which the pathophysiology is incompletely 
understood. The most well-known theory is the ‘monoamine hypothesis’ which states that a 
relative lack of monoamines in the CNS accounts for the depression syndrome. Thus, most anti-
depressant drugs work by ↑ monoamines available for neurotransmission. 

Drug group Example Mechanism of action 

TCAs Amitryptiline Block NA and 5HT reuptake at presynaptic nerve endings  ↑ levels 
at CNS synapses 
Secondary effects: block muscurinic receptors, histamine H1 
receptors, α1 receptors 

SSRIs Fluoxetine Blocks 5HT reuptake at presynaptic nerve endings  ↑ levels at CNS 
synapses 

SNRIs Venlafaxine Block NA and 5HT reuptake at presynaptic nerve endings  ↑ levels 
at CNS synapses 

MAOs Phenelzine 
Moclobemide 
Selegeline 

Irreversible inhibition of MAO  ↑ amine neurotransmitters 
adrenaline / noradrenaline 
MAO-A – 5HT, NA, adrenaline, dopamine 
MAO-B – tyramine, phenylethamine, dopamine 
Moclobemide is a newer reversible MAO-A selective inhibitor (safer) 
Selegeline is a newer MAO-B selective inhibitor (Parkinson’s) 

α2 antagonists Mirtazepine Blocks α2 receptors  ↓ negative feedback release of NA  ↑NA 
levels 

2. Drug interactions: 
a. Pharmacodynamic 

Drug Effect Notes 

TCAs/SSRIs/MAOs 
with each other, 
pethidine, ephedrine, 
tramadol 

Serotonin 
syndrome 

↑↑ serotonin at brainstem and SC synapses 
Hyperreflexia, rigidity, hyperthermia, clonus, 
flushing, diarrhoea, autonomic instability. 
MAOIs bind irreversibly and require formation of 
new enzyme. They should be stopped 2-3 weeks 
before anaesthesia. 

TCAs with 
anticholinergics 

Anti-muscurinic 
syndrome 

Tachycardia, dry eyes, mouth, urinary retention, 
constipation, fever, confusion 

TCAs with 
amiodarone, sotalol 

Prolonged QT Ventricular arrhythmias 

MAOIs with indirect 
sympathomimetics 

Serotonin 
syndrome 

↑↑NA, serotonin at synapse. 
Contraindicated combination 

MAOIs with direct 
sympathomimetics, 
ketamine 

Hypertension, 
prolonged action, 
arrhythmias 

↓ metabolism. Direct sympathomimetics (also 
metabolised by COMT) can be used, but titrated 
to effect carefully. 

MAOIs with opioids Type I excitatory 
Type II depressive 

Pethidine – serotonin syndrome  
All opioids - ↓ hepatic metabolism  respiratory 
depression 

b. Pharmacokinetic 
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Drug Effect  Notes 

SSRIs CYP450 inhibition Direct inhibitor of hepatic metabolism  ↑ 
duration opioids, thiopentone 

MAOIs CYP450 inhibition Direct inhibitor of hepatic metabolism  ↑ 
duration opioids, thiopentone 
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Pharm-09A6 Describe the mechanism of action and pharmacokinetics of phenytoin.  

1. Phenytoin is an anti-epileptic drug used in the treatment of grand-mal seizures, complex partial 
seizures, neuropathic pain and ventricular arrhythmias following TCA overdose.  
 

2. Mechanism of action: a seizure is caused by uncontrolled stimulation of CNS neurons. Phenytoin 
works by inhibiting neuronal transmission at both synapses and axons.  

a. Blocks Voltage gated Na+ channels in the inactive state – this accounts for its activity 
as type Ib anti-arrhythmic 

b. Blocks Ca2+ channels 
c. Blocks neurotransmitter release NA, 5-HT 
d. Enhances K+ channel opening  hyperpolarisation 
e. Enhances GABA transmission 

 
3. Pharmacokinetics: 

a. Absorption: 
i. PO tablet F = 90%, Weak acid – absorbed better in stomach 

ii. IV – cannot be mixed with glucose, given as slow push over 20-30 minutes to 
avoid arrhythmias 

b. Distribution: 
i. Protein binding 90%, displaced with competition from other drugs 

ii. VD = 0.5L/kg 
c.  Metabolism: 

i. Hepatic metabolism 
ii. 1st order kinetics at low doses, zero order at higher doses 

iii. Requires monitoring of levels 
iv. Potent inducer of hepatic metabolism 

d. Excretion: 
i. Kidney < 2% unchanged 

ii. T1/2 = 24 hours 
 

4. Drug interactions: 

Drugs Effect Mechanism 

CYP450 metabolised – 
carbamazepine, opioids, 
Benzodiazepines, warfarin  

↓ duration Hepatic induction enzymes 

CYP450 inhibitors – isoniazid, 
erythromycin, cimetidine 

Phenytoin toxicity – ataxia, nystagmus, 
vertigo, hirsutism, gum hyperplasia 

Hepatic inhibition enzymes 

IV glucose Gelatinous fluid Incompatibility 

Warfarin, carbamazepine ↑ effect Protein displacement 
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Pharm-04B3/98A9 List the effects of histamine. Write a brief outline on the pharmacology of the H1 
blocking drugs. 
Pharm-01B14 Outline the direct effects of endogenously released histamine. 

1. Histamine is an endogenous amine stored in granulated vesicles of mast cells, basophils and 
neurons within the CNS. It has important roles in immunity, control of gastric acid secretion and 
neurotransmission. 

a. Synthesis: histidine 
b. Located in most tissues – highest concentration in lung, skin and GIT 
c. Acts as a neurotransmitter in the brain 

 
2. Effects of histamine 

Receptor Mechanism Location Effect 

H1  GqPCR  ↑phospholipase C 
 ↑IP3, DAG  ↑Ca2+ 

CVS 
 
Vessels 
 
Resp 
CNS 
Skin 

↓AV node conduction, coronary artery 
vasoconstriction 
Vasodilation, ↑permeability, fluid extravasation  
flare, erythema, wheal 
Bronchial constriction, ↑mucous production 
Post-synaptic excitatory (vestibular pathway) 
Stimulation of cutaneous sensors  pruritis 

H2  GsPCR  ↑adenylyl cyclase 
 ↑cAMP 

GIT 
Heart 
CNS 
Immune 

↑ gastric acid production (parietal) 
Coronary artery vasodilation, ↑inotrope / chronotrope 
Post-synaptic inhibitory 
↓ histamine release mast cells (negative feedback) 

H3  GiPCR  ↓adenylyl cyclase 
 ↓cAMP 

CNS Pre-synaptic inhibitory 

3. Anti-histamine drugs 

Property Anti-histamine 

Physiochemical 

Groups 1st generation old – sedating lipophilic agents with non-specific autonomic blockade  
diphenhydramine, promethazine 
1st generation new – less sedating with less autonomic blockade  cyclizine 
New generation: more specific, less-sedating, less lipid soluble  loratidine 

Use Allergic reactions (type I hypersensitivity) 
Sedation 
Motion sickness 
Anti-emetic 

Pharmacodynamics 

Mechanism action Competitive antagonists at H1 receptors 
Competitive antagonism also at muscurinic and α1 receptors , D2 and anti-5HT 

Organ effects: 
CVS 
Resp 
CNS 
 
GIT 
Immune 

 
Nil effect at therapeutic dose, transient ↓MAP with rapid IV bolus 
Bronchodilation, ↓mucous secretion, anti-tussive 
1st generation: potent sedative, central blockade of vestibular stimulation CTZ, 
anxiolytic, antalgesic (mild) 
↓LOS tone 
↓ release histamine from mast cells  ↓pruritis, skin rash, angioedema 

Toxicity Anti-muscurinic: sedation, dry eyes, mouth, urinary retention, constipation, tachycardia 
Anti-dopaminergic: EPSE 
Anti-adrenergic: postural hypotension 

http://www.anaesthesiamcq.com/wiki/mcqwiki/index.php/Pharm-04B3
http://www.anaesthesiamcq.com/wiki/mcqwiki/index.php/Pharm-01B14


 Dr Matthew Ho 
BSc(Med) MBBS(Hons) FANZCA 

 
Interactions Anti-muscurinics 

Anti-adrenergics  

Pharmacokinetics 

Absorption Generally well absorbed, extensive 1st pass metabolism 
All are available PO 

Distribution 1st generation: lipid soluble, cross BBB 
2nd generation: non-lipid soluble, no dot cross BBB 
Highly protein bound > 90% 

Metabolism Hepatic metabolism 

Excretion Minimal excreted unchanged 
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Pharm-09A7/08A5 Outline the subtypes of serotonin (5 hydroxytryptamine) receptors. Discuss 
pharmacological agents that act at these sites.  

1. Serotonin (5-hydroxytrptamine) is a widely distributed neurotransmitter and vasoactive 
substance. It is important in the control of: CNS mood, emesis, pain; vascular tone; platelet 
activation; GI secretions.  

a. It is produced by: 
Tryptophan  5-hydroytryptophan (tryptophan hydroxylase) 
5-hydroxytryptophan  5-HT (DOPA decarboxylase) 

b. Metabolised by: 
Reuptake into presynaptic terminal 
5-HT  5-HIAA (5-hydroxyindoleacetic acid, by monoamine oxidase) 

 
2. Serotonin receptors – there are 7 families of serotonin receptors (5-HT1-7), some of which have 

different sub-types. Not all of them are clinically useful. All serotonin receptors are G-protein 
coupled receptors, except the 5-HT3 receptor, which is a pentameric ligand-gated ion channel 
 

Receptor Location Effects Mechanism Agonists Antagonist 

1A CNS Neuronal Inhibition – 
sleep, feeding, 
anxiety 

Gi Buspirone  

1B CNS, vascular 
SM 

Neuronal 
presynaptic 
inhibition, 
behaviour, v/c 

Gi Ergotamine  

1D CNS, blood 
vessel 

Cerebral v/c, 
locomotion 

Gi Sumatriptan  

2A CNS, PNS, 
smooth mm, 
platelets 

Neuronal excitation, 
smooth mm 
contraction, plt 
aggregation 

Gq LSD  

2B Gastric fundus Contraction Gq  Methysergide 

2C CNS choroid 
plexus 

CSF secretion Gq LSD Methysergide 

3 CNS, PNS 
(pain) 

Neuronal excitation, 
vomiting 

Ligand gated 
ion channel 

 Ondansetron, 
tropisetron 

4 CNS, PNS (GI 
motility) 

Neuronal excitation, 
GI motility 

Gs Metaclopramide, 
Cisapride 

 

5   Gi   

6   Gs   

7   Gs   

 
3. Pharmacological agents: 

Class Drug Mechanism of Action Indications 

5-HT 1A agonist Buspirone Promotes CNS excitation Antidepressant, anxiolytic 

5-HT 1B agonist Ergotamine Promotes cerebral vasoconstriction Migraine 

5-HT 1D agonist Sumatriptan Promotes cerebral vasoconstriction Migraine 

5-HT 2A/C agonist LSD CNS excitation  Recreational drug 

5-HT 2B/C antagonist Methysergide  Migraine prophylaxis, 
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treatment of carcinoid 
syndrome diarrhoea 

5-HT 3 antagonist Ondansetron Central inhibition of CTZ PONV 

5-HT 4 agonist Metaclopramide ↑ gastric motility, ↑ L 
oesophageal sphincter tone 

Anti-emetic 

Indirect agonist Tramadol Facilitates release 5-HT from pre-
synaptic membrane 

Mild-moderate pain 

Indirect agonist SSRIs, SNRIs, TCAs Inhibits 5-HT transporter on pre-
synaptic membrane 

Anti-depressant, 
anxiolytic 

Indirect agonist MAOIs Inhibits MAO breakdown of 5-HT 
 5-HIAA 

Anti-depressant (2nd line) 

 

4. Pharmacodynamic aspects: 
a. GI (enterochromaffin cells) 

i. Promotes vomiting in GI 
ii. GI smooth muscle tone and peristalsis 

b. CNS (median nuclear raphe) 
i. Mediates pain response 

ii. Controls mood 
iii. Controls sleep/wake cycle 

c. CVS (platelets) 
i. Vasoconstriction in peripheral and cerebral vessels 

ii. Platelet aggregation 
d. Resp 

i. Central control respiration 
 
 


