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General Pharmacology 

Pharmacodynamics 

Pharm-05B2/95B9/93A2 Using opioids as examples, describe and illustrate with graphs what you 
understand by the terms "potency", "efficacy", "partial agonist", "competitive antagonist" and 
"therapeutic index". 
1991 Write short notes on log dose effect curves  

1. Graded-dose response curve: this maps the relationship between a drug concentration, and the 
receptor response produced at different concentrations. 
 
 

2. Features of the graded dose-response curve. 
Opioid drugs are ideal example, and the drugs given at μ receptors to produce analgesia. 

Feature Definition Opioid example 

Full agonist A drug which produces 100% receptor response Morphine 

Potency The concentration of a drug producing 50% of the 
maximum response (ED50). 

Sufentanyl ↑ potency  ↓ ED50, 
curve is left 
Fentanyl ↓ potency  ↑ ED50  
curve is right 

Efficacy The maximum response achieved by a drug. This is 
the plateau of the D-R curve and labelled Emax.  Full 
agonists have maximal efficacy. 

 

Partial agonist A drug which has less than maximal efficacy. Buprenorphine. 
Curve is smaller 

Competitive 
antagonist 

A drug which binds to the receptor site, causing no 
response, blocking the site from agonist binding.  
↑ concentrations of the agonist will displace the 
antagonist. 

Naloxone. 
This shifts the agonist curve to the 
right. 

Therapeutic 
Index 

The ratio of toxic dose for 50% subjects: effective 
dose 50% of subjects. On the graph, TD50:ED50. 
This is calculated from population studies. 
↑ TI  safer drug 

Methadone is used in opioid 
detoxification > morphine as it has 
a higher therapeutic index (toxicity 
measured by respiratory 
depression).  
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Pharm-04B1/01A9/96B12 Briefly describe how drugs produce their pharmacological effects. Illustrate 
each mechanism with examples.  

1. Classification of pharmacological effects 
Divided into receptor vs. non-receptor mediated.  

Type of Action Mechanism of Action Examples 

Receptor ligand 
gated 

Ionotropic. Activation or inhibition of a membrane-
spanning ion channel. Binding of drug to the site causes 
conformational change which ↑/↓ permeability of 
pore to the ion. 

Benzodiazepines at GABAA 
receptor 
NMBD at Nicotinic ACh 
receptor 

Receptor GPCR Metabotropic. Binding of drug activates GPCR  
changes 2nd messenger concentration in cell  altered 
cell function.  

Β2-agonists (salbutamol) 

Receptor TK Binding of drug to α unit  dimerisation  
autophosphorylation of β sub-unit  intracellular 
phosphorylation cascades  change cell function 

Insulin – anabolic 
functions 

Receptor Nuclear Drug diffusion through cell membrane  binds to 
cytosolic/nuclear receptor site  alters gene 
transcription  change production proteins  altered 
cell function 

Steroids, T3/4, Vit D 

Ion channel 
interaction 

Direct blockage of membrane ion channels to reduce 
changes in RMP  prevent AP 

Local anaesthetics inhibit 
fast Na-channels 

Carrier proteins Inhibition of transport against concentration gradient Digoxin inhibits Na-K 
ATPase in the heart. 

Enzyme Inhibition of specific enzyme Neostigmine inhibits 
acetylcholinesterase 

Structural analogue Counterfeiting. Drug compete with endogenous 
molecules for enzyme reactions. 

Sulfamethoxazole 
competes with PABA for 
dihydropteroate synthase.  

Structural protein Drugs which inhibit important structural proteins Colchicine – microtubules 

Chemical Chemical properties directly allow drug action Antacids – neutralise HCl 
Chelators – bind metallic 
ions 

Colligative The number of molecules contributes to its action Mannitol as osmotic 
diuretic 
N20 concentration effect 

Unknown  Volatile anaesthetics 
Placebo 
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Pharm-96A16 Define therapeutic index and briefly outline its significance. Describe briefly also the 
therapeutic ratio and the use of the of the cardiac/cns toxicity ratio (cns = central nervous system). 

1. The therapeutic index is a comparison of the amount of drug required to produce a lethal/toxic 
effect, with the amount of drug required to produce a therapeutic effect. 

a. Mathematically, TI = TD50/ED50 or LD50/ED50 
b. Graphically, this uses quantal dose-response curve.  

 

2. Uses: a crude indicator of drug safety, and selectivity for a particular therapeutic effect 
a. High TI:  

i. large difference between toxic and therapeutic doses.  
ii. High doses can be given infrequently, and drug dosing is not required.  

iii. E.g. paracetamol 
b. Low TI:  

i. Small difference between toxic and therapeutic doses.  
ii. Low doses given frequently so plasma peak concentration does not reach toxic 

levels. Monitoring often required.  
iii. E.g. Digoxin, theophylline 

 
3. Limitations: 

a. TD/LD50: parameters are derived from animal studies, hence have limited value in 
human application. Parameters used for animal toxicity may miss out toxic effects 
limiting use in humans in a clinical context. 

b. ED50: not easily definable in a clinical context as many drugs have different therapeutic 
end-points in different patients. E.g. Use paracetamol for pain vs. fever. 

c. Values are median numbers and do not take into account inter-individual variability. 
d. Median values are taken from healthy subjects and not from vulnerable populations – 

extremes of age, intercurrent illness, and co-morbidities.  
e. The characteristics of the graded dose-response curve alter the safety profile. Drugs with 

a less steep slope may have a high TI, but their toxic and therapeutic concentration dose 
curves may overlap.  

 
 

4. Therapeutic ratio: comparison of any two parameters. 
a. Example: the use of CVS50/CNS50 in local anaesthetics. Generally, the more toxic effect is 

the numerator as cardiac toxicity is – harder to manage, more lethal and occurs at 
higher doses than CNS toxicity 

i. High TR, Lignocaine = 7: seven times dose needed for cardiac toxicity 
(arrhythmias, shock, collapse) compared to dose for CNS toxicity (headache, 
dizziness) 

ii. Low TR, bupivacaine = 3.7: more propensity towards lethal cardiac toxicity. 

 
  

http://www.anaesthesiamcq.com/wiki/mcqwiki/index.php/Pharm-96A16
http://www.anaesthesiamcq.com/wiki/mcqwiki/index.php/Therapeutic_index


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

 
1994 Briefly explain non-competitive antagonism at receptor sites and give two examples 

1. An antagonist is a substance which binds to a receptor and prevents the binding of the 
endogenous ligand, diminishing the normal response. They have affinity but no efficacy for the 
receptors.  
 

2. Non-competitive antagonist – does not compete for receptor binding site with the ligand, but 
exerts its blocking effect at a point within the intracellular cascade (i.e. after binding of agonist 
occurs). They bind to a different site to the agonist. No amounts of additional agonist will unbind 
the receptors. This produces depression of the Emax, and in some cases, right shift (if there are 
spare receptors). They bind reversibly and can be washed out. 
 

3. Examples: 
a. Aspirin: antagonist of cyclo-oxygenase  irreversible inhibition of TXA2  platelet 

inhibition 
b. Ca2+ blockers: antagonist of L-type Ca2+ channels 

EXTRA: 

4. Irreversible antagonist – covalently bind to the agonist receptor site and cannot be removed. 
This blockade is only overcome by synthesis/turnover of new receptors. This causes depression 
of dose-response curve (Emax), and right shift (if there are spare receptors). Distinguished from 
non-competitive antagonism by washout assays. 

E.g. Phenoxybenzamine, α-blocker 
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Pharm-10A7/97A9 Briefly describe the pharmacological role of the nicotinic cholinergic receptor. 

1. The nicotinic cholinergic receptor is a ligand gated ion channel receptor which has a central 
cation ionophore. It was named early 20th century when noticed that ACh had both nicotinic and 
muscurinic properties in the autonomic nervous system.  
 

2. Structure:  
It contains: 2α, β, δ and € (or γ in foetus) subunits 
The α subunits are the binding sites for one ACh which causes a change in conformation  ↑ 
permeability of pore to cations (particularly Na). 
 

3. Locations and function 
a. Post-synaptic motor endplate (neuromuscular junction) – activation  ↑ permeability 

Na  depolarisation of post-synaptic skeletal muscle  contraction 
b. Pre-synaptic nerve terminal – activation  positive feedback release of ACh 
c. Autonomic ganglia of SNS/PNS – activation  depolarisation of post-ganglioninc 

neurons 
d. Adrenal medulla – activation  SNS activation of adrenal hormones / 

neurotransmitters. 
e. CNS – various undefined functions. 

 
4. Pharmacological roles: 

Process Mechanism Antagonist / Drugs 

Storage / release Synthesised Acetyl Co-A + choline (choline 
acetyl transferase) 
Stored in clear small vesicles in presynaptic 
nerve terminal. 
Motor cleft AP  release Ca  exocytosis of 
vesicles and release ACh into cleft (200 
vesicles) 

 

Activation ACh binds to nicotinic receptors at α sites (2 
molecules required)  conformational change 
 ↑ Na permeability (also K, Ca)  Na influx 
 reversal of RMP  action potential (if 
threshold -10mV reached). 

Neuromuscular blocking drugs: 
Non-DP drugs (rocuronium, 
vecuronium, pancuronium) are 
competitive antagonists  
muscle relaxation 
DP-drugs (sux) activate ACh 
receptor but maintain it in open 
state  refractory relaxation. 

Inactivation Rapid hydrolysis of ACh in the cleft by 
acetylcholinesterase  Acetyl Co-A + choline. 

Acetylcholinesterase inhibitors 
(alcohols, carbamates, OGP) 
block acetylcholinesterase  ↑ 
ACh at junction  reversal of 
blockade. 
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Pharm-00B11 Describe the structure and function of G proteins. 

1. G protein: a multi-unit membrane bound protein which exchanges GDP for GTP in order to bring 
about a change in cellular function. It is an important mechanism of drug action whereby an 
extracellular ligand can produce an amplified and/or regulated intracellular effect. 
 

2. Structure:  
a. Heterotrimetric protein consisting of α, β and γ subunits. The α subunit is attached at 

rest to GDP. It lies on the cytosolic side of the membrane. 
b. Attached to a G-protein coupled receptor. Serpentine structure with 7 helical regions 

which traverse the membrane with an extracellular amino end, and an intracellular 
carboxyl end. 

c. Coupled with a cytoplasmic effector protein which catalyses the formation of 2nd 
messenger proteins. 

 
3. Mechanism: 

a. Binding of extracellular ligand to the G protein receptor site 
b. Binding activates the G-protein and triggers a conformational change: 

i. The GDP hydrolysed  GTP and the α-GTP complex detaches 
c. The α-GTP complex traverses the membrane to interact with the effector enzyme: 

i. Increases or decrease production of second messenger 
ii. The second messengers then change cell function via acting on other proteins, 

enzymes or ion channels. 
 

4. Specific properties 
a. Amplification: 

i. The ratio of G protein: GPCR = 100:1. Each G protein can catalyse multiple 
effector enzymes. Thus extracellular binding of GPCR can be amplified by G 
proteins to increase intracellular effect. 

b. Regulation: 
i. Inactivation occurs by intrinsic GTP-ase activity of α-subunit which reconverts 

GTP  GDP, and recombines with βγ subunits. 
ii. Second messenger levels are regulated by other enzymes which reform its 

substrate. Eg phosphodiesterase converts cAMP  ATP 
iii. Binding of agonist can cause phosphorylation of the carboxyl terminal causes 

binding of β-arrestin which signals removal of the G protein from the cell 
membrane. This is an important mechanism of down regulation / tachyphylaxis.  

 
5. Functions and Examples 

G-protein 
type 

Extracellular 
ligands 

Effector enzymes 2nd messenger GPCR 

GS Catecholamines 
 

Adenylyl cyclase (ATP  
cAMP) 

cAMP  PKA Β1 adrenergic 
ADH, PTH 

Gi opioid Adenylyl cyclase 
inhibition  ↓cAMP 

↓cAMP  opens K 
channels 

μ receptor 

Gq ACh  Phospholipase C (PIP2  
IP3 + DAG) 

IP3  ↑ Ca 
conductance from 
ER 
DAG  PKC 

M1,3,5 receptor 
α1 adrenoreceptor 

Other 2nd messenger systems (not part of question) 

cGMP linked NO Guanylyl cyclase  (GTP cGMP  ↑ light NO receptor 
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 cGMP) chain phosphatase 

Tyrosine 
Kinase 

Insulin, EGF, 
PDGF 

Dimerization  
phosphorylation  
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Pharm-03B3/01A10 Outline GABA's role as a neurotransmitter and indicate how its actions may be 
modified by pharmacological agents. 

1. GABA (Gamma aminobutyric acid) is the major inhibitory neurotransmitter within the CNS. It 
involved in > 30% all CNS synapses. 

a. Production: glutamate  GABA (glutamic acid decarboxylase) 
b. Breakdown: GABA  glutamate (GABA transaminase) 

 
2. GABA binds to several different types of receptors: 

GABA 
receptor 

Location Structure Function Mechanism 

GABAA CNS, post-
synaptic 

Pentameric ligand 
gated ion channel. 
2α, β γ subunits. 
Ionotropic 
30 different subtypes, 
different subunit types. 

Anxiolysis, CNS 
membrane 
stabiliser, 
sedation 

GABA binding  
conformational change 
 ↑ permeability Cl  
hyperpolarisation 

GABAB CNS, spinal 
cord, pre and 
post-synaptic 

GPCR – metabotropic. Muscle relaxation GABA binding  ↑ K 
conductance / ↓ Ca 
conductance  
hyperpolarisation 

GABA-C   Unknown  

3. Drugs acting at GABA receptors 
Drug Binding Site Action 

Benzodiazepines α/γ interface Binds BDZ site  ↑ affinity of GABA R for GABA  ↑ Cl 
frequency  hyperpolarisation  anxiolysis, anti-
epileptic, sedation 

Barbiturates β unit Binds different site  ↓ dissociation GABA from receptor 
 ↑ Cl duration  hyperpolarisation  anti-epileptic, 
sedation. 
High doses: direct activation GABA-R in absence of GABA  

Propofol β unit ↑ Cl duration 

Etomidate β unit ↑ Cl duration 

Isoflurane β unit ↑ Cl duration 

Flumazenil α/γ interface Competitive antagonist at BZD receptor site 

Valproate, vigabatrin GABA 
aminotransferase 

Inhibits the breakdown of GABA  ↑ GABA action at 
GABAA  anti-epileptic 

Baclofen GABAB Agonist at GABAB  anti-spasmodic 
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Pharmacokinetics 

Pharm-02B2/95A4 Briefly describe the factors affecting the uptake of orally administered medicines. 

1. Absorption – is the process whereby an orally administered drug diffusion across the GI 
epithelium down its concentration gradient into the portal circulation. This occurs mainly in the 
stomach and small intestine. 
 

2. Factors:  the rate and extent of diffusion is summarised by Fick’s law of diffusion –  

𝐃𝐢𝐟𝐟𝐮𝐬𝐢𝐨𝐧 =  
𝐒𝐨𝐥 𝐱 𝐀 𝐱 ∆𝐏

√𝐌𝐖𝐱𝐓
 

Factors affecting these parameters are divided into -  
a. Drug  factors 
b. Physiochemical factors 
c. Patient factors 

 
3. Drug factors: 

a. Concentration gradient (P1 – P2): 
i. ↑ dose  ↑ concentration gradient 

b. Solubility: the drug must cross the lipid bilayer cell membrane and hence must be lipid 
soluble.  

i. Ionisation – unionised forms of a drug will be more lipid soluble and more 
readily absorbed. This in turn depends on the nature of the drug (acid or base), 
pKa and the pH of the absorption membrane (low in stomach, high in SI). 

1. Acidic drugs are better absorbed in low pH environments 
2. Basic drugs are better absorbed in basic environments.  

c. MW: low MW drugs are more readily absorbed 
d. Area: for liquid drugs, ↑ volume of administered drug  ↑ area for absorption 
e. Formulations: 

i. Drugs can be given slow-release formulation (protection from breakdown in 
stomach) to ↑ amount reaching duodenum  ↑ absorption small intestine 

ii. Liquids > suspensions > granules > tablets absorption 
 

4. Physiochemical factors 
a. Drug interactions: competition for absorption can ↓ absorption 
b. Binding: tetracyclines reduced by Ca binding with milk 
c. GI metabolism: 

i. Bacteria in GI wall can metabolise. Eg. Nitrates, OCP  ↓ absorption 
 

5. Patient factors: 
a. Compliance with medication required for absorption.  
b. Area: 

i. Small bowel has ↑↑ SA so most absorption occurs here. 
ii. ↓ surface area (gastritis, short gut syndrome, malabsorption syndromes)and ↑ 

thickness  ↓ absorption 
c. Concentration gradient: 

i. GI blood flow maintains concentration gradient. ↓ flow (shock, sympathetic 
stimulation)  ↓ absorption 

d. GI motility: 
i. Vomiting  ↓ time for absorption 
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ii. GI stasis  slower transit to SI  slower absorption 

1990 Define bioavailability. Discuss the factors which determine the bio-availability of a drug.  

1. Bioavailability is defined as the proportion of administered drug that reaches the systemic 
circulation. It can be calculated by the following formula: 

𝐹 =  𝐹𝑔 𝑥 𝐹ℎ 

Fg = fraction absorbed 
Fh = fraction escaping liver metabolism 

2. Factors affecting bioavailability: 
a. Absorption factors – the extent to which the drug is absorbed into the intestinal 

mucosa. 
i. Surface area – increased in small intestine 

ii. Thickness  
iii. Blood flow – positive effect. Increased if ingested with food, decreased in 

shock 
iv. Solubility  

1. lipid soluble drugs more readily absorbed. 
2. Un-ionised drugs more readily absorbed.  
3. Weak acids absorbed better in acidic environment (unionised) 
4. Weak bases absorbed better in basic environment 

b. Breakdown in GI (bacteria) 
c. Hepatic metabolism factors – the drug in the portal blood is brought to the liver, 

where it is often metabolised to biologically inactive forms 
i. Positive: hepatic induction 

ii. Negative: hepatic inhibition, shock, liver disease 
 

3. Methods to ↑ bioavailability: 
a. Increase absorption: 

i. Drugs absorbed better in distal GI tract (small intestine) are given enteric 
coating to avoid breakdown in stomach 

ii. E.g. Penicillin G, erythromycin 
b. Bypass hepatic metabolism: 

i. Different route of administration:  
1. Parenteral: IV,SC, IM 
2. Other: PR, buccal, SL, transdermal 
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Pharm-96A13 Describe briefly the factors determining transdermal uptake of drugs and give some 
examples of drugs that can be administered by the transdermal route. Briefly outline the advantages 
and disadvantages of transdermal administration of drugs. 

1. Transdermal drug uptake is achieved through transdermal drug patches, which involve 
administering formulations of a drug using a patch, onto the skin surface. Examples of use 
include GTN, fentanyl, nicotine, oestrogen patches. 
 

2. Factors affecting uptake of drugs: the aim of transdermal delivery to drug diffusion through the 
epidermis to target organ site – the dermal vessels. The rate of this is determined by Ficks law of 
diffusion: 

𝐃𝐢𝐟𝐟𝐮𝐬𝐢𝐨𝐧 =  
𝐒𝐨𝐥 𝐱 𝐀 𝐱 ∆𝐏

√𝐌𝐖𝐱𝐓
 

a. Area: ↑ surface area (↑ patch size)  ↑ absorption 
b. Thickness: thick skin (back) absorbs less drug than thin skin (chest, inner thigh) 
c. Sol: ↑ lipid solubility  ↑ absorption 

i. Unionised drugs more easily absorbed 
ii. Electrical current ↑ absorption 

d. MW: < 1000 Da  ↑ uptake 
e. Pressure gradient required to drive diffusion: 

i. ↑ conc drug  ↑ absorption 
ii. ↑ regional blood flow maintains gradient: 

1. Heat ↑ blood flow 
2. ↑ cardiac output 
3. Hydration of skin ↑ absorption 

 
3. Advantages: 

a. Pharmaceutical –  
i. Easy to apply 

ii. No needles – less needlestick, pain, infections 
b. Pharmacokinetic –  

i. Avoids 1st pass metabolism 
ii. Longer, constant infusion (useful for chronic pain, angina) 

iii. Less systemic toxicity, potential for overdose 
c. Pharmacodynamic –  

i. Most drugs used have minimal side-effects at the application site 
ii. Low abuse potential 

 
4. Disadvantages: 

a. Pharmaceutical –  
i. GTN can explode with electricity (defibrillation with shock patients) 

ii. Require special formulations 
b. Pharmacokinetic –  

i. Slow onset, takes 4 hours, not good in acute pain/angina 
c. Pharmacodynamic 

i. Skin allergy 
ii. Potential for overdose if heat, or multiple patches applied 

iii. Tachyphylaxis – GTN can only be worn 12 hours/day 
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1991 Write short notes on estimation of apparent volume of distribution of a drug  

1. The VD is the theoretical volume of fluid in the body required to hold at uniform concentration,  
a drug at its concentration in the plasma. 

𝐕𝐃 =  
𝐋𝐨𝐚𝐝𝐢𝐧𝐠 𝐃𝐨𝐬𝐞

𝐏𝐥𝐚𝐬𝐦𝐚 𝐜𝐨𝐧𝐜
⁄  

Drugs can distribute out of water compartments (plasma) and lodge into non-water 
compartments with higher affinities.  
 

2. Factors affecting VD: 
i. Drug characteristics: 

ii. Protein binding 
iii. Body membrane permeability 
iv. pKa 
v. Blood flow 

vi. Tissue binding 
b. Patient :  

i. Altered protein binding - ↓albumin (liver disease), other drugs competing 
ii. Increased extravascular volume – heart, liver, renal failure 

iii. Decreased intravascular volume – dehydration 
iv. Altered body water/fat – age, gender 

3. Drug examples: 
a. High VD: distributed outside the circulation. They are able to distribute from the 

blood compartment to other compartments, often at higher concentration than in 
blood.  The characteristics are – low protein binding, high tissue binding. 

i. Examples: fluoxetine (2500), beta-blockers, benzodiazepines, opioids, 
clonidine 

b. Low VD: distributed mostly within the circulation. The characteristics are – high 
protein binding, low tissue binding, tightly bound in plasma. 

i. Examples are: warfarin(8L), frusemide (12L), aspirin, NSAIDs, candesartan, 
antibiotics (gentamicin, amoxicillin), lithium 

4. Clinical importance: 
a. Loading dose: steady state concentration takes 4 half-lives, which may be 

impractical or undesirable when aiming to achieve therapeutic levels immediately. 
Loading doses are given to reach steady state immediately: 

𝐋𝐃 = 𝐕𝐃 𝐱 𝐝𝐞𝐬𝐢𝐫𝐞𝐝 𝐩𝐥𝐚𝐬𝐦𝐚 𝐜𝐨𝐧𝐜 

b. Overdose: drugs with a large volume of distribution will distribute mostly outside 
the plasma and in other compartment. The results are: ↑ T1/2, less response to 
plasma clearance methods such as hemodialysis and peritoneal dialysis. Drugs with 
small Vd can generally be cleared a lot more easily from the body through plasma 
elimination. 
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Pharm-95B3/92/91 Give a brief account of drug protein binding and outline its significance.  

1. Drug protein binding refers to any interaction a drug has with proteins: 
a. Drug – plasma protein: the most clinically significant, whereby the drug forms a 

reversible complex with plasma proteins due to weak bonds (ionic, van der Waals) 
Drug + protein  drug-protein 

  High protein binding 
  Low protein binding 

b. Drug-protein in another compartment: 
i. Epidural space 

ii. Interstitium 
iii. Cell membranes 

c. Drug-receptor binding for action 
d. Drug-enzyme binding for action 

 
2. Types of plasma protein binding: the importance of drug binding to plasma protein is that the 

plasma-protein complex cannot cross cell membranes and is hence inactive. This is significant for 
drugs which are highly protein bound (>90%). Changes (or decrease) in plasma protein levels are 
usually compensated for by increased metabolism of the drug, so the reaction reaches a new 
equilibrium.  

a. Albumin:  
i. The most significant protein in plasma, conc 40g/L 

ii. Binds acids (barbiturates) 
iii. 2 important binding sites – warfarin and BZD 
iv. Drugs can compete for binding sites, and drug binding causes conformational 

change in albumin which alters its binding capacity to other drugs. 
b. α1 glycoprotein: 

i. Small concentrations with small capacity for binding, not as clinically significant 
ii. Binds basic drugs (lignocaine, morphine) 

iii. Acute phase reactant (↑ during inflammation) 
c. Lipoproteins: 

i. Not true binding, but rather contributes to partitioning of lipid soluble drugs 
 

3. Factors affecting extent of binding: 
a. Drug factors: 

i. Concentration 
ii. Affinity for protein – 

1. Ionised drugs have ↑ affinity (pKa, pH) 
2. Unionised  ↑ partitioning 

iii. Competition with other drugs (phenytoin, valproate) 
b. Protein factors: 

i. Protein concentration 
ii. Protein conformation 

 
4. Significance of protein binding: 

a. Pharmacokinetic: 
i. VD: protein binding holds drug in the plasma compartment  ↓ VD 
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ii. CL: protein binding prevents hepatic metabolism, glomerular filtration  ↓ 

clearance 
b. Pharmacodynamic: 

i. Small ↓ protein  ↑ unbound fraction  ↑ toxicity 
 

5. Altered protein binding: 
a. ↑ production: inflammation, acute phase reactant  ↓ free drug 
b. ↓ production: liver failure, malnutrition 
c. ↑ loss: nephrotic syndrome, burns 
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Pharm-95A3 Define Phase I and Phase II reactions in drug metabolism. Provide examples with drugs 
used in anaesthesia. 

 
Metabolism is the process whereby a drug undergoes a chemical change in the body, usually 
resulting in decreased Pharmacodynamic activity and increased ability for clearance. The primary 
site of drug metabolism is the liver, but can also occur in other tissues. 
 
 Phase I metabolism Phase II metabolism 

Name Functionalisation Conjugation 

Reaction type Oxidation 
Hydrolysis 
Reduction 

Glucoronidation 
Sulphation 
Acetylation 
Methylation 

Enzymes / Co-
factor 

CYP 450 family 
Monoamine oxidase 
Alcohol dehydrogenase 
Plasma cholinesterase 
ACE 

Glucuronic acid 
Sulphate 
Acetyl-CoA 
Glutathione 

Location Endoplasmic reticulum of hepatocytes 
Mitochondria (MAO) 
Cytoplasm (ADH, esterases) 

Endoplasmic reticulum of 
hepatocytes 
 

Examples CYP3A4 – benzodiazepines, fentanyl, lidocaine 
CYP 2E1 – sevoflurane, halothane, isoflurane, 
paracetamol 
CYP2D6 – codeine, flecainide, metoprolol 
CYP2C9 – propofol, parecoxib, losartan, 
warfarin 

Glucoronidation – morphine, propofol 
Sulphation – salbutamol 
Acetylation – sulphonamides, 
isoniazid 
Methylation - catecholamines 

FACTORS affecting metabolism 

Genetic 
polymorphism 

CYP2D6 – codeine 
CYP2C9 – propofol, parecoxib, losartan, 
warfarin 

Acetylation – hydralazine, isoniazid (N 
acetyltransferase) 

Induction / 
inhibition 

Induction – phenytoin, barbiturates, 
carbamezapine, rifampicin, steroids, cigarette 
smoke 
Inhibition – cimetidine, amiodarone, protease 
inhibitors (indinavir), macrolides, azole 
antifungals, grapefruit juice, verapamil 

Not significantly affected 

Age Declines with age No change with age 

Liver failure Affected first 
Enzyme saturation occurs with Low HER 

Affected last  
Enzyme saturation occurs with Low 
HER 

Blood flow Decreased metabolism with high HER Decreased metabolism with high HER 
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Pharm-00A14 Discuss the roles of the plasma esterases on drugs used in anaesthesia. 

1. Esterases are enzymes in the plasma and red cells, produced in the liver/red cells, which 
facilitate hydrolysis of ester bonds at O-bridge  alcohol + alkanoic acid. Main characteristics: 

a. High clearance capacity 
b. Contribution to non-organ dependent metabolism 
c. Wide distribution in plasma, RBC, NMJ and hepatic sinusoids 
d. Production of mostly inactive metabolites (except atracurium  laudanosine, 

aspirin  salicylic acid)  

There are 4 types of esterases: pseudocholinesterase, non-specific plasma esterase, red 
cell esterase and acetylcholinesterase. 

2. Plasma cholinesterase – synthesised in the liver, with 4 subunits each having a catalytic site, they 
circulate in the plasma and metabolism important anaesthetic drugs. 

a. Drugs metabolised: 
i. Suxamethonium – 

1.  plasma cholinesterases hydrolyse sux at a rapid rate in the ECF.  
2. It does NOT metabolise sux at the NMJ but affects activity but ↓ 

amount active sux reaching NMJ from ECF. 
ii. Mivacurium –  

1. Rapid onset short duration non DP NMBD.  
2. R stereoisomers, 2 of which are metabolised by plasma CE, the other 

has minimal effects at NMJ. Hydrolysis rate α conc, which accounts 
for short duration (like suxamethonium) 

iii. Ester Local anaesthetics  
1. Rapid hydrolysis ↓ systemic toxicity 
2. Deficiency  ↑ toxicity 

 
b. Factors affecting activity: activity measured by dubicaine number which reflext % 

inhibition. 
i. Inherited:  

1. Pseudocholinesterase deficiency – AD, 1:500 homozygote (dubicaine 
number 20); heterozygote 1:3000 (dubicaine 40-60) results in ↑↑ 
duration action sux, mivacurium, and ester LAs.  

ii. Acquired: 
1. Liver disease - ↓ production 
2. Pregnancy 
3. Severe cardiac/renal failure/thyrotoxicosis 

iii. Drug interaction: 
1. Anticholinesterase (neostigmine)  ↓ activity. Recovery slow, at 

30min after  50% activity 
2. LAs (dubicaine) – similar properties to plasma CE, so it ↓ activity by 

80% 
3. Metaclopramide 

 
3. Non specific plasma esterase –  

a. Drug metabolised: 
i. Atracurium – short acting non-DP NMBD, metabolism occurs by: 

1. Hoffman reaction – spontaneous degradation (1/3) 
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2. Plasma esterase (2/3) 
3. Laudanosine metabolite inactive at NMJ, cleared Liver 

ii. Remifentanyl – metabolised inactive  renal excretion 
1. Important as relatively constant T1/2β = 3 min 

b. Relatively little variability amongst individuals so this allows predictable infusion 
rates and recovery using remifentanyl 

 
4. Red-cell cholinesterase 

a. Drugs metabolised: 
i. Esmolol – short T1/2β = 9 min due to rapid hydrolysis by red cell esterase. 

ii. Remifentanyl 
 

5. Acetylcholinesterase 
a. Metabolises ACh at NMJ and muscurinic receptors 
b. No significant metabolism of anaesthetic drugs 
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1992 Write short notes on zero order kinetics  

 
Elimination is the amount of drug removed from the body, per unit time. 

Dose rate = rate elimination = CL x plasma conc 
 
Property Zero-Order First-order 

Elimination rate Independent drug concentration 
Constant 

Dependent on drug concentration 
Inverse exponential 

Dependent variable Capacity dependent Flow dependent 

Half-life Non-constant 
Longer with larger concentration 

Constant 

Hepatic extraction ratio Low High 

Saturation Saturation of metabolic pathways No saturation of metabolic pathways 

Examples Phenytoin, aspirin (high dose), 
theophylline, alcohol, carbamezapine, 
diazepam 

Most drugs – morphine, pethidine, 
propanolol, lignocaine 
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1992 Write short notes on Hepatic extraction ratios  

1. Hepatic extraction ratio is the amount of drug that is eliminated from the body through hepatic 
metabolism. 

 

𝐄 =  
𝐂𝐢𝐧 − 𝐂𝐨𝐮𝐭

𝐂𝐢𝐧

 

 
If E = 1, complete extraction. High = morphine, pethidine, propanolol, lignocaine 
If E = 0, no extraction. Low = alcohol, diazepam, spironolactone, carbamezapine 

2. Relationship to bioavailability and clearance: 
a. Bioavailability: 

𝐅 =  𝐅𝐠 𝐱 (𝟏 − 𝐄) 

 
b. Clearance: since Elimination = CL x Conc 

𝐂𝐋 =  
𝐄

𝐂𝐨𝐧𝐜
 

𝐂𝐋 =  
𝐐(𝐂𝐢𝐧 − 𝐂𝐨𝐮𝐭)

𝐂𝐢𝐧

 

 

CL = Q.E 
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Pharm-04A5/94 Outline the effects of liver failure on drug kinetics and dynamics. 

1. Liver failure is a pathological condition where the liver does not meet its organ functions which 
includes: 

a. Protein synthesis – globins, clotting factors 
b. Metabolism – carbohydrates, proteins, fats 
c. Detoxification – drugs, toxins 
d. Immunity 
e. Bile formation 

With regards to effect on drug pharmacokinetics/dynamics, there is no single test for liver 
function (unlike eGFR in renal failure) which accurately predicts the effects. Liver tests that can 
indicate disease severity include: 

a. Synthetic tests – INR, PT, albumin 
b. Inflammatory – transaminases 

 
2. Pharmacokinetic effects 

a. Absorption: 
i. Impaired bile-salt production  ↓ absorption of fat-soluble vitamins 

b. Bioavailability:  
i. Portocaval shunting ↓ first pass effect  ↑ systemic concentrations 

c. Distribution: 
i. ↓ protein synthesis (albumin, α-glycoprotein)  ↓ protein binding  ↑ free 

drug  ↑ VD 
1. Albumin T1/2 = 23 days, binds acidic drugs (benzodiazepines) 
2. α-glycoprotein binds basic drugs (morphine) 

ii. Ascites  ↑ VD 
iii. ↓ albumin can  ↑ unbound fraction  compensatory ↑ clearance (if hepatic 

reserve available) 
d. Metabolism: ↓ phase I and II metabolism 

i. ↓ hepatic drug metabolism  ↑ free drug  toxicity 
ii. Drugs with low HER most effected 

iii. ↓ plasma cholinesterase levels  ↑ duration suxamethonium, mivacurium, 
ester anaesthetics 

e. Elimination: 
i. Reduced intravascular volume  ↓ renal clearance  

ii. ↓ hepatic blood flow  ↓ enterohepatic clearance, biliary excretion  
 

3. Pharmacodynamic effects: 
a. Encephalopathy - ↑ toxicity of CNS depressants (benzodiazepines, opioids) which should 

be avoided 
b. Coagulopathy – additive effect with anti-platelets, anti-coagulants 
c. ↓ threshold for drug hepatotoxicity 
d. Acid base: 

i. ↓ albumin  interstitial oedema  pulmonary oedema  respiratory alkalosis 
ii. Secondary hyperaldosteronism  ↑Na, ↓ K  metabolic acidosis  
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Pharm-01B9/97A10/92/91 What do you understand by the term “clearance”. Using propofol as an 
example, explain briefly the importance of clearance. 

1. Clearance is defined as the volume of plasma from which a drug is removed per unit time in the 
body. It describes the efficiency of irreversible elimination of drug from the body, and is 
measured in mL/kg/min.  
 

2. Calculating clearance: 

Total Body Clearance = CLLIVER + CLRENAL + CLORGANS 

a. CL = dose/AUC 
A graph of conc vs. time is required to calculate clearance. 
 
 
 

𝐂𝐋 =  
𝐄𝐥𝐢𝐦𝐢𝐧𝐚𝐭𝐢𝐨𝐧

𝐂𝐒𝐒
 

 
3. Factors determining clearance: 

a. Rate of hepatic metabolism (mainly hepatic) –  
i. High hepatic extraction ratio  ↑ clearance 

ii. Hepatic induction/inhibition 
b. Rate of clearance of other organs 
c. Hepatic/renal disease 

 
4. Propofol is an IV general anaesthetic agent used for induction and maintenance of general 

anaesthesia, as well as sedation/hypnosis for minor procedures.  
a. Pharmacokinetic properties – clearance is an important factor determining elimination 

of propofol from the body. It is generally a more important factor in determining 
recovery from infusions, than in bolus doses (where distribution is a more important 
factor) 

i. Metabolism/elimination: 
1. Clearance high = 30mL/kg/min 
2. CL > hepatic BF  metabolism occurs in other organs 
3. Propofol ↓ hepatic BF so mildly reduces its own clearance  

ii. Distribution: 
1. pKa 11, acid, unionised at pH 7.4 
2. protein binding 98% 
3. highly lipophilic 

b. Bolus / short infusions: 
i. Bolus doses  rapidly distribute into peripheral tissues  ↓ plasma 

concentration 
ii. Distribution is a more important determinant of duration of action than 

clearance 
iii. CSHT approaches T1/2α 

c. Infusions: 
i. Infusions  ongoing distribution of drug into peripheral tissues  saturation of 

tissues as concentration approaches plasma concentration  High hepatic 
clearance  reduces plasma conc  maintains redistribution process of tissues 
into plasma 
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ii. Clearance from the plasma compartment is the most important factor in 

determining infusion duration of action and recovery. 
iii. CSHT approaches T1/2β  where, T1/2β = 0.693 x VD/CL 

d. Steady state: 
i. After prolonged infusions, stead state is reached, where CL is the primary 

determinant of infusion rate. 
ii. Infusion rate = elimination rate = CL x CSS  

e. Recovery 
i. The high CL of propofol means that CSHT is still low after prolonged infusions. 

CSHT 8 hours = 40 min. This is due to high clearance rate, and ongoing 1st order 
kinetics in liver metabolism 

ii. Contrast to thiopentone, which has low clearance (3.5mL/kg/min) and at higher 
concentration undergoes zero order kinetic metabolism. 
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Pharm-95B2 Describe the clearance of drugs by the kidney  

 
Clearance is the process of excretion of a drug from the body.  
 
 Filtration Passive Reabsorption Active Secretion 

Mechanism Passage of drug through the 
glomerular membrane into 
the renal tubule. 

Diffusion in PCT down 
concentration gradient 

Energy consuming pumps 
in the PCT 

Examples Gentamicin 
Lithium 

Aspirin 
 

Acids – penicillin 
Base - ranitidine 

Factors FICKs principle: 
Large molecules > 30000 Da 
not filtered 
Protein-bound drugs do not 
pass 
Water soluble drugs pass 

Lipid solubility - ↑ lipid 
solubility  ↑ reabsorption 
Low GFR  more time for 
reabsorption 
Ionisation  ↓ reabsorption 

Affinity for pump 
mechanisms 
 

↑ clearance ↓ protein binding ↓ lipid solubility 
Acids  alkaline urine 
Bases  acidic urine 

 

↓ clearance ↑ protein binding ↑ lipid solubility 
Acids  acidic urine 
Bases  alkaline urine 

Competition for secretion 
site – probenecid inhibits 
penicillin secretion 
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Pharm-05B4/01A11 Define the term ‘context sensitive half time’. How does it differ from the half-life 
typically quoted for a drug? Illustrate this concept by comparing thiopentone vs. propofol and 
fentanyl vs. remifentanil. 

1. Context sensitive half-time: 
a. Definition: is the time taken for plasma concentration to decrease by 50% after the 

termination of an infusion. The context refers to infusion duration. 
b. Factors: 

i. Distribution and redistribution between central  peripheral compartments 
ii. Clearance from central compartment 

iii. Infusion duration 
 

2. Half-life: 
a. Definition: the time taken for plasma concentration to fall by 50% by the removal of 

drug from the body (elimination phase) 

𝐓𝟏/𝟐𝛃 =  
𝟎. 𝟔𝟗𝟑 𝐱 𝐕𝐃

𝐂𝐋
 

 
3. Differences: 

a. The half-life of a drug is most useful in single compartment pharmacokinetic models as 
their plasma concentration reduce with clearance as the main factor. 

b. Drugs used as infusion in anaesthesia obey multi-compartment pharmacokinetics, and 
hence their duration of action is more accurately described by its context sensitive half-
life. This is because: 

i. Short infusions/bolus: plasma concentration drop is influenced by distribution 
into peripheral compartments. This is described as distribution half-life = T1/2α.  

ii. Long infusions: the drug accumulates in the peripheral compartments where 
concentrations approach plasma concentration (steady state). When the 
infusion is stopped, the plasma concentration drop is influenced by clearance 
half-life = T1/2β, as the drug continually re-distributes from peripheral 
compartments back into the central compartment or clearance.  

iii. The extent to which a CSHT varies, depends on intercompartmental clearance 
and the ratio distribution clearance:elimination clearance.  

 
4. Thiopentone vs. Propofol 

Parameter Thiopentone Propofol 

VD 2L/kg 5L/kg 

CL Low, low HER, 1st  zero order kinetics 30mL/kg/min, high HER, 1st order kinetics 

T1/2α 1.5min 2 min 

CSHT 10 min 4 min 5 min 

CSHT 3 hours 85 min 9 min 

a. Thiopentone CSHT varies more than propofol. This is because: 
i. Thiopentone has a larger distribution: elimination clearance than propofol. As 

peripheral compartments load, the redistribution becomes a more important 
factor in maintaining plasma concentration  prolongs CSHT 

ii. Thiopentone has a lower elimination clearance as its hepatic metabolism is 
saturated. Zero order kinetics means  ↑T1/2β with ↑ infusion duration 

iii. Thiopentone is metabolised to phenobarbitone  partially active metabolite. 
Clinically, prolongs awakening time. 
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5. Fentanyl vs. Remifentanil 

Parameter Fentanyl Remifentanil 

VD 4L/kg 0.3L/kg 

CL 17mL/kg/min, hepatic 70mL/kg/min, plasma + muscle cholinesterase 

T1/2α 1.5min 1min 

CSHT 10 min 12 min 3 min 

CSHT 3 hours 70 min 3 min 

a. Fentanyl has a longer CSHT than remifentanil because of its –  
i. Faster redistribution clearance 

ii. Slower elimination clearance – fentanyl is metabolise din the liver 20mL/kg/min, 
whereas remifentanyl is metabolised quickly in the periphery by plasma 
cholinesterase at rate 70mL/kg/min. Therefore, it behaves as essentially context 
insensitive (Does not require transfer between compartments for elimination 
metabolism to occur) 

 
6. Summary –  

a. CSHT is a more accurate indicator of drug action duration for infusion anaesthetics as 
they behave by multicompartment pharmacokinetics 

b. CSHT varies more if the drug has ↑ redistribution:elimination clearance. 
i. Short infusions: CSHT approaches T1/2α 

ii. Long infusion: CSHT approaches T1/2 
iii. Obesity: dose on TBW  
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Pharm-02A10/99B16/98A13/95B8 Outline the factors that determine recovery (offset of action) after 
ceasing a drug infusion. 

1. A drug infusion is the continuous administration of a drug through the intravenous route. It is 
commonly used in anaesthesia for intravenous anaesthesia, analgesia and muscle relaxation. 
The effects (hence recovery) are related to the concentration of the drug at the effect site, which 
is usually measured most accurately by the plasma concentration of drug. Recovery occurs when 
the concentration of drug at the effect site falls to a point where drug-receptor interaction is less 
than the clinically significant effect. 
 

2. Factor affecting concentration at the effect site: 
a. Drug concentration at the end of infusion 
b. Rate of decline in concentration 
c. Concentration at which the drug has no measurable clinical effect 

 
3. Pharmacokinetic factors: 

a. Distribution of drug: the extent to which a drug distributes in other body compartments 
affects drug concentration at the end of infusion, and rate of decline. 

i. Factor affecting VD: 
1. Protein binding  ↑ protein binding  ↓ VD 
2. Ionisation  non ionised, lipid soluble  ↑ VD 
3. Size  small size  ↑ VD 

ii. Volume of distribution  
1. large VD  long infusion, ↑ component of drug reaching peripheral 

compartments  drug redistributes form these compartments into 
plasma after infusion ceases  ↑ plasma conc  ↑ recovery time 

2. Large VD  short infusion, ↑ rate of distribution to other 
compartments  ↓ plasma conc  ↓ recovery time. 

iii. Eg Fentanyl VD 4L/kg longer recovery than remifentanyl 0.3L/kg 
b. Metabolism: the rate and nature of drug metabolism affects the rate of drop in plasma 

concentration. 
i. Clearance –  

1. drugs with high clearance (high HER) generally exhibit 1st order kinetics 
 rapid elimination  ↓ recovery time (propofol). 

2. Drugs with low clearance (low HER) can exhibit zero order kinetics with 
prolonged infusion  ↑ recovery time (thiopentone) 

ii. Metabolites –  
1. Drugs with active metabolites will show delayed recovery (thiopentone 
 phenobarbitone, morphine  morphine-6-glucoronide) 

c. Half-lives: usually half-lives are not particularly useful in estimating an infusion’s 
duration of action. This is because they account for single-compartment 
pharmacokinetics, and drug levels at half-lives have fallen below their clinical effect 
concentrations.  

i. Distribution T1/2α – the time to ↓ plasma concentration 50% due to distribution 
into other compartments 

ii. Elimination T1/2β – the rate to ↓ plasma concentration 50% due to clearance.  

𝐓𝟏/𝟐𝛃 =  
𝟎. 𝟔𝟗𝟑 𝐱 𝐕𝐃

𝐂𝐋
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iii. CSHT – the time to ↓ plasma concentration 50% due after ceasing an infusion. 

This is more useful than T1/2 but still of limited value as it does not specify at 
what concentrations a drug effect wears off.  
 

d. Duration of infusion:  
i. Short duration/bolus  drug rapidly distributes into peripheral compartments 
 decline in plasma conc depends on this distribution  shorter recovery (CSHT 
approaches T1/2α) 

ii. Long duration  drug saturates in peripheral compartments  reaches steady 
state  redistribution to plasma occurs  decline plasma conc dependent on 
body elimination  Longer recovery (CSHT approaches T1/2β) 

e. Patient factors: 
i. Age:  ↓CO, ↓ metabolism, ↑ drug sensitivity  delayed recovery 

ii. Sex: female  ↑ fat  ↑ VD of lipophilic drugs  ↑ recovery after long 
duration, ↓ recovery short duration 

iii. Temperature: hypothermia  ↓ enzyme system metabolism  delay 
iv. Co-morbidities: cardiac, liver and renal decline  delay recovery 

 
4. Pharmacodynamic factors: 

a. Drug receptor interaction –  
i. Strength – potency and efficacy describe clinical effects are particular 

concentrations.  
ii. irreversible binding – clinical effect relies on production of new receptors  

delayed recovery (phenoxybenzamine) 
iii. tachyphylaxis – repeated dosing leads to down-regulation receptors  ↑ 

recovery at the same concentrations 
b. Drug-drug interactions: 

i. Synergism – benzodiazepines ↓Cp50 opioids/propofol  prolonged recovery 
ii. Antagonism – naloxone will hasten opioid recovery 

iii. Pharmacokinetic – thiopentone will induce metabolism of midazolam  speed 
recovery 
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Pharm-09B4 Describe the effect of obesity on pharmacokinetics and the potential clinical 
implications, providing relevant examples. 

1. Obesity is defined as BMI > 30 (where BMI = weight/height2). It is of utmost clinical relevance to 
pharmacokinetics due to its: 

a. Association with other diseases: 
i. CVS – HTN, PVD, Chol 

ii. Resp - OSA 
iii. Endocrine – DM 
iv. Liver – fatty liver 

b. Rising prevalence in the Australian population – 17% obese, 1% morbid obesity (BMI > 
40) 

 
2. Effect on pharmacokinetic parameters 

a. Absorption: 
i. Respiratory: 

1. ↓ FRC due to ↑ abdominal contents pushing diaphragm up (worsened 
by supine position). This results in: 

a. Hypoxia, underventilation – if closing capacity > FRC 
b. Decreased pre-oxygenation reserve 

2. General ↓ lung volumes (↓TLC, VC, normal RV) with restrictive effect 
ii. PO: not significantly affected, but may be slowed in gastroparesis (autonomic 

diabetic neuropathy) 
iii. Transdermal/subcutaneous/IM - ↑ absorption into fat compartments with ↓ 

amounts reaching systemic circulation. Will generally require ↑ doses. 
b. Distribution: ↑ fat and lean mass, but ↑ fat:lean mass ratio 

i. Volumes:  
1. ↑ circulating blood volume, and extracellular fluid volume 
2. Reduced blood volume:weight ratio from 75mL/kg lean  50mL/kg 

obese 
ii. Protein binding: 

1. ↑ concentration of TG, FFA will ↓ drug protein binding  ↑ unbound 
drug 

iii. Lipid solubility: 
1. Lipid soluble drugs (thiopentone) have a larger VD, and hence a longer 

T1/2. Generally this increases recovery time from induction anaesthetics. 
Weight-based dosages are generally ↓ in obese. 

2. Non lipid soluble drugs – tend to be less affected. In fact, polar drugs 
(NMBDs) may have increased total VD (due to ↑ TBW). Generally, 
dosing is unchanged for these drugs. 

iv. TCIs : evidenced by variable clinical results when different weights are entered. 
c. Metabolism: 

i. Blood flow – cardiac dysfunction can ↓ hepatic flow and reduce metabolism 
ii. Fatty liver – liver cirrhosis results in slowed liver metabolism for drugs with low 

HER, 
d. Excretion: 

i. Clearance actually increases due to ↑ kidney weight, renal BF and GFR. 
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3. Specific drugs: 

Drug VD CL T1/2 Dosage alteration in obesity 

Volatile agents    Comparable washin/out times 
No significant change 

Propofol ↑ ↑ 0 Load and maintenance on TBW 

Thiopentone ↑ 0 ↑ ↓ Load, maintenance TBW 

Benzodiazepines ↑ 0 ↑ Load TBW, maintenance LBW 

NMBDs 0 0 0 LBW non DP agents 
TBW suxamethonium 

Opioids ↑ 0 ↑ Load TBW, ↓ maintenance TBW 
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Pharm-07A3 Discuss factors contributing to inter-individual variability in the therapeutic response to 
opioid analgesic medications. 

1. The response to opioid analgesic medications is clinically important when observed in terms of 
amount of dose (potency), duration of action and side-effects. There is considerable 
pharmacokinetic and Pharmacodynamic variability. 
 

2. Pharmacokinetics: 
a. Absorption – route related 

i. PO: gastro paresis ↓ absorption 
ii. IM/SC/TOP:  

1. Organ blood flow ↓  ↓ systemic absorption 
2. Obesity  ↑ fat absorption  ↓ systemic absorption 

b. Distribution – LD = VD x desired plasma conc, opioids require distribution to the CNS to 
perform their therapeutic effects. 

i. Low blood volume states (shock, dehydration)  ↓ VD  small doses 
ii. Protein binding: 

1. Competition from other drugs  ↑ free drug concentration opioids  
↓ dose 

2. Inflammation  ↑ proteins  ↑ binding  need ↑ dose 
3. Liver failure, nephrotic syndrome, starvation  ↓ proteins  ↓ dose 

iii. pH: opioid are weak bases with pKa ~ 8, thus reach CNs better in ionised form 
1. Acidosis  ↓pH  ↑ ionisation  ↓ lipid solubility  ↑ dose 

required 
c. Metabolism: metabolised in liver to active or inactive metabolites. 

Morphine  M-6-glucoronide (active) OR M-3-glucoronide (ant analgesic) 
i. Liver failure  ↓ metabolism  ↓ dose 

ii. Enzyme inhibition (cimetidine)  ↓ metabolism  ↓ dose required 
iii. Enzyme induction (phenytoin) ↑ metabolism  ↑ dose required 
iv. Genetic factors: codeine metabolised by CYP2D6 – 10% population are non-

metabolisers of codeine  morphine.  
d. Excretion: via hepatobiliary system 

 
3. Pharmacodynamics: 

a. Receptor sensitivity: 
i. Tachyphylaxis – repeated exposures to opioid medications result in down-

regulation of opioid receptors (esp. μ-receptor). This accounts for development 
of tolerance, withdrawal.  

b. Drug-interactions: opioids  agonist μ-receptor (GPCR, Gi)  ↓ cAMP  ↓ Ca and ↑ K 
conductance 

i. Pharmacologic antagonists: naloxone is a competitive antagonist at the μ 
receptor  antidote. 

ii. Chemical agonists/antagonist: α2 agonists  ↓cAMP  ↓ CNS excitatory NT 
release (summation of opioid effect). 

iii. Synergism: paracetamol and aspirin have analgesic effects  ↓ opioid required 
c. Organ sensitivity: 

i. Biopsychosocial factors – previous noxious stimuli, emotional state, expectations 
all influence pain perception and are important management tools which can 
help ↓ opioid dose. 

ii. Genetic variability in sensitivity of μ-receptors to opioids 
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d. Specific states: 

i. Age: extremes of age ↓ dose required 
ii. Pregnancy: generally ↓ doses required due to summation by progesterone 
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Pharm-92A1 Discuss the factors which influence the administration and dosage of drugs in the 
elderly.  

1. The process of ageing confers decreased ability of all organ systems to maintain homeostasis 
and function. This has important implications for administration and dosages of drugs. In 
general, due to the factors below, drugs must be administered with more care, at lower doses, 
less frequently and with careful clinical monitoring to avoid toxicity whilst maintaining therapy.  
 

2. Physiological changes: 
a. Body compartments: ↓ TBW, ↑ body fat, ↓ muscle mass, ↓ plasma protein 
b. Liver function: ↓ hepatic blood flow, ↓ phase I metabolism, phase II unchanged 
c. Renal function: 10% decrease GFR per decade after age 50 
d. Co-morbidities: 

i. Cardiac disease – decreased CO, impaired baroreceptor reflex 
ii. Respiratory disease - ↑ closing capacity, ↓ response to CO2, O2, ↓ minute 

ventilation 
 

3. Pharmacokinetic factors: 
a. Absorption: generally not affected unless underlying disease reduces absorption 

from GIT (malabsorption, gastritis) 
b. Distribution: 

i. ↓ TBW  ↓ VD for water soluble drugs  reduce dose (antibiotics, 
warfarin, digoxin) 

ii. ↑ fat  ↑ VD for lipid soluble drugs  slower recovery from anaesthetics 
iii. ↓ protein  ↑ free drug  reduce dose of highly protein bound drugs 

(phenytoin) 
iv. ↓ MAC  ↓ volatile anaesthetic dose 

c. Metabolism: 
i. ↓ phase I metabolism, ↓ liver blood flow  ↓ metabolism of hepatic 

cleared drugs  ↓ dose lignocaine, diazepam 
d. Excretion: 

i. ↓ GFR  proportional ↓ renal clearance  ↓ dose by calculation 
(gentamicin, digoxin) 

 
4. Pharmacodynamic factors: 

a. CNS: ↓ neuronal mass and ↑ sensitivity to opioids, benzodiazepines, anaesthetics 
 ↓ dose 

b. Cardiovascular:  
i. ↓ cardiac output  slower distribution IV drugs 

ii. ↓ reserve for cardiotoxic drugs (halothane, propofol, bupivacaine) 
c. Respiratory: 

i. ↑ respiratory depression from opioids, anaesthetics 
d. Polypharmacy: 

i. Multiple medications: ↑ risk interactions 
1. Pharmacokinetic – induction, inhibition 
2. Pharmacodynamic – CNS depression (opioids, benzodiazepines), 

bleeding (NSAIDs, warfarin) 
5. Administration factors:  

a. ↓ compliance, aim for less frequent dosing  Webster packs, bigger tablets, 
combination tablets 
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b. Difficult vascular and epidural anatomy  ↑ care and time for line insertion 

Other General Pharmacology 

Pharm-06A2/00B9/95A5 What is an isomer? Briefly write an account of the types of isomers and 
their significance in drugs used in anaesthesia. 

1. Isomer - a compound with the same molecular formula but a different structure. There are types 
and subtypes of isomers: 

a. Structural (constitutional) isomers: 
i. Chain isomers – butane, isopropane 

ii. Position isomers – enflurane, isoflurane  
iii. Functional group isomers – keto and enol-thiopentone 

b. Stereoisomers: 
i. Optical isomers (enantiomers) – L and D Ketamine 

ii. Geometric isomers (diastereoisomers) – Mivacurium 

 
 

2. Structural isomers: have identical formulae, but differ in order of atomic bonds. Depending on 
the degree of similarity, the isomers may have similar effects (isoflurane, enflurane) or different 
(dobutamine, dihydrocodeine). 

a. Tautonomers: the dynamic interchange between 2 forms of structural isomers according 
to environment. 

 
3. Stereoisomers: have identical formulas, but differ in 3D arrangement of side-groups around the 

same bond structure. 
a. Geometric: a molecule has dissimilar groups attached to atoms (usually C) linked by a 

double bond or ring structure. Rotation of the side groups is restricted such that they lie 
on the same side (cis) or opposite sides (Trans) 

b. Optical: a molecule with 1 or more chiral centres (4 groups surrounding a C or 
quaternary N), mirror images of one another.  

i. Named placing the smallest atomic number at the back and direction 
determined in descending order. R  clockwise, S  anti-clockwise. 

ii. Formerly named by direction the polarised light (L or D) 
 

4. Examples –  

Isomer group Example Clinical implications 

Position Isomer Enflurane, Isoflurane  

Position Isomer Prednisone, aldosterone  

Tautonomer Midazolam open, closed pH < 4 open ring, ionised, water soluble 
pH > 4 closed ring, unionised, lipid soluble 

Tautonomer Keto-, enol-thiopentone Enol-thiopentone has improved lipid solubility 

Geometric Mivacurium Cis-cis (6%), Cis-trans (36%), Trans-trans (58%) 

Geometric Atracurium Cis-atracurium (15%) less histamine releasing, degraded 
mainly Hoffman, more potent 

Optical R-, S-ketamine Enhanced analgesia with S-ketamine 

Optical R-,S-ropivacaine R-ropivicaine more toxic, so S-ropivicaine prepared as 
enantiopure 
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5. Pharmaceutical preparation: 

a. Racemic mixtures – mixtures of different isomers including volatile agents (Except 
sevoflurane), bupivacaine, atropine. One form may have enhanced therapeutic effects 
or undesirable side-effects 

b. Enantiopure – a drug produced as a single isomer. 
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Pharm-03A4/92 Outline the potential problems associated with additives used to make medicines 
suitable for intravenous injection. 

1. IV medications are commonly used in anaesthetic practice and have the advantage of rapid and 
complete bioavailability. Additives are used to ↑ solubility, ↑ stability, optimise pH, and 
minimise contamination risk. However, additives in general have common problems:  

a. Expense and manufacturing costs 
b. Risk of allergy / hypersensitivity 
c. Pain on injection 

 
2. Types of additives: 

Purpose Additive Drug Adverse effect 

↑ Solubility Emulsifiers Propofol – soybean 
Etomidate – lipids 

Allergy 
Pain injection 
Caloric load 

Propylene glycol Etomidate 
Digoxin 
Phenytoin 

Thrombophlebitis 
Pain 
Vasodilation  ↓ BP 
↑ osmolarity, ↓pH (lactate production) 

Benzyl alcohol Diazepam 
Phenobarbitone 

CVS depression if given too rapidly 

↑ stability – 
prevent 
hydrolysis / 
oxidation 

Sulphites Adrenaline 
TIVA propofol 

Bronchospasm 
Allergy 

Lecithin  Propofol Allergy (egg derivate) 

Optimise pH HCl (acid) Midazolam ↓pH 
Thrombophlebitis 

Na2CO3  (base) Thiopentone Thrombophlebitis 
Pain 

Prevent 
contamination 

Benzalkonium Cl (BAC) 
 

Ketamine 
Bronchodilators 

Bronchospasm 
Allergy 

Parabens – prevents 
fungi > bacteria 

Benzoic acid Vasodilation 
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Pharm-00B15/98B16 Write brief notes on latex allergy.  

1. Latex is a natural rubber product derived from plant sap. It is used extensively in medical (gloves, 
catheter, anaesthetic tubing) and non-medical items (bed linen, clothing) in the anaesthetic 
environment. 
 

2. Pathophysiology: 
a. Type I: Immediate hypersensitivity 

i. 1st exposure: helper T cells present latex antigen to B cells  production of 
IgE antibodies which attach to mast cells  sensitisation.  

ii. 2nd exposure: binding of IgE-latex  degranulation of mast cells  release 
of histamine, PGs, LTs, bradykinin, serotonin 

iii. Clinical: 
1. Time course – seconds, minutes 
2. Vasodilation, ↑ vascular permeability, hypotension, tachycardia, 

bronchoconstriction, angioedema, GI pain.  
b. Type IV: delayed hypersensitivity: 

i. Latex antigen: T lymphocytes  release cytokines IL2,4, IFγ (cell mediated 
immunity)  activate local macrophages 

ii. Clinical: 
1. Max response 24 hours later 
2. Contact dermatitis  urticarial rash 

 
3. Epidemiology: 

a. Common with ↑ exposure: health care workers 5-10%, spinal patients with 
catheters 40% 

b. Cross-sensitivity with banana, kiwi fruit, avocado 
 

4. Treatment: 
a. Anaphylaxis: 

i. Airway 
ii. Breathing 100% 

iii. Circulation: IV adrenaline 
b. Delayed: 

i. Avoid exposure, remove latex 
ii. Steroids, anti-histamines have mixed effects 

 
5. Investigations: 

a. Type I: 
i. Serum mast cell tryptase – 1,3,6 hour tests post-exposure 

ii. Skin-prick testing 
iii. RAST – radioallergen sorben test, serum IgE to latex products 

b. Type IV: 
i. Skin patch testing (discs with allergen applied to skin area) 

 
6. Prevention: 

a. Avoidance of latex 
b. Alternative materials 
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1997 Briefly describe the drug factors that may predispose to thrombophlebitis . 

1. Thrombophlebitis is the formation of a thrombus in a vein associated with surrounding 
inflammation. Clinically, it is important because it: 

a. Causes pain 
b. Acts as a site for micro-organism colonisation and infection 
c. Acts as a site for growth of further thrombus formation and associated sequalae  

DVT/PE. 
 

2. Drug factors: the pathophysiology can be classified into Virchow’s triad of thrombus formation in 
a vessel. 
 

Factor Description Example 

Endothelial damage Direct endothelial irritation 
Extremes of pH 
Solvents 

Chemotherapeutics 
Thiopentone 
Propylene glycol 

Hypercoagulable states Coagulants 
Platelet activation 
Diuretics (esp. osmotic) 
Crystallisation 

Tranexamic acid, clotting factors 
Platelet infusions 
Mannitol 
Thiopentone-atracurium reaction 

Turbulent flow Fluids  anaemia, velocity  turbulence Fast infusion fluids 

  
 


