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Receptors and signalling
Types of receptor
- Ion channels, enzyme-associated, nuclear receptor, & GPCR
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G-protein coupled receptors (GPCR)
- Heterotrimeric (= 3x diﬀerent subunits) GTP-activated enzymes
- Ligand binds external site on receptor to cause activation of internal domain
- Causes exchange of GDP for GTP on α-subunit of G-protein
- α-subunit dissociates away from β- and γ-subunits
- Active at this stage for eﬀector functions
- α-unit has an intrinsic GTPase
- Hydrolyses GTP to GDP
- Inactivates and re-associates
- E.g. α-/β-adrenoreceptors, muscarinic acetylcholine receptors

G-protein coupled
receptor function
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Pharmacokinetics
= How the drug is handled by the body
ADME: Absorption, Distribution, Metabolism, Elimination
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Absorption
- Bioavailability = % of all total dose that reaches plasma
- Influenced by multiple factors, including: lipid-water solubility and hepatic 1st pass
metabolism (hepatic degradation of drugs arriving in portal venous blood)
- High or low oral bioavailability may be desirable
- E.g. oral vancomycin for C. diﬃcile infection → low bioavailability
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- Must pass from water through a lipid-barrier
- More lipid-soluble → passes epithelial barrier more easily
- = Partition co-eﬃcient
- Less ionised → more lipid soluble
- Most drugs are (weak) acids/bases
- Ionisation state determined by pH of environment
- Low pH → weak acid more lipid soluble
- E.g. aspirin passes apical enterocyte membrane
more easily in stomach than jejunum
- pKa = dissociation constant
- Describes relative ionisation at equilibrium of HA
- Including environmental pH
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- Ion trapping
- Non-ionised (acid) drug diﬀuses through apical
membrane
- Re-ionises inside epithelial cell (or other
compartment)
- Alkaline intracellular fluid
- Unable to pass out into blood

Vancomycin may cause
mast cell degranulation
with release of
inflammatory mediators
and vasodilators, resulting
in ‘red man syndrome’.

H+ + A- ⇌ HA
Henderson-Hasselbalch:
pH = pKa + log ([A-] / [HA])

Ion trapping of an
acidic drug in the
gastric epithelium
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Volume of distribution

Vdist = amount drug / [drug] in plasma

- Theoretical total volume the drug is distributed in given its concentration in plasma
- Very high (e.g. amiodarone):
- Very lipid soluble
- Small amount of total dose is in blood
- 40 litres: Only distributed in water of body (intracellular & extracellular)
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Drug metabolism and CYP450 system
- 2 phases to detoxify drugs
- Phase 1: hydroxylation or mono-oxidation reactions
- Specific to drug structure
- Facilitates conjugation
- Phase 2: conjugation with sulphate / glucuronate
- Less specific enzymes
- Increases water solubility
- Facilitates excretion
- CYP450 mono-oxygenase system
- = Series of enzymes that perform the first stage in drug metabolism
- In smooth ER of liver (& kidney)
- Aﬀected by chronic liver disease disease
- Demonstrate substrate induction, where high
availability of substrate causes increased transcription of
the enzyme
- E.g. chronic alcohol intake increases CPY2E1 levels
- Drugs may inhibit or induce (increase) CYP enzymes,
with consequences on the metabolism of other drugs
- E.g. rifamipicin induces CYP enzymes, causing
increased breakdown of warfarin, therefore less
anticoagulation

At safe doses paracetamol is
conjugated with sulphate or
glucuronide to give harmless
compounds. In overdose,
these pathways are saturated
and CYP phase 1 enzymes
generate NAPQI, which causes
hepatic (and renal) toxicity.

- Phase 1 metabolites may be more toxic (e.g. paracetamol)
- Requires phase 2 conjugation to become non-toxic
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Elimination
- = Removal of the active drug
- Inactivation of an active drug or excretion of an
active drug
- Excretion = removal of the drug form the body by loss
- Excretion, generally:
- Lipid soluble → bile

Sulphonylureas (e.g. gliclazide) are
renally excreted, therefore levels
increase in acute kidney injury. This
may result in hypoglycaemia due
to hyperinsulinaemia.

- Water soluble → urine
- Chronic kidney disease → reduced drug excretion
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- Zero order elimination = constant amount removed per unit time
- Due to metabolic enzymes saturated rapidly
- E.g. alcohol (at 1 unit / hour), aspirin
- Variable half-life
- First order elimination = constant fraction of total drug removed per unit time
- E.g. digoxin
- Constant half-life
Zero & first order
elimination of
drugs

Dose-response relationships
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Types of drug/ligand responses
- Aﬃnity = ability of a ligand to bind its receptor
- Aﬃnity determines the receptor occupancy for
a given concentration of drug and receptor
- Eﬃcacy = ability of a ligand to generate a response/
output after binding its receptor
- Dependent on recruitment of secondary
messenger mechanisms
- Agonist = a ligand with aﬃnity and eﬃcacy
- Full agonist = ligand that is able to elicit the
maximum response
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- May not require 100% receptor occupancy
- Spare receptors: In the presence of irreversible antagonist, it is still possible to achieve
maximum cellular response
- EC50 = concentration of drug required to give 50% of the maximum response for that
drug
- Partial agonist = ligand that is unable to elicit maximum response, irrespective of
concentration
- Even with 100% receptor occupancy

Dose-response
relationship for
agonists
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- Antagonist = a ligand with aﬃnity and no eﬃcacy
- Competitive = can be displaced by agonist
- Eﬀect can be overcome by higher concentration of agonist
- Non-competitive = presence of agonist has no eﬀect on antagonism
- Usually irreversible (covalent) binding
- E.g. if a receptor agonist causes membrane depolarisation
- The antagonist will cause no change in membrane potential
- Allosteric ligand = a molecule that binds to a receptor to influence the binding of another
ligand, without binding to the principle ligand-binding site
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Dose-response relationship in
presence of antagonists

- G-proteins are activated by GTP, causing subunit dissociation
- Increased ionisation of drugs reduces transmembrane passage
- Zero order elimination has a fixed amount removed per hour, with variable half-life
- Competitive antagonists can be overcome by increasing agonist concentration

Short answer questions
1. How do G-proteins function? [5 marks]
2. What influences the serum concentration of a drug? [10 marks]
3. What determines the magnitude of response to a drug? [5 marks]
4. What is eﬀect of adding a competitive antagonist on the relationship between an agonist and its
response? [4 marks]

Additional notes
Types of receptor
- Ion channels
- Ligand binds a specific site
- Receptor activation causes a hydrophilic pore to open
- Ions pass through with ion movement determined by:
- Em (intracellular & extracellular concentrations)
- Channel structure
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Phases of ion channel activation

- Examples:
- Nicotinic acetylcholine → cations
- GABAA → Cl- cGMP-gated K+ channels
- Enzyme-associated
- Receptors with either:
- Intracellular enzymatic domain
- Associated enzyme
- Tyrosine kinase or serine-threonine kinase
- Ligand binds extracellular site
- Dimerisation of two receptors → intracellular
receptor activation

An enzyme-associated
receptor

- E.g. epithelial growth factor receptor, insulin receptor
- Steroid receptors
- Intracellular receptors
- Lipid-soluble ligands that can pass through cell
membrane
- Binding changes structure to allow receptor-ligand to
bind DNA
- Promotes transcription
- Slow changes (2-3 days)

Nuclear (steroid)
receptor function

- E.g. aldosterone-receptor,
T3-receptor
- G-protein coupled receptors (see
above)

Law of mass action
- = The rate of a reaction is correlated with the concentration of drug and receptors
- Higher drug concentration increases the frequency of drug-receptor complexes forming
- Dissociation constant (Kd) describes the probability of agonist-receptor complexes forming or
dissociating
- Closely related to aﬃnity

Kd = [R].[A] / [AR]
- Langmuir isotherm:
- "The percentage of occupied receptors is related to the dissociation constant and
concentration of agonist”

p = [A] / (Kd + [A])
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