Pharmacokinetics – Study Material 
1. Introduction
Pharmacokinetics (PK): Study of what the body does to a drug.
Pharmacodynamics (PD): Study of what a drug does to the body.
Pharmacokinetics quantitatively describes the time course of drug Absorption, Distribution, Metabolism, and Excretion (ADME). Drug effects (therapeutic and toxic) are often related to plasma drug concentration, making PK essential for individualized therapy.
Importance of Pharmacokinetics
· Diagnostic tool
· Evaluates extent and rate of drug delivery
· Predicts and explains adverse drug reactions
· Predicts untested conditions (dose, time, regimen)
· Estimates drug levels in unsampled tissues
· Compares drugs across species
· Quantifies biological variability
· Provides mathematical models of biological systems

2. Basic Pharmacokinetic Concepts
2.1 Half-Life (t½)
· Time required for plasma drug concentration to decline by 50%
· Relationship with elimination rate constant (k):
t1/2=0.693kt_{1/2} = \frac{0.693}{k}t1/2​=k0.693​
Key points:
· Constant for first-order kinetics
· Varies between individuals due to physiological, pathological, and environmental factors
Drug elimination vs half-lives:
· 90% eliminated → 3.32 half-lives
· 95% eliminated → 4.32 half-lives
· 99% eliminated → 6.64 half-lives

2.2 Apparent Volume of Distribution (Vd)
· Hypothetical volume in which the drug appears to be distributed
Vd=Amount of drug in bodyPlasma concentrationV_d = \frac{Amount\ of\ drug\ in\ body}{Plasma\ concentration}Vd​=Plasma concentrationAmount of drug in body​
Characteristics:
· Expressed as L/kg (especially in veterinary medicine)
· Not a real anatomical volume
· High Vd → extensive tissue binding / lipid solubility
· Low Vd → drug confined to plasma
Approximate physiological references:
· Plasma volume: ~0.05 L/kg
· Extracellular fluid: ~0.2 L/kg
· Total body water: ~0.7 L/kg

2.3 Compartmentalization
· A compartment is a group of tissues with similar drug uptake and clearance kinetics
· Hypothetical, not necessarily anatomical
· Used to simplify PK modeling

3. LADME Scheme
Modern pharmacokinetics includes Liberation in addition to ADME.
1. Liberation – Release of drug from dosage form
2. Absorption – Entry of drug into the body
3. Distribution – Dispersion throughout body fluids and tissues
4. Metabolism – Irreversible chemical transformation of drug
5. Excretion – Removal of drug from the body

4. Drug Elimination Kinetics
4.1 First-Order Kinetics (Most drugs)
· Constant fraction eliminated per unit time
· Rate proportional to drug concentration
Key equations:
· Clearance: Cl=kel×VdCl = k_{el} \times V_dCl=kel​×Vd​
· Elimination half-life: t1/2=0.693×VdClt_{1/2} = \frac{0.693 \times V_d}{Cl}t1/2​=Cl0.693×Vd​​
· Rate of elimination: Rate=Cl×CpRate = Cl \times C_pRate=Cl×Cp​
Important relationships:
· ↑ Vd → ↑ t½ (if Cl constant)
· Clearance independent of Vd

4.2 Zero-Order Kinetics
· Constant amount eliminated per unit time
· Occurs when metabolic pathways are saturated
Examples:
· Alcohol
· Phenytoin
· Salicylates
· Theophylline
· Thiopentone (high doses)
⚠ No constant half-life

5. Compartment Models
5.1 Single-Compartment Model
· Drug distributes instantly and uniformly
· Simplified model
5.2 Two-Compartment Model
· Alpha phase: Rapid distribution (redistribution)
· Plateau: Equilibrium phase
· Beta phase: Elimination phase
Clinical relevance:
· Thiopentone: rapid awakening due to redistribution, not elimination
Key term:
· Cp₀: Theoretical initial concentration (Dose / Vd)

6. Bioavailability (F)
· Fraction of administered dose reaching systemic circulation
Key points:
· IV administration: 100%
· Oral drugs: ↓ due to incomplete absorption and first-pass metabolism
· Determined by Area Under Curve (AUC)

7. Dosage Regimens
7.1 Maintenance Dose
At steady state:
Dosing rate=Cl×Target plasma concentrationDosing\ rate = Cl \times Target\ plasma\ concentrationDosing rate=Cl×Target plasma concentration
· Steady state reached after ~4 half-lives
7.2 Loading Dose
Used to rapidly achieve target concentration:
Loading dose=Vd×Target concentrationLoading\ dose = V_d \times Target\ concentrationLoading dose=Vd​×Target concentration

8. Hepatic Drug Clearance
Determinants
1. Intrinsic clearance (Clint)
2. Hepatic blood flow
Extraction Ratio = Fraction removed by liver
Enzyme Inducers (↑ metabolism)
Mnemonic: CAR GAS
· Cigarettes
· Alcohol
· Rifampicin
· Griseofulvin
· Antiepileptics (carbamazepine, phenytoin)
· Spironolactone
· Barbiturates
Enzyme Inhibitors (↓ metabolism)
Mnemonic: FACE DIP
· Flagyl
· Allopurinol
· Cimetidine
· Erythromycin
· Dextropropoxyphene
· Imipramine
· Oral contraceptive pill

9. Drug Distribution Factors
· Blood flow
· Protein binding
· Lipid solubility
· Degree of ionization

10. Protein Binding
· Major proteins: Albumin, α₁-acid glycoprotein
· Only free drug is pharmacologically active
Clinical significance:
· Highly protein-bound drugs:
· Warfarin
· Diazepam
· Propranolol
· Phenytoin
⚠ Drug displacement → sudden toxicity

11. Degree of Ionization
· Ionized drugs → poor membrane penetration
· Unionized drugs → good membrane penetration
pKa: pH at which drug is 50% ionized
Weak Acids
· More ionized at high pH
· Better absorption in acidic environment
Weak Bases
· More ionized at low pH
Clinical example (Local Anaesthetics):
· Lignocaine (pKa 7.7) → faster onset
· Bupivacaine (pKa 8.3) → slower onset
· Alkalinisation (bicarbonate) → faster onset

12. Exam Pearls ⭐
· Most drugs follow first-order kinetics
· Steady state achieved in 4 half-lives
· High Vd ≠ high clearance
· Zero-order kinetics = dangerous at high doses
· Redistribution explains short duration of IV anesthetics
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