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Clinical Pharmacokinetics 

Introduction to Clinical pharmacokinetics 

Definition of Clinical Pharmacokinetics 

• Clinical pharmacokinetics is a branch of pharmacology focused on understanding how drugs 
move through the human body and how this movement influences drug therapy in patients. 

Formal Definition 

➢ Clinical pharmacokinetics is the application of pharmacokinetic principles to the safe 
and effective therapeutic management of drugs in individual patients. 

Key Focus Areas 

➢ It involves using mathematical models and patient-specific data to determine: 

▪ The right dose 

▪ The right route 

▪ The right timing 

▪ The right frequency of medication administration 

Objectives of Clinical Pharmacokinetics 

• To ensure maximum therapeutic efficacy 

• To reduce the risk of toxicity or adverse effects 

• To guide individualized dose adjustments 

• To incorporate patient-specific physiological and pathological variables 

• To improve clinical outcomes and quality of life 

Fundamental Pharmacokinetic Processes 

A. Absorption 

➢ The process by which a drug moves from its site of administration into the bloodstream. 

➢ Key parameters: 

▪ Bioavailability (F): Fraction of the administered drug that reaches systemic 
circulation. 

▪ Cmax: Peak plasma concentration. 

▪ Tmax: Time to reach peak concentration. 

➢ Influencing factors: 

▪ Gastrointestinal motility and pH 

▪ Food-drug interactions 
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▪ Drug formulation 

▪ Enzyme activity in the gut wall 

B. Distribution 

➢ The reversible movement of a drug from the bloodstream into tissues and organs. 

➢ Volume of distribution (Vd): Theoretical volume in which the drug would need to be 
uniformly distributed to produce the observed plasma concentration. 

➢ Influenced by: 

▪ Lipid solubility 

▪ Plasma protein binding 

▪ Capillary permeability 

▪ Body fat and water content 

C. Metabolism (Biotransformation) 

➢ Chemical modification of drugs, mostly in the liver. 

➢ Types of reactions: 

▪ Phase I: Functionalization reactions such as oxidation, reduction, hydrolysis 
(mainly via cytochrome P450 enzymes) 

▪ Phase II: Conjugation reactions such as glucuronidation, sulfation, and 
acetylation 

➢ Factors affecting metabolism: 

▪ Liver enzyme activity 

▪ Genetic polymorphisms 

▪ Drug interactions 

▪ Hepatic blood flow 

D. Excretion 

➢ Removal of the drug or its metabolites from the body, primarily via the kidneys. 

➢ Types: 

▪ Renal excretion: Filtration, secretion, and reabsorption 

▪ Non-renal excretion: Biliary, pulmonary, sweat, and salivary 

➢ Renal clearance (ClR): Important for water-soluble, unmetabolized drugs 

Key Pharmacokinetic Parameters 

Parameter Description Clinical Importance 

Half-life (t½) Time for plasma concentration to 
reduce by 50% 

Guides dosing interval 
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Clearance (Cl) Volume of plasma cleared of drug per 
unit time 

Used to calculate 
maintenance dose 

Volume of 
Distribution (Vd) 

Theoretical volume that reflects drug 
distribution in body 

Used to calculate 
loading dose 

Bioavailability (F) Fraction of administered dose reaching 
systemic circulation 

Critical for oral vs. IV 
dosing 

Area Under Curve 
(AUC) 

Overall exposure of body to the drug Indicator of 
bioavailability 

Steady-State 
Concentration (Css) 

Plasma concentration achieved when 
rate of administration = rate of 
elimination 

Used in chronic 
therapy 

Pharmacokinetic Models 

These models help simulate and predict drug behavior in the body. 

A. Compartment Models 

➢ Simplify the body into one or more compartments. 

▪ One-compartment model: Assumes the drug distributes rapidly and uniformly. 

▪ Two-compartment model: Considers a central (plasma) and peripheral (tissue) 
compartment. 

B. Non-compartmental Models 

➢ Use statistical methods without assuming specific physiological compartments. 

➢ Often used in clinical and bioequivalence studies. 

C. Physiologically Based Pharmacokinetic (PBPK) Models 

➢ Use anatomical and physiological parameters (organ size, blood flow) for more detailed 
simulations. 

➢ Increasingly used in drug development and regulatory decisions. 

Applications of Clinical Pharmacokinetics 

1. Drug development 

➢ Supports dose selection in preclinical and clinical studies. 

2. Patient-specific dosing 

➢ Adjusting therapy in special populations: critically ill, pediatric, geriatric, renal/hepatic 
dysfunction. 

3. Managing toxicity and overdose 

➢ In some cases, drugs can be removed via dialysis if they meet specific pharmacokinetic 
criteria (e.g., low Vd, high water solubility). 
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4. Evaluating bioequivalence 

➢ Generic drugs must demonstrate similar pharmacokinetics to brand-name 
counterparts using AUC and Cmax comparisons. 

Case Study Example: Gentamicin Dosing 

• Drug: Gentamicin (aminoglycoside) 

• Therapeutic concern: Narrow therapeutic index; risk of nephrotoxicity and ototoxicity 

• Therapeutic drug monitoring goals: 

o Trough: <2 µg/mL 

o Peak: 5–10 µg/mL 

• Dosing considerations: 

o Body weight (actual or adjusted) 

o Renal function (Creatinine clearance) 

o Serum drug levels 

o Dosing interval (e.g., once-daily vs. multiple daily dosing) 
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