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Bioavailability and Bioequivalence 

Bioavailability (BA): Introduction 

Definition of Bioavailability 

• Bioavailability is defined as the fraction (F) of an administered drug dose that reaches systemic 
circulation in an unchanged form and is available for therapeutic action.  

• It includes both: 

o Extent of drug absorption (how much drug reaches systemic circulation) 

o Rate of absorption (how quickly the drug reaches systemic circulation) 

Types: 

• Absolute Bioavailability (F) – Comparison with an intravenous (IV) dose. 

• Relative Bioavailability – Comparison between two extravascular routes or formulations. 

Key Concepts: 

• Drug must cross multiple biological barriers to reach systemic circulation. 

• Not all the administered dose may reach systemic circulation intact. 

• Influences drug efficacy, onset of action, and duration. 

Objectives of Bioavailability Studies 

• Bioavailability studies are conducted to: 

1. Compare Different Drug Formulations – Ensure consistency between different 
formulations of the same drug. 

2. Evaluate Drug Absorption – Assess how much drug enters the bloodstream after 
administration. 

3. Determine Optimal Dosage Forms – Choose the best formulation (tablet, capsule, 
solution, etc.). 

4. Assess the Impact of Food or Other Factors – Understand how food, pH, or metabolic 
variations affect drug absorption. 

5. Establish Therapeutic Equivalence – Ensure generic formulations provide the same 
therapeutic effect as brand-name drugs. 

Importance in Drug Development and Regulation 

• Drug Discovery and Development: Understanding bioavailability is critical during drug 
formulation development to ensure the drug reaches systemic circulation effectively. 

• Therapeutic Effectiveness: Drugs with poor bioavailability may have reduced or inconsistent 
therapeutic effects. 
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• Regulatory Approval: Regulatory agencies like the FDA (US), EMA (Europe), and CDSCO (India) 
require bioavailability and bioequivalence data to approve generic formulations. 

• Interchangeability: Bioequivalence ensures that two products can be substituted without 
compromising efficacy or safety. 

Factors Affecting Bioavailability 

A. Drug-Related Factors 

➢ Solubility – Poor solubility reduces absorption. 

➢ Molecular Size – Larger molecules have lower absorption. 

➢ Chemical Stability – Degradation in GI tract reduces bioavailability. 

➢ Ionization State – Ionized drugs at physiological pH have lower absorption. 

B. Patient-Related Factors 

➢ Age – Alters drug metabolism and absorption. 

➢ Genetics – Variations in enzymes affect bioavailability. 

➢ Disease State – Conditions impact drug absorption & metabolism. 

➢ Drug Interactions – Can enhance or inhibit drug absorption. 

➢ Food Interactions – Food can alter GI pH and drug solubility. 

C. Formulation-Related Factors 

➢ Dosage Form – Tablets, capsules, liquids affect absorption. 

➢ Drug Release Rate – Affects dissolution and absorption. 

➢ Excipients – Ingredients impact drug dissolution & uptake. 

➢ Particle Size – Smaller particles dissolve faster, improving bioavailability. 

➢ Polymorphism – Different crystal forms affect solubility. 

 

Types of Bioavailability 

A. Absolute Bioavailability (Fₐ) 

Definition: 

➢ Absolute bioavailability refers to the fraction of an administered dose of a drug that reaches 
the systemic circulation in an unchanged form, compared to the same dose administered 
intravenously (IV). 

Why IV as Reference? 

➢ IV administration has 100% bioavailability by definition because the entire dose directly 
enters the bloodstream, bypassing absorption barriers and first-pass metabolism. 



    “FirstHope Pharmacy” YouTube for Video   | Instagram@__firsthope__ | Download Firsthope App 

 

3 

Formula: 

𝐹abs =
𝐴𝑈𝐶extravascular × DoseIV

𝐴𝑈𝐶IV × Doseextravascular
 

➢ Where: 

o AUC = Area Under the Curve (plasma concentration-time profile) 

Interpretation: 

➢ If F = 1.0 (or 100%): Drug is fully available. 

➢ If F < 1.0: Some drug is lost due to incomplete absorption, first-pass metabolism, or 
degradation in the GI tract. 

Example: 

➢ If a 100 mg oral dose produces an AUC of 40, and a 100 mg IV dose gives an AUC of 100: 

𝐹𝑎𝑏𝑠 = (
40

100
) × 100 = 40% 

B. Relative Bioavailability (Fᵣ) 

Definition: 

➢ Relative bioavailability is the comparison of bioavailability between two non-IV drug 
formulations or routes of administration. 

Use Cases: 

➢ Comparing a generic formulation to a brand-name product. 

➢ Comparing oral tablet vs. oral suspension, or capsule vs. tablet, etc. 

Formula: 

𝐴𝐹rel =
𝐴𝑈𝐶Formulation A × DoseFormulation B

𝐴𝑈𝐶Formulation B × DoseFormulation A
 

Example: 

➢ Used in bioequivalence studies to determine if two formulations are therapeutically 
similar. 
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Bioavailability Study Protocol 

• A bioavailability study protocol is a structured and regulatory-compliant document that 
outlines the objectives, design, methodology, statistical analysis, and ethical considerations 
for evaluating the bioavailability of a drug. 

Below is a detailed breakdown: 

Objectives 

• To determine the rate and extent of absorption of a drug. 

• To evaluate the effect of formulation, food, or other variables on absorption. 

• May also include comparison to IV formulation for absolute bioavailability. 

Study Design 

1. Study Type: 

➢ Single-dose or multiple-dose 

➢ Crossover or parallel design 

2. Crossover Design (most common): 

➢ Each subject receives both test and reference formulations with a washout period in 
between. 

➢ Advantages: Minimizes variability due to intra-subject differences. 

3. Washout Period: 

➢ Duration is generally 5–7 half-lives of the drug to avoid carryover effects. 

Subjects 

Inclusion Criteria 

➢ Healthy volunteers, age 18–55 years 

➢ BMI within normal range 

➢ No history of hypersensitivity to the drug 

Exclusion Criteria 

➢ Existing illness 

➢ Recent participation in other clinical trials 

➢ Use of enzyme inducers/inhibitors 

Dosing and Drug Administration 

• Exact dose based on formulation and strength 

• Standardized meal conditions (fasted or fed state) 
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