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Introduction
Bioavailability is a fundamental concept in pharmacology and 

nutrition that refers to the fraction of an administered dose of a substance 
that reaches the bloodstream and is available for use by the body’s 
tissues. In drug development, bioavailability is crucial for determining 
[1] the appropriate dosage, formulation, and administration route of 
pharmaceuticals. In nutritional science, bioavailability impacts the 
efficiency with which the body absorbs and utilizes nutrients from food 
or supplements. Understanding the factors that affect bioavailability is 
vital for optimizing drug therapies and ensuring that essential nutrients 
are adequately absorbed.

Understanding Bioavailability

Bioavailability can be quantified as the percentage of an administered 
dose that enters the systemic circulation in an active form. The process 
of bioavailability is typically assessed using pharmacokinetic studies, 
which measure how a substance moves through the body following its 
administration.

In the case of oral medications, bioavailability is influenced by 
several stages, including absorption from the gastrointestinal (GI) tract, 
first-pass metabolism (the liver's initial breakdown of the substance), 
and the rate at which the substance is distributed and eliminated [2]. 
For intravenous administration, bioavailability is typically considered 
100%, since the substance directly enters the bloodstream.

Factors Affecting Bioavailability

Physiological Factors

Several body-related factors influence the bioavailability of a 
substance:

Gastrointestinal (GI) pH and Motility: The acidic environment in 
the stomach can impact the solubility of drugs, while the rate of gastric 
emptying can affect how quickly a substance is absorbed.

Enzyme Activity: Enzymes present in the digestive tract, liver, and 
intestines can metabolize substances before they reach the systemic 
circulation [3], reducing bioavailability. This is especially true for oral 
drugs that undergo extensive first-pass metabolism.

Intestinal Transporters: Specialized proteins, such as 

P-glycoprotein, can actively pump drugs out of cells in the intestine, 
reducing absorption.

Blood flow: Variations in blood flow to the GI tract, liver, and 
other organs can influence the rate and extent of absorption.

Chemical Properties of the Substance

The physical and chemical properties of a drug or nutrient play a 
significant role in its bioavailability:

Solubility: Compounds that are poorly soluble in water tend to be 
absorbed more slowly and may exhibit low bioavailability [4].

Stability: Some substances are prone to degradation in the acidic 
environment of the stomach or during the first-pass metabolism in the 
liver.

Molecular size and lipophilicity: Larger molecules or those that 
are highly lipophilic (fat-soluble) may struggle to cross biological 
membranes, leading to lower bioavailability.

Formulation and Route of Administration

The formulation of a drug or nutrient greatly affects its 
bioavailability. Tablets, capsules, suspensions, and injectable forms all 
have different absorption profiles [5]. For example:

Solid dosage forms: Tablets or capsules must dissolve before 
absorption, which can delay or reduce bioavailability.

Nanoparticle and liposomal formulations: Advances in drug 
delivery systems, such as the use of nanoparticles or liposomes, can 
enhance the bioavailability of poorly soluble drugs by improving their 
dissolution and absorption.
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Abstract
Bioavailability refers to the proportion of an ingested substance that enters the systemic circulation and becomes 

available to the target tissues for therapeutic effect. It is a critical factor in pharmacology, nutrition, and drug development, 
influencing the efficacy of medications, supplements, and nutrients. This article explores the concept of bioavailability, 
its measurement, and the various factors that affect it, including physiological, chemical, and formulation-related 
variables. It also examines the significance of bioavailability in both clinical settings and nutritional science, highlighting 
its importance in ensuring optimal therapeutic outcomes and the efficient absorption of essential nutrients. The role of 
advanced drug delivery systems and novel formulations aimed at improving bioavailability is also discussed.
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Routes of administration: Intravenous (IV) administration 
delivers a substance directly into the bloodstream, offering 100% 
bioavailability, while oral administration typically results in partial 
bioavailability due to the challenges of absorption and first-pass 
metabolism.

Clinical Implications of Bioavailability

In clinical settings, bioavailability directly affects the therapeutic 
efficacy of drugs. Low bioavailability can lead to suboptimal drug 
concentrations in the bloodstream [6], potentially resulting in 
treatment failure. Understanding the bioavailability of a drug is crucial 
in determining the correct dosage regimen and improving patient 
outcomes.

For instance, certain medications, such as antihypertensives, 
antidepressants, and pain relievers, may require higher or more 
frequent dosing when their bioavailability is low. Conversely, drugs 
with high bioavailability may achieve therapeutic concentrations with 
smaller or less frequent doses.

Bioavailability in Nutrition

In the field of nutrition, bioavailability refers to the efficiency with 
which the body absorbs and utilizes essential nutrients, including 
vitamins, minerals, and macronutrients. The bioavailability of nutrients 
can be affected by a variety of factors, such as:

Food matrix: The physical structure of food can impact nutrient 
release during digestion. For example, nutrients in whole [7] foods may 
be less bioavailable than those in processed foods or supplements.

Nutrient interactions: The presence of certain compounds can 
either enhance or inhibit the absorption of nutrients. For instance, 
vitamin C [8]  enhances the absorption of non-heme iron, while 
calcium can inhibit the absorption of iron.

Nutrient deficiencies: In some cases, deficiencies in one nutrient 
may impair the absorption of others. For example, a lack of vitamin D 
can reduce calcium absorption in the intestines.

Strategies to Enhance Bioavailability

In both drug development and nutrition, there are strategies to 
enhance bioavailability, particularly for substances that are poorly 
absorbed or metabolized:

Prodrug approach: Some drugs are designed as inactive 
compounds that are converted into their active form once absorbed, 
improving their bioavailability [9,10].

Nanotechnology: Nanoparticles, liposomes, and micelles 

can improve the solubility and absorption of poorly bioavailable 
compounds, making them more effective.

Food and drug synergy: Combining nutrients or drugs with 
specific foods or excipients can enhance their bioavailability. For 
example, fatty acids can improve the absorption of fat-soluble 
vitamins, while piperine (found in black pepper) is known to enhance 
the bioavailability of certain drugs.

Conclusion
Bioavailability is a cornerstone of drug development, nutrition, 

and therapeutic efficacy. A comprehensive understanding of the 
factors that influence bioavailability—ranging from physiological and 
chemical properties to formulation techniques—enables healthcare 
professionals to optimize therapeutic strategies and nutritional intake. 
As research advances, particularly in drug delivery technologies and 
nutrition science, enhancing bioavailability remains a central focus for 
improving health outcomes and treatment efficacy.
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