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ABOUT THE STUDY
Bioavailability refers to the extent and rate at which a drug or any 
active ingredient becomes available at the site of action in the 
body. It is a crucial parameter in pharmacology and 
pharmaceutical sciences as it determines the efficacy and 
therapeutic effect of a drug. Understanding the bioavailability of 
a drug is essential for proper dosing, formulation development, 
and optimizing therapeutic outcomes.

When a drug is administered, it undergoes several processes that 
can affect its bioavailability. The route of administration plays a 
significant role in determining the bioavailability of a drug. 
Different routes, such as oral, intravenous, intramuscular, 
transdermal, and inhalation, have varying degrees of 
bioavailability due to differences in absorption, distribution, 
metabolism, and excretion.

Oral administration is the most common and convenient route 
of drug delivery. However, it also presents challenges in terms of 
bioavailability. After oral ingestion, a drug must pass through the 
gastrointestinal tract, where it encounters various barriers, 
including the acidic environment of the stomach and the 
enzymatic activity in the intestines. Additionally, the drug must 
traverse the intestinal epithelium and pass through the liver 
before entering the systemic circulation.

The first-pass effect, also known as presystemic metabolism, is a 
crucial factor affecting the bioavailability of orally administered 
drugs. Some drugs undergo extensive metabolism by enzymes in 
the liver before reaching systemic circulation, leading to 
significant reduction in bioavailability. This can be minimized by 
various strategies, such as prodrug formulation or co-
administration of enzyme inhibitors. Intravenous administration 
bypasses the gastrointestinal tract and liver, resulting in the 
highest bioavailability. The entire dose of the drug is immediately 
available in the systemic circulation, allowing for rapid and 
complete distribution to the target tissues. Intramuscular and 
subcutaneous routes also bypass the first-pass effect but generally 
exhibit slower absorption compared to intravenous administration.

Transdermal drug delivery, such as patches or creams, allows for 
drug absorption through the skin. The bioavailability of 
transdermal drugs depends on the drug's ability to penetrate the 
skin barrier and reach the systemic circulation. Factors such as 
molecular size, lipophilicity, and formulation design influence 
the extent of drug absorption and subsequent bioavailability.

Inhalation is a common route for delivering drugs to the 
respiratory system. It offers high bioavailability for drugs targeting 
the lungs and provides rapid onset of action. The large surface 
area and extensive vascularization of the lungs facilitate efficient 
absorption and distribution of inhaled drugs. Apart from the 
route of administration, physicochemical properties of the drug, 
such as solubility, stability, and molecular weight, can impact 
bioavailability. Drugs with high solubility are more likely to 
dissolve and be absorbed, whereas poorly soluble drugs may have 
limited absorption and lower bioavailability. Similarly, drug 
stability in the gastrointestinal environment or during 
metabolism can influence bioavailability.

The formulation design also plays a critical role in enhancing 
drug bioavailability. Formulation approaches such as 
micronization, nanoparticles, liposomes, and complexation with 
cyclodextrins can improve drug solubility, stability, and 
absorption, thereby enhancing bioavailability. These strategies 
aim to overcome physicochemical barriers and optimize drug 
delivery to increase therapeutic efficacy. Once a drug is absorbed 
into the systemic circulation, it undergoes distribution to various 
tissues and organs. Factors such as protein binding, tissue 
permeability, and blood flow rate influence the distribution 
process. Drugs that extensively bind to plasma proteins may have 
reduced bioavailability as only the unbound fraction is 
pharmacologically active. Similarly, drugs with limited tissue 
permeability or poor blood flow to the target site may exhibit 
lower bioavailability.

Metabolism and excretion are additional factors affecting drug 
bioavailability. Metabolism primarily occurs in the liver, where 
drugs can be transformed into inactive metabolites or more 
active metabolites.
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