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DESCRIPTION

Drug absorption is a fundamental topic in biopharmaceutics, pivotal
in determining the efficacy and safety of pharmaceutical interventions.
This process, which encompasses the movement of a drug from its
site of administration into the bloodstream, significantly impacts the
overall therapeutic outcome. Understanding the mechanisms and
factors influencing drug absorption is essential for optimizing drug
formulations and delivery methods, ultimately enhancing patient care.

Mechanisms of drug absorption

Drug absorption involves several mechanisms, primarily depending on
the drug’s physicochemical properties and the route of administration.
These mechanisms can be broadly categorized into passive diffusion,
facilitated diffusion, active transport, and pinocytosis.

Passive diffusion: The most common mechanism, passive diffusion,
relies on the drug’s concentration gradient. Drugs move from an area of
higher concentration (at the site of administration) to an area of lower
concentration (bloodstream) without the need for energy. Lipophilic
(fat-loving) drugs, which can easily pass through lipid membranes,
typically utilize this mechanism. The rate of passive diffusion is
influenced by factors such as drug solubility, membrane permeability,
and the surface area available for absorption.

Facilitated diffusion: This mechanism involves the use of carrier
proteins embedded in cell membranes to transport drugs across. Unlike
passive diffusion, facilitated diffusion requires specific transporters but
does not need energy. It is essential for drugs that are too large or too
polar to pass through the lipid bilayer directly.

Active transport: Active transport is an energy-dependent process
where drugs are moved against their concentration gradient using
Adenosine Triphosphate (ATP)-powered transporters. This mechanism
allows the absorption of drugs that are otherwise unable to cross
membranes due to their size or charge. Active transport is crucial for
the absorption of many essential nutrients and drugs.

Pinocytosis: This process involves the cell membrane engulfing
extracellular fluid and its contents to form vesicles. While less common
for drug absorption, pinocytosis can be relevant for macromolecules
and nanoparticles.

Factors affecting drug absorption

Several physiological and formulation-related factors affect the
absorption of drugs are listed below.

Physicochemical properties: The drug’s solubility and permeability are
critical. Drugs need to be sufficiently soluble in the gastrointestinal fluids
to dissolve and be absorbed. Moreover, the drug’s permeability through
the intestinal wall impacts its absorption efficiency. Lipophilicity (the
ability to dissolve in fats, oils, and lipids) often enhances permeability,
whereas high polarity can limit it.

Formulation factors: The drug formulation, including the dosage
form (tablet, capsule, liquid), excipients, and the presence of other
substances, can influence absorption. For example, certain excipients
can enhance solubility or permeability, while others may slow down
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drug release or cause drug interactions that affect absorption.

Gastrointestinal ph and enzymes: The pH of the gastrointestinal
tract varies along its length, affecting the solubility and stability
of drugs. For instance, drugs that are acidic may dissolve better in
the acidic environment of the stomach, while basic drugs might be
better absorbed in the more alkaline environment of the intestine.
Gastrointestinal enzymes can also metabolize drugs before they reach
systemic circulation.

Blood flow: Regional blood flow affects absorption rates. Areas with
higher blood flow, such as the small intestine, generally have higher
absorption rates compared to areas with lower blood flow, like the
stomach.

Food and drug interactions: Food can influence drug absorption
in multiple ways. It can alter the pH of the stomach, affect gastric
emptying time, or interact with the drug directly. For example, high-
fat meals can increase the absorption of lipophilic drugs, while certain
foods can reduce the absorption of drugs by binding to them or altering
their solubility.

Disease states: Conditions such as gastrointestinal diseases (e.g.,
Crohn’s disease, celiac disease) can impair drug absorption by
altering the surface area of absorption or affecting the integrity of the
gastrointestinal lining. Similarly, liver and kidney diseases can impact
drug metabolism and elimination, indirectly affecting absorption.

Enhancing drug absorption

Pharmaceutical scientists and formulators employ various strategies to
enhance drug absorption.

Formulation strategies: Developing drug formulations that improve
solubility and permeability is a key approach. Techniques such as
particle size reduction, the use of solubilizers, and the creation of
prodrugs (inactive compounds that convert to active drugs in the body)
can significantly enhance drug absorption.

Novel drug delivery systems: Advanced drug delivery systems, such
as nanoparticles, liposomes, and micelles, are designed to improve
drug absorption by enhancing solubility and stability or targeting
specific absorption sites. These systems can also facilitate controlled or
sustained release of the drug.

Permeation enhancers: Chemical permeation enhancers can
temporarily disrupt the integrity of the intestinal lining to increase drug
absorption. However, this approach requires careful balancing to avoid
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causing damage to the mucosa.

Prodrug design: Prodrugs are chemically modified drugs that are
inactive until metabolized into their active forms within the body. This
strategy can enhance absorption by improving solubility or permeability
of the prodrug compared to the parent drug.

Targeted delivery: Techniques to target specific areas within the
gastrointestinal tract or to enhance uptake by certain cell types can
improve drug absorption and reduce systemic side effects.

Clinical implications

Understanding drug absorption has profound implications for
clinical practice. Variations in absorption can lead to differences in
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therapeutic outcomes among individuals, emphasizing the importance
of personalized medicine. For example, drugs with poor bioavailability
may require dosage adjustments or alternative delivery methods.
Additionally, awareness of factors that affect absorption helps in
optimizing dosing regimens, minimizing side effects and improving
overall treatment efficacy.

In conclusion, drug absorption is a complex and multifaceted aspect of
biopharmaceutics that plays a critical role in determining the success
of therapeutic interventions. By understanding and manipulating the
various factors influencing absorption, pharmaceutical scientists can
develop more effective and safer drug formulations, ultimately leading
to better patient outcomes.
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