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Opinion Article

DESCRIPTION

Overcoming the Gastrointestinal (Gl) barrier for effective oral drug delivery
remains a significant challenge in pharmaceutical sciences. The Gl tract
presents large obstacles to drug absorption, including enzymatic
degradation, pH variations, mucosal barriers, and efflux transporters.
These barriers collectively contribute to low bioavailability and variability
in drug absorption, impacting the efficacy of oral medications. Developing
strategies to enhance drug delivery through the GI tract involves
innovative approaches that address these challenges while ensuring drug

stability, safety, and therapeutic effectiveness.

Enzymatic degradation is one of the primary challenges encountered in
oral drug delivery. The Gl tract harbors a variety of enzymes, such as
proteases, lipases, and glucuronidases, which can degrade drugs before
they reach systemic circulation. This enzymatic activity significantly
reduces the bioavailability of drugs, particularly those susceptible to
enzymatic breakdown. To counteract enzymatic degradation,
pharmaceutical scientists employ various strategies such as enzyme
inhibitors, prodrug approaches, and formulation techniques that protect

the drug from enzymatic attack until it reaches its site of absorption.

pH variations along the Gl tract also pose challenges to drug absorption.
The stomach, for instance, has an acidic environment, which can degrade
acid-labile drugs and affect their stability. In contrast, the small intestine
exhibits a more neutral to slightly alkaline, where many drugs are
absorbed. Formulating drugs with pH-sensitive coatings or enteric
coatings can protect them from acidic degradation in the stomach and
facilitate release in the intestine, thereby improving drug absorption and

bioavailability.

Mucosal barriers within the Gl tract further hinder drug absorption. The mucus layer covering the intestinal epithelium

acts as a protective barrier but can also trap drugs and prevent their interaction with the underlying epithelial cells.
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Nanoparticle-based drug delivery systems have emerged as promising solutions to overcome mucosal barriers.
Nanoparticles can penetrate the mucus layer, facilitating drug transport across the epithelium through mechanisms
such as transcellular or paracellular transport. Surface modification of nanoparticles with mucoadhesive polymers

can enhance their residence time in the mucosal layer, improving drug absorption and therapeutic efficacy.

Efflux transporters expressed on the apical surface of intestinal epithelial cells actively pump drugs back into the Gl
lumen, reducing their absorption into systemic circulation. P-glycoprotein (P-gp) is one of the most well-known efflux
transporters involved in drug resistance and poor oral bioavailability of many drugs. Inhibition of efflux transporters
using specific inhibitors or designing prodrugs that are substrates for uptake transporters can enhance drug

permeability across intestinal epithelial cells and improve oral bioavailability.

Formulation strategies play a major role in overcoming these barriers to oral drug delivery. Solid oral dosage forms
such as tablets, capsules, and pellets are commonly used due to their ease of manufacturing, stability, and patient
compliance. Advanced formulation technologies include lipid-based formulations, microencapsulation,
nanoemulsions, and polymeric nanoparticles, each designed to optimize drug solubility, stability, and absorption
profile. These formulations can protect drugs from enzymatic degradation, enhance their permeability across the

intestinal epithelium, and improve drug bioavailability.

Moreover, advancements in drug delivery systems aim to tailor therapies to individual patient needs, promoting
personalized medicine. Techniques such as 3D printing allow for the fabrication of customized dosage forms that
optimize drug release profiles and enhance patient adherence. By overcoming the challenges of the Gl barrier, these

personalized approaches can improve treatment outcomes and minimize adverse effects.

In conclusion, overcoming the gastrointestinal barrier for effective oral drug delivery requires innovative strategies
that address enzymatic degradation, pH variations, mucosal barriers, and efflux transporters. Advances in
formulation technologies, nanoparticle-based delivery systems, and personalized medicine approaches offer
promising solutions to enhance drug stability, bioavailability, and therapeutic efficacy. Continued research and
development in this field are essential for translating these advancements into clinically effective oral medications

that can improve patient outcomes across a wide range of therapeutic areas.
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