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The Influence of Molecular Size on Drug
Absorption: A Comprehensive Overview

Introduction

The process of drug absorption is a critical determinant in the pharmacokinetics of
therapeutic agents. Among the various factors influencing drug absorption, the molecular size
stands out as a key parameter. This article delves into how molecular size affects drug
absorption, exploring the mechanisms involved, the challenges presented, and the strategies
employed to optimize drug delivery for therapeutic efficacy.

Description
Mechanisms of drug absorption

Drug absorption primarily occurs through the Gastrointestinal Tract (GI), although other
routes like dermal, pulmonary, and parenteral are also significant. The two main pathways
for drug absorption are passive diffusion and active transport.

Passive diffusion: This process depends on the concentration gradient, where drugs move
from an area of higher concentration to one of lower concentration. Lipophilicity, molecular
size, and degree of ionization are crucial factors influencing this pathway. Generally, smaller
molecules diffuse more readily through cellular membranes.

Active transport: This involves specific carrier proteins that transport drugs across cell
membranes against the concentration gradient, often requiring energy. While this pathway can
accommodate larger molecules, it is typically limited to substrates that fit the specificity of
the transporters involved.

Impact of molecular size on passive diffusion

The size of a molecule significantly impacts its ability to traverse biological membranes. The
cell membrane is a lipid bilayer that acts as a barrier to many substances, particularly hydrophilic
and large molecules. For passive diffusion, the following points are pertinent:

Smaller molecules: Molecules with a smaller size and low molecular weight (<500 Da)
generally have higher permeability. They can diffuse more easily through the lipid bilayer

without requiring assistance from transport mechanisms.

Larger molecules: As molecular size increases, the permeability decreases. Large molecules
face greater resistance in passing through the lipid bilayer, often necessitating alternative routes
such as endocytosis or the use of carrier proteins.

Biopharmaceutical Classification System (BCS) and molecular size: The Biopharmaceutical
Classification System (BCS) categorizes drugs based on their solubility and permeability.
According to BCS, drugs are divided into four classes:

Class I: High solubility, high permeability
Class II: Low solubility, high permeability
Class III: High solubility, low permeability
Class IV: Low solubility, low permeability
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Molecular size is a determinant of permeability,
thus influencing the classification. Drugs with
larger molecular sizes are often placed in classes
I and IV, indicating challenges in absorption
and  necessitating  advanced  formulation
strategies to enhance their bioavailability.

Challenges with large molecules

Large molecules, such as peptides and proteins,
face numerous barriers in drug absorption.

Enzymatic degradation: Larger molecules are
more susceptible to enzymatic degradation in
the GI tract. Proteases and peptidases break
down peptide bonds, significantly reducing the
effective concentration of the drug reaching
systemic circulation.

Limited membrane permeability: The steric
hindrance posed by large molecules limits their
ability to permeate cell membranes. This is
particularly relevant for oral administration,
where the drug must traverse the intestinal
epithelium.

Short half-life: Large molecules often exhibit
rapid clearance from the bloodstream,
necessitating  frequent  dosing  or  the
development of sustained-release formulations.

Strategies to enhance absorption of large
molecules

To overcome the absorption challenges
associated with large molecules, several strategies

have been developed:

Nanoparticle encapsulation: Encapsulating
large molecules in nanoparticles can protect
them from enzymatic degradation and facilitate
their transport across biological membranes.
Nanoparticles can enhance the stability and
bioavailability of large drugs.

Chemical modification: Modifying  the
chemical structure of large molecules to improve
their lipophilicity and membrane permeability is
a common strategy. Prodrug approaches, where
the drug is administered in an inactive form
that is converted to the active form in the body,
are also utilized.

Use of absorption enhancers: Co-administration
of absorption enhancers, such as surfactants and
bile salts, can improve the permeability of large
molecules by temporarily disrupting the
integrity of the epithelial barrier.

Targeted delivery systems: Utilizing targeted
delivery systems, such as ligand-receptor binding,
can enhance the specificity and efficiency of
drug absorption. These systems can direct the

drug to specific sites in the body, reducing systemic
degradation and improving therapeutic outcomes.

Biotechnological ~ advances: =~ Advances in
biotechnology, such as recombinant DNA
technology and peptide engineering, have facilitated
the development of more stable and easily
absorbable large molecule drugs.

Case studies and applications

Several therapeutic agents illustrate the impact of
molecular size on drug absorption:

Insulin: As a peptide hormone with a relatively
large molecular size, insulin cannot be effectively
administered orally due to degradation in the GI
tract and poor permeability. Subcutaneous  injection
remains the primary route of administration.
However, novel delivery systems, such as inhalable
insulin and oral insulin formulations using
nanoparticle encapsulation, are under development
to improve patient compliance and therapeutic
efficacy.

Monoclonal antibodies: These large proteins
are typically administered intravenously due to
their size and complex structure, which limits
absorption through the GI tract. Advances in
antibody engineering and delivery systems aim to
develop formulations that can be administered
through less invasive routes, such as subcutaneous or
intramuscular injections.

Oral peptide drugs: Recent innovations in oral
peptide drug delivery, such as the use of
permeation enhancers and enteric-coated capsules,
have shown promise in overcoming the challenges
of molecular size. Drugs like oral semaglutide, a
Glucagon-Like  Peptide-1 ~ (GLP-1)  receptor
agonist, demonstrate the potential for effective oral
delivery of large molecules.

Conclusion

The size of a molecule is a fundamental factor
influencing drug absorption, presenting both
challenges and opportunities in the development of
therapeutic agents. While smaller molecules benefit
from higher permeability and easier absorption,
larger molecules require innovative strategies to
enhance their bioavailability and therapeutic
effectiveness. Through advances in nanotechnology,
chemical modification, and targeted delivery
systems, the pharmaceutical industry continues to
make significant strides in overcoming the barriers
posed by molecular size. As research progresses, the
future holds promise for more effective and patient-
friendly drug delivery solutions, ultimately
improving healthcare outcomes.
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