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Abstract- Biopharmaceutical Classification System
(BCS) Class III drugs are characterized by high aqueous
solubility and low intestinal permeability. Although these
drugs readily dissolve in gastrointestinal fluids, their oral
bioavailability is often limited by poor membrane
permeability, rapid gastrointestinal transit, and efflux
mechanisms. As a result, modulation of
pharmacotechnical properties becomes essential to
improve absorption, therapeutic efficacy, and patient
compliance. Various formulation and drug delivery
strategies have been explored to overcome these
challenges and enhance the oral performance of BCS
Class III drugs. This review presents a comparative
study of different formulation approaches used to
modulate the pharmacotechnical properties of BCS
Class III drugs. Approaches such as permeability
enhancers, solid dispersions, lipid-based drug delivery
systems, mucoadhesive systems, polymeric
nanoparticles, prodrug strategies, and modified-release
formulations are critically evaluated. Each approach is
compared based on its mechanism of action, advantages,
limitations, and suitability for improving drug
permeability and bioavailability. Special emphasis is
given to excipient selection, formulation design, and the
impact of these strategies on drug stability, dissolution
behavior, and intestinal absorption. Furthermore, the
review highlights the importance of pharmacotechnical
optimization in overcoming formulation challenges
associated with BCS Class III drugs. Comparative
analysis of conventional and advanced drug delivery
systems demonstrates that appropriate modulation
strategies can significantly enhance drug absorption
without compromising safety.
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L INTRODUCTION

The oral route of drug administration remains the most
preferred and widely accepted route due to its
convenience, patient compliance, cost-effectiveness,
and ease of manufacturing. However, the oral
bioavailability of many drugs is significantly
influenced by  their  physicochemical and
pharmacokinetic properties, which directly affect
absorption in the gastrointestinal tract. To understand
and predict the in-vivo performance of orally
administered  drugs, the  Biopharmaceutical
Classification System (BCS) was introduced as a
scientific framework that categorizes drugs based on
their aqueous solubility and intestinal permeability.
According to the BCS, drugs are classified into four
classes, among which BCS Class III drugs are
characterized by high aqueous solubility but low
intestinal permeability. Although these drugs dissolve
rapidly in gastrointestinal fluids, their absorption
across the intestinal membrane is often limited,
leading to low and variable oral bioavailability.
Factors such as poor membrane permeation,
involvement of  efflux  transporters,  short
gastrointestinal residence time, and enzymatic
degradation contribute to the absorption limitations of
BCS Class III drugs. Pharmacotechnical properties
such as permeability, dissolution behavior, stability,
and release characteristics play a crucial role in
determining the therapeutic performance of oral
dosage forms. For BCS Class III drugs, solubility is
not a limiting factor; rather, permeability and
formulation design become the primary challenges.
Conventional immediate-release formulations often
fail to provide adequate bioavailability for such drugs,
necessitating the development of specialized
formulation  strategies to  modulate  their
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pharmacotechnical behavior. In recent years, various
formulation and drug delivery approaches have been
investigated to overcome the limitations associated
with BCS Class III drugs. These include the use of
permeability enhancers, mucoadhesive systems, lipid-
based formulations, polymeric nanoparticles, solid
dispersions, prodrug approaches, and modified-release
dosage forms. Each of these strategies aims to improve
drug transport across the intestinal membrane,
enhance residence time, or modulate drug—excipient
interactions to achieve better absorption. A
comparative evaluation of these approaches is
essential to identify the most effective and practical
strategies for improving the oral performance of BCS
Class III drugs. Understanding the advantages and
limitations of different formulation techniques helps in
rational formulation design and selection of
appropriate  excipients. = Moreover, regulatory
considerations and in-vitro—in-vivo  correlation
(IVIVC) play an important role in the development
and approval of BCS Class III drug products. This
review focuses on a comparative study of various
approaches used to modulate the pharmacotechnical
properties of BCS Class III drugs. The review
highlights formulation challenges, discusses different
strategies employed to enhance permeability and
bioavailability, and compares their effectiveness,
limitations, and applicability in pharmaceutical
development.
BIOPHARMACEUTICAL

CLASSIFICATION SYSTEM
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Figure 1: Biopharmaceutical Classification System
highlighting the characteristics of BCS Class 111
drugs

The figure illustrates the Biopharmaceutical
Classification System (BCS), which classifies drugs
into four categories based on two key parameters:
aqueous solubility and intestinal permeability. The x-
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axis represents the volume of aqueous media required
to dissolve the highest dose of a drug, which is an
indicator of drug solubility, while the y-axis represents
intestinal permeability, expressed as permeability
coefficient values. Based on these two parameters,
drugs are categorized into four BCS classes (I-1V).
BCS Class I drugs exhibit high solubility and high
permeability, indicating rapid dissolution and efficient
absorption from the gastrointestinal tract. These drugs
generally show predictable and high oral
bioavailability and are considered ideal candidates for
immediate-release oral dosage forms. BCS Class II
drugs are characterized by low solubility but high
permeability. In this case, drug absorption is limited
by the rate of dissolution. Formulation strategies for
these drugs primarily focus on enhancing solubility
and dissolution rate. BCS Class III drugs, which are
the focus of the present review, demonstrate high
solubility but low permeability. Although these drugs
dissolve readily in gastrointestinal fluids, their
absorption is restricted due to poor permeability across
the intestinal membrane. Consequently, oral
bioavailability of BCS Class III drugs is permeability-
limited rather than dissolution-limited. This highlights
the need for pharmacotechnical approaches aimed at
improving permeability, intestinal residence time, or
membrane transport. BCS Class IV drugs possess low
solubility and low permeability, making them the most
challenging candidates for oral drug delivery. Both
solubility and permeability enhancement strategies are
required for such drugs. Overall, the figure emphasizes
that for BCS Class III drugs, modulation of
pharmacotechnical properties should focus on
overcoming permeability barriers rather than
solubility issues. This provides the scientific rationale
for exploring and comparing various formulation
approaches to enhance the oral absorption and
therapeutic performance of BCS Class III drugs.

IL. OVERVIEW OF BCS CLASS III DRUGS

BCS Class III drugs are characterized by high aqueous
solubility and low intestinal permeability. These drugs
dissolve readily in gastrointestinal fluids; however,
their oral bioavailability is often limited due to poor
membrane permeation across the intestinal epithelium.
As a result, the rate and extent of drug absorption are
governed primarily by permeability rather than
dissolution. This unique characteristic —makes
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formulation development for BCS Class III drugs
particularly challenging. High solubility of BCS Class
Il drugs ensures rapid dissolution over the
physiological pH range, allowing the entire dose to
remain in solution throughout the gastrointestinal
tract. However, low permeability restricts drug
transport across the intestinal membrane, leading to
reduced systemic exposure. Factors contributing to
poor permeability include unfavorable molecular size,
polarity, low lipophilicity, involvement of efflux
transporters such as P-glycoprotein, and limited
transcellular or paracellular transport.Common
examples of BCS Class III drugs include cimetidine,
acyclovir, metformin, atenolol, and ranitidine. These
drugs often exhibit variable and incomplete absorption
despite excellent solubility profiles. Additionally, food
effects and gastrointestinal motility may further
influence their absorption behavior, leading to inter-
and intra-subject variability. From a regulatory
perspective, BCS Class III drugs may qualify for
biowaivers under specific conditions; however,
formulation composition and excipient selection
become critical factors due to their potential impact on
permeability. Even minor changes in formulation can
significantly affect drug absorption. Therefore, careful
pharmacotechnical design is essential to ensure
consistent in-vivo performance. Overall, the
formulation of BCS Class III drugs requires a targeted
approach focused on enhancing permeability,
prolonging intestinal residence time, or modulating
drug—excipient interactions. Understanding the
physicochemical and biopharmaceutical
characteristics of these drugs provides a strong
foundation for selecting appropriate formulation
strategies to improve their oral bioavailability.

Pharmacotechnical Challenges Associated with BCS
Class III Drugs

Despite their high aqueous solubility, BCS Class III
drugs  present  significant = pharmacotechnical
challenges during formulation development due to
their low intestinal permeability. The primary
limitation of these drugs is the restricted transport
across the intestinal epithelial membrane, which leads
to reduced and variable oral bioavailability. Unlike
BCS Class II drugs, dissolution is not the rate-limiting
step for absorption; instead, permeability governs the
extent of drug absorption. One of the major challenges
associated with BCS Class III drugs is their poor
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membrane permeability, which may result from high
polarity, low lipophilicity, or unfavorable molecular
size. These physicochemical characteristics limit
transcellular diffusion across the intestinal membrane.
Additionally, many BCS Class III drugs are substrates
for efflux transporters such as P-glycoprotein, which
actively pump the drug back into the intestinal lumen,
further reducing absorption. Another significant
challenge is short gastrointestinal residence time.
Rapid transit through the intestine reduces the contact
time available for drug absorption, especially for drugs
that rely on paracellular transport pathways.
Furthermore, inter-individual variability in intestinal
physiology, such as differences in membrane integrity,
transporter expression, and gut motility, contributes to
inconsistent absorption profiles. From a formulation
standpoint, excipient sensitivity is a critical issue for
BCS Class III drugs. Since absorption is permeability-
limited, excipients used in the formulation can
significantly influence drug transport across the
intestinal membrane. Certain excipients may alter
membrane integrity or interact with transporters,
potentially affecting bioavailability. Consequently,
formulation changes may lead to bioequivalence
failures, posing regulatory challenges. In addition,
achieving a reliable in-vitro—in-vivo correlation
(IVIVC) for BCS Class III drugs is difficult due to the
dominant role of biological factors in absorption.
Conventional dissolution testing may not adequately
predict in-vivo performance, necessitating the
development of more biorelevant evaluation methods.
Overall, these pharmacotechnical challenges highlight
the need for specialized formulation approaches that
focus on enhancing permeability, prolonging intestinal
residence time, or modulating drug-membrane
interactions to improve the oral bioavailability of BCS
Class III drugs.

Comparative ~ Approaches to  Modulate the
Pharmacotechnical Properties of Bes Class III Drugs
To overcome the permeability-limited absorption of
BCS Class IIT drugs, various formulation and drug
delivery approaches have been developed. These
approaches aim to modulate pharmacotechnical
properties such as permeability, residence time, drug—
membrane interaction, and absorption efficiency. A
comparative evaluation of these strategies is essential
to identify their effectiveness, advantages, and
limitations.

1. Use of Permeability Enhancers
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Permeability enhancers are excipients that temporarily
increase intestinal membrane permeability by altering
tight junctions or membrane fluidity. Examples
include surfactants, bile salts, fatty acids, and chelating
agents. These enhancers facilitate paracellular or
transcellular transport of BCS Class III drugs, thereby
improving absorption.

Advantage: Simple formulation approach and
immediate effect on permeability.

Limitation: Risk of mucosal irritation and safety
concerns with long-term use.

2. Mucoadhesive Drug Delivery Systems
Mucoadhesive systems utilize polymers such as
chitosan, carbopol, and sodium alginate to adhere to
the intestinal mucosa. By prolonging gastrointestinal
residence time, these systems enhance drug—
membrane contact and improve absorption of poorly
permeable drugs.

Advantage: Increased residence time and localized
drug concentration.

Limitation: Variability due to mucus turnover and
physiological conditions.

3. Lipid-Based Drug Delivery Systems

Lipid-based formulations such as self-emulsifying
drug delivery systems (SEDDS) and liposomes can
improve permeability by enhancing membrane
interaction and promoting lymphatic transport. These
systems may also inhibit efflux transporters.
Advantage: Improved permeability and potential
efflux inhibition.

Limitation: Formulation complexity and stability
issues.

4. Polymeric Nanoparticles and Nanocarriers
Nanoparticles prepared using polymers like PLGA,
chitosan, or alginate can enhance drug permeability by
facilitating endocytosis or transcellular transport. They
also protect drugs from enzymatic degradation.
Advantage: Targeted delivery and improved
absorption efficiency.

Limitation: Scale-up challenges and regulatory
complexity.
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5. Prodrug Approach

In the prodrug strategy, the parent drug is chemically
modified to improve lipophilicity and membrane
permeability. Once absorbed, the prodrug is
enzymatically converted into the active drug.
Advantage: Significant improvement in permeability
and bioavailability.

Limitation: Complex synthesis and risk of incomplete
conversion.

6. Modified-Release and Gastro-Retentive Systems
Modified-release and gastro-retentive dosage forms
aim to increase the contact time of the drug with the
absorption window in the intestine. These systems are
particularly useful for drugs absorbed through
paracellular pathways.

Advantage: Improved absorption through prolonged
exposure.

Limitation: Design complexity and variability in
gastric residence.

Comparative Perspective

Among the various approaches, permeability
enhancers and mucoadhesive systems offer simplicity,
while nanocarriers and prodrug strategies provide
more  pronounced permeability = enhancement.
However, safety, regulatory acceptance, scalability,
and formulation complexity must be carefully
considered when selecting an appropriate strategy for
BCS Class III drugs.

Advantages And Limitations of Different Approaches:
Various formulation strategies have been explored to
modulate the pharmacotechnical properties of BCS
Class III drugs. Each approach offers specific benefits
in improving permeability and absorption; however,
they also present certain limitations. A comparative
understanding of these strategies is essential for
rational formulation design.

Permeability Enhancers

Advantages:

e Simple and cost-effective approach
e Immediate intestinal

permeability

improvement in

e Suitable for conventional oral dosage forms
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Limitations:

e Potential irritation or toxicity to intestinal mucosa

e Safety concerns with long-term use

e Limited regulatory acceptance for some
enhancers

Mucoadhesive Drug Delivery Systems

Advantages:

e  Prolonged gastrointestinal residence time

e Enhanced drug—membrane contact

e Improved absorption of permeability-limited
drugs

Limitations:

e  Variability due to mucus turnover

e Possible patient discomfort

e Performance influenced by physiological
conditions

Lipid-Based Drug Delivery Systems
Advantages:

e Enhanced membrane interaction

e Possible inhibition of efflux transporters
e Improved bioavailability

Limitations:

e Formulation and stability challenges

e Limited suitability for highly hydrophilic drugs
e  Higher manufacturing complexity

Polymeric Nanoparticles and Nanocarriers
Advantages:

e Targeted delivery and improved cellular uptake
e  Protection from enzymatic degradation

e Significant enhancement of absorption

Limitations:

e High production cost

e  Scale-up and reproducibility issues
e Regulatory challenges

Prodrug Approach

Advantages:

e Marked improvement in lipophilicity and
permeability

e Potential for enhanced bioavailability
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Limitations:

e Complex chemical synthesis

e Risk of incomplete conversion to active drug
e Regulatory and safety concerns

Modified-Release and Gastro-Retentive Systems
Advantages:

e Increased contact time with absorption window
e Reduced dosing frequency

e Improved therapeutic consistency

Limitations:
e Complex formulation design

Variability in gastrointestinal transit time

Risk of dose dumping
III.  CONCLUSION

BCS Class III drugs present unique formulation
challenges due to their high aqueous solubility and low
intestinal permeability, which often result in limited
and variable oral bioavailability. Unlike solubility-
limited drugs, the absorption of BCS Class III drugs is
primarily governed by permeability and physiological
factors rather than dissolution behavior. Therefore,
modulation of pharmacotechnical properties becomes
a critical aspect of formulation development for this
class of drugs. This review provides a comparative
evaluation of various formulation approaches
employed to enhance the pharmacotechnical
properties of BCS Class III drugs. Strategies such as
the use of permeability enhancers, mucoadhesive
systems, lipid-based drug delivery systems, polymeric
nanoparticles, prodrug approaches, and modified-
release formulations have been discussed in detail.
Each approach offers distinct advantages in improving
drug permeability and absorption; however, they also
possess certain limitations related to safety,
formulation complexity, scalability, and regulatory
acceptance. Among these strategies, simpler
approaches like permeability enhancers and
mucoadhesive systems are relatively easy to
formulate, while advanced techniques such as
nanocarriers and prodrug strategies provide more
pronounced improvements in permeability. The
selection of an appropriate formulation approach
should be based on the physicochemical
characteristics of the drug, therapeutic requirements,
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safety considerations, and regulatory guidelines.
Overall, rational pharmacotechnical modulation plays
a vital role in improving the oral performance and
therapeutic efficacy of BCS Class III drugs.

Iv. FUTURE PERSPECTIVES

Future research in the formulation of BCS Class III
drugs should focus on developing safe and effective
permeability enhancement strategies with minimal
impact on intestinal integrity. The exploration of novel
excipients, functional polymers, and bioinspired
delivery systems may offer new opportunities for
improving drug absorption. Additionally, advanced
nanotechnology-based approaches with improved
scalability and regulatory acceptance hold significant
promise. Further studies aimed at establishing robust
in-vitro—in-vivo correlation (IVIVC) models for BCS
Class III drugs are essential to better predict in-vivo
performance. Regulatory considerations, particularly
with respect to excipient selection and biowaiver
eligibility, should be carefully addressed during
formulation  development.  Overall, continued
advancements in pharmacotechnical approaches will
contribute to the development of safer, more eftective,
and patient-friendly oral dosage forms for BCS Class
III drugs.
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