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Abstract: Significant advancements have been made in controlled drug delivery systems in recent years,
especially for oral administration. Conventional methods, although groundbreaking, encounter significant
constraints when handling drugs with weak acidity or alkalinity because of their solubility being influenced
by pH. The release rates of these ionizable drugs are subject to variability, which is influenced by factors such
as the pH of the gastrointestinal tract (GIT), patient-specific conditions, and whether the patient is in a fed or
fasted state. As a result, there is often a lack of correlation between in vitro and in vivo data. Therefore, it is
imperative to develop drug delivery systems that are not affected by changes in pH in order to address these
limitations. This review delves into different strategies that have been developed to achieve drug release that
is not affected by changes in pH. These strategies include the utilisation of Diffucaps technology, the
incorporation of pH modifiers and surfactants, the combination of non-ionic and ionic polymers, the
implementation of supersaturating techniques with nucleation inhibitors, and the utilisation of osmotic drug
delivery systems. We assess the efficacy of these methods in reducing the influence of pH fluctuations on the
solubility and release rates of drugs. In addition, we explore the potential of these innovative techniques to
enhance the reliability and predictability of drug delivery, ultimately leading to better therapeutic results. This
review provides an in-depth information of various pH independent controlled drug delivery based
formulation and By summarizing the existing technologies and looking into the future, the importance of
innovation in pH independent delivery systems is emphasised, laying a good foundation for the future design
of simple drug delivery systems, which will be conducive to achieving a wider range of applications in oral
drug delivery system.

Keywords: dosage form; oral controlled delivery system; ph independent controlled drug delivery

1. Introduction

The oral route is consistently considered the primary and most favourable method for drug
delivery. Systemic administration of pharmaceutical products such as tablets, capsules, solutions,
emulsions, and suspensions are widely employed due to its convenience and popularity[1]. The oral
route is favoured for its widespread acceptance among patients, convenient administration, precise
dosage control, cost-effective production methods, and overall extended product stability[2]. The
development of a controlled release formulation of a drug aims to optimise its therapeutic benefits
while minimising any potential side effects. In 1950, Smith, Kline and French, Plc. introduced the
“Spansules,” a pellet filled capsule that marked the first commercially developed oral controlled
release formulation[3]. The formulation involved the application of a drug onto nonpareil sugar
beads, followed by an additional coating using glyceryl stearate and wax. Various strategies have
been developed to achieve controlled release of drugs within the body. These pharmaceutical
products range from basic matrix tablets or pellets to advanced controlled release systems that have
been commercially launched[4]. Formulating a controlled release dosage form requires careful
consideration of various factors, including the drug’s physicochemical properties, physiological
factors, and manufacturing variables. Typically, the most prevalent method of drug administration
is through the oral route. In this process, drug molecules are dissolved prior to being absorbed into
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the systemic circulation[1]. The concept of bioavailability refers to the proportion of a drug that enters
the bloodstream without undergoing any chemical changes after administration. The rate and
efficiency of absorption are contingent upon the chosen route of administration. When it comes to IV
delivery, absorption is a done deal. However, for the oral route, the drug needs to be able to dissolve
in the GI fluid and then make its way into the epithelial cells of the intestinal mucosa[5]. The
bioavailability is influenced by a multitude of factors, including physico-chemical properties,
physiological conditions, disease states, and feed composition, among others. The bioavailability of
a substance is greatly influenced by its aqueous solubility, making it a crucial parameter to
consider[6].

2. Controlled Drug Delivery Systems

In order to optimize the balance between efficacy and safety, controlled drug delivery systems
(or CDDS) are designed to release therapeutic substances in a precisely regulated manner over
lengthy periods of time [7].These systems regulate the rate at which medicines are released via a
variety of ways. Drugs in diffusion-controlled systems are gradually released through a polymer
matrix or membrane, with the rate of release being dictated by the drug’s concentration gradient and
diffusion coefficient[8].Erosion-controlled systems, on the other hand, achieve drug release through
the progressive degradation or erosion of the polymer matrix, with the release rate being dependent
on the erosion rate and the solubility of the drug[9].Polymers in swelling-controlled systems swell
when they absorb water, increasing the surface area accessible for drug release and hence the rate of
drug release [10].The purpose of pH-independent drug delivery systems is to guarantee uniform
medication release irrespective of the variations in pH within the gastrointestinal tract. This is
especially advantageous for medications whose solubility fluctuates with pH since these systems
sustain consistent drug release profiles under various pH ranges [11]. Future developments in CDDS
are expected to focus on advanced materials such as smart polymers that respond to specific
physiological triggers and nanotechnology-based systems for more targeted and efficient drug
delivery[12].

3. A pH-Independent Controlled Drug Delivery System

The primary focus of formulation scientists is the development of controlled drug delivery
systems that are not affected by pH levels. These systems have numerous advantages over other
controlled drug delivery systems. The release of active ingredients from diffusion-controlled dosage
forms in different areas of the gastrointestinal tract can vary due to the pH-dependent solubility of
weak acids, weak bases, and their salts[6]. The presence of gastrointestinal fluids can lead to the
transformation of a highly ionizable drug into a less soluble form, thereby reducing the rate at which
the drug can diffuse through the matrix. Varying rates of drug release may lead to inconsistencies in
oral absorption and potential challenges in achieving optimal bioavailability. Hence, the
development of a sustained release dosage form that is not affected by pH variations is highly sought
after in order to ensure consistent and effective drug treatment[13]. In recent times, the prevailing
trends in the pharmaceutical industry indicate a clear shift towards the development of personalised
medications. Nevertheless, there remains a demand for the development of medications that can be
accessed by a wider population, are reasonably priced, and fulfil the criteria of both safety and
effectiveness. Controlled release in pharmaceutics is a highly significant and innovative field, where
pH independence plays a crucial role. Delivery systems are commonly utilised to incorporate
commercially available drugs. This approach has the potential to significantly prolong the duration
of patented medications as a component of life cycle management, thereby safeguarding the market
dominance against generic drug manufacturers. Nevertheless, these innovative drug delivery
systems play a crucial role in enhancing patient compliance and improving the bioavailability of pH
dependent soluble drugs[14]. The solubility of a drug and its tendency to precipitate can pose
significant challenges during the clinical development process, particularly when it is influenced by
changes in pH. Most oral sustained/controlled drug delivery products, such as matrix tablets, beads
or microcapsules, and liquid orals, typically contain an initial dose that quickly reaches maximum
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peak plasma concentration in the blood. These products also provide a sustained therapeutic dose to
maintain steady drug plasma levels within a therapeutic range.[15]. Optimising the release of drugs
from oral sustained/controlled release formulations poses a significant challenge for formulators.
Modifying the approaches of drug administration is a complex task that requires careful
consideration. Hence, the development of a sustained release dosage form that is not affected by pH
levels is highly sought after in order to ensure consistent and effective drug therapy[16].

3.1. Advantages of pH-Independent Controlled Drug Delivery System

pH-independent controlled drug delivery systems have many benefits, especially when it comes
to improving drug release uniformity and dependability in different physiological conditions.
Preserving a consistent drug release profile in the face of pH variations throughout the
gastrointestinal (GI) tract is one of the main advantages[17]. This is especially crucial for drugs that
are sensitive to the acidic environment of the stomach or the more alkaline conditions of the
intestines. By ensuring a stable release mechanism, these systems can improve therapeutic efficacy
and reduce the frequency of dosing, thereby enhancing patient compliance[18].They also lessen the
possibility of dosage dumping and lessen medication absorption variability, which results in
pharmacokinetic profiles that are more predictable. Because of its stability at various pH levels, the
drug delivery system can be used for a wider variety of drugs with various physicochemical
characteristics[19].

3.2. Disadvantages of pH-Independent Controlled Drug Delivery System

pH-independent controlled drug delivery systems have several benefits, but they also have
certain disadvantages. A notable drawback is the possible intricacy and expense linked to their
creation. Creating a system that can reliably release a medication regardless of pH changes frequently
calls for sophisticated materials and production techniques, which can be costly and time-
consuming[20]. Furthermore, there can be issues with the medication’s stability within the delivery
matrix over time, which could lower the medication’s effectiveness before it reaches the intended
spot. One further concern pertains to the possibility of restricted control over the release rate, as the
mechanisms intended to provide pH-independence may potentially impede the capacity to precisely
regulate drug release in reaction to particular physiological circumstances. The creation and
widespread use of pH-independent controlled drug delivery devices may be severely hampered by
these constraints [21].

3.3. Factors That Influence the pH-Independent Controlled Drug Delivery System

The efficiency and operation of pH-independent controlled drug delivery systems are
influenced by a number of parameters. The polymer or material selection in the formulation is one of
the main determinants. These substances need to be able to hold their integrity and reliably regulate
the release of the drug at various pH levels[22]. The physicochemical properties of the drug, such as
solubility and stability, also play a crucial role in determining the release kinetics and overall efficacy
of the delivery system[23]. Additionally, the size, shape, and surface properties of the delivery system
can have a big impact on the drug’s release profile and bioavailability. The effectiveness of these
systems can also be impacted by external variables that interact with the delivery matrix or change
the local pH environment, such as the presence of food or other drugs. Comprehending and refining
these variables is imperative for the efficacious creation and implementation of pH-independent
controlled medication delivery methodologies [24,25].

3.3.1. The pH of the Stomach

One of the key factors that significantly impact the bioavailability of a drug is the gastrointestinal
pH. This pH level plays a crucial role in determining the extent of ionisation of the drug, which
subsequently affects its solubility and absorption into the body[26].The drug’s unionised form
demonstrates superior membrane permeability compared to its ionised counterpart[27]. The
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presence of an acidic environment in the stomach has a significant impact on the ionisation of both
acidic and basic drugs, consequently influencing their absorption[28]. It is important to acknowledge
that the intestine continues to play a significant role in the absorption of drugs from oral dosage
forms[29]. This is primarily due to its larger surface area, which allows for more efficient drug
absorption within the realm of the BCS class I, there exists a category of drugs characterised by their
low solubility and high permeability[30]. Several drugs in this category exhibit solubility that is
dependent on pH, with both weakly basic and acidic properties. A crucial obstacle in developing an
effective controlled release oral formulation lies in the requirement to align the solubility and
dissolution rate of the drug with that of the dosage form[31]. While the pH levels in different regions
of the stomach and intestine can vary, drugs that are affected by changes in pH can pose a greater
challenge[32]. When a controlled release oral dosage form of a weakly basic drug interacts with
stomach fluid, it readily dissolves due to the low pH. However, when it reaches the small intestine
with a higher pH, the drug precipitates out due to its low solubility. Therefore, it becomes necessary
to absorb the entire drug from the stomach itself. However, this is not feasible according to the pH
partition theory and stomach transit time. Similarly, weakly acidic drugs exhibit lower solubility in
acidic pH due to their unionised form. However, once they enter the basic pH environment of the
intestine, their solubility increases rapidly[33,34]. The impact of gastrointestinal pH on drug release
from the dosage form is highly significant and is regarded as a crucial factor in formulation[35].

pH of the gastrointestinal tract
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Figure 1. Gastro intestinal tract system.

3.3.2. The Gastric Emptying

The size, shape, and density of the dosage form, as well as the simultaneous ingestion of food,
its nature, caloric content, and frequency of intake, have been the focus of numerous studies[36].
Interestingly, most research on the effects of food on gastric residence time of floating systems agrees
that food intake is the primary factor influencing gastric emptying[37]. However, it is worth noting
that specific gravity only has a minor impact on the emptying process[38]. It is important to consider
that various factors can lead to changes in gastric emptying, which can significantly affect the release
of a drug from its drug delivery system[39]. Therefore, there is a need to develop a drug delivery
system that can provide an extended gastrointestinal residence and a drug release profile that is not
influenced by patient-related variables[36].
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Figure 2. Normal gastric emptying study demonstrating correct regions of interest in both the anterior
and posterior projections on initial, 1-hour, 2-hour, and 4-hour images. This image was originally
published in INMT. Vijayakumar V. Assessment of the Practical Role of a Radionuclide Low-Fat-Meal Solid
Gastric Emptying Study. ] Nucl Med Technol. 2006; 34:82-85. © SNMMI.

3.3.3. Drug Structure

The nature of a drug is greatly influenced by its chemical structure and functional groups. This
includes factors such as pH dependence or independence, hydrophobic or hydrophilic properties,
and whether the drug is charged or uncharged[40]. The partition coefficient of the compound and its
subsequent bioavailability are greatly influenced by the structural modifications resulting from the
substitution of various chemical groups in the drug[41,42]

3.3.4. Drug’s Nature

Poor absorption of highly hydrophilic drugs is attributed to their limited ability to traverse cell
membranes. Drugs with high lipophilicity exhibit poor absorption due to their complete insolubility
in aqueous body fluids. Consequently, they are unable to penetrate the cell surface[43]. In order for
a drug to be easily absorbed, it needs to have a high degree of lipophilicity. This means it should have
some solubility in water-based solutions, which is further affected by the pH levels of the
gastrointestinal fluids[44].The impact of the fasted and fed states on gastrointestinal pH has been
extensively studied. The relationship between food and the oral bioavailability of drugs is a highly
intricate phenomenon. The bioavailability of drugs can be influenced by the physiological changes in
gastric pH caused by the intake of food, which is determined by the physicochemical properties of
the compounds[45] The pH variations in the upper GI tract under different feeding conditions can
impact the way weakly acidic and basic drugs dissolve and get absorbed. The increase in gastric pH
that occurs after a meal can have a positive effect on the solubility of a weak acid medication in the
stomach, while simultaneously hindering the dissolution of a weak base drug. Carbonated beverages
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have been found to enhance the solubility of weakly basic drugs in the stomach, potentially hindering
the absorption of acidic drugs when consumed together[46]. The dissociation constant (pKa) is a
fundamental parameter in chemistry. Drug molecules can be classified as either weak acids or weak
bases, and their degree of ionisation depends on the compound’s pKa and the pH of the surrounding
biological fluid. In general, drugs are absorbed in their un-ionized state, a process that is influenced
by the pH of the gastrointestinal tract and the drug’s lipophilicity[47]. Based on the principles of pH
partition theory, it is observed that weakly basic drugs exhibit higher ionisation (greater solubility)
at lower pH levels. Consequently, the absorption of these drugs is primarily influenced by their
lipophilicity and solubility at the molecular level[48].

Effect of pH on Solubility of Dipyridamole

pH mg/ml
1.2 30.0
3.20 23

4.2 10.9
5.0 3.6
6.0 0.067
b.8 0.046
7.0 0.0227

Figure 3. Laboratory Comparison of solubility Dipyridamole in pH 1.2 and pH 6.8 phosphate buffer
medium.

4. Suitable Drug Candidate for pH Independent Controlled Release Drug Delivery System

Therapeutic agents with pH-dependent aqueous solubility, such as weak acids or bases, are
commonly formulated into matrix tablets. These tablets are designed to release the drug in a manner
that is dependent on the pH of the surrounding environment[49]. Developing controlled release
formulations for drugs can result in decreased drug release when the dosage form is exposed to
higher pH levels in the gastrointestinal tract. To address this issue, pH independent matrices were
created for weakly basic drugs by including acidic excipients that reduce the micro environmental
pH within the gel layer[50]. It is feasible to create matrices that are not affected by pH for weakly
acidic drugs by including non-polymeric bases or salts of strong bases, along with polymeric pH
modifiers, in the controlled release dosage form[51]. Previous studies have proposed the use of weak
acids or salts of strong acids as stabilizers in the formulation[52]. Drug delivery systems that can
maintain a consistent drug release regardless of pH levels are of great significance for the following
drug candidates[53]:

e Drugs that are soluble in a pH-dependent manner

e  Drugs with a moderate level of basicity

e Incompletely absorbed as a result of a relatively limited absorption window in the
gastrointestinal tract

e  Drug precipitation occurs when a solid substance forms from a solution due to various factors.
This phenomenon can have significant implications in pharmaceutical formulations and drug
delivery systems. Understanding the mechanisms and conditions that lead to drug precipitation
is crucial for ensuring the stability and efficacy of medications. By investigating the
physicochemical properties of drugs and

e A highly potent pharmaceutical compound.

e Long-term treatment necessitates the use of medications.

e  Therapeutic agents with a low half-life

d0i:10.20944/preprints202408.2097.v1
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5. Disease Targeting pH Independent Controlled Release Drug Delivery System

Pharmaceutical delivery systems that target specific disease locations and minimize systemic
side effects through pH-independent controlled release are a key achievement in personalized
medicine. These devices can be especially helpful in treating conditions like cancer, gastrointestinal
disorders, and inflammatory diseases where the target region is subjected to a great deal of pH
change. For example, in cancer treatment, tumors frequently have an acidic microenvironment in
comparison to healthy tissues. Drugs can be reliably delivered at therapeutic concentrations despite
these pH variations by utilizing pH-independent mechanisms, guaranteeing the drug’s continued
efficacy during the course of treatment[54,55]. Furthermore, these delivery systems can maintain a
consistent release profile in chronic inflammatory diseases, where the inflammatory tissues may
change the local pH, improving therapy efficacy and lowering administration frequency. Through
the integration of pH-independent drug release with targeting mechanisms, including ligands or
antibodies that identify particular markers on sick cells, these systems can greatly enhance therapy
accuracy and efficacy, resulting in improved patient outcomes and decreased side effects[56,57].

6. Approaches of pH Independent Drug Delivery Techniques

6.1. Floating Drug Delivery Systems Demonstrate the Following Characteristics

Controlled drug release plays a crucial role in the effectiveness of pH-dependent weakly basic
drugs. These drugs have high solubility in the acidic environment of the stomach but tend to
precipitate in the alkaline environment of the intestines due to their non-ionized nature. To overcome
this challenge, floating drug delivery is an effective approach for designing pH-independent drug
release. For weakly basic drugs, low density drug delivery systems are ideal, while high density
systems are more suitable for weakly acidic drugs[58,59]. It is evident from the availability of
previous literature that certain techniques have been developed and reported for pH-independent
drug release. One interesting area of study involves the development of a gastro retentive drug
delivery system. This system allows the drug to remain afloat for an extended period of time, which
presents an intriguing question[10,60,61].Additionally, there is a significant issue with the correlation
between in-vitro and in-vivo results, indicating a need for further investigation[62].

Figure 4. floating drug delivery system.

6.2. Osmotic Drug Delivery System

The field of controlled drug delivery systems has become crucial in the advancement of
pharmaceutical development. While polymer-based systems are commonly used, researchers have
also explored alternatives to minimise the impact of physiological factors such as pH variations
caused by food intake or influenced by patient age[63]. An intriguing technology that shows great
promise is the oral somatically driven system (OODS). An oral osmotic drug delivery system has
been effectively developed and brought to market to prolong the release of compounds with low
solubility and for drugs that demonstrate solubility dependent on pH.The push-pull osmotic pump
is a modified version of the EOP[64].
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Limitations
i. Several parameters, such as the thickness of the membrane, osmotic pressure, the type of
membrane and its characteristics, and solubility, play a crucial role in this context.
ii. Drugs that possess high permeability, lack an absorption window, and do not undergo
significant first-pass metabolism are more likely to succeed when formulated in osmotic drug
delivery systems. Ideally, these drugs should also exhibit dose-proportional and linear

pharmacokinetic profiles.

Semipermeable
msn‘lt:rane Osmotic Delivery
drug core orifice

Polymeric Expanded
push compartment push compartment
Before operation During operation

Figure 5. osmotic drug delivery system.

6.3. pH Modifiers

The addition of pH modifiers is a widely used technique to improve the rate at which weakly
acidic or basic drugs dissolve, especially when the drug’s solubility is influenced by pH. By adjusting
the micro environmental pH (pHM) both inside and around the dissolving substance, these modifiers
can create an ideal pH for achieving controlled solubility[65].

6.3.1. Organic Acids

When dealing with weakly basic drugs, the addition of organic acids helps maintain a low pH
within the system, specifically within the intestinal pH range. This, in turn, leads to an increase in the
solubility of the drug[55]. The inclusion of organic acids such as Citric, Tartaric, fumaric, succinic, or
adipic acid in the formulation can establish a consistent acidic micro-environment within the gel
layer, regardless of the surrounding dissolution medium[66]. Organic acids with high acidic strength,
characterised by low pKa values and relatively low solubility, are ideally suited for the task. These
acids can effectively maintain a low pH in the matrix for extended periods, even when present in low
proportions[67].

6.3.2. Alkalizers

In most cases, a drug with weak acidity tends to have limited solubility in an acidic environment,
but it exhibits better solubility in a basic pH.The pH modifiers, commonly known as alkalizers, are
typically favoured for this purpose. Some commonly used alkalizers include sodium carbonate
(Na2C0Os), sodium bicarbonate, meglumine, arginine, Magnesium oxide, Calcium carbonate (CaCOs),
bentonite, disodium hydrogen phosphate (Na:HPOs), and dipotassium hydrogen phosphate
(K2HPOs4). As the dissolution fluid permeated the tablets/capsules, alkalizers were released, resulting
in a consistent increase in the pH of the surrounding drug particles[68,69].
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Limitations

Nevertheless, determining the suitable pH modifier for a particular drug is not as simple as it
may seem. Most commonly used pH modifiers exhibit greater solubility at higher pH levels in
comparison to basic drug compounds. Given the assumption that pH modifiers diffuse out at a faster
rate than the drug itself, it is expected that the drug delivery system will experience a complete loss
of pH modifier.Through the utilisation of enteric polymers, a number of significant advancements
can be achieved[70,71].

6.4. By Using Enteric Polymers

Formulating pH dependent solubility drugs as controlled release dosage forms can lead to issues
with in-vivo variability and bioavailability. An enteric polymer is utilised to address the challenge of
pH-dependent solubility exhibited by weakly basic drugs. The enteric polymer acts as an acidifying
agent, maintaining a low pH within the system in the intestinal pH range. Alternatively, it can
enhance the release of the drug from the delivery system by leaching out at higher pH values. This
ensures that the release rate of the drug remains constant throughout. In the second approach, the
enteric polymer is applied to both the upper and lower sides of the Matrix tablet, while the remaining
sides are left uncoated[72,73].

6.5. Combination of Non-lonic and Anionic Polymers

The combination of non-ionic and anionic polymers is a topic of great interest in scientific
research. This unique blend of polymers has the potential to yield fascinating results and unlock new
possibilities in various applications. Researchers have been exploring the properties and interactions
of these polymers to better understand their behaviour and potential benefits[74]. By combining non-
ionic and anionic polymers, scientists aim to harness the strengths of both types of polymers and
create innovative solutions that can have a significant impact in various fields.A pH independent
delivery can be achieved by formulating a matrix that consists of two distinct polymers, namely
sodium alginate (an anionic polymer) and HPMC (a non-ionic polymer). When the matrix is subjected
to an acidic environment, the HPMC, a pH independent polymer, undergoes hydration and forms a
gel layer. Meanwhile, the sodium alginate precipitates and remains insoluble, effectively acting as a
barrier to the diffusion of the drug[75]. As the pH rises during the tablets” journey from the stomach
to the intestinal tract, the sodium alginate in the matrix starts to expand and absorb water, resulting
in the formation of a soluble salt. This process leads to erosion, which plays a crucial role in both
hindering drug diffusion and causing matrix erosion. Therefore, the mechanism of release transitions
from being primarily governed by diffusion to being primarily governed by erosion. Consequently,
the increased permeability of the gel layer at elevated pH levels counterbalances the reduced
solubility of the drug[76]. It has been asserted that the release of drugs from this system remains
unaffected by changes in pH. The effectiveness of this method has been proven in a study involving
a Verapamil hydrochloride matrix tablet[77].

Limitations

Sodium alginate matrices have a tendency to undergo lamination and develop cracks when
exposed to low pH levels (<3). This can potentially lead to the sudden release of drugs in the gastric
environment. Nevertheless, this issue can be mitigated by incorporating HPMC into the mixture[73].

6.6. Supersaturation That Is Independent of Ph

A compelling approach to improve the absorption of drugs through the oral route involves the
generation of super saturation within the gastrointestinal milieu. When drug concentrations are
consistently kept significantly above the thermodynamic solubility for a prolonged duration, one can
anticipate an increase in absorption. When it comes to drugs that are weak bases, an acidic
environment plays a crucial role in improving dissolution by causing protonation. This helps prevent
crystal precipitation by creating electrostatic repulsion and increasing solubility in acidic media[78].
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After undergoing a change in pH upon reaching the small intestine, specifically to a neutral pH, it is
possible that maintaining a supersaturated state could potentially enhance the absorption of the
compound with low water solubility. There has been speculation among authors regarding the
microenvironment formed by the gradual dissolution of HPMC and the inclusion of polymeric
precipitation/nucleation inhibitors. This microenvironment is believed to provide protection to the
drug, preventing its precipitation upon exiting the stomach[79]. It is believed that supersaturated
concentrations persist in the small intestine for a sufficient duration following a significant decrease
in equilibrium solubility. This ultimately leads to an enhanced oral bioavailability. It has been
suggested that incorporating nucleation inhibitors and pH modifiers into the tablet could potentially
improve the dissolution rate and maintain the extent of dissolution for weak acidic and basic drugs
with poor solubility[80,81].

Limitations

When there are physiological malfunctions related to Hypochlorhydria and Achlorhydria, the
initial acidic environment needed to dissolve basic drugs is not present. As a result, this has a notable
impact on the oral bioavailability of poorly water-soluble compounds. Furthermore, depending
solely on the gastro-intestinal acid—base sequence to enhance bioactivity also carries the potential for
uncontrolled precipitation of the drug compound at the absorption site[82,83].

6.7. Diffcore Technology

The Diffcore technology developed by GSK utilises a method of mechanically drilling functional
film-coated tablets to create apertures with precise size and position in the film coat[84]. The release
rate of weakly basic drugs can be modified and controlled by adjusting the exposed surface area and
composition of the tablet core[85]. Upon ingestion, the tablet is exposed to gastrointestinal fluids
which permeate through the opening in the coat and reach the core, resulting in the release of the
drug[86]. The rate of release is contingent upon the constitution and arrangement of the internal
matrix[84]. Weak bases exhibit a characteristic behaviour where the coating applied to them initially
slows down the release of the active material into the drilled apertures. This phenomenon occurs
specifically when the weak bases are exposed to the high-solubility gastric environment. Once it
reaches the higher pH of the intestine, the coating undergoes dissociation and becomes soluble. The
dissolution of the coat results in an expansion of the core’s surface area[85]. This expansion, in turn,
enhances the accessibility of the drug substance that is now exposed. Consequently, this compensates
for the reduced solubility that occurs in the intestinal pH. This phenomenon has been documented
in previous studies[87,88].

6.8. Diffucaps® Technology

Eurand, a US-based company, has successfully developed a unique technology that effectively
addresses solubility issues dependent on pH. In addition, they have integrated this breakthrough
with their controlled release technologies[89]. The Diffucaps® technology is composed of a series of
sequential steps. The product can be formulated to contain precise quantities of both immediate
release (IR) and multiple timed-release (TPR) bead populations with varying lag times[90]. The beads
consist of a layer of organic acid or alkaline buffer on 25-30 mesh sugar spheres. This layer serves to
regulate the solubility of a drug by establishing an ideal pH microenvironment for drugs with low
solubility. In the case of basic drugs, a method commonly employed involves the creation of IR beads.
This is achieved by layering the API, which contains a weakly basic nitrogen moiety, and then
applying a protective seal-coat using a water soluble polymer[91]. Another technique used is the
application of an SR coating on beads that have been layered with an acid or alkaline buffer. This
coating consists of a water-insoluble polymer and serves to regulate the release rate of the acid.
Ultimately, a combination of IR beads and one or more TPR bead populations is carefully introduced
into capsules in specific proportions, aiming to attain a desired pharmacokinetics profile that is well-
suited for a once-daily dosing schedule. Applying a sustained-release (SR) coating to acid or alkaline
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buffer layered beads using a water-insoluble polymer allows for precise control over the release rate
of the acid[92].

Organic Acid or Solid-solution

Alkaline Butfer

Figure 6. Diffucaps® Technology.

7. Novel Dosage Forms and Its Applications in pH Independent Dosage Delivery Systems

The pH-independent controlled drug delivery systems that use novel dosage forms include
transdermal patches, matrix tablets, reservoir systems, and microemulsion-based systems. The gel-
forming polymers in matrix tablets, such as Hydroxypropyl Methylcellulose (HPMC), allow the
medicine to be released under regulated conditions regardless of changes in the pH of the
gastrointestinal tract[93]. Transdermal patches, often made of acrylate polymers, deliver drugs
through the skin over extended periods of time, avoiding the gastrointestinal tract and its pH
fluctuations[94]. Reservoir systems encompass a drug core encircled by a rate-controlling membrane
composed of pH-independent polymers such as Eudragit or Ethylcellulose[95].Furthermore, drug
stability and solubility are improved by microemulsion-based systems, which offer reliable drug
release under a range of pH conditions[96]. With their increased therapeutic results and patient
compliance, these innovative dosage forms mark a significant leap in the development of pH-
independent controlled drug delivery systems[97].

Challenges and Future Prospective

e  Formulating drugs with weakly basic pH-dependent soluble drugs, such as Ondansetron HCl
and Dipyridamole, presents several significant challenges. According to the literature, the major
challenges can be explained as follows.

e  Several drugs, such as weakly acidic and basic drugs, exhibit solubility that varies depending
on the pH of the gastrointestinal tract. The rate of dissolution of a drug in a medium is directly
proportional to its solubility in that medium. Consequently, the solubility of a substance varies
depending on the pH of the gastrointestinal tract, resulting in varying rates of dissolution in
different parts of the tract[98].

e  The solubility of the drug is affected by pH, which poses challenges for conventional dosage.
When the drug comes into contact with stomach fluid (which has a low pH)), it easily dissolves.
However, when it is transferred to the small intestine with a higher pH, it precipitates out due
to its low solubility. These precipitates do not easily dissolve at the intestinal pH. Therefore, it
becomes necessary to absorb the entire drug from the stomach itself, which is not feasible
according to the pH partition theory. On the other hand, when this drug is included in an
extended-release dosage form, the unabsorbed drug interacts with the pH of the gastrointestinal
fluids, which gradually change as the dosage is processed. Therefore, the impact of GI fluid pH
on drug release from the dosage form is not substantial while it resides in the stomach[99,100].

e However, as the dosage form is transferred to the intestine, the drug release is observed to
decrease.

e  The solubility variations caused by the drug’s pH dependence can result in either sub-
therapeutic doses or toxic doses of certain potent drugs.

e  The solubility patterns of pH dependent soluble drugs exhibit variations that have an impact on
their absorption and, consequently, their bioavailability.

e Inter-subject variability is a phenomenon that is often observed in scientific studies. It refers to
the differences or variations that exist among individuals who are part of a study or experiment.
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This variability can arise from a variety of factors, such as genetic differences, environmental
influences, or even random chance. Understanding and accounting

e ‘Inadequate correlation between in-vitro and in-vivo data;

e  Sub-therapeutic doses have no therapeutic action.

e  Variation in diseased conditions

Future Directions

e Based on future perspectives, the following recommendations are proposed.

e Extensive research is required for the development of pH independent extended-release
formulations for different categories of drugs. These formulations show great potential for pH
dependent weakly soluble drugs. It is imperative to develop a novel technique for non pH
modulating agents in order to address the limitations of current pH modulating agents.

e  There has been a surge of interest in the development of pH independent extended release (ER)
drug delivery systems. These systems have garnered attention for their versatility and potential
in creating complex formulations, particularly for oral tablet dosage forms of pH dependent
soluble drugs. There are no concerns regarding the scale-up process for the production of pH-
independent extended-release tablets.

e  There is potential for developing formulations utilising various multifunctional polymers, both
individually and in combination. Further investigation is required to explore the impact of
factors such as pH medium, polymer ratio, tablets geometric, and other formulation parameters

e Itisimperative to develop methods for scaling up that can be applied in an industrial setting.

e Itisessential to develop in-vitro models that can accurately replicate the in-vivo performance of
pH independent controlled release tablets. An innovative compression coating technique was
effectively employed and optimisation was also carried out. Therefore, further research is
required in this field.

e  The design and fabrication of novel extended-release formulations of Dipyridamole, which are
not affected by changes in pH, have been thoroughly investigated. The study successfully
implemented compression coating technology to maintain the controlled release of pH
dependent soluble drugs. In order to attain optimal desirability values during the process of
formulation development, it is imperative to utilise advanced tabletting equipment. This will
effectively minimise both within batch and batch-batch variations, resulting in superior
outcomes.

8. Conclusions

The pH-independent controlled drug release systems represent a significant advancement in
pharmaceutical technology, offering consistent therapeutic outcomes irrespective of the
gastrointestinal tract’s varying pH conditions. These systems enhance the bioavailability of drugs,
particularly those with pH-sensitive solubility profiles, by employing polymers and other excipients
that modulate drug release across a broad pH range. The development of these systems requires a
thorough understanding of drug properties, excipient interactions, and the physiological
environment to optimize formulation performance. Despite the progress in this field, challenges such
as ensuring uniform drug release, scalability of production processes, and regulatory hurdles remain.
Future research should focus on the design of novel polymers, the integration of nanotechnology,
and the exploration of alternative excipients to further enhance the efficacy and versatility of pH-
independent controlled drug delivery systems. Continued innovation in this area holds promise for
improved patient compliance and therapeutic efficacy, especially in the treatment of chronic
conditions requiring long-term medication.
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