ISSN : 2583-6404

es and Develpment Mar - Apr 2025
NATURAL POLYMERS IN ORAL DISPERSIBLE TABLETS: A
SUSTAINABLE APPROACH

Dr. Nilesh Khutle!, Mr. Swapnil Phalak?, Ms. Sonal Rajguru?®
! Professor, Department of Pharmaceutics, HSNCB's Dr. L. H. Hiranandani College of
Pharmacy, Ulhasnagar.
2 Assistant Professor, Department of Pharmaceutics, Konkan Gyanpeeth Rahul Dharkar
College of Pharmacy and Research Institute, Karjat.
3 M Pharm Student, Department of Pharmaceutics, Konkan Gyanpeeth Rahul Dharkar College
of Pharmacy and Research Institute, Karjat.

Abstract

Oral Dispersible Tablets (ODTs) have gained significant attention due to their ease of
administration, especially for paediatric and geriatric patients. Traditionally, synthetic
superdisintegrants like crospovidone and sodium starch glycolate have been used to ensure rapid
disintegration. However, concerns regarding cost, safety, and sustainability have driven interest in
natural polymers as alternative disintegrants. This review explores the potential of natural
polymers such as agar, guar gum, xanthan gum, tamarind seed polysaccharide, isabgol husk, and
fenugreek mucilage in ODT formulations. Their physicochemical properties, impact on tablet
performance, and regulatory aspects are discussed to provide a sustainable approach for future
ODT development.
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Introduction

Oral Dispersible Tablets (ODTs) have emerged as a patient-friendly drug delivery system,
particularly beneficial for paediatric, geriatric, and dysphagic patients who experience difficulty
in swallowing conventional tablets or capsules. Designed to disintegrate rapidly in the oral cavity
without the need for water, ODTs enhance patient compliance and provide a faster onset of action.
Due to these advantages, the global demand for ODTs has significantly increased, leading to
continuous innovations in their formulation.

One of the most critical aspects of ODT development is achieving rapid disintegration while
maintaining adequate mechanical strength. Traditionally, synthetic superdisintegrants such as
crospovidone, sodium starch glycolate, and croscarmellose sodium have been widely used to
facilitate fast tablet breakup upon contact with saliva. However, concerns regarding their cost,
potential toxicity, limited biodegradability, and synthetic origin have fueled the search for natural,
sustainable, and safer alternatives.

Natural polymers have gained attention as promising substitutes for synthetic disintegrants in ODT
formulations. Derived from plant, microbial, and marine sources, these biopolymers exhibit
excellent swelling, water retention, and gelling properties, making them effective in promoting
tablet disintegration. Additionally, they offer several advantages, such as biodegradability,
biocompatibility, non-toxicity, cost-effectiveness, and ease of availability. Many of these natural
excipients also serve multiple roles in formulations, functioning as binders, disintegrants, and
stabilizers while enhancing the mouthfeel and taste-masking properties of ODTs.
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This review explores the potential of various natural polymers, including agar, guar gum, xanthan
gum, tamarind seed polysaccharide (TSP), isabgol husk, and fenugreek mucilage, as sustainable
alternatives to synthetic disintegrants in ODT formulations. Their physicochemical properties,
mechanism of action in disintegration, advantages, challenges, and regulatory considerations will
be discussed. By examining recent advancements and research in this area, we aim to highlight the
feasibility of natural polymers in developing eco-friendly and patient-centric ODT formulations.

1. Mechanism of Disintegration in Oral Dispersible Tablets (ODTYS)

Oral Dispersible Tablets (ODTs) are designed to disintegrate quickly in the mouth without the
need for water, ensuring rapid drug release and absorption. The disintegration process is driven by
several mechanisms, which work together to break down the tablet structure upon contact with
saliva. The efficiency of disintegration depends on the composition of the formulation, the type of
excipients used, and the interaction of these components with moisture. Natural polymers play a
significant role in enhancing the disintegration process by facilitating moisture absorption,
swelling, or structural breakdown.

The primary mechanisms responsible for ODT disintegration include wicking (capillary action),
swelling, deformation recovery, erosion, and effervescence. Each of these contributes differently
to the breakdown of the tablet, and their combined effect ensures rapid dispersion of the active
pharmaceutical ingredient. Understanding these mechanisms is crucial for optimizing ODT
formulations, particularly when using natural polymers as disintegrants.

1.1. Wicking (Capillary Action)

Wicking, also known as capillary action, is one of the fundamental mechanisms in the
disintegration of ODTs. When a tablet is placed on the tongue, saliva is absorbed into the porous
structure of the tablet. Hydrophilic excipients and natural polymers facilitate the absorption of
moisture, which then spreads throughout the tablet matrix. This liquid penetration disrupts the
intermolecular bonds holding the tablet together, causing it to break apart.

The efficiency of wicking depends on the porosity and surface characteristics of the tablet. A
higher porosity allows for faster moisture penetration, accelerating disintegration. Natural
polymers such as agar, guar gum, and isabgol husk enhance this process by rapidly absorbing and
retaining water. These polymers act as channels that guide liquid into the tablet, leading to quicker
structural breakdown. Additionally, hydrophilic functional groups in these polymers interact with
water molecules, increasing their ability to draw in moisture.

The effectiveness of wicking can be further optimized by modifying the particle size and
morphology of excipients. Smaller particles with high surface area enhance capillary action, while
certain polymer treatments can improve their hydrophilicity. By incorporating excipients with
strong wicking properties, formulators can ensure that ODTs disintegrate rapidly, providing a
convenient and efficient drug delivery system for patients with swallowing difficulties.

1.2. Swelling Mechanism

Swelling is another key disintegration mechanism in ODTSs, wherein certain polymers absorb water
and expand in size. This expansion generates internal pressure within the tablet matrix, forcing it
to break apart. Unlike wicking, which primarily relies on moisture absorption and distribution,
swelling directly exerts mechanical stress on the tablet structure, leading to its rapid disintegration.
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Natural polymers such as tamarind seed polysaccharide, fenugreek mucilage, and xanthan gum
exhibit strong swelling properties. These polymers contain hydrophilic functional groups that form
hydrogen bonds with water molecules, allowing them to absorb large amounts of moisture. As
they swell, they push against the surrounding tablet components, causing fragmentation of the
matrix. This process is particularly effective in ODT formulations where rapid expansion is
necessary for quick drug release.

The extent of swelling depends on the polymer’s water retention capacity, molecular weight, and
degree of cross-linking. Polymers with high water-holding capacity provide faster and more
efficient disintegration. Additionally, swelling can be influenced by pH and ionic strength, as
certain polymers exhibit variable swelling behavior under different conditions. By selecting
appropriate natural polymers with optimal swelling properties, formulators can improve the
disintegration time of ODTSs, ensuring patient compliance and ease of administration.

1.3. Deformation Recovery

Deformation recovery plays a crucial role in the disintegration of ODTs, particularly in
formulations that undergo plastic deformation during the compression process. During tablet
manufacturing, some excipients experience structural deformation under high pressure. When
exposed to moisture, these materials attempt to regain their original shape, creating internal stress
that weakens the tablet structure and accelerates disintegration.

Polymers such as modified agar and pregelatinized starch exhibit deformation recovery properties.
These materials are initially compressed into a denser form, but when they come into contact with
water, they expand back to their original structure. This expansion leads to microcracks and
fractures within the tablet, ultimately causing it to break apart.

The effectiveness of deformation recovery depends on the elasticity and compressibility of the
excipients used in the formulation. Highly elastic polymers provide a stronger disintegration force,
while more rigid excipients may require additional swelling or wicking agents to enhance the
breakdown process. By incorporating polymers with deformation recovery properties, formulators
can improve the mechanical stability of ODTs while ensuring rapid disintegration upon
administration.

1.4. Erosion Mechanism

Erosion-based disintegration occurs when the outer layers of the tablet dissolve or wear away
gradually upon contact with moisture. This process is commonly observed in ODTs formulated
with water-soluble excipients, which dissolve over time and expose inner layers of the tablet to
further moisture penetration. Unlike wicking or swelling, which cause immediate fragmentation,
erosion results in a progressive breakdown of the tablet matrix.

Natural polymers such as guar gum and partially hydrolyzed starch contribute to erosion-based
disintegration by forming a gel-like structure upon hydration. This gel layer slowly dissolves,
weakening the tablet’s integrity and allowing for the release of the active pharmaceutical
ingredient. The rate of erosion depends on the solubility and viscosity of the excipients used, with
highly soluble polymers leading to faster disintegration.

Erosion is particularly useful in ODT formulations where controlled disintegration is required. By
adjusting the concentration of erosion-promoting excipients, formulators can tailor the release
profile of the drug while ensuring patient-friendly administration. This mechanism is often
combined with other disintegration methods to achieve optimal performance.
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1.5. Effervescence Mechanism

Effervescence is a specialized disintegration mechanism that involves a chemical reaction between
acidic and basic components within the tablet. When the tablet comes into contact with moisture,
a reaction occurs between an acid (such as citric acid) and a carbonate source (such as sodium
bicarbonate), producing carbon dioxide gas. The formation of gas bubbles creates internal
pressure, causing the tablet to break apart rapidly.

Although effervescence is not directly related to natural polymers, it can be combined with
hydrophilic biopolymers to enhance the disintegration process. Polymers such as xanthan gum and
agar can stabilize the tablet structure while allowing for rapid gas release, leading to a more
efficient breakdown. Effervescence-based disintegration is commonly used in formulations where
immediate drug release is required, as the generation of gas significantly accelerates tablet
dispersion.

The effectiveness of effervescence depends on the ratio of acid and carbonate components, as well
as the presence of moisture-absorbing excipients. By optimizing these factors, formulators can
create ODTs that disintegrate almost instantly, improving patient compliance and convenience

2. Natural Polymers Used in ODT Formulations

Natural polymers are increasingly used in oral dispersible tablets (ODTs) due to their
biodegradability, non-toxicity, and biocompatibility. They act as disintegrants, binders, and film-
forming agents, contributing to the rapid disintegration of ODTs in the oral cavity. Unlike synthetic
excipients, natural polymers are eco-friendly and offer sustained release, mucoadhesive properties,
and improved patient compliance.

This section provides a detailed overview of different natural polymers used in ODT formulations
based on their chemical composition and functional properties.

2.1. Polysaccharide-Based Polymers

Polysaccharides are one of the most commonly used natural polymers in pharmaceutical
formulations due to their hydrophilic nature, swelling ability, and bioadhesive properties. They
facilitate rapid tablet disintegration and enhance mechanical strength.

2.1.1. Treated Agar

Agar is a natural polymer derived from red algae and is primarily composed of agarose and
agaropectin. In ODT formulations, treated agar is modified to enhance its disintegration properties
by increasing its water uptake and swelling ability. It works through the swelling and wicking
mechanism, allowing rapid tablet breakdown in saliva without requiring synthetic
superdisintegrants.

2.1.2. Guar Gum

Guar gum is extracted from Cyamopsis tetragonoloba seeds and is a galactomannan
polysaccharide. Due to its high swelling capacity, it enhances disintegration and acts as a binder
in ODTs. Its film-forming ability also helps in drug stabilization. However, excessive amounts
may cause viscous gel formation, delaying disintegration.

2.1.3. Xanthan Gum

Xanthan gum is a microbial polysaccharide obtained from Xanthomonas campestris. It is known
for its excellent water retention and swelling properties, promoting fast tablet breakdown.
However, it is often combined with other polymers to prevent excessive gel formation.
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2.1.4. Locust Bean Gum

Locust bean gum, derived from Ceratonia siliqua seeds, is used for its bioadhesive and disintegrant
properties. It forms hydrogel networks that facilitate moisture penetration, allowing quick tablet
disintegration.

2.2. Protein-Based Polymers

Proteins as natural polymers are biocompatible and offer structural stability in tablet formulations.
They act as binders, stabilizers, and disintegrants in ODTs.

2.2.1. Gelatin

Gelatin is obtained from collagen hydrolysis and is widely used as a binder and film-forming agent.
It enhances tablet cohesion while ensuring rapid disintegration in saliva. Gelatin-based ODTSs
dissolve smoothly without leaving residue, improving patient compliance.

2.2.2. Soy Protein Isolate

Soy protein isolate is a plant-derived protein polymer that provides tablet strength and
disintegration support. It exhibits bioadhesion and swelling properties, making it a suitable natural
excipient for ODT formulations.

2.3. Cellulose-Based Polymers

Cellulose-derived natural polymers are widely used in ODTs due to their excellent water
absorption, swelling, and film-forming capabilities.

2.3.1. Microcrystalline Cellulose (MCC)

MCC is a partially depolymerized cellulose with excellent disintegration and compressibility
properties. It helps in maintaining tablet integrity while ensuring rapid saliva penetration and tablet
breakdown.

2.3.2. Hydroxypropyl Methylcellulose (HPMC)

HPMC is a semi-synthetic derivative of cellulose used as a binder, film-former, and viscosity
enhancer. It allows rapid disintegration while maintaining the mechanical strength of ODTs.
2.3.3. Carboxymethylcellulose (CMC)

CMC is a hydrophilic polymer that enhances water retention and swelling, contributing to fast
disintegration. It also improves mouthfeel and reduces grittiness in ODT formulations.

2.4. Gums and Mucilage

Natural gums and mucilage are highly hydrophilic excipients that promote moisture absorption
and swelling, making them effective disintegrants in ODTs.

2.4.1. Fenugreek Mucilage

Fenugreek mucilage, extracted from Trigonella foenum-graecum, has strong water retention and
bioadhesive properties. It enhances tablet swelling, allowing faster breakdown upon contact with
saliva.

2.4.2. Hibiscus Mucilage

Hibiscus mucilage, derived from Hibiscus rosa-sinensis, has excellent film-forming and swelling
abilities. It improves tablet integrity and rapid disintegration.

2.4.3. Tragacanth Gum

Tragacanth gum is a highly water-absorbing polymer that enhances ODT stability and
disintegration. It is commonly used in low concentrations to avoid excessive Viscosity.

2.4.4. Aloe Vera Mucilage

Aloe vera mucilage, extracted from Aloe barbadensis, offers bioadhesion and rapid disintegration,
making it a novel natural polymer for ODTs.
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2.5. Alginates and Pectins

Alginates and pectins are naturally derived from seaweed and fruits, respectively. They offer
controlled release, film formation, and rapid disintegration properties.

2.5.1. Sodium Alginate

Sodium alginate is extracted from brown algae and forms hydrocolloid networks that enhance
tablet disintegration and structural integrity.

2.5.2. Pectin

Pectin, a polysaccharide derived from citrus fruits and apples, is used as a film-forming and
disintegrating agent. It enhances mouthfeel and reduces grittiness, making ODTs more patient-
friendly.

3. Comparison of Natural Vs. Synthetic Polymers in ODTS

Natural and synthetic polymers play crucial roles in the formulation of oral dispersible tablets
(ODTs). However, their properties, functionality, safety, and sustainability differ significantly.
This section provides a comparative analysis of natural and synthetic polymers based on key
pharmaceutical parameters.

3.1. Biodegradability and Environmental Impact

Natural Polymers: Derived from plant, microbial, or animal sources, natural polymers are
biodegradable, eco-friendly, and renewable. They decompose naturally without leaving toxic
residues, reducing environmental pollution.

Synthetic Polymers: Most synthetic excipients, such as crospovidone and croscarmellose sodium,
are non-biodegradable and may pose environmental hazards. Their chemical synthesis requires
petroleum-based resources, contributing to sustainability concerns.

3.2. Safety and Biocompatibility

Natural Polymers: Generally regarded as safe (GRAS), non-toxic, and biocompatible, natural
polymers have minimal risk of adverse effects or hypersensitivity reactions. Examples include
agar, guar gum, and xanthan gum.

Synthetic Polymers: Some synthetic polymers may cause gastrointestinal irritation, toxicity, or
hypersensitivity reactions due to their chemical nature. Additionally, residual solvents or cross-
linking agents used in their synthesis may introduce impurities.

3.3. Functionality in ODT Formulations

Natural Polymers: These polymers act as disintegrants, binders, and film-forming agents. Many,
like guar gum and locust bean gum, swell upon contact with water, facilitating tablet disintegration.
However, excessive swelling may sometimes delay disintegration.

Synthetic Polymers: Crospovidone, sodium starch glycolate, and croscarmellose sodium exhibit
rapid water uptake and swelling without excessive viscosity, ensuring faster disintegration than
some natural alternatives.

3.4. Cost and Availability

Natural Polymers: Readily available from agricultural and microbial sources, natural polymers
are often cost-effective and locally sourced. However, seasonal variations, supply chain issues,
and batch-to-batch variability can impact production.

Synthetic Polymers: Manufactured through controlled processes, synthetic polymers ensure
consistent quality and availability but may be more expensive due to production complexity.

3.5. Stability and Storage Conditions

Natural Polymers: Prone to moisture absorption, microbial contamination, and degradation,
requiring proper storage conditions (e.g., low humidity, antimicrobial preservatives).
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Synthetic Polymers: Generally more stable, with better resistance to microbial growth and
environmental changes.

3.6. Regulatory Acceptance and Market Preference

Natural Polymers: Increasingly preferred due to their safety and sustainability, with regulatory
bodies encouraging their use. However, their inconsistency in physicochemical properties poses
formulation challenges.

Synthetic Polymers: Well-documented, with established pharmacopeial standards ensuring
batch-to-batch uniformity, making regulatory approval easier.

4. Formulation Strategy for Natural Polymer-Based ODTS

The formulation of Oral Dispersible Tablets (ODTSs) using natural polymers involves selecting
appropriate excipients and processing techniques to achieve rapid disintegration and patient
compliance. Natural polymers act as disintegrants, binders, and film-forming agents, ensuring both
mechanical strength and fast disintegration in the oral cavity.

4.1. Selection of Natural Polymers

Polysaccharide-Based Polymers — Examples include treated agar, guar gum, and xanthan gum,
which provide swelling and wicking action for rapid disintegration.

Protein-Based Polymers — Gelatin and soy protein isolate enhance cohesion while allowing quick
breakdown in saliva.

Cellulose-Based  Polymers -  Hydroxypropyl  methylcellulose = (HPMC)  and
carboxymethylcellulose (CMC) offer film-forming properties with good disintegration
characteristics.

4.2. Methods of Formulation

Direct Compression — The most preferred method due to simplicity, requiring minimal processing
and ensuring polymer functionality.

Wet Granulation — Used when better binding is needed; however, excessive moisture can affect
polymer properties.

Freeze-Drying (Lyophilization) — Produces highly porous tablets with fast disintegration but is
expensive for large-scale manufacturing.

4.3. Optimization of Polymer Concentration

An optimal polymer concentration is necessary, as higher amounts may lead to gelling, affecting
tablet disintegration time. Maintaining a balance between polymer quantity and tablet performance
is crucial to ensure rapid disintegration without compromising mechanical strength. Blending
natural polymers with co-excipients like sugar alcohols can improve tablet stability and taste. In
some cases, polymer combinations are used to enhance functional properties, ensuring efficient
formulation.

4.4. Stability Considerations

Natural polymers are moisture-sensitive, requiring proper packaging such as blister packs to
prevent degradation. Hygroscopic polymers may require additional protective coatings or
desiccants to enhance their stability. Furthermore, some natural polymers are prone to microbial
contamination, necessitating the use of antimicrobial agents or preservatives to extend shelf life.
Environmental conditions, such as temperature and humidity, must also be controlled to maintain
polymer integrity.
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5. Evaluation of Natural Polymer-Based Oral Dispersible Tablets (ODTS)

Evaluating the quality of ODTs formulated with natural polymers is crucial to ensure their efficacy,
safety, and patient acceptability. Various tests are conducted to assess their physical, mechanical,
and functional properties.

5.1. Pre-Compression Evaluation

Before tablet compression, the powder blend is evaluated to ensure proper flowability and
compressibility.

Bulk Density & Tapped Density — Determines the packing properties of powder.

Angle of Repose — Assesses powder flowability.

Carr’s Index & Hausner’s Ratio — Measures the compressibility of powder blends.

5.2. Post-Compression Evaluation

After tablet formation, the following tests are performed to assess tablet integrity and performance.
Weight Variation Test — Ensures uniformity in tablet weight.

Hardness Test — Measures tablet strength and resistance to breakage.

Friability Test — Determines mechanical stability by testing weight loss under stress.

Thickness Measurement — Ensures consistency in tablet dimensions.

5.3. Disintegration and Dissolution Studies

Since ODTs are designed to disintegrate quickly in saliva, disintegration and dissolution tests are
crucial.

Disintegration Time — Evaluates how quickly the tablet disperses in a small volume of liquid,
typically simulated saliva.

Dissolution Study — Measures drug release profile using a USP dissolution apparatus, ensuring
rapid and complete drug availability.

5.4. Wetting Time and Water Absorption Ratio

Wetting Time — Assesses how long it takes for a tablet to become completely wet. Faster wetting
indicates better patient compliance.

Water Absorption Ratio — Determines the capacity of the tablet to absorb saliva, facilitating rapid
disintegration.

5.5. Drug Content Uniformity

Ensures that each tablet contains the correct amount of active pharmaceutical ingredient (API). A
uniform drug distribution is essential for consistent therapeutic efficacy.

5.6. Stability Studies

Evaluates the tablet’s physical and chemical stability under different temperature and humidity
conditions as per ICH guidelines (typically stored at 25°C/60% RH and 40°C/75% RH).
Assesses changes in disintegration time, drug release, and overall appearance over time.

6. Challenges and Future Perspectives of Natural Polymer-Based ODTS

The use of natural polymers in Oral Dispersible Tablets (ODTSs) presents numerous advantages,
such as biocompatibility, sustainability, and non-toxicity. However, there are several challenges
associated with their formulation, stability, and scalability. This section discusses the key
limitations and potential solutions, along with future research directions for improving natural
polymer-based ODT formulations.

6.1. Challenges in Natural Polymer-Based ODTs

Variability in Source and Composition:

Natural polymers vary in their chemical composition due to differences in plant/microbial sources,
leading to batch-to-batch inconsistencies in ODT formulations.
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Moisture Sensitivity:

Many natural polymers, such as mucilage and gums, have high hygroscopicity, which affects tablet
stability and shelf life.

Limited Mechanical Strength:

Natural polymers often exhibit lower compressibility compared to synthetic alternatives,
potentially affecting tablet hardness and friability.

Microbial Contamination:

Due to their organic nature, natural polymers are prone to microbial growth, necessitating
additional processing steps such as sterilization and preservation.

Disintegration Time Optimization:

Some natural polymers, while effective disintegrants, may exhibit gel formation upon hydration,
delaying tablet disintegration instead of enhancing it.

6.2. Future Perspectives

Advanced Processing Techniques:

Methods such as spray drying, co-processing with excipients, and nanoparticle formulations can
enhance the functional properties of natural polymers.

Hybrid Formulations:

Combining natural polymers with synthetic polymers or crosslinking agents may improve
mechanical strength and reduce disintegration time variability.

Bioengineered Polymers:

Research on genetically modified or enzymatically treated natural polymers can provide more
consistent and stable excipients for ODTs.

Sustainability and Regulatory Acceptance:

As the pharmaceutical industry moves towards greener alternatives, natural polymer-based ODTs
must meet regulatory guidelines while maintaining cost-effectiveness.

Patient-Centric Formulations:

Future research should focus on improving taste masking, optimizing texture, and incorporating
patient-friendly natural excipients for better compliance.

7. Regulatory Considerations for Natural Polymer-Based ODTS

Regulatory approval for oral dispersible tablets (ODTs) formulated with natural polymers requires
adherence to guidelines set by international and national regulatory agencies. This section provides
an overview of the critical regulatory requirements and quality standards that govern the
development and commercialization of ODTSs using natural polymers.

7.1. Regulatory Guidelines

Various agencies regulate the approval of ODTs, ensuring their safety, efficacy, and quality:

U.S. Food and Drug Administration (FDA)

ODTs are classified under the Immediate Release (IR) solid oral dosage forms.

The FDA provides guidance on dissolution testing, disintegration time (<30 sec), and
bioavailability studies for ODT formulations.

Compliance with the U.S. Pharmacopeia (USP) standards for tablet weight variation, friability,
and assay specifications is mandatory.

European Medicines Agency (EMA)

EMA defines ODTSs as tablets that disintegrate in the mouth within 3 minutes before swallowing.
Follows European Pharmacopoeia (Ph. Eur.) guidelines for ODT evaluation, including uniformity
of dosage units and microbial contamination limits.
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Requires additional data on natural polymer variability and stability for herbal-based formulations.
Indian Pharmacopoeia (IP) & Central Drugs Standard Control Organization (CDSCO)
ODT formulations must comply with dissolution and disintegration standards similar to USP/Ph.
Eur.

Natural polymers used as excipients should meet purity, heavy metal limits, and microbial
contamination guidelines.

7.2. Quality Control Parameters for Natural Polymer-Based ODTs

Regulatory authorities mandate specific tests to ensure ODT quality:

Disintegration Time: Must be within 30-180 seconds, depending on pharmacopeial
requirements.

Dissolution Testing: Should demonstrate rapid drug release (>85% in 15-30 minutes).
Microbial Load Testing: Natural polymers must meet microbial contamination limits to ensure
safety.

Heavy Metal Content: Evaluation of toxic metal traces in plant-based polymers.

Stability Studies: ODTs should be tested for moisture absorption, chemical stability, and
mechanical strength under accelerated conditions.

7.3. Challenges in Regulatory Approval

Variability in Natural Polymers: Regulatory agencies require proof of batch-to-batch
consistency.

Microbial Contamination: Stringent sterilization processes must be validated.

Intellectual Property & Patents: Natural polymers face challenges in patentability due to their
traditional use.

7.4. Future Directions for Regulatory Harmonization

Global Standardization: Efforts are underway to align USP, Ph. Eur., and IP guidelines for
ODTs.

Green Excipients Certification: Regulatory bodies are considering eco-friendly labelling for
sustainable natural polymer excipients.

Advancement in Analytical Techniques: Enhanced characterization of natural polymers is being
explored to meet quality standards.

8. Future Prospects and Innovations in Natural Polymer-Based ODTS

The development of natural polymer-based oral dispersible tablets (ODTSs) is an evolving field,
with ongoing research focused on improving their functionality, stability, and sustainability. The
following key areas highlight the future prospects and innovations in this domain.

8.1. Advanced Formulation Techniques

3D Printing for ODTs:

The use of 3D printing technology enables precise drug loading, controlled disintegration, and
personalized medicine approaches.

Nanotechnology-Based Natural Polymer ODTs:

Nanoparticles and nanofibers derived from natural polymers can enhance bioavailability, taste
masking, and drug stability.

Hybrid Natural-Synthetic Polymer Systems:

Combining natural polymers with minimal amounts of synthetic excipients can overcome
limitations like moisture sensitivity and variable disintegration.
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8.2. Green and Sustainable Approaches

Biodegradable Packaging for ODTs

Development of eco-friendly, biodegradable packaging to complement the sustainable nature of
natural polymer-based formulations.

Green Extraction Methods for Natural Polymers

Adoption of solvent-free and green extraction technologies to enhance polymer purity and reduce
environmental impact.

8.3. Targeted Drug Delivery via Natural Polymer ODTs

Mucoadhesive ODTs for Enhanced Absorption

Natural polymers like pectin and alginate can be used for mucoadhesive ODTSs, increasing drug
retention time and bioavailability.

Colon-Specific and Controlled-Release ODTs

Modified natural polymer matrices can enable targeted drug release in the gastrointestinal tract,
expanding the therapeutic potential of ODTs.

8.4. Al and Machine Learning in ODT Development

Artificial Intelligence (Al) for Formulation Optimization.

Al-driven models can predict the best polymer combinations for achieving rapid disintegration
and stability.

Machine Learning for Quality Control.

Real-time quality assessment using machine learning can streamline batch-to-batch consistency in
natural polymer ODT manufacturing.

8.5. Personalized and Patient-Centric ODTs

Tailored Drug Doses Based on Genetics.

Pharmacogenomics combined with natural polymer-based ODTs can enable customized dosing
for individual patients.

Customizable Flavours and Textures.

Innovations in natural polymer flavour masking and texture optimization can enhance patient
compliance, especially in paediatrics and geriatrics.

9. Challenges and Limitations of Natural Polymer-Based Orodispersible Tablets

Despite the numerous advantages of natural polymers in orodispersible tablets (ODTS), there are
several challenges and limitations that need to be addressed for their widespread adoption in
pharmaceutical formulations.

9.1. Variability in Natural Polymers

Natural polymers often exhibit batch-to-batch variability due to differences in source, climate, and
extraction methods.

This inconsistency affects key parameters like viscosity, swelling capacity, and disintegration
properties.

9.2. Stability and Shelf-Life Concerns

Many natural polymers are hygroscopic and prone to microbial contamination, leading to stability
issues.

Strategies like polymer modification, co-processing with stabilizers, and improved packaging can
help enhance stability.

9.3. Limited Mechanical Strength

Some natural polymers lack the mechanical strength needed for tablet integrity, leading to friability
issues.
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Reinforcement with secondary polymers or crosslinking techniques can improve tablet hardness
and durability.

9.4. Taste and Palatability Issues

Some natural polymers may impart an undesirable taste or odour, affecting patient compliance.
Advanced taste-masking techniques, such as microencapsulation or the use of flavouring agents,
can help overcome this limitation.

9.5. Regulatory and Quality Control Challenges

Natural polymers must meet stringent regulatory standards for pharmaceutical applications,
including purity, safety, and functional performance.

Standardization methods for characterizing natural polymers need further development to ensure
consistent quality in formulations.

9.6. Limited Solubility and Drug Loading Efficiency

Some natural polymers have low solubility or drug-loading capacities, which can impact the
dissolution rate of ODTSs.

Enhancing polymer properties through chemical modifications or combining with solubility
enhancers can improve drug release profiles.

9.7. Compatibility with Other Excipients and APIs

The interactions between natural polymers and active pharmaceutical ingredients (APIs) or
excipients may lead to stability issues or altered drug release.

Compatibility studies and preformulation assessments are crucial for optimizing the formulation.
9.8. Cost and Scalability Concerns

Large-scale production of high-purity natural polymers can be expensive and resource-intensive.
Sustainable sourcing and cost-effective processing techniques need to be developed for
commercial viability.

10. Conclusion

Natural polymers offer a promising and sustainable approach to the formulation of oral dispersible
tablets (ODTs). Their biocompatibility, biodegradability, and functional versatility make them
excellent alternatives to synthetic excipients. Polysaccharides, proteins, celluloses, and mucilage-
based polymers contribute to rapid disintegration, improved patient compliance, and enhanced
drug stability.

Despite their advantages, challenges such as batch-to-batch variability, microbial contamination,
and regulatory complexities must be addressed to ensure their widespread adoption in
pharmaceutical formulations. Advances in extraction, purification, and modification techniques
can enhance their performance and stability, making them more suitable for commercial ODT
formulations.

Future research should focus on optimizing formulation strategies, conducting large-scale clinical
studies, and developing standardized guidelines for natural polymer-based ODTs. With continuous
innovations and regulatory support, natural polymers can significantly contribute to the
development of safer, more effective, and eco-friendly ODT formulations.
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