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ABSTRACT

Because of their biocompatibility, biodegradability, low toxicity, renewability, and affordability, natural gums
have drawn a lot of interest as multipurpose pharmaceutical excipients. These naturally occurring
polysaccharides, which come from plant, microbial, marine, and animal sources, have exceptional
physicochemical qualities that make them appropriate for a variety of pharmaceutical applications. These
qualities include swelling, viscosity enhancement, gel formation, film-forming ability, and mucoadhesion. The
classification, sources, extraction procedures, chemical composition, structural features, physicochemical
qualities, and characterisation methods of natural gums are all covered in detail in this review. Additionally
included are their various pharmaceutical uses as carriers in controlled drug delivery systems, binders,
disintegrants, suspending agents, emulsifying agents, gelling agents, film-forming polymers, and mucoadhesive
compounds. The therapeutic potential of natural gums has been greatly increased by recent developments in
nanotechnology, hydrogel-based formulations, tissue engineering, 3D printing, and intelligent drug delivery
systems. Their toxicological profile, regulatory issues, current research trends, future prospects, and the
difficulties of standardization, quality control, and large-scale production are also highlighted in the review. All
things considered, natural gums are adaptable and durable biomaterials that can effectively replace synthetic
polymers in contemporary pharmaceutical formulations. It is anticipated that ongoing research on enhanced
characterisation, green extraction technologies, chemical modification, and regulatory harmonization would
strengthen their position in next-generation drug delivery systems and biomedical and it is anticipated that
regulatory harmonization would further strengthen their position in biomedical applications and next-generation
drug delivery systems.

Keywords: Natural gums, polysaccharides, drug delivery, biodegradable polymers, controlled release,
nanotechnology, mucoadhesion, hydrogels, and pharmaceutical applications are some of the keywords.

INTRODUCTION

Natural gums are high-molecular-weight polysaccharides obtained from plants, microorganisms, marine
organisms, and certain animal sources. Among these, plant-derived gums have received considerable attention
because they are renewable, biodegradable, biocompatible, non-toxic, economical, and readily available. Their
excellent physicochemical properties, including swelling ability, viscosity enhancement, gel formation, and
emulsification, have led to their widespread use in pharmaceutical, food, cosmetic, and biomedical industries.

Researchers have been motivated to substitute natural polymers with synthetic ones due to the growing need for
sustainable and ecologically friendly pharmaceutical excipients. Natural gums can be used as binders,
disintegrants, suspending agents, emulsifying agents, thickening agents, film-forming agents, matrix-forming
agents, and controlled-release carriers. They also work well with active medicinal components. They are
appealing materials for both traditional and cutting-edge drug delivery methods due to their low toxicity,
simplicity of production, and affordability.

The use of natural gums in novel drug delivery systems, such as nanoparticles, nanoemulsions, microspheres,
hydrogels, mucoadhesive formulations, ocular delivery systems, transdermal patches, and tissue engineering,
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has increased due to recent developments in pharmaceutical technology. In order to overcome constraints
including microbial contamination, batch-to-batch variability, and seasonal availability, chemical modification
and polymer blending have also been investigated to enhance their stability, mechanical strength, and drug-
release characteristics.

As a result, natural gums have become a viable multifunctional pharmaceutical excipient that combines superior
functional performance with sustainability. This review highlights the growing role of natural gums in
contemporary drug delivery and formulation development by summarizing their classification, sources,
extraction methods, physicochemical properties, characterization techniques, pharmaceutical applications,
recent developments, challenges, and future prospects. [1,2,3,4]

Definition

Natural gums are high-molecular-weight polysaccharides that are made by microbes, plants, animals, and marine
life. Because of their useful qualities, they are frequently employed as medicinal excipients and easily absorb
water or dissolve in agueous media to generate viscous solutions or gels. Plant gums are amorphous pathological
products that develop when plant tissues are damaged or when the plant is subjected to environmental stressors
like drought. They are hydrolyzing to produce sugars and uronic acids. Due to their capacity to hydrate and
improve viscosity, natural gums are hydrophilic biopolymers of natural origin that serve as thickening,
stabilizing, emulsifying, binding, and gelling agents in pharmaceutical formulations.[1,2,3,4,5]

Natural Gum Classification

The most commonly used classification in pharmaceutical and polymer research is based on the origin and source
of production of natural gums.

1.Gum Made From Plant
The most common type of natural gum is plant gum, which can be extracted from various plant components or
obtained as exudates or seed gum. They are widely employed as pharmaceutical excipients because of their

superior functional qualities, biodegradability, and biocompatibility. They are primarily composed of
polysaccharides.

Examples

Arabic gums (acacia gum)

Tragacanth gum

Karaya gum, Ghatti gum, Gaur gum, locust bean gum, and tamarind seed gum

Pectin.

2. Marine Resources

Seaweeds, especially red and brown algae, are used to make marine gums. Alginate, carrageenan, and agar are
common marine gums. These polymers are widely employed in tissue engineering and controlled medication
delivery because of their superior gelling and thickening qualities.

3. Sources of Microbes

Extracellular polysaccharides produced by bacteria or fungi during fermentation are known as microbial gums.
Important examples include pullulan, dextran, gellan gum, and xanthan gum. Consistent quality and purity are

guaranteed by their regulated production method.

4. Sources of Animal
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Gums derived from animals are separated from their tissues or shells. Hyaluronic acid is made from animal
tissues or microbial fermentation, whereas chitosan is manufactured by deacetylating chitin from crab shells.
Due to their exceptional biocompatibility, these polymers are being extensively studied for usage in
pharmaceutical and biomedical applications.

Examples are Chitosan , Hyaluronic acid.
Different Categorization Depending on Formation Method
Another way to categorize natural gums is based on how they form:

-Exudate gums such as Gum arabic, Karaya gum, Tragacanth gum, and Ghatti gum, are produced either
naturally or following damage to plant tissues.

-The endosperm of seeds is used to make seed gums, such as guar gum, locust bean gum, and tamarind seed
gum.

-Marine gums, such as alginate, agar, and carrageenan, are extracted from algae.

-Microbial fermentation produces microbial gums, such as Xanthan gum, Gellan gum, and Dextran.
-Animal gums: derived from animal sources, such as hyaluronic acid and chitosan.[1,2,3,4,5,6,7,8]
Sources and Extraction Methods of Natural Gums

1.Natural Gum Sources

Natural gums come from a variety of biological sources, such as microbes, marine life, plants, and animals.
Because they are inexpensive, abundant, renewable, and biocompatible, plant-derived gums are the most
commonly utilized in pharmaceutical formulations.

2.Sources of Plant

A variety of plant elements, including the stem, bark, seeds, fruits, leaves, and roots, are used to make plant
gums. They are categorized as seed gums (such as guar gum, locust bean gum, and tamarind seed gum) and
exudate gums (such as gum arabic, gum tragacanth, gum karaya, and gum ghatti). These gums, which are high
in polysaccharides, are released either spontaneously or in reaction to mechanical damage to the plant.

3.Marine Resources

Seaweeds, especially red and brown algae, are used to make marine gums. Alginate, carrageenan, and agar are
common marine gums. These polymers are widely employed in tissue engineering and controlled medication
delivery because of their superior gelling and thickening qualities.

4.Sources of Microbes

Extracellular polysaccharides produced by bacteria or fungi during fermentation are known as microbial gums.
Important examples include pullulan, dextran, gellan gum, and xanthan gum. Consistent quality and purity are
guaranteed by their regulated production method.

5.Sources of Animal

Gums derived from animals are separated from their tissues or shells. Hyaluronic acid is made from animal
tissues or microbial fermentation, whereas chitosan is manufactured by deacetylating chitin from crab shells.
Due to their exceptional biocompatibility, these polymers are being extensively studied for usage in
pharmaceutical and biomedical application.

Page 64
www.rsisinternational.org


http://www.rsisinternational.org/
https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi

INTERNATIONAL JOURNAL OF RESEARCH AND SCIENTIFIC INNOVATION (1JRSI)
ISSN No. 2321-2705 | DOI: 10.51244/1JRSI |Volume X111 Issue VII1 August 2026

Techniques for Natural Gum Extraction
The extraction method depends on the source and physicochemical properties of the gum.

1.Gum Exudate Collection

By carefully making incisions (tapping) in the bark of mature trees, exudate gums are collected. Gum emerges
from the wound, solidifies when exposed to air, and is gathered by hand once it has dried. After that, the crude
gum is cleaned to get rid of bark pieces and other contaminants.

2.Seed Extraction

The endosperm is separated from the seed coat and embryo to produce seed gums. The endosperm is ground up,
dried, and extracted using water at a regulated pH and temperature. After that, the gum is filtered and cleaned.

3.Water-Based Extraction

In aqueous extraction, the polysaccharides are dissolved by dispersing powdered plant material in distilled water
while stirring constantly. To get rid of insoluble material, the extract is filtered.

4.The precipitation

A non-solvent, such as ethanol, acetone, or isopropyl alcohol, is added to precipitate the dissolved gum. To get
rid of colors, proteins, and low-molecular-weight contaminants, the precipitated gum is separated by filtration
or centrifugation and repeatedly washed.

5.Milling and Drying

To maintain its physicochemical characteristics, the purified gum is dried at a regulated temperature in a freeze
dryer, tray dryer, or hot-air oven. After being dried, the material is ground into a consistent particle size, sieved,
and kept in airtight containers.

6.Cleaning

To increase purity and get rid of impurities, additional purification methods include dialysis, centrifugation,
activated charcoal treatment, enzymatic treatment, or membrane filtering. Before being used in pharmaceuticals,
the purified gum is next evaluated using methods like FTIR, XRD, DSC, SEM, TGA, and rheological analysis.
[3,4,5,6,7,8,9,10]

Chemical Composition and Structure of Natural Gums

Glycosidic linkages hold monosaccharide units together to form the complex, high-molecular-weight
polysaccharides that make up natural gums. Depending on the plant, microbial, marine, or animal source, their
chemical makeup varies, leading to variations in their physicochemical characteristics and medicinal uses. The
hydroxyl (-OH) and carboxyl (-COOH) functional groups found in the majority of hydrophilic natural gums give
them their high water-binding capacity, swelling behavior, viscosity, and gel-forming ability.

D-galactose, D-mannose, L-arabinose, D-xylose, L-rhamnose, D-glucose, D-glucuronic acid, D-galacturonic
acid, and mannuronic acid are the main monosaccharides found in natural gums. Each gum's molecular structure,
solubility, rheological behavior, and biological performance are determined by the ratio and configuration of
these sugar residues. Depending on their source and purifying method, natural gums may also contain trace
amounts of proteins, minerals, fluids, lipids, acetyl groups, and phenolic substances in addition to
polysaccharides.

Structurally, natural gums may consist of linear or highly branched polymer chains. While branched polymers
offer improved solubility, flexibility, and viscosity, linear polysaccharides often show stronger intermolecular
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interactions and better gel strength. The molecular weight of natural gums ranges from few thousand to several
million Daltons, contributing significantly to their functional features in pharmaceutical formulations.

Plant gums such as gum arabic are highly branched arabinogalactan-protein complexes containing arabinose,
galactose, rhamnose, and glucuronic acid. Guar gum and locust bean gum are galactomannans consisting of a

B-(1—4)-linked

mannose backbone with galactose side chains connected by a-(1—6). The two main components of tragacanth
gum are bassorin, which swells in water to create a gel, and tragacanthin, which is soluble in water. Galactose,
rhamnose, and galacturonic acid with acetyl substituents make up the majority of the acidic polysaccharide
known as karaya gum.

Additionally, marine gums have unique structural traits. Alginate is a linear copolymer made up of distinct block
sequences of a-L-guluronic acid and B-D-mannuronic acid. While carrageenan is made up of sulfated galactose
units that contribute to its superior gel-forming qualities, agar is mostly composed of agarose and agaropectin.

Extracellular polysaccharides produced by microbial fermentation are known as microbial gums. The cellulose-
like B-(1—4)-D-glucose backbone of xanthan gum has trisaccharide side chains that contain residues of mannose
and glucuronic acid. Strong and thermally stable gels may be formed thanks to the repeating tetra saccharide
units of glucose, glucuronic acid, and rhamnose that make up gellan gum.

Animal-derived gums such as chitosan consist of f-(1—4)-linked D-glucosamine and N-acetyl-D-glucosamine
units formed by the deacetylation of chitin. Hyaluronic acid is a linear glycosaminoglycan composed of
alternating D-glucuronic acid and N-acetyl-D-glucosamine residues and is widely used in ophthalmic, dermal,
and tissue engineering applications.

Analytical methods like Fourier Transform Infrared Spectroscopy (FTIR), Nuclear Magnetic Resonance (NMR),
X-ray Diffraction (XRD), Differential Scanning Calorimetry (DSC), Thermogravimetric Analysis (TGA),
Scanning Electron Microscopy (SEM), and Gel Permeation Chromatography (GPC) are frequently used to
characterize the chemical structure of natural gums. These methods offer useful data on molecular weight,
surface morphology, thermal behavior, crystallinity, and functional groups—all of which are crucial for
pharmaceutical formulation and quality assessment. [1,2,4,6,10,11,13,14,15,16]

Natural Gums' Physicochemical Characteristics

Natural gums are useful pharmacological excipients because they are high-molecular-weight hydrophilic
polysaccharides with a variety of physicochemical characteristics. The monosaccharide content, molecular
weight, branching pattern, degree of substitution, botanical or biological origin, and environmental factors like
pH, ionic strength, and temperature all affect these characteristics.

1. Solubility

The chemical structure of natural gums determines how soluble they are. While certain gums, like tragacanth
and karaya gum, hydrate and swell to produce colloidal dispersions or gels, others, like gum arabic and xanthan
gum, dissolve easily in water to make clear, viscous solutions. In organic solvents including ethanol, acetone,
and chloroform, the majority of natural gums are insoluble.

2. Capacity for Swelling

One of the most significant features of natural gums is swelling. Gums absorb a lot of water and swell because
they contain a lot of hydroxyl and carboxyl groups. Mucoadhesion, controlled medication release, and tablet
disintegration are all greatly impacted by swelling behavior.
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3. Rheological Behavior and Viscosity

Even at comparatively low concentrations, natural gums have a high viscosity. Molecular weight, polymer
concentration, pH, temperature, and the presence of electrolytes all affect how viscous they are. In suspensions,
emulsions, and topical preparations, many natural gums exhibit non-Newtonian, pseudoplastic (shear-thinning)
flow behavior.

4. The Capacity to Form Gel

A number of natural gums have superior gel-forming qualities. lonic cross-linking, hydrogen bonding, and
intermolecular interactions all contribute to the production of gel. Agar and carrageenan create thermoreversible
gels, whereas alginate makes gels when calcium ions are present. Tissue engineering and sustained-release
medication delivery devices make extensive use of these qualities.

5. Capacity to Hold Water

Because they are hydrophilic, natural gums have an amazing capacity to hold onto water. Pharmaceutical and
food items with a high water-holding capacity have better texture and consistency, are more stable in
formulation, and avoid dehydration

6. Stability of pH

Over a wide pH range, the majority of natural gums are mostly stable; nevertheless, extended contact to
extremely acidic or alkaline environments may result in hydrolysis and viscosity loss. Each gum's degree of
ionization and chemical makeup determine how stable its pH is.

7. Thermal Characteristics

Thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC) can be used to assess the
distinctive thermal behavior of natural gums. Their appropriateness for processing techniques including drying,
granulation, extrusion, and sterilizing is determined by their thermal stability.

8. Weight of Molecules

Natural gums have molecular weights ranging from hundreds to several million Daltons. Increased viscosity,
stronger gels, better film-forming capabilities, and longer drug release are all often associated with high
molecular weight.

9. Content of Moisture

Depending on where they come from, how they are processed, and how they are stored, natural gums have
different levels of residual moisture. To maintain flow characteristics, stop microbiological development, and
guarantee product stability, an ideal moisture level must be maintained.

10. Morphology of Surfaces

Hydration, flowability, compressibility, and drug release properties are all influenced by surface shape.
Variations in the size, shape, porosity, and surface roughness of various natural gums are revealed by methods
like Scanning Electron Microscopy (SEM).

11. Biocompatibility and Biodegradability

The biodegradability and biocompatibility of natural gums are two of its main benefits. They are appropriate for
oral, topical, ophthalmic, transdermal, and parenteral drug delivery systems since they are typically non-toxic,
non-irritating, and ecologically benign.
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12. Mucoadhesive and Film-Forming Properties

Because polymer chains and biological mucosa establish hydrogen bonds, a number of natural gums have
superior film-forming and mucoadhesive qualities. These qualities facilitate regulated medication release,
increase drug residence duration, and improve bioavailability. [1,2,4,6,10,13,14,17,18,19]

Methods for Characterizing Natural Gums

Before using natural gums as pharmaceutical excipients, their physicochemical and functional characteristics
must be fully described. Characterization aids in identifying the gum's identification, purity, chemical makeup,
molecular structure, thermal behavior, shape, rheological characteristics, and medicinal efficacy. Spectroscopic,
microscopic, thermal, chromatographic, and rheological methods are frequently used in tandem.

1. Infrared Fourier Transform Spectroscopy (FTIR)

FTIR is frequently used to validate the chemical structure and identify the functional groups found in natural
gums. The polysaccharide composition can be inferred from characteristic absorption bands that correspond to
hydroxyl (—OH), carboxyl (-COOH), ether (C-O-C), and glycosidic connections. FTIR is also helpful for
assessing drug—polymer compatibility and identifying chemical changes.

2. Spectroscopy of Nuclear Magnetic Resonance

(NMR)Natural gums' monosaccharide content, glycosidic connections, branching pattern, and molecular
structure may all be thoroughly studied using 1H and ~13C NMR spectroscopy. NMR is very useful for verifying
polymer changes and elucidating structures.

3. XRD, or X-ray diffraction

The crystalline or amorphous nature of natural gums may be established using XRD. While certain natural gums
show some crystallinity, the majority are mostly amorphous. Additionally, structural changes during chemical
alteration or formulation development are assessed by XRD analysis.

4. SEM, or scanning electron microscopy

The surface morphology, particle shape, surface texture, porosity, and particle size of natural gums may all be
seen in high-resolution using SEM. Hydration, swelling, compressibility, and drug-release behavior are all
influenced by morphological features.

5. DSC, or differential scanning calorimetry

The glass transition temperature (Tg), melting behavior, and thermal stability of natural gums are all assessed
by DSC. It is also used to look at how pharmaceuticals and polymeric excipients interact.

6. TGA, or thermogravimetric analysis

TGA provides data on moisture content, thermal deterioration, breakdown temperature, and overall thermal
stability by measuring weight loss as a function of temperature. This method is crucial for choosing the right
condition for processing and storage.

7. Size Exclusion Chromatography (SEC) and Gel Permeation Chromatography (GPC)

The molecular weight distribution and polydispersity index of natural gums are determined by GPC or SEC.
Viscosity, gel formation, swelling, and controlled drug-release characteristics are all strongly influenced by
molecular weight.
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8. Analysis of Rheology

Viscosity, flow behavior, viscoelastic characteristics, and gel strength are all assessed in rheological
investigations. Because most natural gums have pseudoplastic (shear-thinning) flow, they can be used in
controlled-release formulations, suspensions, emulsions, and topical gels.

9. Thermogravimetric analysis, or TGA

By measuring weight loss as a function of temperature, TGA offers information on moisture content, thermal
degradation, breakdown temperature, and overall thermal stability. This technique is essential for selecting the
ideal processing and storage conditions.

10. Gel permeation chromatography (GPC) and size exclusion chromatography (SEC)

GPC or SEC are used to calculate the molecular weight distribution and polydispersity index of natural gums.
Molecular weight has a significant impact on viscosity, gel formation, swelling, and controlled drug- release
properties.

11. Rheology Analysis

Rheological research evaluates viscosity, flow behavior, viscoelastic properties, and gel strength. The majority
of natural gums may be utilized in topical gels, suspensions, emulsions, and controlled-release formulations due
to their pseudoplastic (shear-thinning) flow.

12. Analysis of Zeta Potential

The surface charge and colloidal stability of gum dispersions or nanoparticles made with natural gums are
determined by zeta potential. It aids in forecasting storage behavior, suspension stability, and particle
aggregation.

13. Analysis of Particle Size

Dynamic light scattering (DLS) or laser diffraction are two methods used to determine particle size. Particle size
distribution affects formulation homogeneity, flowability, compressibility, and dissolving rate.

14. Analysis of Elements

Natural gums' carbon, hydrogen, nitrogen, sulfur, and oxygen contents are ascertained using elemental analysis.
This data is helpful for verifying chemical changes and determining purity.

15. Ash Value, pH, and Moisture Content

Determining pH, moisture content, total ash, acid-insoluble ash, water-soluble ash, swelling index, and solubility
are examples of routine physicochemical testing. For natural gums to be standardized and accepted by
pharmaceutical companies, certain quality control standards are crucial.

16. Methods of Chromatography

Thin-Layer Chromatography (TLC), Gas Chromatography (GC), and High-Performance Liquid
Chromatography (HPLC) are used to assess degradation products following hydrolysis, detect contaminants, and
ascertain the composition of monosaccharides.

In pharmaceutical formulations, thorough characterization of natural gums guarantees optimal performance,
safety, repeatability, and consistent quality. Combining spectroscopic, thermal, microscopic, chromatographic,
and rheological methods yields the precise data required for the creation of innovative drug delivery systems.
[1,2,4,10,11,20,21,22,23,24,25]
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Natural Gums' Pharmaceutical Uses

Because of their biodegradability, biocompatibility, non-toxicity, affordability, and renewable nature, natural
gums have become more important in pharmaceutical formulation. They are useful pharmaceutical excipients
because of their special physicochemical characteristics, which include swelling, gel formation, viscosity
increase, film formation, and mucoadhesion. Both traditional and cutting-edge medication delivery systems
make extensive use of them.

1.Binder in the Formulation of Tablets

Because natural gums preserve acceptable disintegration qualities while improving granule cohesion and
mechanical strength, they are widely employed as tablet binders. In wet granulation, gum arabic, guar gum, and
tragacanth gum are frequently used as natural binders.

2.Super disintegrant and Disintegrant

A number of natural gums quickly expand when they come into contact with water, which helps dissolve
medications and tablets. Guar gum, fenugreek gum, locust bean gum, and Plantago husk are examples of
modified natural gums that have shown exceptional disintegration qualities and are being researched as
substitutes for artificial super disintegrants.

3.Consistent and Regulated Drug Administration

After hydration, hydrophilic natural gums create viscous gel layers that control medication dispersion and water
penetration. They are appropriate for controlled-release and sustained-release matrix tablets because of this
characteristic. Guar gum, karaya gum, sodium alginate, and xanthan gum are frequently utilized to enhance
therapeutic efficacy and extend drug release.

4. Agent Suspension

Natural gums reduce the sedimentation of insoluble medicament particles by increasing the viscosity of aqueous
systems. Because they enhance physical stability and dosage uniformity, acacia, tragacanth, xanthan gum, and
sodium alginate are frequently employed as suspending agents in oral liquid formulations.

5. Stabilizing and Emulsifying Agent

Natural gums provide protective coatings around scattered droplets and increase the viscosity of the continuous
phase to stabilize emulsions. One of the best natural emulsifiers, gum arabic is frequently utilized in topical
remedies, nutraceutical products, and oral emulsions.

6. Gelling and Thickening Agent

Natural gums are widely used as thickening and gelling agents in gels, creams, lotions, ophthalmic formulations,
and oral liquids because of their superior hydration capacity. Carbomer substitutes that offer the desired
consistency and formulation stability include xanthan gum, guar gum, carrageenan, agar, and sodium alginate.

7. Agent for Film-Forming
A number of natural gums are used in tablet coating, buccal films, wound dressings, and transdermal drug

delivery systems due to their superior film-forming qualities. They can be used to create biodegradable
pharmaceutical films because of their flexibility and biodegradability.

8. Mucoadhesive Polymer
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Many hydroxyl and carboxyl groups found in natural gums have the ability to create hydrogen bonds with
mucosal tissues. As a result, in buccal, nasal, ocular, vaginal, and gastrointestinal drug delivery systems, they
increase drug residence duration and bioavailability.

9. Drug Delivery Targeted at the Colon

In the upper gastrointestinal system, natural gums are rather stable despite being broken down by colonic
microorganisms. Guar gum, pectin, chitosan, and xanthan gum are suitable carriers for colon-specific medication
delivery because of this property, especially in the treatment of colorectal cancer and inflammatory bowel
disease.

10. Nano emulsions and Nanoparticles

Because of their biocompatibility, low toxicity, and stabilizing qualities, natural gums are being used more often
in nanoparticles, nanoemulsions, nanogels, and polymeric nanocarriers. They enhance targeted medication
delivery, controlled drug release, encapsulation effectiveness, and particle stability.

11. Tissue engineering and hydrogel

Natural gums create three-dimensional hydrogel networks that can hold a lot of water. Because these hydrogels
resemble the extracellular matrix and promote cell proliferation, they are being thoroughly studied for wound
healing, tissue engineering, regenerative medicine, and controlled drug delivery.

12. Ophthalmic Medication Administration

By increasing viscosity and creating in situ gels after injection, natural gums including xanthan gum, sodium
alginate, and gellan gum lengthen the duration of ocular residency. These methods decrease the frequency of
doses while increasing medication bioavailability.

13. Drug Delivery Through the Skin

In transdermal patches, natural gums function as polymers that produce films and matrices. They offer prolonged
drug release, increase skin adherence, improve flexibility, and control drug diffusion.

14. Gastroretentive and Floating Drug Administration

Because they swell and create low-density gel matrices that extend stomach residence duration and improve
medication absorption, hydrophilic gums including xanthan gum, sodium alginate, guar gum, and karaya gum
are utilized in floating tablets and gastroretentive formulations.

15. Advanced Drug Delivery and 3D Printing

Natural gums can be used as bioinks and printable polymers for three-dimensional (3D) pharmaceutical printing,
according to recent developments. The creation of customized dosage forms, implants, scaffolds, and tissue
engineering structures is made possible by their superior rheological behavior, biocompatibility, and gel-forming
capacity.

All things considered, natural gums continue to garner a lot of interest as versatile medicinal excipients. They
are prospective substitutes for synthetic polymers in the creation of novel pharmaceutical formulations because
to their sustainability, safety profile, and compatibility with contemporary drug delivery systems.
[1,2,4,6,10,11,26,27,28,29]

Benefits of Natural Gums
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Natural gums' distinct physicochemical and biological characteristics have made them desirable medicinal
excipients. They are widely used in both traditional and cutting-edge drug delivery systems because they
provide a number of benefits over synthetic polymers.

1. Biocompatibility

Natural gums often don't cause harmful tissue responses and are very biocompatible. They are appropriate for
oral, topical, ophthalmic, nasal, and parenteral medicinal formulations because to their compatibility with
biological systems.

2. Biodegradability

Biodegradable polysaccharides found in natural gums are broken down by enzymes into non-toxic by products.
They are appealing for sustainable pharmaceutical applications because of their biodegradability, which reduces
environmental contamination.

3. Non-Toxicity

The majority of natural gums are thought to be acceptable for use in pharmaceuticals due to their low toxicity.
When used within permitted limits, they have been widely utilized as food additives and medicinal excipients
with few side effects.

4. Sustainable and Renewable Resources

Natural gums come from bacteria, plants, sea algae, and animals, among other renewable biological sources.
Their regenerative nature lessens reliance on synthetic polymers derived from petroleum and promotes
ecologically friendly production.

5. Economical

Because they are easily obtained from natural sources and frequently just need basic extraction and purification
procedures, natural gums are more affordable than many synthetic excipients.

6. Outstanding Hydration and Swelling Capacity

Because they contain hydrophilic functional groups, natural gums easily absorb water and swell. They work well
as mucoadhesive polymers, controlled-release matrices, and tablet disintegrants because of this characteristic.

7. High Viscosity and Capacity to Form Gel

Even at low concentrations, a lot of natural gums create very viscous solutions or gels. Their performance as
stabilizers, thickening agents, suspending agents, and controlled-release polymers is improved by this feature.

8. Adaptability

Natural gums are capable of carrying out several medicinal tasks at once. The same gum can function as a binder,
disintegrant, suspending agent, emulsifier, thickening, gelling agent, film forming, or release-retarding polymer,
depending on the formulation.

9. Modifiability of Chemicals

Natural gums can be chemically modified by grafting, cross-linking, or derivatization since they include a large
number of hydroxyl and carboxyl functional groups. These changes enhance controlled-release efficacy, drug-
loading capacity, mechanical strength, and thermal stability.

10. Mucoadhesive Characteristics
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Because they create hydrogen bonds with mucosal surfaces, a number of natural gums have exceptional
mucoadhesive properties. This increases medication bioavailability and extends the residence duration of dose
forms.

11. Harmony with Pharmaceutical Active Ingredients

Natural gums may be used to create a variety of dosage forms without serious incompatibility problems since
they are often compatible with a large number of medications and pharmaceutical excipients.

12. Utilization in Cutting-Edge Drug Delivery Systems

The application of natural gums in nanoparticles, nanoemulsions, hydrogels, microspheres, in situ gels,
transdermal patches, and scaffolds for tissue engineering is growing. Their biodegradability and biocompatibility
aid in the creation of innovative drug delivery systems that are both safe and efficient.

13. Sustainability

Natural gums are biodegradable and come from renewable resources, which lessens their impact on the
environment and promotes green pharmaceutical technologies in contrast to numerous synthetic polymers.
[1,2,3,4,11,30,31]

Natural Gum Toxicity and Regulatory Aspects
Natural Gum Toxicity

Since natural gums come from renewable biological sources and are biodegradable and biocompatible, they are
often considered harmless. The majority of gums originating from plants, microbes, and marine organisms have
long been used as food additives and medicinal excipients. However, a number of variables, including the
botanical source, extraction technique, purification procedure, dose, delivery route, and the presence of
contaminants, affect their safety.

Many natural gums, such as gum arabic, guar gum, xanthan gum, sodium alginate, pectin, and tragacanth gum,
have relatively low toxicity when used within approved dosages, according to acute and chronic toxicity studies.
These gums are appropriate for oral, topical, ophthalmic, and controlled drug delivery applications since they
are often non-carcinogenic, non-mutagenic, and non-teratogenic.

Even if they have a good safety profile, there are still hazards to take into account. Microbial contamination,
pesticides, heavy metals, proteins, and other contaminants added during harvesting, processing, and storage may
be present in crude natural gums. If proper purification and quality control processes are not followed, these
pollutants may have an impact on patient safety and product quality.

In susceptible people, several natural gums may also trigger allergy or hypersensitive responses, especially after
repeated inhalation of powdered gum or occupational exposure. Therefore, prior to pharmaceutical usage, proper
purification, standardization, and toxicological evaluation are crucial.

Natural gums are put through toxicological evaluations to guarantee safety, which include:
Studies on acute toxicity Studies on subacute and chronic toxicity Testing for genotoxicity and mutagenicity
Studies on carcinogenicity (where necessary) Developmental and reproductive. The safety of natural gums for
their intended medicinal uses is established by these investigations.

Aspects of Regulation

International pharmacopoeias and regulatory bodies oversee the safety, quality, and regulatory acceptability of
natural gums. Identification, purity, physicochemical properties, microbiological limitations, residual solvents,
heavy metals, and storage conditions are all requirements that pharmaceutical-grade natural gums must meet.
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Major pharmacopoeias, such as the United States—National Formulary (USP—NF), the European Pharmacopoeia
(Ph. Eur.), the British Pharmacopoeia (BP), and the Japanese Pharmacopoeia (JP), mention several natural gums.
For Pharmacopeia pharmaceutical usage, these monographs provide established quality standards and testing
techniques.

The U.S. Food and Drug Administration (FDA) has designated a number of natural gums as Generally
Recognized as Safe (GRAS) for permitted food uses, including gum arabic, guar gum, xanthan gum, pectin,
agar, carrageenan, and sodium alginate. Additionally, the Joint FAO/WHO Expert Committee on Food Additives
(JECFA) assigns food additive standards to several of them, and under certain E-number laws, they are permitted
as food additives inside the European Union.

Natural gums must adhere to good production Practices (GMP), validated production procedures, suitable
documentation, and thorough quality control testing in order to be approved by regulators for use in
pharmaceuticals. Manufacturers are required to show stability over the course of the product's shelf life,
uniformity from batch to batch, and the absence of impurities.

Regulatory bodies have a strong emphasis on further assessment of nanoparticle safety, biocompatibility,
biodegradation, and long-term toxicity because to the growing use of natural gums in nanotechnology, tissue
engineering, and sophisticated drug delivery systems. To guarantee the safety and effectiveness of
pharmaceutical products made from natural gum, future regulatory frameworks are anticipated to concentrate on
standardization, traceability of raw materials, sustainable sourcing and sophisticated analytical characterization.
[1,2,4,11,32,33,34,35,36,37,38,]

Current Developments in Natural Gum Research

Research on natural gums in pharmaceutical sciences has greatly increased due to the increasing need for
sustainable, biodegradable, and biocompatible biomaterials. In order to get around the drawbacks of traditional
excipients, recent research has concentrated on enhancing the physicochemical characteristics of natural gums
by chemical modification, nanotechnology, and sophisticated formulation techniques.

1. Natural Gums in Nanotechnology

The use of natural gums in drug delivery systems based on nanoparticles is one of the main research themes.
Polymeric nanoparticles, nanogels, and nanoemulsions are increasingly being prepared using gums such xanthan
gum, guar gum, gum arabic, sodium alginate, and chitosan. These technologies offer controlled drug release,
increase encapsulation efficiency, improve drug stability, and enable targeted drug delivery.

2. Drug Delivery Systems That Respond to Stimuli

Using natural gums, researchers are creating hydrogels that are temperature-sensitive, pH-responsive, enzyme-
responsive, and redox-responsive. By selectively releasing medications at the intended location, these intelligent
delivery devices increase therapeutic efficacy while reducing systemic side effects.

3. Chemical Alteration of Natural Gums

To enhance the mechanical strength, thermal stability, swelling behavior, and drug-release properties of natural
gums, chemical modifications such graft copolymerization, carboxymethylation, acetylation, cross-linking, and
sulfation are being investigated. When compared to their natural equivalents, modified gums work better
pharmaceutically.

4. Printing in three dimensions (3D)

Natural gums' superior rheological characteristics, biodegradability, and biocompatibility have made them
attractive bioinks for pharmaceutical and biomedical 3D printing. They are being researched for use in the
production of implantable devices, tissue scaffolds, wound dressings, and customized dosage forms.
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5. Regenerative medicine and tissue engineering

The utilization of composite biomaterials and hydrogels derived from natural gums as scaffolds for tissue
engineering applications is growing. These substances enhance tissue regeneration in skin, cartilage, bone, and
soft tissue healing, imitate the extracellular matrix, and encourage cell adhesion and proliferation.

6. Applications for Wound Healing

According to recent research, using natural gums in hydrogels, films, nanofibers, and sponges speeds up the
healing of wounds by keeping the environment wet, encouraging cell migration, and releasing anti-bacterial and
anti- inflammatory chemicals continuously.

7. Buccal and Mucoadhesive Drug Administration

Natural gums have been used in buccal, nasal, vaginal, ophthalmic, and gastrointestinal drug delivery systems
due to their strong bio adhesive qualities. The goal of current research is to develop improved mucoadhesive
formulations to increase medication bioavailability and residence duration.

8. Sustainable Processing and Green Extraction

To increase gum vyield, lower solvent consumption, and maintain the native structure of polysaccharides,
environmentally friendly extraction techniques like enzyme-assisted extraction, ultrasound-assisted extraction,
microwave-assisted extraction, and supercritical fluid technologies are being researched.

9. Formulation Development using Artificial Intelligence

To improve natural gum-based formulations, artificial intelligence (Al), machine learning (ML), and quality by
design (QbD) techniques are being used more and more. These technologies make it possible to reduce
experimental workload, optimize processes, and forecast formulation performance.

10. Synthetic Polymer Combination

Combining natural gums with synthetic polymers like polyvinyl alcohol (PVA), polyethylene glycol (PEG),
polyvinylpyrrolidone (PVP), and poly (lactic-co-glycolic acid) (PLGA) has been the subject of recent study.
These hybrid systems have better regulated drug-release features, increased stability, and improved mechanical
qualities.

11. Applications in Biomedicine and Vaccine Administration

Because of their exceptional biocompatibility and biodegradability, natural gums are being investigated as
transporters for proteins, peptides, nucleic acids, and vaccinations. They are promising materials for next-
generation biopharmaceutical formulations because of their capacity to shield delicate biomolecules and promote
prolonged release.

The creation of intelligent, eco-friendly, and multipurpose natural gum-based delivery systems is the main focus
of current research. In the upcoming years, it is anticipated that developments in pharmaceutical engineering,
biomaterials, and nanotechnology will increase the clinical and industrial uses of natural gums.
[1,2,4,6,10,11,39,40,41,42]

Prospects for the Future

Natural gums' biocompatibility, biodegradability, low toxicity, and renewable source have made them attracttive
multifunctional biomaterials in pharmaceutical sciences. Even though their pharmaceutical applications have
advanced significantly, further study is required to fully realize their promise in cutting-edge drug delivery
systems and get past present obstacles.
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The chemical and physical modification of natural gums to enhance their mechanical strength, thermal stability,
drug-loading capacity, and controlled-release properties is one of the main future goals. It is anticipated that
methods including polymer mixing, carboxymethylation, graft copolymerization, and cross-linking would
provide innovative gum derivatives with improved medical efficacy.

Another quickly developing field of study is the combination of nanotechnology with natural gums. The
production of nanoparticles, nanogels, nanoemulsions, liposomal coatings, and tailored drug delivery systems is
increasingly using natural gums. It is anticipated that future research would concentrate on enhancing long-term
formulation stability, site-specific delivery, and drug encapsulation efficiency while reducing systemic toxicity.

Additionally, natural gums have great promise for three-dimensional (3D) pharmaceutical printing and tailored
treatment. They are good options for tissue scaffolds, tailored dosage forms, printable bioinks, and implanted
drug delivery devices because of their superior rheological qualities and biocompatibility. Additive
manufacturing developments will probably increase their use in patient specific treatment.

It is anticipated that the use of natural gums in biomedical devices, tissue engineering, regenerative medicine,
and wound healing would rise significantly. Gum-base It is anticipated that the use of natural gums in
biomedical devices, tissue engineering, regenerative medicine, and wound healing

Would rise significantly.
The sustainable extraction and processing of natural gums is another significant area of research.

Gum-based drug delivery systems can be optimized via the use of Quality by Design (QbD), machine learning
(ML), and artificial intelligence (Al) in formulation development. Predictive modeling may speed up industrial
scale-up, decrease formulation development time, and enhance Process repeatability.

Natural gums have great medicinal potential, but there are still a lot of obstacles to overcome, including batch-
to-batch variability, microbial contamination, seasonal availability, and variations in physicochemical qualities.
To guarantee constant product quality, future initiatives should prioritize the creation of standardized extraction
processes, verified analytical techniques, and strong quality control mechanisms.

From a regulatory standpoint, more worldwide regulatory guidelines and pharmacopeial standards
harmonization will make natural gums in pharmaceutical goods more widely accepted. Their commercial use
and regulatory approval will be strengthened by thorough toxicological examination, long-term stability
research, and well-planned clinical trials.

All things considered, it is anticipated that developments in polymer science, nanotechnology, pharmaceutical
engineering, and sustainable production will turn natural gums into pharmaceutical excipients of the future. They
are appealing substitutes for synthetic polymers in the creation of novel, patient-centered medication delivery
systems because of their adaptability, safety, and environmental friendliness. [1,2,4,6,10,11,43,44,45]

CONCLUSION

Natural gums' biocompatibility, biodegradability, low toxicity, renewability, and affordability have made them
popular as adaptable and sustainable pharmaceutical excipients. Their vast use in both traditional and cutting-
edge drug delivery systems has been made possible by their varied physicochemical characteristics, which
include high swelling capacity, viscosity enhancement, gel formation, film-forming ability, and
mucoadhesiveness. Natural gums are widely used as binders, disintegrants, suspending agents, and emulsifiers
because of their qualities. Agents, carriers, thickening agents, gelling agents, and controlled-release polymers in
innovative drug formulations.

The use of natural gums has greatly increased beyond traditional dosage forms because to recent developments
in polymer science and nanotechnology. Their potential to enhance drug stability has been shown by their
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integration into nanoparticles, nanoemulsions, hydrogels, microspheres, transdermal systems, ophthalmic
formulations, tissue engineering scaffolds, and 3D-printed dosage forms.

improve bioavailability, accomplish site-specific distribution, and give long-lasting therapeutic benefits.
Additionally, a number of native gum drawbacks, including as low mechanical strength, batch-to-batch
variability, and limited stability, have been effectively addressed by chemical modification and polymer mixing.

Notwithstanding these encouraging advancements, there are still issues with large-scale production, quality
assurance, regulatory compliance, standardization of extraction techniques, and long-term safety assessment.
Future studies must to concentrate on on creating harmonized regulatory criteria, thorough toxicological
evaluations, ecologically friendly extraction methods, and standardized purifying procedures to guarantee
uniform pharmaceutical quality. Furthermore, it is anticipated that combining natural gums with
nanotechnology, Al-assisted formulation design, and customized medicine may hasten the creation of novel drug
delivery methods.

All things considered, natural gums constitute a noteworthy class of multipurpose biomaterials with substantial
biological and pharmacological potential. They are potential substitutes for synthetic polymers because to their
superior safety profile, environmental sustainability, and wide range of functional adaptability. Their
significance in the development of cutting-edge treatment systems and next-generation pharmaceutical
formulations will be further strengthened by ongoing multidisciplinary research and technical innovation.
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