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Rare Plant-Derived Polysaccharides as Next-Generation Drug Delivery Carriers: Opportunities, Challenges, and Future Perspectives
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ABSTRACT 

	Rare plant-derived polysaccharides have gained significant interest in pharmaceutical research due to their biocompatibility, biodegradability, low toxicity, and structural flexibility. Natural polysaccharides, particularly those obtained from underutilized plant sources such as seeds, fruits, leaves, and exudates, exhibit unique physicochemical and functional properties including high swelling capacity, mucoadhesion, and gel-forming ability, making them suitable for drug delivery applications. This review provides a comprehensive overview of rare plant-derived polysaccharides, including their classification, sources, extraction techniques, and functional characteristics. Common examples such as tamarind seed polysaccharide, fenugreek mucilage, basil seed mucilage, bael fruit gum, okra polysaccharide, and aloe polysaccharide are discussed in relation to their pharmaceutical applications. Various extraction methods, including aqueous, microwave-assisted, and enzyme-assisted techniques, are highlighted. In addition, their role in advanced drug delivery systems such as nanoparticles, hydrogels, and controlled-release formulations is described. Despite their potential, challenges such as variability, limited toxicity data, and scale-up issues need to be addressed for successful pharmaceutical application
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1. INTRODUCTION 

Polysaccharides have garnered significant interest in pharmaceutical research due to their biocompatibility, biodegradability, low toxicity, and structural flexibility. Natural polysaccharides, particularly those derived from plants, have emerged as promising excipients and carriers in drug delivery systems owing to their ability to modulate drug release, enhance stability, and improve patient compliance. Their hydrophilic nature, gel-forming ability, and mucoadhesive properties make them suitable for developing various delivery platforms such as hydrogels, nanoparticles, films, and in situ gelling systems. Additionally, natural polysaccharides are renewable resources capable of mimicking extracellular matrix environments, making them particularly attractive for biomedical and pharmaceutical applications (Samridhi et al.,2023, Benalaya et al.,2024).
Pharmaceutical applications have traditionally been dominated by extensively studied polysaccharides such as cellulose, starch, pectin, alginate, and chitosan. Despite their considerable success, these polymers exhibit certain limitations, including limited functional diversity, batch-to-batch variability, and restricted tunability for advanced drug delivery requirements. Furthermore, the increasing demand for sustainable, multifunctional, and stimuli-responsive carriers has encouraged researchers to explore alternative natural sources. In this context, rare and underutilized plant-derived polysaccharides have gained increasing attention as potential materials for next-generation drug delivery systems (Gaikwad et al., 2024, Claudiu et al., 2024).
Rare plant-derived polysaccharides obtained from seeds, fruits, leaves, and plant exudates possess unique physicochemical and functional properties such as enhanced swelling capacity, improved mucoadhesion, superior gelation behavior, and inherent bioactivity. Examples include tamarind seed polysaccharide, fenugreek mucilage, basil seed mucilage, okra gum, bael fruit gum, and other lesser-explored botanical polymers. These materials often exhibit structural diversity and functional groups that allow modification and tailoring for controlled and targeted drug delivery applications. Moreover, their renewable nature, eco-friendliness, and cost-effectiveness further strengthen their suitability for pharmaceutical use⁵ (Tosif et al., 2021, Dogra et al., 2025)
Recent advances in formulation technologies have expanded the application of these rare polysaccharides in the development of innovative drug delivery systems, including nanoparticles, stimuli-responsive hydrogels, mucoadhesive platforms, and targeted delivery carriers. These systems have demonstrated significant potential in enhancing drug bioavailability, improving therapeutic efficacy, and enabling site-specific drug delivery (Račić et al., 2025)
Despite their promising characteristics, systematic reviews focusing specifically on rare plant-derived polysaccharides and their role in drug delivery remain limited. A comprehensive understanding of their sources, extraction techniques, physicochemical properties, modification strategies, and pharmaceutical applications is essential to facilitate their translation into advanced therapeutic systems. Therefore, the present review aims to provide a detailed overview of rare plant-derived polysaccharides as next-generation drug delivery carriers. Their classification, extraction methods, functional properties, formulation strategies, and emerging applications in various drug delivery routes are discussed. Furthermore, challenges associated with their utilization and future perspectives for their development in modern pharmaceutical technology are highlighted. This review is expected to assist researchers in identifying novel plant-based polysaccharides and exploiting their potential for innovative and sustainable drug delivery systems.
2. Classification of Plant-Derived Polysaccharides
Polysaccharide is a macromolecule formed by more than ten monosaccharide through glycosidic bonds, which is one of the four basic substances that constitute bio-organism apart from protein, nucleic acid and lipid (Wange etal., 2023). A broad category of naturally occurring polymers originating from a variety of plant sources, such as seeds, fruits, leaves, roots, and exudates, are known as plant-derived polysaccharides. Because of their biodegradability, safety profile, and functional adaptability, these polysaccharides are extensively investigated in pharmaceutical formulations. Plant-derived polysaccharides can be roughly categorized (Figure 1) into rare or underexplored polysaccharides and commonly utilized polysaccharides based on the level of their use in drug delivery applications (Diaz et al.,2022). Numerous polysaccharides produced from plants have been thoroughly investigated and used extensively in medication delivery methods. These well-characterized polymers are widely used as release-modifying agents, matrix formers, and excipients.
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Figure 1. Classification of plant derived polysaccharides

2.1 Cellulose-The most prevalent natural polysaccharide is cellulose, which is made up of β-(1→4)-linked D-glucose units. Cellulose and its derivatives, including hydroxypropyl methylcellulose, carboxymethyl cellulose, and microcrystalline cellulose, are frequently utilized in pharmaceutical formulations because of their superior mechanical strength, stability, and biocompatibility. In oral and topical drug delivery systems, these substances serve as binders, film formers, viscosity enhancers, and controlled-release matrices (Tange et.al.,2024).  
2.2 Pectin - Plant cell walls naturally contain pectin, a polysaccharide mainly made up of repeating units of α-(1-4)-linked D-galacturonic acid units. Apple pomace and citrus peels are the main sources of pectin, a heteropolysaccharide. In the presence of divalent cations, it has good gel-forming ability and is primarily composed of galacturonic acid units. Pectin's susceptibility to breakdown by colonic bacteria makes it a popular choice for colon-targeted medication delivery. Moreover, its biocompatibility and mucoadhesive properties make it appropriate for creating hydrogels, nanoparticles, and controlled-release formulations (Jha et.al., 2026)
2.3 Starch- Starch is derived from plant sources including corn, potatoes, and rice and is made up of two polysaccharide fractions called amylose and amylopectin. Both native and modified starches are frequently used as fillers, matrix-forming agents, and disintegrants. Because they expand and gel, modified starch derivatives have also been used for biodegradable drug delivery systems, nanoparticle production, and sustained-release formulations. Despite the fact that these widely used polysaccharides have proven to be quite useful, a thorough analysis of them has revealed certain drawbacks, including a lack of functional variety and poor reactivity to intricate physiological cues. These disadvantages have prompted the investigation of substitute polysaccharides produced from plants (Barclay et. Al., 2019, Bhagwati et. al., 2022)
2.4 Gums - Gums are highly branched complex polysaccharides made up of several sugars such arabinose, galactose, rhamnose, and mannose. They can also be combined with proteins or resins and have colloidal characteristics. Gums, such as Arabic, karaya, and cashew gums, are mostly taken from plants, seeds, trees, and shrubs, though bacteria can also create them. Gums are used as gelling, thickening, emulsifying, and stabilizing agents in the food, textile, pharmaceutical, cosmetic, coating, encapsulant, and film industries (Mohammed et. al., 2021)
3. RARE OR UNDEREXPLORED PLANT-DERIVED POLYSACCHARIDES
The term "rare" or "underexplored" plant-derived polysaccharides refers to naturally occurring polymers generated from unusual botanical sources that, although showing intriguing physicochemical and functional features, have received little attention in pharmaceutical drug delivery research. These polysaccharides frequently have distinctive structural characteristics, such as branching molecular architecture, diverse monosaccharide composition, and an abundance of functional groups, which offer chances to modify drug release profiles and improve therapeutic efficiency. These underutilized plant polysaccharides are being investigated as potential next-generation drug delivery vehicles due to growing interest in sustainable biomaterials.
4. SELECTION CRITERIA FOR RARE POLYSACCHARIDES
Polysaccharides are classified as rare or unexplored due to a number of practical and scientific factors. Compared to widely researched polymers like cellulose and pectin, one of the main factors is the paucity of pharmacological studies. Their status as scarce is also influenced by their availability from less frequently used plant sources. High swelling capacity, higher mucoadhesion, improved gel-forming ability, and viscosity-modifying behavior are examples of functional characteristics that are thought to be significant markers of their potential applicability for drug delivery applications. Hydroxyl, carboxyl, and sulfate groups are examples of reactive functional groups that allow for chemical modification and conjugation with medicinal drugs. In addition, biodegradability, biocompatibility, low toxicity, and sustainable supply are important criteria for finding uncommon polysaccharides that show promise for use in medicine (Bangar et al., 2021). Rare plant-derived polysaccharides are obtained from various plant parts, including seeds, fruits, leaves, tubers, and plant exudates. One of the most important sources of rare polysaccharides is seed mucilages. Excellent swelling behavior and mucoadhesive qualities have been shown by tamarind seed polysaccharide, fenugreek mucilage, basil seed mucilage, and Lepidium sativum mucilage, which makes them appropriate for site-specific and controlled drug delivery systems. For sustained-release formulations, fruit-derived polysaccharides like jackfruit polysaccharide and bael fruit gum have high viscosity and gel-forming qualities. In a similar vein, polysaccharides extracted from okra pods have matrix-forming and film-forming qualities that make them appropriate for oral and transdermal medication delivery. Leaf-derived mucilages and plant exudates also represent promising sources of rare polysaccharides. These polymers can be used in mucoadhesive and in situ gelling systems due to their strong hydration capacity and bioadhesive qualities. The broad variations in molecular weight, branching pattern, and monosaccharide content that result from the variety of plant sources affect how well drugs are delivered (Nascimento et al., 2025).
5. SOURCES OF RARE PLANT-DERIVED POLYSACCHARIDES 
5.1 Fruit-Derived Rare Plant Polysaccharides
Fruit-derived polysaccharides are a significant class of unexplored natural polymers that hold great promise for use in medication administration. These complex heteropolysaccharides, which include galactose, arabinose, rhamnose, and uronic acids, are usually extracted from fruit pulp, peel, or mucilaginous tissues. They are appropriate for mucoadhesive and sustained-release drug delivery systems due to their high swelling capacity, viscosity, and gel-forming ability (Zeng et.al., 2022)
5.1.1 Bael fruit gum
The pulp of Aegle marmelos is used to make Bael fruit gum, which is primarily composed of pectic polysaccharides with galacturonic acid units. It has intermediate viscosity, decent swelling behavior, and film-forming qualities. Because of these qualities, bael gum can be used in mucoadhesive formulations and sustained-release matrix tablets. Its natural origin and biodegradability further encourage its usage as a safe pharmaceutical excipient (Dantas et. al., 2021)
5.1.2 Jackfruit polysaccharide
Artocarpus heterophyllus is the source of jackfruit polysaccharide, which is made up of heteropolysaccharides that are high in mannose and galactose residues. It exhibits strong gel-forming and hydration capabilities, which are advantageous for regulated drug release. Additionally, the polymer has demonstrated promise in drug delivery systems based on nanoparticles and hydrogel formation. It is a desirable substitute for traditional polymers because to its natural abundance and low toxicity (Dybka et. al., 2021)
5.1.3 Okra polysaccharide
Okra polysaccharide is extracted from Abelmoschus esculentus's mucilaginous pods. It has a high viscosity and potent mucoadhesive qualities, and its main constituents are rhamnogalacturonan and neutral sugars. Okra polysaccharide has been studied for film-forming systems, colon-targeted medication administration, and sustained-release tablets. Its superior hydration and gel-forming properties improve formulation stability and medication release control (Bai et. al., 2023)
5.2 Leaf-Derived Rare Plant Polysaccharides
Leaf-derived polysaccharides are a significant class of natural polymers generated from mucilaginous leaf tissues that have not received enough attention. These polysaccharides usually consist of uronic acid-rich heteropolymers, glucomannans, and arabinogalactans that show high swelling, mucoadhesive activity, and gel-forming characteristics. They are viable options for targeted and regulated drug delivery systems because to their biocompatibility and biodegradability (Jha et al.,2025)
5.2.1 Aloe polysaccharide
Aloe polysaccharide, which is mostly composed of acetylated glucomannan (acemannan), is typically extracted from the inner gel of Aloe vera leaves. It has outstanding film-forming, hydration, and biocompatibility properties. These characteristics facilitate its application in hydrogels, sustained-release medication delivery systems, and wound healing formulations. Additionally, aloe polysaccharide has bioadhesive and bioactive qualities that could improve tissue regeneration and therapeutic efficiency (Nayak et. al., 2020). 
5.2. 2 Plantago ovata mucilage
Mucilage from Plantago ovata Arabinoxylans and other heteropolysaccharides make up the majority of Plantago ovata mucilage, which is extracted from the plantago ovata's husk and leaves. It has a high swelling index, powerful mucoadhesive qualities, and the capacity to create gels. Because of these qualities, it can be used in gastroretentive formulations, controlled-release tablets, and colon-targeted medication administration. Furthermore, site-specific drug release in colon delivery devices is supported by its enzymatic degradability by colonic microorganisms (Chawananorasest et. al., 2016).
5.3 Seed-Derived Rare Plant Polysaccharides
Seed-derived polysaccharides represent an important class of underexplored plant biopolymers widely investigated for drug delivery applications due to their high swelling capacity, mucoadhesive behavior, and gel-forming ability. These polymers, which are made up of heterogeneous monosaccharides like galactose, mannose, arabinose, xylose, and uronic acids, are mostly extracted from seed endosperm or outer mucilaginous layers. They are intriguing options for targeted and regulated drug delivery systems because of their structural variety, which permits control of viscosity, hydration, and drug release kinetics. Seed-derived polysaccharides are also renewable, non-toxic, and biodegradable, all of which increase their pharmacological importance (Lindi et.al., 2024)
5.3.1 Tamarind Seed Polysaccharide
The main component of tamarind seed polysaccharide (TSP), which is extracted from Tamarindus indica seeds, is a xyloglucan backbone made up of β-(1→4)-D-glucan that has been replaced with xylose and galactose residues. High viscosity, superior mucoadhesive qualities, and robust swelling behavior are all displayed by TSP. These qualities make it appropriate for mucoadhesive tablets, nasal formulations, ocular drug administration, and sustained-release matrix systems. Additionally, the polymer has good film-forming ability, which has been applied to coatings for controlled medication release. Additionally, its non-ionic nature increases formulation flexibility by promoting stability across a broad pH range (Najji et al., 2017).
5.3.2 Fenugreek Mucilage
Trigonella foenum-graecum seeds are used to make fenugreek mucilage, which is mostly made up of galactomannan, which is made up of mannose backbone units with galactose side chains. This polysaccharide has a high viscosity, good hydration capacity, and the ability to create gels. Fenugreek mucilage has been investigated in colon-targeted formulations, floating medication delivery systems, and sustained-release tablets because of its swelling properties. Applications in buccal and nasal medication distribution are additionally supported by its biocompatibility and mucoadhesive properties. Furthermore, fenugreek mucilage can be chemically modified, which increases its potential for cutting-edge drug delivery systems (Eskilsson et. al., 2000)
5.3.3 Basil Seed Mucilage
Basil seed mucilage is derived from seeds of Ocimum basilicum and consists mainly of glucomannan and xylan fractions. Basil seeds quickly develop a gelatinous, polysaccharide-rich coating upon hydration, displaying a high swelling index and water retention capacity. Because of these characteristics, basil seed mucilage is especially well suited for mucoadhesive drug delivery systems, hydrogel formation, and controlled-release formulations. Additionally, the polymer has shown promise in gastro-retentive formulations and nanoparticle synthesis. Its use as a next-generation pharmaceutical excipient is further supported by its natural abundance, affordability, and biodegradability (Sharm et al., 2025)
All things considered, rare polysaccharides originating from seeds, such tamarind seed polysaccharide, fenugreek mucilage, and basil seed mucilage, show encouraging physicochemical characteristics like mucoadhesion, strong hydration, and high viscosity. These qualities, along with their biocompatibility and ease of extraction, make them appealing options for the creation of novel drug delivery systems.
6.EXTRACTION TECHNIQUES OF RARE PLANT-DERIVED POLYSACCHARIDES
For rare plant-derived polysaccharides to maintain their structural integrity and functional effectiveness in drug delivery applications, effective extraction is crucial. The yield, molecular weight distribution, viscosity, and biological activity of the separated polymers are all impacted by the extraction method chosen. Rare plant polysaccharides are frequently isolated using both traditional and cutting-edge extraction techniques, such as aqueous extraction, microwave-assisted extraction, and enzyme-assisted extraction (Shao et. al., 2019). 
6.1 Aqueous Extraction
The most popular traditional technique for separating rare plant-derived polysaccharides is aqueous extraction since it is easy to use, safe, and economical. This method involves soaking dried and powdered plant material in distilled water while maintaining a regulated temperature and stirring. Plant tissues swell and discharge mucilage into the aqueous medium when they are hydrated. After filtering the extract to eliminate insoluble material, organic solvents like ethanol or acetone are used to precipitate the polysaccharides. To create pure polysaccharide powder, the precipitated polymer is gathered, cleaned, and dried. This technique works especially well with seed-derived mucilages such fenugreek mucilage, basil seed mucilage, and tamarind seed polysaccharide (Camponeschi et al., 20215).
6.2 Microwave-Assisted Extraction
A cutting-edge method called microwave-assisted extraction (MAE) uses microwave energy to quickly heat plant material and solvent, disrupting cell walls and increasing intracellular polysaccharide release. Rapid heating reduces extraction time and solvent usage by improving mass transfer and increasing solvent penetration. According to reports, this technique outperforms traditional aqueous extraction in terms of yield and extraction efficiency. 
For uncommon polysaccharides with strong cell wall binding, microwave-assisted extraction is especially beneficial since it allows for effective release without requiring a lot of mechanical processing. To stop polysaccharide chains from breaking down, however, microwave power, extraction duration, and solvent ratio must be optimized (Fernandes et al., 2022, Prashant et. al., 2025). 
6.3 Enzyme-Assisted Extraction
Hydrolytic enzymes including cellulase, pectinase, and hemicellulase are used in enzyme-assisted extraction (EAE) to break down plant cell wall components and release polysaccharides. The extracted polymers' molecular structure and biological activity are preserved by this method's gentle operating conditions. By selectively dissolving structural barriers within plant tissues, enzyme-assisted extraction frequently increases yield and purity. This method works especially well for recovering uncommon polysaccharides from complicated plant matrices where traditional extraction techniques yield poor results. Enzyme-assisted extraction is also a greener method because it uses less solvent and lowers the extraction temperature. To attain optimal efficiency, however, variables like temperature, pH, incubation duration, and enzyme concentration must be carefully adjusted (Chakka et al., 2020).
7. PHYSICOCHEMICAL AND FUNCTIONAL PROPERTIES
The efficacy of rare plant-derived polysaccharides in drug delivery systems is influenced by their distinct physicochemical properties. These characteristics dictate drug release behavior, swelling, adhesion, and overall formulation stability. 
	Property
	Description
	Relevance in Drug Delivery
	References

	Molecular weight
	Molecular weight influences viscosity, gel strength, and drug release kinetics. High molecular weight polysaccharides provide sustained drug release, whereas lower molecular weight polymers allow faster diffusion. Plant-derived polysaccharides show variable molecular weights depending on plant source and extraction method.
	Controls drug release rate and mechanical strength of formulations
	Benalaya et. al., 2024

	Swelling behavior
	Rare plant polysaccharides contain hydrophilic functional groups that promote water uptake and swelling. High swelling capacity facilitates gel formation.
	Enhances controlled release and matrix integrity
	Liu et. al., 2023


	Mucoadhesive properties
	Strong mucoadhesion occurs through hydrogen bonding and polymer chain interpenetration with mucin.
	Increases residence time and improves bioavailability
	

	Biodegradability
	These polysaccharides undergo enzymatic degradation into non-toxic by-products.
	Ensures safe elimination and reduced long-term toxicity
	 
(Kumar et. al., 2017, Kenessova et al., 2025)

	Biocompatibility
	Natural origin contributes to low toxicity and compatibility with biological tissues.
	Suitable for multiple administration routes
	

	Gel-forming ability
	Many rare polysaccharides form hydrogels upon hydration, producing three-dimensional polymer networks.
	Controls drug release and improves formulation stability
	

	Viscosity characteristics
	Typically exhibit shear-thinning behavior, allowing ease of administration while maintaining viscosity.
	Facilitates handling, administration, and sustained release
	


Table 1. Characteristics of Physicochemical Properties

8. MODIFICATION STRATEGIES TO IMPROVE PERFORMANCE 
Rare plant-derived polysaccharides tend to be modified to improve their mechanical strength, physicochemical characteristics, and drug delivery effectiveness. Solubility, mucoadhesion, stability, and regulated drug release behavior can all be enhanced via modification techniques. These methods fall into three general categories: nanostructure generation, chemical alteration, and physical modification (Zhange et. al., 2023)
Table 2. Modification strategies to improve the performance of Rare plant-derived Polysaccharides 
	Category
	Strategy
	Description
	Impact on Drug Delivery
	References

	Chemical modification
	Carboxymethylation
	Introduction of carboxymethyl groups into hydroxyl sites of polysaccharides to increase hydrophilicity and chain expansion.
	Improves solubility, swelling, and mucoadhesion; useful for sustained and mucoadhesive delivery systems
	

Liu et. al., 2023

	
	Sulfation
	Incorporation of sulfate groups increases negative charge density and hydration capacity.
	Enhances bioadhesion, drug–polymer interaction, and targeted delivery potential
	

	
	Grafting
	Polymerization of synthetic monomers onto the polysaccharide backbone.
	Improves mechanical strength, thermal stability, and stimuli-responsive drug release
	(Kumar et. al.,2017) 

	Physical modification
	Crosslinking
	Formation of a three-dimensional network using physical or chemical crosslinkers.
	Increases gel strength and enables controlled and sustained drug release
	(Zhang et. al., 2024) 

	
	Blending with synthetic polymers
	Combination with polymers such as polyvinyl alcohol or polyethylene glycol.
	Enhances mechanical stability, film-forming ability, and tunable drug release
	

	Nanostructure formation
	Plant-derived nanoparticles (PDNPs)
	Self-assembled solid-core structures from lipophilic and amphiphilic components.
	Provides stable encapsulation and improved drug protection
	(Srivastava et. al., 2026, Xing et. al., 2025) 


	
	Nanovesicles / exosome-like structures (PDNVs)
	Membrane-bound vesicular carriers enclosing aqueous compartments.
	Suitable for delivery of hydrophilic drugs and biomolecules; improved barrier penetration
	

	
	Nanofibers (PDNFs)
	Fibrous structures typically produced via electrospinning (50–500 nm diameter).
	Offers high surface area and mechanical strength for scaffolds and controlled release
	

	
	Nanohydrogels
	Nanoscale crosslinked polysaccharide networks responsive to environmental stimuli.
	Enables smart and stimuli-responsive drug delivery
	


9. RARE PLANT-DERIVED POLYSACCHARIDES IN ADVANCED DRUG DELIVERY SYSTEMS
Recent studies have increasingly explored rare plant-derived polysaccharides as functional excipients in advanced drug delivery systems. These polymers have been investigated for nanoparticle formulation, injectable hydrogels, mucoadhesive systems, and controlled-release matrices due to their swelling, biocompatibility, and gel-forming properties. The following section summarizes recent literature focusing specifically on rare plant-derived polysaccharides. 
Recent work on tamarind seed polysaccharide has demonstrated its application in nanoparticle-based drug delivery systems for controlled release and improved bioavailability. Modified tamarind polysaccharide nanoparticles showed enhanced encapsulation efficiency and sustained drug release, indicating their suitability for targeted therapeutic delivery. Additionally, tamarind seed polysaccharide-based hydrogels have been developed for ocular and nasal drug delivery, providing prolonged residence time and improved drug absorption (Sri et. al., 2025, Ji et. al., 2024, Mandal et. al., 2026, Aaquib et. al., 2024). Fenugreek mucilage has been investigated in gastroretentive and mucoadhesive formulations. Studies reported that fenugreek-based matrix tablets exhibited significant swelling behavior and sustained drug release over extended periods. Recent research also explored fenugreek mucilage nanoparticles, which demonstrated improved drug stability and controlled release kinetics compared with conventional formulations (Bandyopadhyay et. al., 2023, Urooj et. al., 2025). Bael fruit gum has been utilized in sustained-release matrix tablets and mucoadhesive drug delivery systems. Studies demonstrated that bael gum formulations exhibited controlled drug release and good mechanical stability. Its natural viscosity and swelling capacity make it suitable for oral controlled-release formulations (Lindi et. al., 2024, Jani et. al., 2023). Jackfruit polysaccharide has recently been explored for nanoparticle formation and hydrogel-based delivery systems. The polymer exhibited good film-forming ability and sustained drug release behavior. Additionally, jackfruit polysaccharide-based nanocarriers improved drug solubility and stability, highlighting their potential in advanced delivery platforms (Brahma et. al., 2025, Kumar et. al., 2025). Okra polysaccharide has been widely studied for controlled-release matrices, film-forming systems, and colon-targeted drug delivery. Recent investigations reported that okra polysaccharide-based nanoparticles enhanced drug entrapment efficiency and provided prolonged drug release. Its strong mucoadhesive properties further support its use in nasal and buccal delivery system (Ormanli et al., 2023, Tahmasebi et.al., 2025). Aloe polysaccharide-based hydrogels have been investigated for wound healing and localized drug delivery. These systems demonstrated sustained drug release and improved tissue regeneration. Additionally, aloe polysaccharide nanoparticles have shown potential for targeted drug delivery due to their biocompatibility and bioactive properties (Xiao et. al., 2024, Liknaw et. al., 2025). Plantago ovata mucilage has been utilized in colon-targeted drug delivery systems. Recent studies reported that formulations prepared using this mucilage exhibited enzymatic degradation in the colon, resulting in site-specific drug release. Its high swelling index and gel-forming ability contribute to sustained drug release behavior (Oansh et. al., 2025). 
10. COMPARATIVE ADVANTAGES OVER CONVENTIONAL POLYSACCHARIDES
Compared to traditional polysaccharides like cellulose, starch, and pectin, rare plant-derived polysaccharides provide a number of advantages. They are prospective substitutes for cutting-edge medication delivery methods due to their distinctive structural features and natural abundance. 
Table 3. Impact of Rare Plant-Derived Polysaccharides on Drug Delivery
	Parameter
	Rare Plant-Derived Polysaccharides
	Conventional Polysaccharides (e.g., cellulose, starch, pectin)
	Impact on Drug Delivery

	Availability
	Obtained from diverse botanical sources such as seeds, fruits, and leaves, often from underutilized or agricultural by-products. (Oansh et. al., 2025).
	Limited to widely cultivated and heavily utilized plant sources
	Ensures broader material selection and continuous supply

	Cost-effectiveness
	Extracted using simple aqueous methods; locally available plant materials reduce processing cost (Oansh et. al., 2025).
	May require purification, derivatization, or industrial processing
	Economically favorable for large-scale pharmaceutical production

	Biocompatibility
	Natural origin with low toxicity and minimal immunogenicity (Srivastava et. al., 2026).
	Generally biocompatible but may require modification for specific applications
	Suitable for oral, nasal, ocular, and transdermal delivery

	Functional superiority
	Enhanced swelling, mucoadhesion, and gel-forming ability; heterogeneous structure enables easy modification (Srivastava et. al., 2026). 
	Often limited functional diversity and tunability
	Improved controlled release and targeted drug delivery

	Sustainability
	Renewable, biodegradable, and frequently derived from plant waste materials (Rath et, al., 2026).
	Renewable but often associated with large-scale agricultural demand
	Supports environmentally sustainable pharmaceutical development


11. CHALLENGES AND LIMITATIONS 
Rare plant-derived polysaccharides have a number of obstacles that prevent them from being widely used in pharmaceuticals, despite their encouraging promise. Batch-to-batch variability is a significant concern since variations in plant source, geographic location, and harvesting conditions may affect the functional characteristics and composition of polymers. Proteins, pigments, and other contaminants that can compromise stability and reproducibility also cause problems with purification. Additionally, many understudied polysaccharides have poor safety and toxicity data, which limits their clinical translation. Industrial manufacturing is further complicated by scale-up challenges pertaining to extraction yield, uniformity, and processing. Furthermore, before these polymers are widely used in pharmaceutical formulations, regulatory issues pertaining to quality control, characterisation, and safety evaluation must be resolved. All of these drawbacks show that in order to successfully create rare plant-derived polysaccharide-based drug delivery systems, standardized extraction procedures, thorough toxicity research, and regulatory guidelines are required (Xiong et. al., 2013, Mohanty et. al., 2024)
13. CONCLUSION
Rare plant-derived polysaccharides have emerged as promising natural polymers for advanced drug delivery applications due to their unique physicochemical and functional properties. In order to improve their effectiveness as pharmaceutical excipients, this review outlined their many botanical sources, extraction methods, structural traits, and modification approaches. Polysaccharides derived from seeds, fruits, and leaves, such as tamarind seed polysaccharide, basil mucilage, bael gum, okra polysaccharide, and aloe polysaccharide, exhibit exceptional swelling, mucoadhesion, biodegradability, and gel-forming ability, which makes them appropriate for targeted and controlled drug delivery systems. 
These uncommon polymers have benefits over traditional polysaccharides in terms of sustainability, affordability, functional variety, and simplicity of modification. Recent studies emphasize their use in nanoparticles, hydrogels, films, and systems that respond to stimuli, underscoring their relevance in creating cutting-edge pharmaceutical formulations. In summary, polysaccharides derived from rare plants possess considerable promise as advanced carriers for drug delivery. Ongoing research that centers on standardization, assessing toxicity, and large-scale production will aid in their conversion into drug delivery systems that are clinically applicable and commercially feasible.

12. FUTURE PERSPECTIVES 
Next-generation medication delivery systems are anticipated to heavily rely on rare plant-derived polysaccharides. By anticipating structure-property connections and improving formulation performance, new techniques like AI-guided polymer selection may speed up the identification of appropriate polysaccharides. By incorporating these polymers into 3D-printed drug delivery devices, customized dosage forms with controlled shape and drug release behavior can be developed (Zamboulis et. al., 2022). The use of rare polysaccharides is supported by the increasing emphasis on personalized medicine because of their adjustable physicochemical characteristics, which enable formulation design tailored to individual patients. The creation of hybrid polysaccharide systems that combine synthetic or other natural materials with uncommon plant polymers can improve mechanical strength, stability, and stimuli-responsive drugs release. Additionally, as sustainable sourcing, economical extraction, and scalable processing techniques are developed, industrial translation potential is growing. These developments might make it easier to commercialize rare polysaccharides generated from plants as multipurpose carriers for cutting-edge medicinal applications.
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