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AMPHIPHILIC POLYSACCHARIDES: AN UPDATE 

AND FUTURE PERSPECTIVES 
 

Abstract 
 

Over the past two decades, a novel 

opportunity namely naturally occurring 

polysaccharides have been widely investigated 

pharmaceutically for the purpose of delivery of 

various therapeutic agents. The polysaccharides and 

its self-assembly are the most popular techniques for 

drug delivery systems and more importantly in the 

absence of solvents. The different drug delivery 

systems like micelles, nanoparticles, liposomes and 

hydrogel are the product of intermolecular or 

intramolecular associations of the various polymeric 

amphiphilic polysaccharides in water. This review 

briefly provides an insight of the recent successes of 

key polymeric polysaccharides, especially those 

constructed for pharmaceutical applications in 

controlled drug delivery. The chitosan 

polysaccharides have been specially illustrated due to 

its unique properties and accelerated progress in 

biomedical applications.                             
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I. INTRODUCTION 

 

The term drug delivery has gained increasing importance in the modern era and this 

method of formulation and administration of a pharmaceutical active compound to produce a 

therapeutic effect has advanced. Advances in healthcare drug delivery systems, specifically 

novel opportunities associated with both physical and chemical properties of the drug 

together with the polysaccharides, have opened a new research field of polysaccharide based 

nanoparticles. Now the routes of drug delivery goes through the mechanism engaged with the 

drug delivery to the expected site of the body for suitable release or absorption, or the 

consequent carry of the drugs in the cell membranes to the desired site of action. There have 

been a lot of reports in this field with an aim to produce benign drug delivery systems and 

adequate findings on the unique properties, specifically aiming to biocompatibility, non-

toxicity, anti-microbial and bio-adhesive properties facilitate sustained drug delivery at target 

sites of action. 

 

Carbohydrate molecules that contain repeated units of either the same or different 

monosaccharide units are referred to as the term polysaccharides (Fig. 1.). The 

polysaccharides may have various structures with a broad diversity and property due to the 

presence of a number of functional reactive groups, change in molecular weight (MW), and 

sugar composition. They can now be split into positively charged polysaccharides (such as 

pectin, alginate, etc.) and negatively charged polysaccharides (such as polyelectrolyte’s and 

non-polyelectrolyte’s) (chitosan, etc.). Due to the various functional groups in their chains, 

polysaccharides are amenable to chemical and biological modification to produce their 

derivatives. Due to the presence of polar functional groups in their structures, these are 

readily available, extremely safe, stable, non-toxic, inexpensive to process, biodegradable, 

and hydrophilic. The presence of these characteristics in polysaccharides as well as its 

derivatives reports nanoparticles and stimuli sensitive as drug delivery materials [1]. 

Amphiphilic polysaccharides are able to deliver drugs without the use of solvents or 

surfactants.  In recent times, amphiphilic chitosan is one of the most discussed topics. 

 

The applications and synthesis of nanoparticles has increased immensely with an 

emphasis on those that are conjugated from natural polysaccharides in the applications as 

drug delivery systems. But during the formulation of these stimuli sensitive nanoparticles 

containing natural polysaccharides, obstacles were reported regarding appropriate use of 

organic solvent, otherwise which may lead to precipitation, emulsification and 

polymerization like phenomena. This limitation was overcome by the introduction of 

hydrophobic groups. When hydrophobic groups are chemically added to natural 

polysaccharides, the resulting amphiphilic polysaccharides exhibit self-association in 

aqueous solution as a result of the interactions between and/or within the molecules of the 

hydrophobic molecules. Modern drug delivery agents like micelles, nanoparticles, 

microspheres, liposomes, and hydrogels are created as a result of this process.  

 

The most commonly used polysaccharide polymers used in pharmaceutical 

applications are chitosan, dextran, heparin, pullulan, hyaluronic acid and amylose. Of these, 

Chitosan is noted to be the polymer in focus that has been widely used as micro- and 

nanoparticles in drug delivery systems. This review provides an overview and updates on the 

various drug delivery systems based on stimuli responsive natural polysaccharide polymers 

and its derivatives. The various methods of preparation and characterization of selective 
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natural polysaccharides based micro- and nanoparticles are illustrated. The usefulness of 

these particles in parenteral and non-parenteral drug delivery in thermo-and pH-responsive 

environments is compared to various metal based nanoparticles.     

 

1. Polysaccharides 

 

 Dextran: Dextran is a generic term for the complex polysaccharides comprising a 

family of glucans composed of polymeric chains of α-D-glucopyranosyl moiety. It is 

a bacterial exopolysaccharides, neutral and biodegradable in nature comprising of 

mainly glucose subunits. It is mostly soluble in polar and other organic solvents, the 

property which is utilized for the synthesis of various composites by blending it 

with the polymers that are water repelling in nature. Dextran has a strong affinity for 

bile acids, covalently by the help of ester linked bonds, as the bile acids are naturally 

occurring compounds with steroid molecules containing both hydrophobic and 

hydrophilic end. The resulting amphiphilic conjugates show a better compatibility 

with suitable bio-macromolecular systems.   

 

The amphiphilic dextran in the self-associated assembly produced micelles 

with dextran grafted with cholic acid of 130 nm sizes starting with concentration 

greater than 0.2 mg/ml and with dextran grafted with deoxycholic acid of 150 nm 

sizes. It was affirmed that the hydrophobic interactions occurred mainly 

intramolecularly between the large macromolecule and hard bile acid side chains 

from the viscometric measurements of the aqueous solutions of amphiphilicdextrans. 

However, it was noted that amphiphilic dextran cannot self-associate into micelles 

after a concentration of 6 mg/ml [2]. Additionally, it was discovered that dextran may 

be grafted with lauryl chains (C12), and various DS were recorded (2.7, 4 and 7%). 

Poly-β-cyclodextrin and the resulting amphiphilic dextran were able to spontaneously 

self-associate to form stable supramolecular nanoparticles [3-5]. At room 

temperature, the drug-containing poly-β-cyclodextrin aqueous solution and 

hydrophobized dextran solutions were loaded into the nano-assemblies. 

 

2. Hydrophobically Modified Dextran 

 

 Hyaluronic Acid: It is the naturally occurring substance made of anionic, non-

sulfated glycosaminoglycan that is present in the fluids of the eye and bone joints. It 

controls certain functions in the epidermis and is present in the connective and neural 

tissues. Hyaluronic acid is also crucial for the re-epithelialization process, which is 

primarily what allows a wound to heal properly and necessitates coordinated basal 

keratinocyte migration and proliferation at the site of the lesion. It is positioned at the 

basal layer of the epidermis in relatively high concentrations in the normal skin.  

It was said to undergo chemical modification by binding with dioleoyl 

phosphatidylethanolamine (DOPE) for 24 hours at 37 0C with EDC chloride acting as 

a coupling agent, followed by ultra filtration [6] to produce the end product. 

Hyaluronic acid that has been hydrophobically modified is employed in gene therapy 

in the form of lipoplexes [6, 7]. 

 

 

https://www.sciencedirect.com/topics/medicine-and-dentistry/exopolysaccharide
https://www.sciencedirect.com/topics/medicine-and-dentistry/organic-solvent
https://www.sciencedirect.com/topics/materials-science/hydrophobic-polymer
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 Amylose: Amyloses are the class of polysaccharides produced from repeated α-D-

glucopyranosyl sub-units linked together by α-(1,4) glycosidic bonds. The C-1 

positions of the glucose molecules are connected to the C-4 of the other. The usual 

range of glucose subunits is 300 to 3000 or more. The amylose often manifests as 

starch and glycogen. A complex polysaccharide called a starch is made up of several 

monomeric units of glucose that are bonded together by glycosidic linkages. A pure 

starch is made up of the molecules amylose and amylopectin. The plant stores the 

extra glucose in the form of starch. Amylose typically accounts for 30% of the starch 

that plants store. The enzyme that converts the starch molecule into less complex 

sugars is called -amylase. Commercially, the emulsifier and thickening industries 

greatly benefit from the use of amylose. It acts as a marker in laboratories, 

particularly for the iodine test, for the presence and concentration of starch. By 

graphiting with linoleic acid [8], amylose was chemically altered in two ways: 

 

 The first technique comprised heating the amylose solution in DMSO to 90 
0
C 

and adding linoleic acid. Following the dissolution of the linoleic acid, water was 

added, and the mixture was incubated at the crystallization temperature for 15 min 

with vigorous stirring to finish the complex formation. The amylose-linoleic acid 

complexes were then separated by freeze drying after the suspension was cooled 

to 20 
0
C. The complexes were centrifuged as before after being thrice rinsed with 

an ethanol:water solution to get rid of any remaining uncomplexed linoleic acid. 

When amylose and linoleic acid were grafted together, spherical micelles might 

form through self-association. 

 KOH and HCl solutions were used in the second technique that was developed 

[9]. Different crystallization temperatures of amylose and linoleic acid solutions 

in 0.01 M KOH preheated to 90 
0
C were combined; the mixture was then 

neutralized with 10 ml of 0.1 M HCl. The combination was then maintained for 

24 hours at the designated crystallization temperature. All samples were then 

centrifuged, and the precipitate was twice cleaned with a 50:50 solution of ethanol 

and water to get rid of any simple linoleic acid residues. After being freeze-dried, 

the complexes eventually produced elongated nanoparticle forms. 

 

 Pullulan: The fermentation of black yeast yielded this specific class of non-ionic 

polysaccharide polymer. Due to its distinctive properties, which include maltotriose 

units, also known as α-1,4- and α-1,6-glucan, Aureobasidiumpullulans are currently 

used in the food and pharmaceutical industries. Maltotriose has three glucose units 

that are united by a α-1,4glycosidic connection, whereas subsequent maltotriose units 

are joined by a α-1,6 glycosidic bond. Pullulans are being studied for their non-toxic, 

non-immunogenic, non-carcinogenic, and non-mutagenic properties in a variety of 

biomedical applications, including gene delivery, targeted drug therapy, tissue 

engineering, wound healing, and diagnostic uses like perfusion, receptor, and lymph 

node target specific imaging, as well as vascular compartment imaging. Pullulan has a 

special linkage between - α- (14) and α-(16) that gives it physical characteristics 

including adhesiveness and fiber-forming capacity. The polysaccharide is primarily 

used by the cell to withstand desiccation and predation and to enable the diffusion of 

chemicals into and out of the cell. 
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Pullulans can also be chemically altered to form hydrogel nanoparticles that 

contain cholesterol-bearing self-aggregates, in which the pullulan chains are non-

covalently connected together by cholesteryl moieties. When the DS of the 

cholesteryl moiety increased, the diameters of the self-aggregates shrank, but the 

number of pullulans containing cholesterol that could aggregate into a single 

nanoparticle was almost DS-independent [10]. At a temperature of 50–60 
0
C for 12–

24 h, the resulting amphiphilicpullulan is only marginally soluble in water. 

Interestingly, the formed nanoparticles are thermo sensitive. Porphyrin, bilirubin, and 

the anticancer drug adriamycin were among the hydrophobic compounds that the 

cholesterol-bound pullulans were able to mix with [11]. 

 

 Heparin: The most commonly available anticoagulant (blood thinner) available in the 

market and recommended by doctors that arrest blood clotting conditions especially 

during the post-surgical procedures. The composition of heparin is a mixture of 

polysaccharide chains in a linear chain consisting of polysaccharide with acidic 

groups such as SO4
=
 or N-CH3COO

-
 groups. The quantity of sulfate groups in the 

saccharide units is directly linked with the anticoagulant properties of heparin. 

Heparin has a molecular weight of 12,000 D on average [12–13] and is made up of tri 

sulfated disaccharide repeating units. Heparin's structure is complicated since it 

contains extra disaccharide structures [14–17]. The biological activity of heparin is 

influenced by its chain size and level of sulfation. Deoxycholic acid and heparin with 

various DS were used to create spherical and monodisperse heparin-based 

nanoparticles with the goal of chemically altering heparin [18]. Heparin nanoparticles 

containing deoxycholic acid were encased in negatively charged heparin shells. Five 

to nine amphiphilic heparin chains made up a hydrophobic domain in the conjugates, 

according to an estimate of the mean amount of deoxycholic acid that aggregated per 

hydrophobic microdomain made using fluorescence quenching techniques with 

cetylpyridinium chloride [19]. 

 

 Chitosan: The linear heteropolymer of N-acetyl-D-glucosamine and D-glucosamine 

in chitosan polysaccharide is joined by β-(14) glycosidic linkages. This polymer is 

produced when chitin is partially deacetylated. Natural sources of chitin include the 

shells of numerous insects and crustaceans including lobster, prawns and crab. The 

degree of acetylation (DA) and its management are crucial aspects of chitin and 

chitosan from a property standpoint. Chitin is insoluble in aqueous and many organic 

solvents, while chitosan is protonated by the amine groups on the polymer molecule, 

making it hydrophilic and soluble in acidic liquids. Additionally, chitosan is said to 

be biocompatible and further broken down by lysozymes, a few lipases, and proteases 

[20]. 

 

The mucoadhesive characteristics of chitosan are represented by the 

interaction between the positive charges of the amine and the negative charges of the 

membrane proteins in its structure [21]. The well-known antibacterial and 

antiparasitic properties of chitosan have also been described [22]. 

 

3. Hydrophobically Modified Chitosan: Hydrophobic groups can be transplanted to 

chitosan to modify its chemical composition. Chitosan can be functionalized to create 
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amphiphilic chitosan since it possesses hydroxyl and amine groups. However, all of the 

research studies documenting the synthesis of amphiphilic chitosan have been based on 

the chemical grafting of hydrophobic groups on the amine functional group by N- 

acylation events because the amine of chitosan is more reactive than the hydroxyl groups. 

The N-acylation of chitosan could be accomplished by three different types of reactions. 

By grafting hydrophobic groups, chitosan can be chemically altered with the goal of 

making it a drug delivery system. The three various kind of reactions that can be 

employed to N-acylated chitosan are discussed: (Fig. 2) 

 

 Type-1: Chitosan was N-acylated in a solution of pyridine and chloroform with 

oleoyl chloride present (Fig. 2a) at room temperature for 2 h and then refluxed for 10 

h. The product was added to methanol, and after it precipitated, it was filtered and 

dried for 24 h under a vacuum. Using infrared spectroscopy, the degree of N-

acylation—measured as the number of oleic acid groups per 100 N-acetyl-D-

glucosamine units of chitosan—was investigated [23-24]. 

 

 Type-2: In this type of reaction, carboxylic acid along with coupling agents such as 

1-Ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDC) (Fig. 2b) was treated with 

the fatty acid viz., stearic (C18C36O2), linoleic (C18H32O2) and oleic (C18H34O2) [25-

28] acids, where the carboxyl groups was converted to a reactive intermediate ester 

that can be used to acylate the chitosan's principal amine groups. After grafting 

deoxycholic acid onto chitosan in the presence of EDC, a group [25, 29-30] observed 

that the aggregates created were able to load up 49.6% of doxorubicin (a 

topoisomerase II inhibitor used as an anticancer treatment). 

 

 Type-3: The reaction between acid anhydrides [acetic (C4), propionic (C6), lauric 

(C24), palmitic (C32) and stearic (C36) anhydrides] in dimethyl sulfoxide (DMSO) to 

obtain the N-carboxymethyl-chitosan derivatives [31–33](Fig. 2c). The resulting 

amphiphilicchitosans were water soluble. New physicochemical features include 

grafting a hydrophobic group onto chitosan to provide various drug delivery systems, 

as well as self-association with polysaccharides in water, buffers, or acetic acid 

solution (0.1 M) spontaneously [34–39] or under sonication [5,25,40–43]. 

 

Self-association of chitosan-containing stearic acid leads to the formation of 

micelles [26, 44]. According to other findings [27,45], chitosan and linoleic acid were 

coupled by an EDC-mediated reaction. The surfaces of the micelles were further 

cross-linked by glutaraldehyde[26,27,43] or sodium tripolyphosphate[45] to make 

drug-loaded and shell cross-linked nanoparticles because these modified chitosans 

were insoluble at neutral pH. It is known that water-insoluble medicines prefer to be 

loaded into the hydrophobic core of micelles. We discovered amphiphilic chitosan-

based micelles that included the well-known medications ibuprofen [39], doxorubicin 

[44], paclitaxel [26, 40,46-48] and the amphiphilicadriamycin[49]. Hydrogels are 

formed by controlling chitosan concentrations, molecular weight and DS (Fig. 3).  

 

For topical medication delivery, chitosan hydrogels physically cross-linked 

with stearic, palmitic, myristic, or lauric acids were used. The two most crucial 

variables that must be regulated in order to make hydrogels are viscosity and water 
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absorption capacity. The hydrogel's higher viscosity ensures that it remains in touch 

with the skin for a longer period of time, while its ability to swell is essential for the 

drug's ability to load and release. The elastic characteristics of the hydrogels were 

calculated using the rheological data. The hydrogel viscosity was shown to increase 

and the swelling characteristics to decrease when the hydrophobic group chain length 

rose from laurate to stearate [50-51]. 

 

4. Micelles and Nanoparticles: As per recent report, chitosan and linoleic acid were 

coupled by an EDC-mediated reaction. It was shown that N-stearoyl chitosan had lower 

CAC values, which led to smaller self-aggregate sizes. Due to their lower CACs than 

micelles based on other chitosan derivatives, such as those modified with deoxycholic 

acid and 5 b cholanic acid (ranging from 1.7 102 to 26 102 mg/ml), these micelles were 

shown to be more stable when diluted. Oleoyl-chitosans' CACs (79.43, 31.6, and 10 

mg/ml DS; 5, 11 and 27%, respectively) were excessively high and their solubility in HCl 

solution dropped when the DS was raised. At neutral pH, these chitosans were insoluble. 

 

II. CONCLUSION 

 

This review emphasizes the recent works on mostly thermo- and pH-sensitive 

polysaccharides and their applications in drug delivery processes. After comprehensive 

study, it is possible to draw the conclusion that, in contrast to other polysaccharides, the 

derivatives of chitosan, heparin, and amylose have been potentially investigated and used. 

Changes have been made, and it has been discovered that polysaccharides, particularly 

chitosans, self-associate in aqueous media to generate unique polymeric micelles, 

nanoparticles, and hydrogels wherever it is thought essential. These novel discoveries may be 

used to encapsulate and release active medications. 

 

1. Significance of the Study: The chapter provides a brief insight into polysaccharide-

based enhanced drug delivery systems which improves their drug pharmacology due to 

their biocompatibility, drug molecules storage ability in their interspaces, and to regulate 

a controlled release of the carrier substance. This ability consists of biomacromolecule 

stabilisation, strengthening the bioavailability of integrated small molecule medications, 

and protecting and presenting functioning treatments by avoiding the reticulo-endothelial 

system. The capacity of the polysaccharide particles to deliver therapeutics to target 

tissues through mucosal binding and transport, as well as through chemistry, size, and 

receptor-mediated drug targeting, is also crucial. This study also examines the procedures 

for synthesising and building drug delivery systems based on functional polysaccharide 

particles that preserve and enhance the functionality of the natural polysaccharides. 
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Figure-1: Structure of some polysaccharides 

 

 

 

Figure 2: Different methods of N-acylation of Chitosan. Reproduced from Ref. [51] 
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Figure 3: Schematic representation of various drug delivery systems produced by self 

association of polysaccharides in aqueous solution. Reproduced from Ref. [51] 
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