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Polysaccharide biomaterials have gained significant importance in the manufacture of nanoparticles used in colon-

targeted drug delivery systems. These systems are a form of non-invasive oral therapy used in the treatment of various

diseases. To achieve successful colonic delivery, the chemical, enzymatic and mucoadhesive barriers within the

gastrointestinal (GI) tract must be analyzed.
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1. Introduction

Polysaccharides are biopolymers constituted by simple sugar monomers. They are usually isolated from plant material,

marine plants, and exogenous metabolites of some bacteria. The polysaccharides chain comprises monosaccharide units

linked by glycosidic bonds with hydroxyl, carboxyl, and amino groups. Carbohydrates are stable, non-toxic, hydrophilic,

and biodegradable biomolecules in the human body . Polysaccharides can be used as matrices for encapsulation,

immobilization, and controlled release for many active compounds. This matrix are also used in the food, pharmaceutical,

biomedical, and chemical industries. Polysaccharides are the most abundant biomolecules, followed by proteins, lipids,

and nucleic acids. Polysaccharides studied as a matrix for encapsulation include chitosan, pectin, alginate, starch, and

dextran .

Encapsulation occurs when liquid and solid particles are trapped in a matrix or coated by a polymer material. The

preparation of a proper encapsulating agent is an essential factor in enhancing encapsulation efficiency. Encapsulating

agents must have the ability to preserve bioactive compounds under different processes and storage conditions . A

controlled release system will increase drug retention time and enhance paracellular and transcellular absorption. The

release mechanisms occur by diffusion, biodegradation, and osmosis . The application of nanotechnology to

encapsulate nutrients and drugs has aroused significant interest and demand due to its great benefits. In addition,

nanotechnology has been associated with safety, environmental, ethical, and regulatory problems related to human health

and environmental impacts. Information related to the security of nanoparticles is limited. In general, nanoparticles have

unique characteristics, such as their small size. This property allows them to cross different biological barriers (e.g.,

intestinal and mucosal epithelial cells) .

Natural biopolymers are considered biodegradable and safe for human consumption because they are not toxic and do

not affect cell viability, making them ideal for drug delivery systems . Other kinds of metallic, solid, and polymeric

nanoparticles can be toxic for humans. Researchers have used strategies of coating toxic nanoparticles with biopolymers

to reduce their toxicity . At the moment, no legislation regulates the use of nanoparticles in the food and

pharmaceutical industries. Therefore, most countries have regulations for risk assessment when using nanotechnology.

Relevant regulatory agencies include the U.S. Food and Drug Administration (FDA), the European Union, the Australian

Government Department of Health, and Health Canada .

It is necessary to develop and appropriately evaluate nanomaterials to determine their risk to human health. When

manufacturing these nanoparticles, the elements that must be considered are particle and distribution size, shape, state of

aggregation/disaggregation, solubility, surface charge, and surface morphology . The size and morphology of

nanoparticles enhance their functionality, and are dependent on the manufacturing technique for each nanomaterial.

These properties allow a high loading capacity, high encapsulation efficiency, stability, sustained release profile,

bioavailability of bioactive compounds, and biocompatibility .

The nanoparticle technology based on polysaccharides plays a vital role in controlling drugs, bioactive agents, and genes

for oral administrations. These release systems can occur by diffusion (barrier/matrix), degradation (chemical or physical

matrix), or changes in the environment (e.g., pH, ionic strength, and pressure) . Most drugs or bioactive agents

administered orally are absorbed in the upper GI tract, but their delivery in the colon is necessary for additional results in
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specific therapies. Some areas of interest are colonic delivery of peptides and proteins, probiotic bacteria, and microbiota

replacement therapies . The main release mechanisms in the colon are degradation by colonic microbiota, time and

pH-controlled release. Colon release formulations are generally designed to prevent degradation in the stomach and

upper GI tract. The colon’s main function is the absorption of water, ions, and the storage of feces. The large intestine is

colonized by many bacteria—approximately 10  per gram of intestinal content. The microorganisms in the colon are

beneficial for human health because they are responsible for fermenting indigestible dietary fiber .

2. Polysaccharides

Various polymers with complex structures and specific functions have developed naturally. These include amino acids,

nucleobases, and mono- and disaccharides. According to the nature of their heteroatom present in the main chain natural

polymers can be classified into four types, as shown in Table 1 . Polysaccharides are biopolymers isolated from

plant, animal, microbial, and algae sources. These are made up of more than ten monosaccharide units linked by O-

glycosidic bonds. Due to their great abundance in hydroxyl groups polysaccharides can be modified by carboxylation,

esterification, and amination, thereby improving their functional properties . According to their nature, polysaccharides

have excellent biocompatibility, biodegradability, non-toxicity, and cell specificity. Therefore, they are considered ideal for

various biomedical applications, such as drug, gene delivery, and wound dressing .

Table 1. Natural polymers and their types.

Natural Polymers Types Examples

Hydrocarbon polymers Natural rubber  

Carbon-oxygen Carbohydrates Cellulose; starch; chitin; chitosan; pullulan

Carbon-oxygen-nitrogen/Sulphur Proteins Soya protein; gelatin; casein

Carbon-oxygen-nitrogen-phosphorus Nucleic acids DNA, RNA

2.1. Chitosan

Chitosan is a unique linear poly-cationic polysaccharide derived from chitin by deacetylation. It is found primarily in the

exoskeleton of crustaceans, such as shrimp and crabs. Its chemical structure consists of a chain of β-(1-4)-linked

glucosamine and N-acetyl d-glucosamine units. It has functional groups such as polyhydroxy and amino, and these

groups can lead to hydrogen bonds. Chitosan is the second most abundant polysaccharide after cellulose. It is used for

pharmaceutical applications due to its reactive functional groups, biocompatibility, biodegradability, gel-forming ability,

non-toxicity, high charge density, and low pH solubility. This polysaccharide can interact electrostatically with mucus or

negatively charged mucosal surfaces, giving it an excellent mucoadhesive property for developing systems for oral

administration. The presence of its positively charged amino group (–NH ) can interact with negatively charged

proteoglycans on the cell surface, enabling better intestinal absorption of the drug by opening the tight junctions between

the epithelial cells .

2.2. Hyaluronic Acid

Hyaluronic acid is a non-sulfated, negatively charged glycosaminoglycan composed of D-glucuronic acid and N-acetyl-d-

glucosamine linked by β-(1-3) and β-(1-4) bonds. It is a macromolecule produced and secreted by cells as a linear

polymer that is not bound to a polypeptide. It is a biocompatible biopolymer of natural origin present in the skin,

connective tissues, synovial fluid of the joints, neural tissues, vitreous humor, and has the ability to regulate lubrication.

This polysaccharide can be chemically modified due to its groups, such as the carboxylic acid of glucuronic acid, primary

and secondary hydroxyl groups, and N-acetyl groups, which can alter its properties such as hydrophobicity, biological

activity, viscoelasticity, water retention, biocompatibility, cell proliferation, wound regeneration, and specific signal

transduction and cell interactions through cell surface receptors .

2.3. Pectin

Pectin is a linear heteropolysaccharide that constitutes the cell wall of plants and consists of a linear unbranched chain of

α-(1-4) linked d-galacturonic acid units (homogalacturonan) with uronic acids. This polysaccharide contains hydroxyl and

carboxyl groups, residues esterified with methyl ether distributed in its linear chain, and a certain quantity of neutral

sugars present in the side chains. It is principally composed of galacturonic acid, methyl ester, and sugar units such as

arabinose, galactose, and rhamnose. Pectin can form hydrogels in the presence of its ionized carboxyl groups (–COO )
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that interact with its positively charged anions. For this reason, it is an anionic, biodegradable, biocompatible, and non-

toxic polysaccharide used for its mucoadhesive properties in the oral delivery of drugs to the colon. Pectin can remain

intact in the upper gastrointestinal tract and be degraded in the colon by pectinases .

2.4. Guar Gum

Guar gum is a non-ionic polysaccharide. It is extracted from the seeds of Cyamopsis tetragonolobus and consists of a

linear chain of (1-4)-β-d-mannopyranosil units with α-d-galactopyranosyl units attached by (1–6) ramifications. This

polysaccharide presents an extraordinarily viscous property due to its intermolecular chain entanglement of galactose side

chains. It is a biocompatible and biodegradable polysaccharide with the ability to form gels in aqueous solutions, and is

used to formulate hydrophilic matrices for drug delivery due to its enzymatic degradation in the colon .

2.5. Dextran

Dextran is a complex branched glucan consisting of α-d-(1-6) glycosidic links and branched at α-(1-3). It is obtained

naturally from the lactic acid bacterium. It is a hydrophilic, biodegradable, and biocompatible polysaccharide with

abundant hydroxyl groups. This polysaccharide is biocompatible, highly hydrophilic, and shows low protein adsorption.

Like other polysaccharides, dextran has many hydroxyl groups, allowing it to be easily conjugated with drugs and proteins

to prevent drug absorption in the small intestine .

2.6. Alginate

Alginate is an anionic polysaccharide consisting of β-(1-4)-d-mannuronic acid and α-(1-4) l-guluronic acid residues. The α-

(1-4) l-guluronic bonds can be cross-linked with divalent ions by sodium ion exchange, forming a gel matrix and the

retention of encapsulated charges. Due to their anionic nature, they can interact with cationic compounds. It is extracted

mainly from brown marine algae (Laminaria hyperborean) and soil bacteria (Azobacter vinelandii). This polysaccharide

has physicochemical properties such as biodegradability, biocompatibility, low immunogenicity, good mucoadhesion, and

non-toxicity. Due to its composition, sequence of arrangement, and molecular weight, the alginate also has functional

groups such as polyhydroxy and carboxyl distributed throughout its chain. It is highly reactive and with the possibility of

chemical modification (oxidation, amidation, esterification, and sulphation) .

2.7. Arabinoxylans

Arabinoxylans (AX) are non-starch polysaccharides found mainly in the cell wall, outer layer, and endosperm of cereals.

The AX are composed of a linear chain of β-(1-4) xylose units branched to arabinose units in positions C(O)-3 and C(O)-2.

Arabinose can be esterified with monomeric or dimeric ferulic acid (AF). AX are desirable polysaccharides for application

in the food, pharmaceutical, and biomedical industries. Similarly, they have become an attractive alternative due to their

biodegradability, biocompatibility, non-toxicity, hydrophilic, and gelling properties. Due to their functional properties, AX can

act as prebiotics, antioxidants, emulsifiers, and immunomodulators. The gels made from this polysaccharide have been

studied for their potential as a drug delivery system directed to the colon because they are biocompatible and have the

ability to retain water. These covalent gels can cross the conditions of the upper gastrointestinal tract and be fermented in

the colon by the colonic microbiota to release the drug .
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