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Abstract: Xanthan gum is a commercially important polysaccharide that has immense applications in diverse 
fields due to its unique rheological properties. They are used in food industries, pharmaceutical industries, 
agricultural industries, textile industries etc. This particular exopolysaccharide is produced by Xanthomonas 
campestris bacteria utilising glucose as the major carbon source. Xanthan gum has been preferred in 
pharmaceutical formulations as a gelling agent, binder and disintegrant. Controlled drug release is essential in 
order to increase the efficacy of the drug delivery to the target region without causing a toxic effect. Xanthan 
gum has the potential in retarding drug release to its gelling nature and ability of entrapping the drug within the 
gel. In this review, use of xanthan gum in various drug delivery systems has been discussed. 
Keywords: Xanthan gum, Drug delivery, exopolysaccharides, Liposomes, Hydrogel, Matrix Systems, 
Niosomes, Microspheres. 
 

 
Introduction 

Xanthan gum is an extracellular bacterial exopolysaccharide synthesized by Xanthomonas campestris. 
The unique properties of xanthan gum make it versatile to be used in different applications. They are highly 
soluble in water, stable over a wide range of temperature, acidic and alkaline conditions. It is resistant to 
enzymatic degradation and also exhibits synergistic interactions with other hydrocolloids. Xanthan gum is 
produced by natural microbial fermentation process which converts glucose to produce this product of 
economic importance. Xanthan gum is an acidic polymer with repeating pentasaccharide units having two 
glucose units, two mannose units and one glucuronic acid unit in the ratio of 2.8:2.0:2.0 (1). The xanthan gum is 
anoinic in nature due to pyruvic acid and glucuronic acid groups in the side chains. Due to high production cost 
of carbon source, many low cost substrates were utilized for xanthan gum production (2). Natural gums are 
generally preferred over synthetic gums because they are non-toxic, more biocompatible, cheap, easily 
degradable and the scope of availability is also more. There is a safety concern with respect to the usage of 
natural gums in pharmaceutical industry which increases the strict evaluation of the product quality which only 
few natural gums can fulfil. The various gums that are being used extensively in pharmaceutical industry are 
alginate, chitosan, carrageenan, gellan gum, xanthan gum, guar gum, gelatine etc (3). The properties that enable 
the application of xanthan gum in pharmaceutical industries are emulsifying, thickening, stabilising, film 
forming and gelling nature (4). Xanthan gum is already a widely used product in the market when compared to 
the other polysaccharides of plant and microbial origin and it has already been accepted by the US food and 
drug administration in 1969 and received European Union approval under the E- number 415 in 1980. The 
rheological properties of xanthan gum and its uniqueness compared to other gums render it to be used in other 
industries such as oil, paper, agricultural, textile, paint, cosmetic industries etc. Even though the 
polysaccharides of plant origin are less expensive than microbial polysaccharides, the one advantage of 
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microbial polysaccharides is that better product quality can be ensured during the production incompatible with 
it such as Amitriptyline, Tamoxifen, Verampil (5). 

Poysaccharide Drug Delivery Systems 

Controlled release of drug delivery is essential in order to increase the effectiveness of drug therapy. 
This also reduce the chance of toxic condition caused by rapid drug level in the plasma and can also avoid 
repeated administration of drug (6).Targeted drug delivery system is highly recommended for colon associated 
diseases namely colitis ulcerosa, Crohn syndrome, amebiosis, colorectal adenocarcinoma, general delivery of 
protein and peptide drugs. This type of drug delivery system ensures more bioavailability of drug to the targeted 
area and prevents the loss of drug as there is a chance of release or absorption in the stomach and the 
degradation of the active ingredient (7). They also function as taste masking, stabilising agent, protective and 
rate controlling agent (8). Oral route of administration is the most preferred one but the probability of drug 
release before reaching the target site gives it a second thought to be preferred. In order to have a targeted 
release of the active ingredient, a controlled release is to be achieved which can be obtained using some 
controlled release mechanisms. Some natural polysaccharides such as guar gum, xylan gum and xanthan gum 
are only selectively degraded in the colon not in stomach and in small intestine(9). So employing these 
polysaccharides in colon drug delivery provides a better option for treating colon associated diseases. In general 
diffusion was adapted for soluble drugs and erosion was adapted for sparingly soluble or insoluble drugs 
through erosion (10). Ramasamy et al indicates the erosion ratio of the tablets containing xanthan gum and 
aclofenac, it was found that with increasing ratio of polymer in the tablet the erosion also increased and the 
tablets with increasing concentration of xanthan gum were releasing only less drug in stomach and in intestinal 
medium when compared to tablets with less amount of xanthan gum. Large amount of polymer in the 
formulation increases the swelling which is related to the intake of large amount of water and formation of 
viscoelastic mass (11). In order to achieve high drug profile and controlled release matrix systems are 
developed with hydrophilic polymeric systems (12). Xanthan gum is used in gum based sustained release tablet 
and provides time independent release kinetics (13). It has been estimated as a controlled release formulation 
for theophyllline, Aclofenac (10), Metronidazole (14), Furosemide (15), Isosorbide-5-mononitrate (12) and 
Indomethacin (16). Sourabh Jain et al. observed that cumulative drug release percent decreases with increasing 
gum concentration and swelling index. In one of the experiments, it was also found out that xanthan gum 
showed higher ability to retard the drug release than synthetic hydroxypropyl methyl cellulose (17). 

Drug delivery to the targeted sites is almost impossible without the help of a suitable potential carrier 
that can deliver the drug to the site of pharmacological action without wasting the active ingredient. The carriers 
are chosen which are biodegradable and can be naturally excreted from the body, these polymers can be 
excreted directly by the kidney or can be degraded in to smaller molecules and can be excreted. Drug delivery 
carriers include liposomes, hydrogels, nanoparticles, microspheres, nanofibres, dendrimers etc. This review 
paper focuses on investigating the application of xanthan gum in different drug carrier systems and its efficacy 
in targeted drug delivery. 

Liposomes 

Liposomes are artificially prepared spherical vehicles made of lipid bilayer which can be used for 
delivery of both hydrophobic and hydrophilic compounds and can avoid the degradation of entrapped 
compounds, releasing it on the targeted sites. The liposome contents are protected from enzymes, free radicals, 
digestive juices with the help of lipophillic barrier around the contents (18). But the stability of liposomes in 
solution is sometimes affected which can be overcome by the usage of suitable polymers. Chitosan is a polymer 
that is used in increasing vesicle stability, in a particular study xanthan gum, a poly anionic compound is 
allowed to undergo macromolecular complexation with polycationic compound chitosan and is studied for its 
effectiveness in increasing the vesicle stability synergistically. It was found that liposomal formulation for 
pulmonary delivery was found to have a positive effect by the liposome coating with polyelectrolyte complex 
formed of xanthan gum and chitosan (19).  

Hydrogel 

Hydrogels are network of hydrophilic polymeric network chains which resemble much like a biological 
tissue in imbibing large amount of water. They can be formulated in a variety of physical forms such as films, 
slabs, coatings, gels etc. Porosity of a hydrogel is an important factor that determines the drug loading capacity 
as well as the subsequent release of drug which can be controlled by using cross linking agents and the 
concentration of polymers (20). Swelling of hydrogels are determined by factors such as the cross linking ratio 
and the chemical structure of the polymer. Swelling kinetics of hydrogel include diffusion controlled and 
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relaxation controlled, called as Fickian and Non-Fickian respectively (21). Superporous hydrogels are 
hydrophilic polymers that are cross linked very lightly in order to enhance the swelling and absorption ability to 
a higher extent. Through permeation and by capillary action rapid absorption of water takes place in the 
macromolecular structure. Sunny Gils et al. have mentioned the synthesis of super porous hydrogels, using 
xanthan gum, 2 hydroxyethylmethacrylate and acrylic acid by free radical graft polymerisation method (22). It 
was observed that xanthan gum does not form hydrogels readily but are only formed when the aqueous 
solutions are annealed to a particular temperature and cooled suddenly (23). 

Matrix Systems 

Biopolymeric matrix systems are used in the controlled release of active drug ingredients Matrix 
systems are made of polymeric materials that are swellable in the presence of water or biological fluids. In this 
the powdered drug is distributed uniformly in a matrix of polymeric material and they are compressed to form a 
tablet. The dissolved or the dispersed drug undergoes a controlled drug release pattern. Mundargi et al. reported 
that in xanthan grafted co-polymer of acrylamide, the release rate increased with increasing the graft ratio (24). 
Depending on drug charges hydrogel exhibited selective permeability which helps in the controlled release of 
formulation (25). These gums find use as binders and disintegrants in tablets. The swelling property of these 
polymers helps in the disintegration of tablets and improves the dissolution rate of drug. In a particular study it 
was reported that xanthan gum mediated drug release in sustained release mini matrices developed by hot melt 
extrusion method exhibited high swelling and erosion rate, faster drug release, high absorption rate (26). Amir 
et al. have experimentally proved that in matrix tablets formulation using xanthan gum, guar gum, k-
carrageenan and xanthan gum. k-carrageenan showed high swelling of matrices and also retarded the release of 
drug release more than guar gum (27).In another study related to colon targeted drug release, matrix tablets of 
albendazole was prepared using xanthan gum and it was found that the rate of drug release was decreased with 
increasing xanthan gum concentration but a profound increase in the drug release rate was found when in vitro 
drug release study was conducted in the rat cecal content which indicates the presence of polymer degrading 
enzymes are present in the rat cecal content (39). Jackson et al. reported that when xanthan gum and ethyl 
cellulose were used in matrix tablets used in colon drug delivery, higher concentration of xanthan gum 
exhibited more drug retarding capability than the formulation with ethyl cellulose (14). 

Niosomes 

Niosomes are an emerging drug carrier transport system which is vesicular type almost similar to 
liposome in structure but superior to liposomes in stability and they are cheap. They contain hydrophilic and 
hydrophobic region where both hydrophobic and hydrophilic drugs can be incorporated and delivered to the 
targeted sites. They are used in ophthalmic drug delivery, acts as carriers for haemoglobin and peptide drugs, 
diagnostic agents etc (28).  Shinde et al. reported that when xanthan gum was used in the preparation of 
niosomes there was change in the particle size, good spreadability was also observed compared to the 
formulation without using xanthan gum and the niosomal formulation exhibited pseudoplastic behaviour. 
Physical stability was also found to be more in xanthan gum containing formulation, and even though at higher 
temperature there is chance of enzyme leakage from gels, it was found that it was less when the niosomal 
formulation is converted to gel with the help of xanthan gum. Thus it was experimentally proved that xanthan 
gum can be used as a gelling agent in the preparation of serratiopeptidase noisome gel (29). 

Nanoparticles 

Nanoparticles help in cell specific targeting by attaching drug molecules to the designed carriers. They 
adsorb or encapsulate or entrap the drug molecule protecting it from degradation and exhibit distinct 
physicochemical and biological properties that makes it suitable for drug delivery applications. The small size 
of nanoparticles ranging from 1 to 100 nm helps them to be easily absorbed than the larger molecules. The 
advantage of nanoparticles over liposomes is that the surface characteristics and the particle size can be 
efficiently manipulated in these systems (30). Polysaccharide nanoparticles can be synthesised by means of 
covalent cross linking, ionic cross linking, poly electrolyte complexation etc., (31). Pooja et al. investigated on 
the usage of xanthan gum as reducing agent in the synthesis of gold nanoparticles. These nanoparticles are 
involved in drug delivery because of their size and efficient targeted drug release. It was found that the gold 
Nan particle synthesised using xanthan gum was non-toxic and biocompatible in the hemolysis study. They also 
showed high drug loading, stability and enhanced cytotoxicity in lung cancer cells (32). In a study it was also 
reported that the viscoelastic gel formed by the synergistic interaction of xanthan gum and guar gum mixtures 
can lead to the stabilisation of micro and nano scale iron particles (33). 
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Microspheres 

Microspheres are small spherical particles ranging in size from 1 to 1000 µm that are used in the 
controlled delivery of unstable drugs. They are found to be used in gene delivery, oral drug delivery, nasal drug 
delivery, gastro intestinal drug delivery and are also exploited in various other routes of drug administration 
(34). They help in the oral controlled drug release using hydrophilic polymers in multiple dosage forms which 
aids in the uniform and prolonged release of drug. Bhattacharya et al. reported that xanthan gum and polyvinyl 
alcohol when cross linked, a three dimensional interpenetrating polymer network is formed, it exhibited as a 
potential candidate in delivering drug in a much sustained released pattern. The drug release followed a non- 
Fickian mode of drug release (13). In a study conducted by Deshmukh et al. it was reported that when 
hydrophilic gums such as xanthan gum  and locust bean gum were used, it helped in retarding the drug release 
and extending the drug release time in microspheres of calcium alginate formed by ionotropic gelation method. 
It was observed that the drug entrapment efficiency with increase in the concentration of hydrophilic polymers. 
The steps involved in the release of drug release from polymer drug matrix are penetration of solvent in to the 
matrix, polymer gelation, drug dissolution and diffusion of drug through the different layers (35). 

Conclusion 

Different drug carrier systems was developed in order to improve efficacy in drug delivery system so 
that degradation of drug during transport, toxic effects due to rapid release can be avoided and better drug 
transport to the target sites can be achieved. This also helps in reducing the side effects associated with 
conventional drug delivery techniques. In all the above discussed formulations controlled release, 
biocompatibility and biodegradability was observed which makes it convenient to be used in pharmacological 
applications. Thus targeted delivery aids not only in maintaining the therapeutic benefits but also in avoiding 
the overall toxic effects associated with the conventional approaches. 
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