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Abstract: Xanthan gum is a commercially important polysacicleathat has immense applications in diverse
fields due to its unique rheological propertieseyhare used in food industries, pharmaceutical Strohs,
agricultural industries, textile industries etc.id Iparticular exopolysaccharide is producedXanthomonas
campestris bacteria utilising glucose as the major carbonramuXanthan gum has been preferred in
pharmaceutical formulations as a gelling agentddéirand disintegrant. Controlled drug release sem@sl in
order to increase the efficacy of the drug delivierghe target region without causing a toxic dffé@nthan
gum has the potential in retarding drug releaststgelling nature and ability of entrapping thegliwithin the
gel. In this review, use of xanthan gum in varidusg delivery systems has been discussed.
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I ntroduction

Xanthan gum is an extracellular bacterial exopalgbaride synthesized B¥anthomonas campestris.

The unique properties of xanthan gum make it videstd be used in different applications. They highly
soluble in water, stable over a wide range of teaipee, acidic and alkaline conditions. It is remi$ to
enzymatic degradation and also exhibits synergistieractions with other hydrocolloids. Xanthan gisn
produced by natural microbial fermentation procedsch converts glucose to produce this product of
economic importance. Xanthan gum is an acidic pelymith repeating pentasaccharide units having two
glucose units, two mannose units and one glucumeigt unit in the ratio of 2.8:2.0:2.0 (1). The #tgan gum is
anoinic in nature due to pyruvic acid and glucucaid groups in the side chains. Due to high pctdao cost

of carbon source, many low cost substrates weteadifor xanthan gum production (2). Natural guane
generally preferred over synthetic gums becausg #Hre non-toxic, more biocompatible, cheap, easily
degradable and the scope of availability is alssem®here is a safety concern with respect to sage of
natural gums in pharmaceutical industry which iases the strict evaluation of the product qualityciv only
few natural gums can fulfil. The various gums taeg being used extensively in pharmaceutical imygeste
alginate, chitosan, carrageenan, gellan gum, xarghen, guar gum, gelatine etc (3). The propertias ¢nable
the application of xanthan gum in pharmaceuticalugiries are emulsifying, thickening, stabilisirfigm
forming and gelling nature (4). Xanthan gum is afiya widely used product in the market when cosghéo

the other polysaccharides of plant and microbiaiorand it has already been accepted by the US fowl
drug administration in 1969 and received Europeaiot approval under the E- number 415 in 1980. The
rheological properties of xanthan gum and its uaicpss compared to other gums render it to be nsether
industries such as oil, paper, agricultural, textilpaint, cosmetic industries etc. Even though the
polysaccharides of plant origin are less expenshan microbial polysaccharides, the one advantdge o
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microbial polysaccharides is that better produetli(gpican be ensured during the production incoibfetvith
it such as Amitriptyline, Tamoxifen, Verampil (5).

Poysaccharide Drug Delivery Systems

Controlled release of drug delivery is essentiablider to increase the effectiveness of drug therap
This also reduce the chance of toxic condition edusy rapid drug level in the plasma and can alsnda
repeated administration of drug (6).Targeted dreigvdry system is highly recommended for colon aiged
diseases namely colitis ulcerosa, Crohn syndrommebasis, colorectal adenocarcinoma, general dgligé
protein and peptide drugs. This type of drug dejisystem ensures more bioavailability of drughe targeted
area and prevents the loss of drug as there isaacehof release or absorption in the stomach aed th
degradation of the active ingredient (7). They distction as taste masking, stabilising agent,gutdte and
rate controlling agent (8). Oral route of admirastbn is the most preferred one but the probabditydrug
release before reaching the target site givessgand thought to be preferred. In order to havargeted
release of the active ingredient, a controlled asdeis to be achieved which can be obtained usinges
controlled release mechanisms. Some natural palssides such as guar gum, xylan gum and xanthan gu
are only selectively degraded in the colon not tomsch and in small intestine(9). So employing ¢hes
polysaccharides in colon drug delivery providestds option for treating colon associated disedsegeneral
diffusion was adapted for soluble drugs and erosias adapted for sparingly soluble or insolublegdru
through erosion (10). Ramasamy et al indicatesetiosion ratio of the tablets containing xanthan gumd
aclofenac, it was found that with increasing ratfgpolymer in the tablet the erosion also increased the
tablets with increasing concentration of xanthamguere releasing only less drug in stomach andtestinal
medium when compared to tablets with less amounkasfthan gum. Large amount of polymer in the
formulation increases the swelling which is relatedhe intake of large amount of water and fororatof
viscoelastic mass (11). In order to achieve highgdprofile and controlled release matrix systems ar
developed with hydrophilic polymeric systems (I2anthan gum is used in gum based sustained refebles
and provides time independent release kinetics (L8)as been estimated as a controlled releaseufation
for theophyllline, Aclofenac (10), Metronidazole4]]l Furosemide (15), Isosorbide-5-mononitrate (424
Indomethacin (16). Sourabh Jain et al. observedctivaulative drug release percent decreases witieasing
gum concentration and swelling index. In one of éxperiments, it was also found out that xantham gu
showed higher ability to retard the drug releasm thynthetic hydroxypropyl methyl cellulose (17).

Drug delivery to the targeted sites is almost inggwe without the help of a suitable potential marr
that can deliver the drug to the site of pharmagichd action without wasting the active ingredieftie carriers
are chosen which are biodegradable and can beatigtexcreted from the body, these polymers can be
excreted directly by the kidney or can be degraded smaller molecules and can be excreted. Daliyety
carriers include liposomes, hydrogels, nanopa#jctaicrospheres, nanofibres, dendrimers etc. Tdigew
paper focuses on investigating the applicationasfttian gum in different drug carrier systems asefficacy
in targeted drug delivery.

Liposomes

Liposomes are artificially prepared spherical vi#scmade of lipid bilayer which can be used for
delivery of both hydrophobic and hydrophilic compds and can avoid the degradation of entrapped
compounds, releasing it on the targeted sites.lippeome contents are protected from enzymes,rédieals,
digestive juices with the help of lipophillic bariaround the contents (18). But the stabilityipbsomes in
solution is sometimes affected which can be overcbynthe usage of suitable polymers. Chitosarpislymer
that is used in increasing vesicle stability, iparticular study xanthan gum, a poly anionic conmubis
allowed to undergo macromolecular complexation wpittycationic compound chitosan and is studieditir
effectiveness in increasing the vesicle stabilypesgistically. It was found that liposomal formiien for
pulmonary delivery was found to have a positiveegffoy the liposome coating with polyelectrolytengbex
formed of xanthan gum and chitosan (19).

Hydrogel

Hydrogels are network of hydrophilic polymeric netk chains which resemble much like a biological
tissue in imbibing large amount of water. They banformulated in a variety of physical forms sushfibms,
slabs, coatings, gels etc. Porosity of a hydrageh important factor that determines the drugitmpdapacity
as well as the subsequent release of drug whichbeanontrolled by using cross linking agents arg th
concentration of polymers (20). Swelling of hydrisgare determined by factors such as the crosmtinatio
and the chemical structure of the polymer. Swellkngetics of hydrogel include diffusion controllexhd
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relaxation controlled, called as Fickian and Nookin respectively (21). Superporous hydrogels are
hydrophilic polymers that are cross linked veritlyg in order to enhance the swelling and absonpibility to

a higher extent. Through permeation and by capilkgtion rapid absorption of water takes placeha t
macromolecular structure. Sunny Gils et al. havaitioeed the synthesis of super porous hydrogelisgus
xanthan gum, 2 hydroxyethylmethacrylate and acitic by free radical graft polymerisation meth8a)( It
was observed that xanthan gum does not form hytragadily but are only formed when the aqueous
solutions are annealed to a particular temperatndecooled suddenly (23).

Matrix Systems

Biopolymeric matrix systems are used in the colddblrelease of active drug ingredients Matrix
systems are made of polymeric materials that agdlae in the presence of water or biologicaldhiiln this
the powdered drug is distributed uniformly in a rxadf polymeric material and they are compresgetbtm a
tablet. The dissolved or the dispersed drug und@srgocontrolled drug release pattern. Mundardi. eeported
that in xanthan grafted co-polymer of acrylamidhe telease rate increased with increasing the gatidt (24).
Depending on drug charges hydrogel exhibited setegermeability which helps in the controlled ede of
formulation (25). These gums find use as binders disintegrants in tablets. The swelling propertyhese
polymers helps in the disintegration of tablets amproves the dissolution rate of drug. In a pattc study it
was reported that xanthan gum mediated drug releasgstained release mini matrices developed byrimit
extrusion method exhibited high swelling and erogsiate, faster drug release, high absorption 26g Amir
et al. have experimentally proved that in matrikléés formulation using xanthan gum, guar gum, k-
carrageenan and xanthan gum. k-carrageenan shogledvirelling of matrices and also retarded theasdeof
drug release more than guar gum (27).In anothelyselated to colon targeted drug release, maditdkets of
albendazole was prepared using xanthan gum anasitfeund that the rate of drug release was dedesisie
increasing xanthan gum concentration but a profonacgkase in the drug release rate was found wieitrd
drug release study was conducted in the rat cexdknt which indicates the presence of polymer attigg
enzymes are present in the rat cecal content §8@kson et al. reported that when xanthan gum #nd e
cellulose were used in matrix tablets used in cadong delivery, higher concentration of xanthan gum
exhibited more drug retarding capability than thierfulation with ethyl cellulose (14).

Niosomes

Niosomes are an emerging drug carrier transpotesysvhich is vesicular type almost similar to
liposome in structure but superior to liposomestability and they are cheap. They contain hydidaphind
hydrophobic region where both hydrophobic and hgbiec drugs can be incorporated and deliveredht® t
targeted sites. They are used in ophthalmic drligesg, acts as carriers for haemoglobin and peptidugs,
diagnostic agents etc (28). Shinde et al. repotttetl when xanthan gum was used in the preparation
niosomes there was change in the particle sized gmeadability was also observed compared to the
formulation without using xanthan gum and the nipab formulation exhibited pseudoplastic behaviour.
Physical stability was also found to be more intkan gum containing formulation, and even thoughigther
temperature there is chance of enzyme leakage freis) it was found that it was less when the ni@gdom
formulation is converted to gel with the help oh#®an gum. Thus it was experimentally proved tlaattian
gum can be used as a gelling agent in the preparatiserratiopeptidase noisome gel (29).

Nanoparticles

Nanoparticles help in cell specific targeting biaahing drug molecules to the designed carriersyTh
adsorb or encapsulate or entrap the drug molecudéeqiing it from degradation and exhibit distinct
physicochemical and biological properties that nsakesuitable for drug delivery applications. Thaadl size
of nanoparticles ranging from 1 to 100 nm helpsritie be easily absorbed than the larger molecles.
advantage of nanoparticles over liposomes is thatsurface characteristics and the particle size b
efficiently manipulated in these systems (30). Batgharide nanoparticles can be synthesised bysredfan
covalent cross linking, ionic cross linking, polg@&rolyte complexation etc., (31). Pooja et aleistigated on
the usage of xanthan gum as reducing agent inyhihesis of gold nanoparticles. These nanopartiates
involved in drug delivery because of their size afiicient targeted drug release. It was found thatgold
Nan particle synthesised using xanthan gum wasomdn-and biocompatible in the hemolysis study. yrakso
showed high drug loading, stability and enhancddtoyicity in lung cancer cells (32). In a studyniais also
reported that the viscoelastic gel formed by theeggistic interaction of xanthan gum and guar guixtures
can lead to the stabilisation of micro and nandesican particles (33).
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Microspheres

Microspheres are small spherical particles ranggize from 1 to 1000 um that are used in the
controlled delivery of unstable drugs. They arenfbto be used in gene delivery, oral drug deliveasal drug
delivery, gastro intestinal drug delivery and alsaxploited in various other routes of drug adstration
(34). They help in the oral controlled drug releasing hydrophilic polymers in multiple dosage farmhich
aids in the uniform and prolonged release of dBitattacharya et al. reported that xanthan gum ahg/ipyl
alcohol when cross linked, a three dimensionalrpeeetrating polymer network is formed, it exhibites a
potential candidate in delivering drug in a muchktained released pattern. The drug release follavedn-
Fickian mode of drug release (13). In a study coteth by Deshmukh et al. it was reported that when
hydrophilic gums such as xanthan gum and locust lggim were used, it helped in retarding the delepse
and extending the drug release time in microsphafrealcium alginate formed by ionotropic gelatimethod.

It was observed that the drug entrapment efficiemitly increase in the concentration of hydrophilalymers.
The steps involved in the release of drug releas®a polymer drug matrix are penetration of solviantio the
matrix, polymer gelation, drug dissolution and aifon of drug through the different layers (35).

Conclusion

Different drug carrier systems was developed ireotd improve efficacy in drug delivery system so
that degradation of drug during transport, toxifeets due to rapid release can be avoided andr lrntg
transport to the target sites can be achieved. @lss helps in reducing the side effects associatital
conventional drug delivery techniques. In all théowe discussed formulations controlled release,
biocompatibility and biodegradability was obserwelsich makes it convenient to be used in pharmadcdbg
applications. Thus targeted delivery aids not anlynaintaining the therapeutic benefits but als@awoiding
the overall toxic effects associated with the caoriomal approaches.
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