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Abstract

Drugs are rarely administered as pure chemicaltanbss alone and are almost always given as
formulated preparations or medicines. Drug dosagag contain many components in addition
to the active pharmaceutical ingredient(s) to assishe manufacturing process as well as to
optimize drug delivery. Due to advances in drugveey technology, excipients are currently
included in novel dosage forms to fulfill specifilnctions and in some cases they directly or
indirectly influence the extent and/or rate of drigjease. Developments of several drug
delivery systems are based on polymers act as iertspthat do not change their chemical
structure but these materials degrade within tloy las a result of natural biological processes,
eliminating the need to remove a drug deliveryeysafter release of the active agent has been
completed. The microbial Exopolysaccharides aréemsoluble biomaterials secreted by a
variety of micro-organisms during fermentation. Séere chemically well-defined and have
attracted worldwide attention as excipients dudhir novel and unique physico-chemical
properties. These Exopolysaccharides used mutifariindustrial applications in foods,
pharmaceuticals as emulsifiers, stabilizers, bisdgelling agents, lubricants and thickening
agents. These are emerging as new sources of patymaterials which are posses’ special
characteristics such as biodegradability, biocorpiy, bioadhesivity, mechanical and
chemical resistance, swelling and gelling powerclvhare gradually becoming economically
competitive and as promising biomaterials for ddedjvery This review discusses some of the
important physicochemical properties, and applicetiof some novel Exopolysaccharides that
are used or investigated as excipients in developofedrug delivery systems.

Key words: Exopolysaccharides, Biodegradability, Biomatesi@rug delivery systems.

I ntroduction

Pharmaceutical excipients are substances other thenAPl which have been appropriately
evaluated for safety and are intentionally includada drug delivery system. To aid in the
processing of the drug delivery system during itswafacture, protect, support or enhance stability,
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bioavailability or patient acceptability, assistgroduct identification, or enhance any other laitie
of the overall safety, effectiveness or deliveryhe drug during storage or use.[1]

The design of effective drug delivery systems hesemtly become an integral part of the
development of new medicines. The goal is to pwadherapeutic quantity of medicine(s) to
the proper site in the body in order to achievedésired effect and maintain such effect for the
entire period of treatment. Hence, research coatisly keeps on searching for ways to deliver
drugs over an extended period of time, with a welttrolled release profile. Developments of
several drug delivery systems are based on Exopuiysrides that do not change their
chemical structure but these materials degradeiwitte body as a result of natural biological
processes, eliminating the need to remove a drligedg system after release of the active
agent has been completed. Moreover these modifig iease to achieve the dosage forms to
release the drug in a constant manner and maistaady state plasma concentration for the
entire period of treatment to reduce the doseadlativerse effects. The recent rediscovery of
polysaccharide based materials is also attributebleew synthetic routes for their chemical
modification, with the aim of promoting new biologl activities and/or to modify the final
properties of the biomaterials for specific purmogg]

Exopolysaccharides (EPSs) are high molecular weightohydrate polymers that make up a
substantial component of the extracellular polym&rgrounding most microbial cells in the
marine environment.Exopolysaccharides produced by a wide variety afroarganisms are
water soluble gums which have novel and unique ipayproperties. Because of their wide
diversity in structure and physical properties mixal Exopolysaccharides have found a wide
range of applications in the food, pharmaceuticad @ther industries.[3] Some of these
applications include their use as emulsifiers’ b8izers, binders, gelling agents, coagulants,
lubricants, film formers, thickening and suspendengents. These biopolymers are rapidly
emerging as a new and industrially important soofgeolymeric materials which are gradually
becoming economically competitive with natural gupneduced from marine algae and other
plants. The potential use of genetically modifieidnoorganisms under controlled fermentation
conditions may result in the production of new edgpaccharides having novel superior
properties which will open up new areas of indastapplications and thus increase their
demand. In view of their unique and novel chemiaad physical properties, microbial
Exopolysaccharides are being used as gelling agesmuulsifiers, stabilizers, binders,
coagulants, lubricants, film formers, thickeningla@uspending agents.[4-6]

2. Drug Delivery

The aim of our drug delivery research is to optamize bioavailability of drug compounds by
innovative formulation development. Drugs are namadministered in their pure forms but are
almost always given in formulated preparatiofisese can vary from relatively simple solutions
to complex drug delivery systems through the usappiropriateadditives or excipients in the
formulations. It is the formulation additives tha@mong other things, solubilize, suspend,
thicken, preserve, emulsify, modiflissolution, improve the compressibility and flavaliug
substances to fornaarious acceptable preparations or dosage formsHvéry drug needs a
drug delivery system. Drug delivery defined asuke of appropriate additives or excipients in
the formulations, administered into the body thtowdifferent routes to provide varied and
specialized pharmaceutical or pharmacological fonst The principle objective of dosage
form design is to achieve a predictable therapeesponse to a drug included in a formulation
which is capable of large scale manufacture wighraducible product quality. Hence in the
ultimate analysis, each and every dosage formpeas/e of its final structure and nature is a
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combination of the drug component and an assortneéntlifferent kinds of non-drug
components. The design of dosage form, so thastdpecific qualities and gives a specified
type of action pattern, calls for an immense amairgcientific skill, matched with an equal
amount of innovation and imagination. The chemamgdineers have designed these different
drug delivery systems by performing fundamentalnaical engineering involves chemical
reaction, chemical kinetics, mass transfer andptigsicochemical properties of the polymer
materials.[8] Today the population suffers from axiety of diseases and there are numerous
dosage forms into which a drug substance can berpocated for the convenient and
efficacious treatment of a disease. Dosage formmsbea designed for administration by all
possible delivery routes to maximize therapeutispomse, previously, the drug delivery
systems were developed for the traditional routesadministration like oral topical, and
parenteral routes but many novel drug deliveryesystsuch as transdermal-through skin, nasal,
ocular-through eye, pulmonary by lungs, have beeveldped from last few years for the
purpose of the administration of drug to the bodynmake more effective and easy to
administer.[9]

The method by which a drug is delivered can hawggaificant effect on its efficacy. Some
drugs have an optimum concentration range withinckvimaximum benefit is derived, and
concentrations above or below this range can bie txproduce no therapeutic benefit at all.
On the other hand, the very slow progress in tfieagfy of the treatment of severe diseases, has
suggested a growing need for a multidisciplinarprapch to the delivery of therapeutics to
targets in tissues. From this, new ideas on cdmgl the pharmacokinetics,
pharmacodynamics, non-specific toxicity, immunogéwpj biorecognition, and efficacy of
drugs were generated by using several excipiendsemly several technical advancements
have been developed for a drug delivery. Thesentqubs are capable of controlling the rate of
drug release, sustaining the duration of therapedtiivity and /or targeting the delivery of drug
to a tissue. These new strategies, often calle@lrdrug delivery systems (NDDS), are based
on interdisciplinary approaches that combine polym&ence, pharmaceutics, bioconjugate
chemistry, and molecular biology. [10]

Over the past few decades, the rise of modern putical technology and the amazing
growth of the pharmaceutical industry have revohized the approach to drug discovery and
development. The close association of people framous fields such as chemistry, biology,

medicine and engineering in drug development rebkdaas led to the uncovering of the cellular
and molecular basis for the action of many drugsnyNrug delivery systems are discovered for
the purpose of improving something new to treatoocure the disease .We know that every
drug delivery systems are necessary but has sosael\dintages. By developing new drug
delivery system we can do something better thanettisting drug delivery systems for the

patients.

2.1 Polymersin drug delivery

One of the most remarkable and useful featurespaflamer's swelling ability manifests itself
when that swelling can be triggered by a chang#énenvironment surrounding the delivery
system. Depending upon the polymer, the environahehtange can involve pH, temperature or
ionic strength and the system can either shrinkswell upon a change in any of these
environmental factors of these sensitive systemmggDelease is accomplished only when the
polymer swells and because many of the potentmbigt useful pH-sensitive polymers swell at
high pH values and collapse at low pH values, &rgd drug delivery occurs upon an increase
in the pH of the environment. Such materials aealidor systems such as oral delivery, in
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which the drug is not released at low pH valuethenstomach, but rather at high pH values in
the upper small intestine [11]

2.2 Exopolysaccharides;

Exopolysaccharides are water soluble polymers aag Ine ionic or non-ionic produced by a
variety of micro-organisms are mainly linear molesuto which side chains of varying length
and complexity are attached at regular intervalsaniination of ‘families’ of microbial
Exopolysaccharides which are closely related strest enables us to determine the effect of
minor (or major) changes to structure on the plasproperties of these macromolecules
changes may also be seen in some of the biologroglerties of the polysaccharides, such as
susceptibility to enzymes, interaction with antilesd capacity and specificity of ion bonding.
Acetyl groups frequently assert very marked effectis the properties of microbial
polysaccharides.[12-13]

In recent years, there has been a growing inténeiolating new EPS producing bacteria,
particularly from various extreme marine environtsgii4] Many new microbial EPSs with
novel chemical compositions, properties and strestthave been found to have potential
applications in fields such as adhesives, textpésrmaceuticals and medicine for anti-cancer,
food additives, etc. Most EPSs produced by mareedsia are linear hetero-polysaccharides
consisting of three or four different monosacchalgdarranged in groups of 10 or less to form
repeating units.[15The monosaccharide’s may be pentose’s, hexosespaugars, or uronic
acids. EPSs possess different types of functioralpgs; most of EPSs are sulfated and high in
uronic content, and this confers them a net negatharge and acidic properties at the pH of
seawater (pH ~ 8)[16]

Microbial Exopolysaccharides have found a wide eangf applications in the food,
pharmaceutical and other industries due to theilquen structure and posses’ special
characteristics such as biodegradability, biocompdy, bioadhesivity, mechanical and
chemical resistance, swelling and gelling powem8af these applications include their use as
emulsifiers, stabilizers, binders, gelling agewstsgagulants, lubricants, film formers, thickening
and suspending agents, drug release modifiers.eThegpolymers are rapidly emerging as
pharmaceutical industrially important and are gedgubecoming economically competitive
with natural gums produced from marine algae ahdrgblants [17]

Microbial polysaccharides are favored in industweonatural polysaccharides from plant and
marine sources because (i) they can be produced dvell known, cheap and plentiful raw
materials (ii) They have some peculiar rheologipadperties & resistance to hydrolysis at
different temperature and pH conditions. (iii) Thépve superior ability to modify the
properties of aqueous environments that is thepacidy to thicken, emulsify, stabilize,
encapsulate, flocculate, and swell to form collbislaspensions, gels, films and membranes.
These properties of Exopolysaccharides also acdoutiteir steadily increasing exploitation in
the formulation of food products, biomedical produand cosmetic preparations. Therefore
natural Exopolysaccharides as well as their dexigat represent a group of biopolymer that are
widely used in pharmaceutical formulations and enesal cases plays a fundamental role in
determining the mechanism and rate of drug reléase the dosage form. [18] Among these
macromolecules Scleroglucan, Gellan Gum, Pullu@ardulan, Xanthan, D-Xylose, Dextran
are potentially useful for the formulation of madd release dosage forms.
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2.3 Sources of Exopolysaccharides

Microbial polysaccharides, which serve differenindtions in a microbial cell, may be
distinguished into three main types: (@) intradalupolysaccharides which may provide
mechanisms for storing carbon or energy for thé @e) structural polysaccharides which are
components of cell structures such as lipopolysaides and teichoic acids present as integral
components of cell walls; and (c) extra cellulatypaccharides referred to in this chapter as
exopolysaccharides. Depending on the microbial esystsome exopolysaccharides form
capsules around the cell thus becoming part ofcdtlewall, while others form slimes which
accumulate outside the cell wall and have thetsthidi diffuse away into the liquid phase during
the course of fermentation. As a result of Exopatgharides production the viscosity of the
fermentations broth may undergo profound changesijrey out as a low-viscosity Newtonian
fluid and ending up as a highly viscous non-Newdanfluid. Those microorganisms that
produce large amounts of polysaccharide slimes hdélve greatest potential for
commercialization since these Exopolysaccharidesy rha recovered easily from the
fermentation broth. The production of exopolysacies obtained from Corynebacterium
viscous in a medium containing a C13-CI6 n-alkamdume under aerobic conditions.[19-21]

3. Scleroglucan

Scleroglucan is a natural Exopolysaccharides prediusy fungi of the genus sclerotium
(Sclerotium Rolfsii) that has been extensively mddor various commercial applications and
also shows several interesting pharmacological eotigs. The commercial product is termed
scleroglucan; but it is also known with other naraesording to the company that produces the
polysaccharide (eg: Actigum, clearogel, polytran $8erogum)[22].Because of its peculiar
rheological properties and its resistance to hydis] temperature, and electrolytes,
Scleroglucan has various industrial applicationseemlly in the oil industry for thickening;
drilling mud’s and enhanced oil recovery. Otherusitial use include the preparation of
adhesives, water colors, printing inks, and licamimal feed composition.[23]

In the cosmetic industry, Scleroglucan may be usduhir control compositions and in various
skin care preparations, creams and protective ristig4] In pharmaceutical products
Scleroglucan may be used as a Laxative in tabletirags and in general to stabilize
suspensions[23h the food industry numerous Japanese patentsidesyuality improvements

of frozen foods, Japanese cakes, steamed foods;rackers and bakery products.[26] The use
of Scleroglucan as an antitumor, antiviral and raitiobial compound has also been
investigated. Sclg has shown immune stimulatorgatéf compared with other biopolymers and
its potential contribution to the treatment of matigeases should be taken into account in
therapeutic regimens. Recently it has attractivaperties of the polysaccharide in controlled
drug release and especially in immunopharmacewmalications. [27-28]

Chemical Structure:

Scleroglucan is a branched natural homopolysaabbahat gives only D-glucose after the
complete hydrolysis. The polymer consists of a niagar chain of-D- (1-3) - glucopyranosyl
units; there is §-D- glucopyranosyl unit (1-6) linked to every thiudit.[29]. The structure was
first elucidated by periodic oxidation analysis dater verified by methylated sugar analysis
and 13C nuclear magnetic resonance (NMR) the clansitucture of the tetrasaccharide
repeating unit of sclg as established by NMR ansiy&clg chains in aqueous media feature a
triple helical conformation of remarkable stabilifijhe side chain units can be derivatized by
means of selective, controlled periodate oxidatitwe; ensuring aldehyde groups oxidized to
carboxylated groups thus yielding polyelectrolytefsvariable, controlled charge density that
exhibit interesting conformation-dependent solufooperties.
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Figure: 1. Molecular structure of Scleroglucan

The carboxylated polymer (Sclerox) has been foanassume a single helical conformation in
agueous solution, the breakage of the triple hetigurs during the reaction leading to the
aldehyde derivative until a degree of substitutiegual or less than 40%, the stable
conformation of the triple helix is retained, whitdroducing a percentage of aldehyde groups
of the order of 50% or more the triple helix disamgles into single chains. Both Sclg and its
oxidized derivatives have been proposed for thenfibation of sustained drug release dosage
forms.[ 30-31]

3.2 Solubility:

Scleroglucan disperses rather easily in water@nreemperature due to the presencp-bk(1-

6)- glucopyranosyl groups that increase the satyhif the polysaccharide and decrease the
ability to form the gels. Refined grades of Sclgstive readily in hot and cold water to form
pseudo plastic solutions with shear thinning chiaréstics that tolerate high temperature, broad
range of pH and a variety of electrolytes. [32] TViscosity of Scleroglucan solutions is
affected only slightly by temperature variationg.085 and 2%, it remains practically constant
between 10 and 8G. At low temperatures, close t&C7 solutions of Sclg form thermo-
reversible gels that may be caused by weakly iotex@ triple helix cross-linking mechanism.
The viscosity of Sclg is unaffected over a pH ramjel to 11 in addition of dimethyl
sulphoxide in aqueous solutions of pH = 12.5 omhhbigor at temperatures above’9the
reduced viscosity, specific rotation and sediméwrato-efficient indicates disruption of the
triple helical structure to a single random coB]3clg forms stable gels in the presence of
chromium salts and borax at pH 10-11, and can beigitated by the addition of quaternary
ammonium salts under alkaline conditions.

3.3 Compatibility:

Rehydrated Sclg is compatible with electrolyteshsas 5% Sodium chloride, 5% Sodium

sulphate, 20% Calcium chloride and 10%disodium bdgedn phosphate. However, when the
electrolyte concentrations are very high, solutioresy gel and flocculate. Sclg is compatible,

without synergism with most other thickeners sushogust bean gum, alginates, Xanthan and
Carrageenan and cellulose derivatives and prodones favorable properties to modify the

drug release in various pharmaceutical productk [34
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3.4 Rheology:

Pseudo-plasticity or shear thinning is the sal@varacteristic of Scleroglucan solutions. This is
evident in the gum solutions of 0.2% or lower bhe tflow becomes progressively more
Newtonian as the Concentration decreases below.®B2ations containing less than 0.8% of
Scleroglucan are not significantly thyrotrophic egt at temperatures dropping to®1and
below. Due to high degree of Pseudo plasticity,sgaeles are not always clearly defined. Thus
1.2 — 1.5% solutions of purified gum form self-sapng sliceable gel at approximately’ At

at temperatures below 3,G&ven much diluted solutions, from diffusely stured gels that tend
to shrink and undergo synergism when left undigtdrfor long periods of time. Such diffused
gels disperse quickly with mild agitation. [35]

3.5 Suspending Properties:

A pseudo plastic flow system inherently combinespacity for suspending fine particles with
good pourability of suspension. Purified Sclerogluat 0.1 — 0.2% effectively stabilizes 5-10%
agueous suspensions of fine powders such as Zide;oveprecipitated calcium carbonate and
sulphamerazine. The viscosity of combinations de®glucan with bentonite suspensions is
markedly synergistic. Thus, while the apparent assties of 0.15% of purified gum and 5%
bentonite are around 200 and 300 cps respectiaalgmbination of the two yields the viscosity
of > 4000 cps. Although not a primary emulsifierthe sense of a surfactant Sclg enables very
low energy dispersion during the formation of stabil-in-water emulsions. In addition to the
suspending action of the pseudo plastic systemgpt®on of coalescence seems to underlie this
kind of stabilization [36]

3.6 Pharmaceutical Applications of Scleroglucan:

Pharmaceutical applications include the use inetatatings, ophthalmic solutions, injectable
antibiotic suspensions and calamine lotion. Anothmgrortant use of Scleroglucan is in the form
of carboxylated derivative for use as a matrixdang delivery in the form of tablets or films.
For this purpose, Hydrogels obtained by the crosking reaction between the
polycarboxylated derivative of Scleroglucan andaakk dihalides were evaluated for the
diffusion experiments and water up-take [37]. Heeleroglucan offers advantages of
controlled release as well as compatibility, bic@eigbility, and bioadhesiveness and thermal
and chemical stability. The peculiar physicochempraperties of Scleroglucan suggested its
suitability as a slow a remarkable swelling procéisat can slow down the diffusion of
molecules previously loaded in the system. Furtleeemduring the hydration process, the
formation of a swelled layer slows down the perigmaof the dissolution medium. This layer
therefore represents the rate-limiting step of wptmetration, which is very important for the
release of model drugs. Coviells al [38] reviewed the use of Scleroglucan and some
derivatives in the field of pharmaceutics and intipalar for the formulation of modified
release dosage forms. The native Scleroglucan eansbkd for the preparation of sustained
release tablets and ocular formulations; oxidized @oss linked Scleroglucan can be used as a
matrix for dosage forms sensitive to environmentaiditions. Another interesting approach is
the preparation of a co-cross linked network usiggeous medium instead of the usual organic
solvents and Gellan as cross-linker. At the begigrinly physical entanglements between the
different chains are effective; the network is sdagently “frozen” via chemical bonds, leading
to a real physical-chemical gel with an improveabgity. This new polymeric network showed
a sustained release behavior that was better meduthan that obtained with the single
polysaccharide [39].

Scleroglucan is one very clear example of a polywigsse microscopic structure corresponds
to specific and peculiar properties of the macrpacewelling behavior of the matrix. The
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Exopolysaccharides can form gels in the presenbemite ions, showing a mixed network with

both chemical and physical linkages between theselioker and the chains. According to the

molecular dynamics approach, the rigid rods areoatrforced to align and to form bundles in

which the borate acts almost as a “Zipper”. Casitiong the chains are thus formed that can
allocate host molecules in function of their stdviedrance. This microstructure is obviously at

the origin of the release profiles observed inovif different model drugs. It is also behind the

unusual and anisotropic swelling found in the a#s®&cleroglucan/borax tablets.[40]

4. Pullulan

Pullulan is a water soluble, neutral linear polygdeeide consisting ai-1, 6-linked maltotriose
residues. It is a fungal Exopolysaccharides proddoem starch by Aureobasidium Pullulan.
The early observation on this exopolymer was made Bauer in 1938 and this
Exopolysaccharides was named as Pullulan by Besiddrin 1959. Pullulan is biodegradable,
impermeable to oxygen, non-hygroscopic and nonaiedu Pullulan is easily soluble in hot
and cold water to make clear and viscous soluti@haso has high adhesion and film forming
abilities. Pullulan films are thermally stable apdssess anti-static and elastic properties and
can be developed into compression moldings. Thesgepies of Pullulan are attributed to the
unique linking it possesses with structural flekipi The principal advantages of Pullulan are
that it is a nonionic polysaccharide and is bloadnpatible, biodegradable non-toxic, non-
immunogenic, non-mutagenic and non-carcinogenicl-42] Pullulan is currently used
extensively in the food industry. It is a slow ditieg macromolecule which is tasteless as well
as odorless hence it is used as a low-calorie &atatitive providing bulk and texture. Pullulan
possess oxygen barrier property, good moisturentiete and also it inhibits fungal growth.
These properties make it excellent material fodfpoeservation and are used extensively in the
food industry. There is a twenty year history diesase in Japan as a food ingredient and as a
pharmaceutical bulking agent. FDA had estimatedtl diady intake of Pullulan would be up to
10 g per day for a person based on food categanésisage[43]

4.1 Description:

The name “Pullulan” was proposed by Bender, who thiasfirst to describe the formation of
this extra cellular polysaccharide by Aureobasididallulan. It is essentially a linear polymer
of repeating maltotriose units linked by- 1, 6 glycosidic bonds. Depending upon the celtur
conditions (duration phosphate concentration) unddrich this extracellular glycan is
elaborated by Aureobasidium Pullulan, the molecweight varies from about 10 to 3000 KDa.
[44]

4.2 Chemical characterization
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Figure 2. Molecular structure of pullulan
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Pullulan is an essentially linear polysaccharidedgn) consisting predominantly of repeating
maltotriose units. The maltotriose units, which siehof three 1,4- linked glucose molecules,

are linked bya-1, 6-glycosidic bonds. This repeating sequenca$aa stair-step-type structure.

4.3 Physicochemical properties

Pullulan PI-20 is a white to off-white, tastelessdeodorless powder. It is not hygroscopic.
According to the specifications provided by the reguos it contains less than 6% water.
Pullulan dissolves readily in cold or hot watert I insoluble in organic solvents, except
dimethylformamide and dimethylsulfoxide. Aqueoususions of Pullulan are viscous but do
not form gels. The viscosity (10% w/w, %) of ten batches of Pullulan PI-20 was 132-179
mm?/s. the viscosity of Pullulan solutions resemblest bf gum acacia (gum Arabic) solutions,
i.e. the viscosity of Pullulan is rather low in cpamison with that of other soluble
polysaccharides, such as guar gum. Differencefanptd or salt content do not substantially
affect the viscosity of Pullulan solutions. Theodgsity of an agueous solution of Pullulan PI-20
decreases upon incubation with pullulanase. An aggisolution of Pullulan PI-20 (10% wi/w)
has a pH of 5.0-7.0. Molecular weight gel permeatathromatograms of three batches of
Pullulan PI-20 showed a molecular weight at thekpifathe chromatogram of 173000-186000
Da with a number-average molecular weight,\Mf 96900-101000 Da and a weight-average
molecular weight (V) of 433000-479000 Da. Pullulan is structurallysdty related to starch
amylopectin and malt dextrin. All three carbohydgatonsist of glucose units linked @1, 4
anda-1, 6-glucosidic bonds. Malt dextrin contains apqmaately 20%a-1, 6-glucosidic bonds
and Pullulan approximately 30%. In comparison, cstarch contains 95%-1, 4-glucosidic
bonds and 5%-1, 6-glucosidic bonds. Differences between puliidad these glucans, besides
the relative proportions of alfa-1, 4 and alfa-hdhds, are the tertiary structure of the molecule
and the extent and mechanism of degradation ahtiterials in the human gi#5]

4.4 Biomedical Applications of Pullulan

However, recently Pullulan is also being investgiator its biomedical applications in various
aspects like targeted drug and gene delivery,dissigineering, wound healing and also even in
diagnostic imaging using quantum dots. Pullulanhighly water soluble; hence for drug
delivery applications, mostly hydrophobized Puliuis used as drug delivery carriers. These
hydrophobized Pullulan molecules can form colldidastable nanoparticles upon self-
aggregation in water with monodispersity. Pullutire to its film forming properties can entrap
biological molecules and due to its excellent oxydearrier properties these molecules remain
stable with enhanced shelf-life. Pullulan can benaitzally modified to produce derivatives with
low solubility or a modified polymer that is comf#éy insoluble in water. Pullulan derivatives
are developed and their applications towards tlelmnentioned aspects were also studied by
various groups [46]

Pullulan is now extensively studied for various laggtions in biomedical field. This is mainly
due to its non-toxic, non-immunogenic and biodegbde properties. In comparison to a similar
but more popular polysaccharide, Dextran, the akgian rate of Pullulan in serum is faster
than that of Dextran. The degradation index is&it&r 48 hour incubation in comparison with
0.05 for Dextran. The degradation rate can be mdlur regulated by varying degrees of
chemical modification. Some of the major areas ImcW Pullulan is investigated are discussed
in the following section.
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4.5 Tissue Engineering

Tissue engineering requires scaffold or artifieiairacellular matrix that can accommodate cells
and regulate their growth leading to three dimemaidissue regeneration. Na et al developed
carboxymethyl Pullulan and conjugated it with h@pand investigated its properties towards
tissue engineering applications. Heparin-conjuga®edlulan inhibited the proliferation of
smooth muscle cells (SMCs). Heparin-conjugatedufanl material can thus be used for the
proliferation of vascular endothelial cells andrthibit the proliferation of SMCs [47]

4.6 Surface M odification

Yet another promising application of this versagitdymer is the use in surface modification as
evidenced by work by Hasuda et al. The authors heged photo reactive Pullulan,
azidophenylpullulan (Az-pullulan) and photoimmosdd on polystyrene, polyethylene and
silane coupled glass surfaces by micro patterniathad. These surfaces which have different
contact angles showed same contact angle for tie erface. Interaction of these modified
surfaces with proteins like albumin and cells hgvinacrophage like properties which can
adhere to various surfaces (RAW 264) was then etudihe authors observed that the
adherence of both the cells and protein was mavagunced on the unmodified surface. The
authors suggest that the Pullulan forms a hydraphdn-ionic surface layer which reduces the
protein adsorption. There was no cell adhesion alisoto Az-pullulan modified surface.
Hydrophilic surfaces reduce cell adhesion. Authoomsider Az-pullulan as a promising
candidate for bioinert surfaces due to reducedant®n with protein and cell.[48]

Targeted drug delivery with magnetic nanoparticiespossible with the use of external
magnetic fields target the particle to the siteirdérest. Magnetic nanopatrticles are also of
interest in diagnostic imaging as well. But sinke magnetic nanoparticles being hydrophobic
gets easily destroyed or cleared from the circoiatind these particles are also cytotoxic.
Hydrophilic surface modification of these particlg®longs the half-life in the circulation.[49]
Gupta et al coated prepared super paramagneticokmie nanoparticles (SPION) and coated
with Pullulan (Pn-SPION). They studied the effetpallulan coating on the cytotoxicity and
the cellular uptake of the nanoparticles. The optigity studies were done on fibroblasts and it
was observed that with uncoated particles (SPI@N)cell death was 60% and with Pn-SPION
there were no cytotoxicity effects. Similarly calhesion test also showed that the attached cell
number was decreased upto 64% in SPION but foulamllcoated it was comparable with the
control cell population. The authors attribute liv toxicity of Pn-SPION to the hydrophilicity
of Pullulan. By transmission electron microscopg tellular uptake of the particles was also
established. These Pullulan coated magnetic pestid thought to be useful for medical
imaging like vascular compartment imaging, lympld@oreceptor, perfusion and target specific
imaging.[50]

4.7 Plasma Expander

Like Dextran, Pullulan was also explored as a pakblood-plasma substitute. Only highly
water soluble polymers can be used as plasma egmaadd Pullulan is highly water soluble.
Blood plasma expander operates via the colloidanabe pressure induced by the
macromolecules. It is reported that Pullulan taubed as a plasma blood expander should have
a molecular weight of about 60kDa, and observet Ruglulan with higher molecular weight
range increased venous pressure where as low nenieeeight gets rapidly excluded from the
organism followed by the development of secondaeyndrrhagic shock. Therefore, the
Pullulan for this particular purpose should be e teffective therapeutic molecular weight
range free from low and high molar mass fractiddisingel et al developed an anionically
modified Pullulan via g-irradiation which was used base for blood-plasma substitute.
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Introduction of carboxyl and carbonyl groups inaesmthe resistance of Pullulan to degradative
action amylase. This substitute was studied in dogker the conditions of experimental shock.

An isovolumetric replacement with this new derivatof Pullulan resulted in a rapid recovery

of the animal and the blood microcirculation wasnmalized. [51]

4.8 Molecular Chaperons

Chaperon like activity-able to catch and releasegimms. Molecular chaperons selectively bind
denatured proteins in order to prevent irreversddgregation due to host-guest interaction.
Then the host chaperon releases the protein reftgded form. Water soluble polymers such as
PEO were tried to increase the recovery yield @f miative protein during refolding. These

polymers block the exposed hydrophobic surfaceherdenatured proteins in such a way which
just prevents the aggregation of proteins. Excesgigtrong binding to intermediate would

prevent folding to the native confirmation.[52] Nora et al developed hydrophobized Pullulan
nanogels possessing properties of molecular chaperdhe complexes proteins were
effectively released from the nanogels in theiold#d forms in presence of cyclodextrins.They
concluded that these amphiphilic nanogels seldgtivaps denatured proteins and cyclodextrin
acts as a effectors’ molecule to control the bigdability of host to proteins and that this

nanogels system is a promising technique for pmatefiolding. The chaperon like property i.e.

the binding and release of proteins in the actorenfis further being explored towards tissue
engineering applications.[53]

4.9 Targeted Drug/ Gene Delivery and I maging

4.9.1 Liver targeting

On the sinusoidal surface of the hepatocytes, @agialoprotein receptors are expressed
abundantly which removes the asialo (galactoset&iniglycoprotein’s from the sinusoidal
circulation by internalizing the bound protein \@adocytosis. Kaneo et al has reported the
strong binding of Pullulan to the asialoglycoproteeceptor with high affinity and the bound
molecule is internalized to the hepatocytes viaepémr mediated endocytosis. Pullulan
accumulates in the liver in significantly higher @amts than other water soluble polymers. This
property of Pullulan is widely exploited for targdt drug/gene delivery to liver. Interferon
(IFN) is used as the conventional immunotheraplegatic virus C induced liver diseases. But
the efficiency of current interferon therapies éparted to be clinically insufficient.[54] An
attempt by Suginoshita et al was made to target t-lver by complexing it with Pullulan
DTPA, They reported that intravenous administrabbrthis IFN-DTPA-Pullulan conjugate in
mice showed enhanced IFN activity than the free. IEMas concluded from this study that this
enhanced activity is due to the liver targetindigbof Pullulan and it seems to be a promising
interferon therapy.[55]

4.9.2 Nanoparticles for Drug/Gene Delivery and Cancer Therapy

Recently the role of polysaccharides in developamptrolled drug delivery systems has
increased significantly and Pullulan is gaining ddtattraction towards this application. Self-
assembling nanoparticles from hydrophobized PullulpH sensitive derivatized Pullulan
nanoparticles, and anionic/amphiphilic micropaetichre some of the examples. Akiyoshi et al
developed insulin delivery system of the size 204 by complexing the Hydrogel
nanoparticles of cholesterol bearing Pullulan. Bhesmplexed nanoparticles were stable and
protected insulin from the enzymatic degradatiod anppressed insulin aggregation. It was
provedin vivo that the biological activity of the complexed ifisuemained intact. [56]

Carboxymethylation introduces negative charge ililuRun and this derivative unlike Pullulan
has low affinity for asialoglycoprotein receptoihe liver uptake clearance of pullulan was
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decreased by more than hundred fold. This derigatras then investigated for application in
chemotherapy. The authors conjugated doxorubicirknawvn chemotherapy drug used in
various cancers, via a peptide linker to carboxyylated pullulan. Conjugating such small
molecular drugs to polysaccharides make them w@chd is referred to as macromolecular
prodrug. The conjugated drug to be pharmacologicaditive should get released from the
prodrug. The conjugation reduces the free drughpasoncentration and drug exposure to other
susceptible tissues. Compared to free drug thesdryms have long half-life. This increased
half-life will lead to passive accumulation of prads in the tumor. This is because of the
enhanced permeability of the prodrugs to tumortdués leaky vasculature and the retention of
these macromolecular conjugates due to decreasguhbtic drainage. Nogusa et al in their
vivo study the authors established that the conjugdited was more effective than the free
drug. They tried both the conjugate and free drogrwrine carcinoma models, solid tumor
(lung carcinoma and reticulosarcoma) and non-galidor (P388 leukemia). The conjugate was
more effective in reducing the tumor volume andeasing the survival rate than the free drug.
The conjugate but did not have any effect on leuerells indicating that it is effective only
against solid tumors.[57]

Hydrophobically modified Pullulan is known to froself-assembled nanoparticles. Na et al
developed pH sensitive self-assembled nanopartidéssuccinylated Pullulan acetate/
sulfonamide (PA/SDM) conjugates which are respanso/even minute pH variations. These
particles were of the size range <70nm and shoveed gtability but shrank and aggregated
below pH 7.0. These particles were developed fogetiang solid tumors and inflammatory
regions where the extracellular pH (pH 6.5- 7.2)ower than the normal tissues and blood.
These particles were tested for loading and relpasgerties with Adriamycin (doxorubicin).
The drug release rate from the PA/SDM nanopartickes pH-dependent and it was
significantly enhanced below a pH of 6.8. The atghoonclude that these pH-responsive
PA/SDM nanoparticles may provide some advantagetafgeted anti-cancer drug delivery due
to the particle aggregation and enhanced drugseledies at tumor pH.[58]

Gene therapy is another area where the applicafiétullulan is being explored. Gene therapy
is thought to be a cure for various inherited disos and cancer. Gene delivery is usually
achieved by endocytic pathway. Efforts for geneapg using virus have been performed but
viruses are known to be immunogenic and can berthazs. So attempts to develop non-viral
vectors are taken and cationic derivatives of m@tpolymers are investigated towards this
purpose. Recently Pullulan being biocompatible aow-toxic is investigated for gene delivery
application. [59]. Hosseinkhani etal developed ®Wat derivative which has metal chelating
residues and mixed with a plasmid DNA in aqueoustism containing ZA" ions to obtain the
conjugate of Pullulan derivative and plasmid DNAMWEZr* coordination. Pullulan is known
for its specificity for liver and this property &xploited for liver targeting. The authors observed
that the conjugate enhanced the level of gene sgjore at the liver parenchyma cells and the
enhanced gene expression lasted for a period dagg after the injection. [60].

4.9.3 Medical Imaging

Recently nanotechnology is being investigated fmcessful and earlier detection of cancerous
growths in the body. Quantum dots are nano-sizacegructor particles which has currently
attracted lots of attention in the biological fielthey are used as fluorescent probes for long-
term cell-tracking as it is highly photo stable Wwitrong fluorescence. Endocytosis of these
QD’s into the cell is usually low and for bioimagipurposes there should be detectable amount
of the QD’s. Recently there are numerous literaueporting the efficiency of polysaccharides
in the drug/gene delivery and imaging agents. Hasaget al developed cholesterol Pullulan
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and amino-group-modified cholesterol Pullulan naie@s a novel carrier to deliver QD into
cells in comparison to conventional cationic lipepgwhich has the disadvantage of forming
aggregates once it is internalized in the cell. djeamticles were prepared by simple mixing with
nanogels of cholesterol-bearing pullulan modifiedhwamino groups and quantum dots. The
size of these hybrid particles were about 38 nneyTieported that the intensity of fluorescence
per cell of CHPNH - QD nanoparticle was comparable to that of lippeeQD complex and
particles with higher number of amino groups shofledrescence upto 3-.4 times than that of
the control. The authors conclude that the chemigadification of CHP by introducing
cationic groups significantly enhances its cellulatake and simultaneously the QD’s better
than the conventional cationic liposome’s and thaise nanoparticles could be a promising
fluorescent probe for bioimaging.[61]

5. Gellan Gum;

Gellan gum is a bacterial Exopolysaccharides coroiaéy prepared by aerobic submerged
fermentation of Sphingomonas elodea. Gellan guanliisear tetrasaccharide built up by)-L-
rhamnopyranosyle(-1-3)-D-Glucopyranosylf{-1—4)-D-glucuronopyranosyl BQl—4)-D-
glucopyranosylf§-1— with O(2) L-glyceryl and O(6) acetyl substituents the 3-linked
glucose. It consists of about 50,000 residues aigdriormally de-esterifies by alkali treatment
before use. Gellan gum forms a 3-fold double higbm two left-handed chains with the acetate
residues on the periphery, and glyceryl groups laydtogen-bonds stabilizing the interchain
associations.[62]

[-+3)-f-o-Glep-(1-4d ) f- 0 -GlcpA-(1-2d)- f 0 - Glep- (144} a- L-Rhap-{1-4)s

Figure 3. Molecular structure of Gellan gum

5.1 Physicochemical Properties

5.1.1 Gelling Properties of the Gellan Gum.

Gelation of gellan solutions occurs abruptly upeating and cooling of gellan gum solutions in
the presence of cations. Such sol-gel transitioasansidered as phase transition. The gelation
of gellan gum is a function of polymer concentrati;emperature, and presence of monovalent
and divalent cations in solution. At low temperat@ellan forms an ordered helix of double
strands, while at high temperature a single-strdrm#ysaccharide occurs, which significantly
reduces the viscosity of the solution. The traositiemperature is approximately’85 but can
range from 30-5¢C. Below transition temperature, a stiff structigebtained (setting point),
and results in gel formation. The mechanism of tg@ainvolves the formation of double
helical junction zones followed by aggregation leé double helical segments to form a three-
dimensional network by complexation with cationsd drydrogen bonding with water. [63]
Addition of monovalent or divalent cations duringoting markedly increases the number of
slat bridges at junction zone, thereby improving ¢elling potential of Gellan gum. Various
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studies have been carried out to study the effedifi@rent factors on the gel strength. Some of
the important factors affecting gel strength asedssed bellow.

5.1.2 Acetyl content

Acetyl content is the most important factor affagtihe gel strength. Gellan gum with different
acetyl content gives gels with different propertidstive Gellan gum provides soft, elastic,
thermo- reversible gels, and is very weak becadseulixy acetyl and glyceryl groups that
prevent close association between Gellan polymamshin bulk-helix formation, and hinder
compact packing of the cross-linked double heligaBetylated Gellan gum forms firm, brittle
and thermo reversible gel because of the absermeetfl and glyceryl groups.[64]

5.1.3 Type and concentration of ions

lons have an impact on gel strength and brittlersian does not form gel in deionized water,
but the addition of salts of calcium, potassiungigm, and magnesium causes an increase in
these two properties. Notably, divalent cations ra@e effective in achieving this; even in
Gellan gels of very low concentration (0.2%,w/v),hagh strength was achieved with a
maximum at about 0.004% w/v calcium and 0.005%wagnesium. Similar gel strength can be
achieved with 0.16% w/v sodium or 0.12% w/v potassiGellan high salt concentration
(1%w/v). It is important economically that stroggls can be obtained at low concentration of
Gellan, with the incorporation of trace amount ait §65]

5.1.4 Gel pH

Sanderson and Clark showed the gel strength taeneed within pH range of 3.5 to 8, which
corresponds to the natural pH range of most foGtiange in pH does not alter the setting point
of the gel, but affects melting temperature in saases. For example, gels prepared with very
low levels of monovalent ions melt at aroundQ@@t neutral pH, but at pH=3.5 the melting
temperature is slightly increased. This trend isseen for divalent ions.[66]

5.1.5 Presence of hydrophilic ingredients

Addition of hydrophilic ingredients like sucrose @out 10%, by mass per volume) tends to
decrease the ion concentration required for opti@ellan gel strength. Kasapis et al used
transmission electron microscopy to examine thengim@ nature of a polysaccharide network
with increasing levels of sugar. Mixtures of deatgtl Gellan (<1%) with low (0-20%) and
high (80-85%) levels of sugar were prepared andiestli Micrographs of the high sugar /
Gellan gels produced clear evidence of reducedsdnoking in the polysaccharide network,
which exhibits a transition from rubber to gladeelconsistency upon cooling. [67]

Tang et al. studied the effects of fructose andasgcon the gelling temperature, clarity, and
texture properties of Gellan gels cross-linked va#ticium or sodium ions. They reported the
gelling temperatures of Gellan solutions to gemgraicrease on the addition of sucrose,
whereas addition of fructose up to 35% (by massvpkrme) had no effect. Incorporation of
fructose and sucrose markedly increased the getycl&ffect of sucrose on gel strength was
found to be dependent on cations concentration.loft cations concentrations, sucrose
strengthened the gels; but at high cations conatonis, sucrose weakened them. [68]

5.1.6 Temperature stability and flexibility of the melting point

Gellan gum is stable at higher temperatures andtaias its strength at 80, whereas Xanthan

gum looses 74% of its original strength after heatip to 98C. According to Sanderson and
Clark, the melting temperature can be below or ebbl®JC, depending on the conditions of
gel formation. The most important factor resporesitar the flexibility of the melting point is
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concentration of cations in the gels because mdanvand divalent cations markedly increase
the number of junction zones in gels and make thmmre resistant to temperature. Modification
of the melting point can successfully replace ottmrventional thickeners / stabilizers, while
used in much lower concentration. [69]

6. Effects of other natural hydrocolloids on the textural properties of gellan gum.
Various studies to find out the changes in theutr@ttproperties of Gellan gum when mixed
with other food hydrocolloids have been carried out

6.1 Sodium alginate

Sodium alginate dissolved in calcium chloride solitat 9C shows weak gel properties
similar to those of ordered xanthan. The solutisimsw a sharp increase in rigidity on cooling,
and convert to permanent gels on storage at loywéesture. The gelsattain maximum hardness
at about 40% calcium conversion (for alginate veitholyguluronate content of 58%), and their
elasticity can be readily controlled by adjustmefiCa™ concentration around this optimum
value. Papageorgiou et abserved that incorporation of moderate conceninatiof Gellan
(0.1-0.3%, by mass per volume, in combination @, by mass per volume, alginate and 5
mM trisodium citrate, increased the strength of gleés, but did not significantly change their
elasticity, indicating that the Gellan acts asrsgrdiller’ in an alginate matrix.[70]

6.2 Gelatin

Lau et al. carried out texture profile analysismixed gellan-gelatin gels to assess the effect of
the ratio of the two components and calcium ion ceotration. Hardness, brittleness,
cohesiveness and springiness were measured. Thksresggested that there was a weak
positive interaction between Gellan and gelatin mhe calcium was added; at higher
concentrations, Gellan formed a continuous netwamkl gelatin the discontinuous phase.
Hardness was dependent on the concentration ciisgllm in the mixture, whereas brittleness,
springiness and cohesiveness were very sensitil@vdevels of calcium (0-10 mM), but less
sensitive to higher calcium concentrations anda@élyelatin ratio. [71]

6.3 Carrageenan and Xanthan

Rodriguez-Hernandez and Tecante studied texturpepties of Gellan — Carrageenan and
gellan-xanthan mixtures in order to determine tbetigbution of both polysaccharides to the
viscoelastic behavior of the mixture. Admixtureving a constant total concentration of 0.5%
w/w with different proportions were prepared in ggace of 0.01%w/v Cagllt was observed
that gel strength of 0.5% Gellan alone was the ésghand gel strength of the two-component
gels decreased as the proportion of Gellan wascesluMixed gels having a Gellan
concentration equal to or lower than 50% mass eftthal concentration were less stiff and
brittle, hence were more elastic[72].

6.4 Effect of chelatants on textural propertiesof Gellan gum

Camelin et al. studied the effect of various comegions of sequestrates (sodium citrate,
sodium metaphosphate, and EDTA) on Gellan gel rgettiemperature and rheological
properties. Addition of EDTA between 0 and 0.8% (lmass per volume) progressively
decreased the setting temperature. Citrate andph@tphate decreased this parameter when
added up to 0.4 or 0.6%, depending on Gellan guncamdration, eventually resulting in the
absence of gel formation at room temperature fer 5% Gellan solution containing 0.4%
citrate. This effect was accompanied by a significdecrease of gel strength, and might be
attributed to the binding of divalent cations regqdifor chain association during gelatinization
by chelatants.[73]
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7. Pharmaceutical Applications

In the presence of counter ions, this polymer gabée of forming gels that are particularly
strong when formed with divalent ions. The degreaaylation also influences the strength of
the resulting network. Indeed, when Gellan is aeglat forms soft, elastic, transparent and
flexible gels while de-acylation leads to hard, fedastic and brittle gels. The gels are thermo
reversible, with a melting temperatuf&, at about 56C, depending on the concentration and
presence of cations that, stabilizing the gel,ease thel,, value. The polymer, initially used
mainly as a food ingredient, has been widely ingestd to devise novel ophthalmic
formulations due to its ability to jellify in ther@sence of tear fluid cations thus providing drug
ocular bioavailability. Hydrogels, in fact, showghipatient compliance and situ forming gels
are even preferred since they are dropped as amolan the eye where the transition into a gel
actually takes place. Important parameters, likkegtl strength, were studied to find a reliable
indicator of the gel ocular bioavailabilityn vivo experiments showed that only when the gel
strength was within set limits, an appreciable @ase in ocular bioavailability was obtained.
The ocular contact time increased with increasimfja@ concentration; on the other side, the
autoclaving process, carried out to sterilize tiedld@ solutions, led to a significant reduction in
the finished product of the gel strength due taeakdown of the polymeric chains that was
proportional to the autoclaving time.[74] Due be tdecisive role of rapid gel formation in the
use ofin situ-gelling systems, contact times with different otafibes were measured. As
expected, gels formed with hypotonic solutions rrzied their integrity for several hours.

Gels of gellan can be formed in the tear fluid ewdren the polymer concentration is very low
and sodium proved to be the best gel-promotingmorvo though in physiological conditions
the instilled drops are diluted, gels with a hidglaiséc modulus can be formed. In fact, dilution
of the tear fluid takes place upon instillation afsolution of salt free Gellan, but an elastic
“skin” is immediately formed keeping the drops sty compacted.[75]

Gellan has also been testedvivo for the nasal uptake of fluorescein Dextran used anodel
molecule. [76] The starting solution of Gellan bedmlike a fluid but it forms a rigid gel when
exposed to cations. Hence, it is suitable for nagedy pumps with its initial low viscosity and
the subsequent gelling upon contact with animalasacA rapid gelation an also be expected
in humans, the surface area of their nasal cavéyng much larger than that of a rat.
Furthermore, in comparison to plain solutions, Ioweses can be administered because of the
rapid gelation. Although with divalent cations {Qathe gels are much strongen vitro
experiments demonstrated that a strong gel is fonmghysiological conditions of 0.9% NaCl
and the gel obtaineith vivo is strong enough to remain in the nasal cavityttierrequired time
interval, showing a slow clearance due to a higbeal concentration. Gellan has also been
tested for the encapsulation of biological compdmémside a polyion complex formed between
Gellan and chitosan.[77] Apart from the sustaireldase, the use of capsules and microspheres
offers several benefits. In particular, encapsdlatgbstances can be protected, the small particle
size enabling repetitive administration either lgrat by injection as therapeutic bolus.

Selection of encapsulation method is crucial ini@dhg an encapsulation that allows enzymes
and/or peptides to retain their catalytic activdtybiological function. The method by complex
coacervation is based on polyionic complexatioroulgh electrostatic interactions between
cationic and anionic polymers resulting in the fatation of insoluble spherical capsules. It has
been ascertained that Gellan-chitosan capsuldés m@tateins but release low-molecular weight
substances across the capsule membrane. Upon doadinthe capsules, an enzyme behaves
like a free enzyme. The permeation of the inneremms is obviously dependent on their
molecular masses, molecular structures and elatti@mrges. Indeed, an exclusion limit for the
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diffusion out of the membrane has been experimgntalind. Furthermore, it was evidenced
that the loaded enzyme recovered its catalyticviégtiafter the drying and selling steps,
indicating that this formulation can be repeataabgd. Hence, it is a potentially powerful tool
for applications in the field of biotechnology.dhould be pointed out that both polymers are
biodegradable and biocompatible, thus, the enzymeagesulating Gellan-chitosan capsules can
be implanted directly, eliminating the need for ggcal removal because of their bio-
resorbability. Finally it is important to underlitieat the enzyme encapsulating procedure does
not need any chemical modification and can be colewtly performed in aqueous solution.

Formation of Gellan beads has also recently exmaried to evaluate the effect of various
divalent cations on the encapsulation efficiencipgi® constant concentration of polymer and
ionotropic medium. [78] It is well known that theling mechanism of gellan can be induced
by cations and is temperature-dependent. In aqueoligion the gelation of gellan is
accompanied by a two-step process which involvesmdtion of double helices from random
coil chains (coil-to-helix transition) and an aggméon of pairs of double helices. The coil-helix
transition is greatly affected by the electrostatiteraction with the cations present in the
solution. Gellan forms gels in the presence of m@te& and K) and divalent (C& and Md")
cations but its affinity for the latter is muchatger than for the former. Preparing hard gelled
beads with different cations has a significant @ffen the aqueous solubility of the drug.
Furthermore, drug loading increases as the atommcber of the divalent ion increases, thus
suggesting that the electro-positivity of catiofeyp an important role in the ionotropic gelation
of gellan. Although the drug loading efficiency wasich higher in the presence of transition
elements compared to alkaline earth metal ionspéaels prepared with Eawere the best in
terms of quality and mechanical strength.

Gellan has also been tested for oral drug deligt§] The formulation adopted was a Gellan
solution containing calcium chloride (as the sowtealcium ions) and sodium citrate, which
complexes the free calcium ions and only reledses tin the highly acidic environment of the
stomach. The formulation remained in its liquidnfiountil it reached the stomach where the
gelation occurred after a few minutes and lastedséveral hours. Plasma drug levels, tested
after oral administration of Gellan solutions, slkeowthat a sustained release was achieved,
along with a higher bioavailability compared tottb&a sustained release commercial solution
product.

In terms of oral sustained delivery, Gellan hasnbeempared to sodium alginate which, as
previously reported, is also capable of givingsitu gelation in the acidic environment of the
stomach. Then vivo release curves from the gels had a profile sinidathat of a commercial
suspension. The sustained release effect of thdfogelulation was a consequence of the
resistance of the gel structure to the diffusiorihef drug whereas that of the suspension arose
from the reservoir effect of the suspension patichs they slowly dissolved in the intestine.
The Gellan gels were detectadvivo for a longer period of time if compared to thosaried
with alginate, indicating the formation of a mecitally stronger gel. There is an obvious
advantage of using polymer solutions because surchulations are homogeneous liquids and
do not have the problems that may be associatddtiaétformulation and oral administration of
suspensions.

Beads prepared with Gellan have also been studieatder to delay the delivery of loaded
substances employed for weed control in agricult(esy. metribuzin) as well as model
molecules for drug delivery (theophylline and benike)[80] Several formulations, containing
different amounts of surfactants and/or oil, werstéd. The beads were prepared by adding
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calcium ions to homogeneous slurries of the varmmmponents. The presence of the oil in the
formulations reduced the penetration rate of wiater the beads leading to a decreased delivery
rate. Similar beads, prepared with alginate, shoavetightly faster release than those obtained
with Gellan. Hence, confirming previous researchies,strength of the gellan gels was higher
than that of alginate, though a quantitative edimnawas not given. It was also pointed out

that, when the hydrophilicity of the model moleculas changed using a molecule more water
soluble, a remarkable increase of the delivery wade obtained. These results clearly indicate
that, the swelling of the matrix together with t¢@mposition of the beads played a key role in

the delivery process.

A recent study reports the preparation of microsph®btained by the emulsion cross-linking
method of gellan and poly (vinyl alcohol) in theepence of different amounts of glutaraldehyde
as a cross-linking agent and of an antihypertengiug.[81] The use of such IPN improved the
mechanical strength obtained when only Gellan wasdu The new microspheres were
spherical, with smooth surfaces and with a narrawnodal size distribution. By increasing the
cross-link density, microspheres with smaller simze obtained due to the formation of a more
rigid network. An increase in the amount of Geliarturn increased the size of microspheres
with the formation of a more crystalline matrix.nliarly the drug-loaded microspheres also
showed a crystalline dispersion of the drug inte tolymer matrix. In comparison to
microspheres prepared with only Gellan, the new HiNrospheres showed a higher tensile
strength. Then vitro studies evidenced that the drug release rates higier for microspheres
with a lower amount of Gellan, while the differetitfusion media produced differences related
to the solubility of the drug in the two environne{B2]

8. Curdlan

Curdlan, an insoluble microbial exopolymer is comsgm almost exclusively of -(1,3)-
glycosidic linkages. One of the unique feature€afdlan is that aqueous suspensions can be
thermally induced to produce high-set gels, which not return to the liquid state upon
reheating and this has attracted the attentiomeffoéod industry. In addition to this, Curdlan
offers many health benefits, as the betaglucan Iyami well known among the scientific
community to have immune stimulatory effects. Candivas discovered in 1966 by Professor
Harada and coworkers, and given its name becaugs ability to ™curdl¢ when heated. At
this time, Harada and his colleagues were workimghe identification of organisms capable of
utilizing petrochemical materials, and isolated aligenes faecalis var. myxogenes 10C3 from
soil. This organism was found to be capable of gngwn a medium containing 10% ethylene
glycol as the sole carbon source and also prodaceedw -(1,3)-glucan that contained about
10% succinic acid, and which was named succinogludhey were also able to derive a
spontaneous mutant that mainly produced a wateitibke neutral polysaccharide, (1,3)-
glucan, and which did not contain succinoglucar].fB8entists at Takeda Chemical Industries
Ltd. (Osaka, Japan) have played a pioneering mlboith the research and development of
Curdlan. Thus, as early as 1989, curdlan was apprend commercialized for food usage in
Korea, Taiwan, and Japan. Upon obtaining approv@léecember 1996, PureglucanTN} the
trade name of Curdlan} was launched in the US market as a formulatiah processing aid,
stabilizer, and thickener or texture modifier faofl use .No evidence of any toxicity nor
carcinogenicity of PureglucanTM has been observed.

8.1 Structure
Curdlan is composed of a minimum carbohydrate amnagon of 90% and a maximum water
content of 10%. Curdlan is a neutral polysacchamdesisting of D-glucose witl-1,3
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glycosidic linkageswhich means there are repeating glucose subumitsddy a beta linkage
between the first and third carbon of the glucasg.rThe 1,33-D-linkage is similarly seen in
other hydrocolloids such as Carrageenan, agaroseGallan gum, however Curdlan does not
possess any acidic components. The D-glucose thkesnup Curdlan is similar to cellulose
however, the linkages differ.[83]

CH.OH B CH,OH
J & -~ I
\ U\ |‘ ~O. 0
OH }
tlnl | ‘ OH !
| OoH | OH

Figure4: The Molecular Structureof Curdlan

Curdlan, in its solid state, may exist in a triplelix shown by 13C NMR analysis (Nishinari

2000). It is in granular form similar to that ofdmnut shape. Curdlan is not water soluble
although it can be dissolved in aqueous NaOH becafishe ionization of hydrogen bonds.

Upon introduction to aqueous NaOH, the bonds ao&esr due to swelling and the granular
structure of Curdlan is lost.[84]

8.2 Properties

Curdlan gum is not soluble in water, alcohol, armbtrorganic solvents, however it is soluble in
alkaline solutions such as sodium hydroxide ansbtlium phosphate. Ogawa et al studied
Curdlan conformation in various concentrated afl@lsolutions. At low concentrations of
sodium hydroxide (below 0.19 N NaOH), Curdlan has aadered (helical) conformation,
however a significant change is seen once the sotidroxide concentration is increased to a
concentration between 0.19 and0.24 N NaOH. At aeomation higher than 0.2 N NaOH,
Curdlan is fully soluble and has a random structhi@vever, once this solution is neutralized,
the soluble turns to an order state which consiEtngle and triple helices. Curdlan is a linear
homopolymer chain, but forms complex tertiary dimoes believed to be caused by
intramolecular and intermolecular hydrogen bondihgis these hydrogen bonds that may
confirm why Curdlan is not soluble in water. It @siomewhat similar to cellulose. Although
Curdlan is not soluble in water, an aqueous satutontaining curdlan can form a gel
depending on the heating temperature.[85]

___Transition temperature

High-set gel

Low-set gel

|
i
1

|\)

20 T 40 60 80 100 120

Temperature (°C)

Figure5: Effect of temperature on viscosity and gd strength (adapted from Nakao 1997)
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Two types of Curdlan gels can be formed: a lowegdtand a high-set gel. The low-set gel,
which is thermo-reversible, can be created onehiet ways: addition of the cations-+car
Mg++ heutralization of an aqueous alkaline solutionGafrdlan, or by heating a Curdlan
solution between 55 and 60°C and then coolingldvbel0°C. A low-set Curdlan gel exhibits
properties similar to those of Carrageenan and-agar. The Curdlan molecules swell around
55°C which results in partial rupture of intramailee hydrogen bonding [86]. Therefore upon
cooling, new hydrogen bonds cross-link Curdlan tese which are occupied by molecules of
a single-helix. If the agueous solution is heatedemperatures exceeding 80°C a high set gel
will result, which is also identified as a thermieeversible gel. The high-set Curdlan gel is a
much stronger and more resilient gel then the letvgel. The texture of the high-set gel is
described as being between a soft, elastic gekas with gelatin and a hard brittle gel seen
with agar-agar. It is believed the molecular medranfor a high-set gel results from cross-
linking between Curdlan micelles with hydrophobiteractions. [87] The Curdlan micelles are
occupied by molecules of multiple-chain helix ople stranded helix. The high set gel is stable
at low temperatures, such as freezing as well dsgdt temperatures, as seen in processing
conditions such as retorting. It is also resistargnzymatic and acidic hydrolyses It is possible
to change a low set gel into a high-set gel byaasing the temperature to 80°C. Either type of
Curdlan gel does not add any color, smell, or testeroducts, however, can make a profound
difference when added in small amounts. A generapgrty of Curdlan gel is as the
concentration of Curdlan is increased, the gelngtie is also increased. For higher strength
gels, a higher concentration of Curdlan is neetlediever, if a low strength gel is needed; only
a minimal amount of Curdlan is needed. Gel strergtiot only dependent on the concentration
of Curdlan, but on the heating temperature and tamewell. Gel strength increases with
increasing temperature as well as heating timeduition to Curdlan concentration, heating
time and temperature, gel strength is stable okerpgH range of 2-10.[88] There are no
significant effects on gel strength with additidririorganic salts.

8.3 Phar maceutical Applications

Curdlan, which is not soluble in water, can be made a gel if heat is applied. The
distinguishing characteristic of Curdlan is thatatber conditions need to be met to induce gel
formation, such as pH, sugar concentration, ansbrcgiresence. Before heating though, the
curdlan needs to be properly dispersed in wateuallisa high speed mixer or homogenizer
would be sufficient. There are many potential useCurdlan gel as it is a tasteless, odorless,
and colorless gel. The gel is able to withstandtéineperature extremes in the case of freezing
and retortingThe safety of Curdlan has been assessed in anintiés andn vitro tests and it

is approved in food use in Korea, Taiwan and Jasaan inert dietary fibre. It is registered in
the USA as a food additive. The rats were feedeth Wurdlan, the faecal mass increased
significantly as the amount of lactic acid in tled¢al content. The significant increase in the
mass of the caesium was accompanied by a decnedaedal mass. The transit time of the
gastrointestinal tract was extended by Curdlan lempgntation. Significant decrease was
observed in the total hepatic cholesterol and laues were measured in the proportion with
secondary bile acids. All those parameters reve#had Curdlan is easily degraded and
fermented by intestinal bacteria in the caesium kwers cholesterol concentration in the
liver.[89] But still bacterial degradation studie$ Curdlan as a polysaccharide for colon-
specific drug delivery yet to be reported. Masuraic$ et al has found that the dialysis of
Curdlan dissolved in alkaline solution into aquesakitions of metal salts yielded multifold gel
structures. Aqueous sodium chloride and potassibloride as well as pure water induced
isotropic gels. Aqueous calcium salts induced tiqarystalline gel with refractive index
gradient/amorphous gel alternative structure. Agsesalts of trivalent aluminum and ferric
cations induced a rigid liquid crystalline gel, whishrank above a threshold concentration of
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each salt. On the other hand, Lies gang ring-léttepn was observed with aqueous solutions of
mixed salts of calcium chloride and magnesium ¢téf90]

Kanke, M, et, al was studied in vitro of sustainedlease suppositories To prepare the
suppositories, indomethacin, prednisolone or salbot sulfate was mixed with Curdlan gel.

Preparation conditions, including heating time &uwdlan concentrations of 5 and 10%, had
little effect on the drug release. The tonicity gbtonic or isotonic) of the media for the

suppository preparation and for in vitro drug rekeatudy also had little effect on drug release.
However, the heating temperature during gel prejeerathe drug amount in the suppository
and the type of release media did affect drug seled was found that drug release was
sustained and diffusion-controlled in the threegdruiAnd finally, Curdlan can be applicable for

use in a sustained release suppository.[91]

KunNa,et,al was preparesdelf-assembled Hydrogels nanoparticles were syizéesfrom
carboxymethylated (CM)-Curdlan, substituted withsalfonylurea (SU) as a hydrophobic
moiety for self-assembly. The degree of SU suligtituwas 2.4, 5.6, or 7.2 SU groups per
hundred anhydroglucose units of Curdlan. The laadind release of altans retinoic acid
(ATRA) was studied. The ATRA loading efficienciesdaloading contents of CM-curdlan/SU
nanoparticles increased as the degree of SU autimstiincreased. The ATRA release rate was
controlled by the degree of substitution and diaging. For specific interaction with a hepatic
carcinoma cell line (HepG2), CM-Curdlan was additilly conjugated with lacto-bionic acid
(LBA; galactose moiety). HepG2 was strongly lama&shby legend—receptor interactions with
fluorescence-labeled LBA/CM-Curdlan/SU hydrogel ogarticles. The luminescence was not
observed for other control cases. It is concludedt tLBA/CM-Curdlan/SU hydrogel
nanoparticles are a useful drug carrier for thattnent of liver cancer, because of the potential
immunological enhancement activities of CM-Curdlan the body, the legend-receptor
mediated specific interactions, and the controlddase of the anti-cancer drug.[92]

Y.M. Lo, K.L. Robbins studied the diffusion propeg of Curdlan gels were characterized
against its viscoelastic behavior. With increasgttiion zones involved in rigid crosslink’s in
higher concentration gels, the three-dimensionaicgire of Curdlan is characteristic. As the
gel concentration increases, the intermoleculasimking and apparent viscosity increase,
reducing mobility of the polymer chains with slowetease rates. The scaling laws confirmed
that Curdlan gel network structure correspond&ab of polymer chains in a good solvent at the
semi-dilute regime. Diffusion of the entrapped d@gen6% gels resembled pseudo-controlled
release behavior, and a further increase in getexdration might produce microspheres that
support a sustained releasbe network of higher concentration curdlan gelsileixs a greater
degree of tortuosity, providing more resistance solvent and solute transport. The
intermolecular cross-linking and apparent viscogityrease with increasing gel concentration,
resulting in reduced mobility of the polymer chaarsl slower release rates. With the entrapped
agent distributed homogeneously throughout the aroding Curdlan microspheres, 2
significant diffusion stages were observed. By ntindethe interaction of 2 dimensionless
groups—the concentration number and the diffusiomimer the fractional release of dye from
the microspheres was characterized. Whereas thel@s®ntrolled release behavior in 6% gels
was distinctive, a sustained release of the ené@pmgent might be reached with further
increase in gel concentration.[93-94]
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Conclusion

Exopolysaccharides Hydrogels like Scleroglucan,laelPullulan and Curdlan as promising
biomaterials in various modified drug delivery sss. These Hydrogels that have been
obtained by means of different cross linking agearts suitable for release modulation from
various dosage forms and their characterizationterms of water uptake, diffusion studies
rheological behaviors could evidence to use inasnist release and environmental-controlled
delivery. Therefore Scleroglucan, Gellan Curdland aBullulan are Exopolysaccharides
Hydrogels as an interesting challenge for futuseagches to be further investigated since these
already showed interesting and in some cases vecylipr properties indicating the wide
potentiality in several pharmaceutical technologies

Refer ences

[1] The Joint IPEC — PQG Good Manufacturing Practicegl&for Pharmaceutical Excipients
2006.

[2] Tommasina Coviello, Pietro Matricardicontrol release; 119; 5-24;2007.

[3] Lawson, C.J. And I.W. Sutherlant®78. Polysaccharidesn EconomicMicrobiology. Vol.
2, pp. 358-359. A.H. Rose (ed). Academic Pressdban

[4] Baird, J.K., P.A. Sand ford and I.W. Cottrel983. Industrial applications ocdome new
microbial polysaccharides. Bio Technil 778.

[5] Kimmel, S.A., R.F. Roberts, and G.R. Ziegl#898. Appl. Environ. Microbial 64: 659-
664.

[6] Lapasin, R. and S. Pricl1995. Rheology of industrial polysaccharides: Theamyd
applications. Chapman Hall, London.

[7] York, P., The design of dosage forms. In:.. Pharmtéc® The Science of Dosage Form
Design. Aulton, M.E., 2nd Edition. Churchill Livistpne: United Kingdon2002;1-12.

[8] Charman W.N., Chan H.-K., Finnin B.C. and Charmah. . Srug Development Research,
1999; 46, 316-27.

[9] Collet, J., & Moreton, C., Modified-release perlodasage forms.In:. Pharmaceutics; The
Science of Dosage Form DesigAulton, M.E. 2nd EditionChurchil Livingstone: United
Kingdom: 2002; 289-305.

[10] Ainaoui, A., & Vergnaud, J.M., Computational andebetical Polymer Scieng@000;
(10):383-390.

[11] Miyazaki, S., Yamagichi, H., Takada, M., Hou, W.Macheichi, Y., & Yasubuchi, H.,
Acta Pharm. Nordl1990. (2):401-406.

[12] Franz. G. Hansel A. Kraus’s. Biomedical and Bioteslbgical advances in industrial
polysaccharide$989; 21; 241-249.

[13] Baird, J.K., P.A. Sanford and |I.W. Cottrell. Biochaol 1983 1: 778.

[14] Mancuso Nichols, C.A.; Guezennec, J.; Bowman, WM&rine Biotechnology2005, 7,
253-271

[15] Decho, A.W. In: Oceanogr. Mar. Biol. Annu. Rev. Bes, M. (Ed.); Aberdeen Univ.
Press: Aberdeen, UK990; pp. 73—-153.

[16] Corpe, W.A. Dev. Ind. Microbiall970, 16, 249-255.

[17] Ehrlich, H.; Maldonado, M.; Spindler, K-D; Eckef,; Hanke, T.; Born Hoffman A.S.
Adv, Drug. Deliv. Rev2002; 54; 3-12.

[18] Lawson, C.J. And I.W. Sutherland. Polysaccharides=conomic Microbiology.. A.H.
Rose (ed). Academic Press, Londd®iz8; Vol. 2, pp. 358-359.

[19] Roller, S. and I.C.M. Dea. Crit. Rev. Biotechnolo§992; 12: 261-278.

Scholars Research Library 251



K M Manjannaet al Arc. Apl. Sci. Res,, 1 (2) 230-253

[20] Peppas N.A. Bures P. Leobandung W. Ichikawa. H:., EWBiopharnm2000; 50; 27-46.

[21] lan W. Sutherland., Pure & Appl. Chet®97; 69(9); 1911 — 1917.

[22] Margaritis, Pace G.W; Advances in Biotechnold§g5; 2; 1005-1044.

[23] Survase S.A. et al; Biotechnolog@07; 45(2); 107-118.

[24] Tommasina Coviello. et al Scleroglucan; Molecu)5; 10; 6-33.

[25] Pirri, R. Gadioux, J. Riveno. R. Scleroglucan gabpleed to the oil industry U.S. Patent
3447, 94019609.

[26] Halleck F.E. Cosmetic Composition containing a paticharide U.S. Patent 3,659, 025,
1972.

[27] Seth, P. Lachman L, The Coating of Tablets. Freftat, 480, 8741967.

[28] San — Ei Chemical industries, Ltd. Improvementrokzén food quality with Sclerogum,
Japan Kokai Tokkyo Koho 57, 163, 43D82.

[29] Singh. P, Wilser, R. Tokuzen R. Nakahara W. CardoRes1974; 37; 245.

[30] Jong, S. Donovick. R,. Adv, Appl, Microbi&889; 34; 183-189.

[31] Brigand G. Scleroglucan, Industrial Gums: Academpress, Newyork USAL993; 461-
472.

[32] Pretus H.A. Ensley H.E. McNamec R.B. Jones E.[PhhArmacol, exp Thed991; 257,
500-510.

[33] Coviello. T, Dentini M. Crescenzi.V. Polymer, BUulR95, 34; 337-343.

[34] Farina J.I. Sineriz F. Molina O.E, Perotti N.I.,rBahydra, Polym2001; 44; 41-50.

[35] Rodgers; Scleroglucan; Industrial Gums Academisqridewyork USAL993; 461-472.

[36] Coviello. T. et al. J. Control relea%899; 60; 367 — 378.

[37] Sheth. P. Lachman. L. The Coating tablets. FR.nPate480, 8741967.

[38] Rizk. S. et al. Int. J. Pharm. 1994; 112; 125-130.

[39] Coviello. T. et. al. J. Control. Relead898; 55; 57-63.

[40] Leduy. A. Zajic. J.E, Luong J.H.T. Pullulan in: Buotopedia of polymer science and
Engineering ¥ Edition. Wiley & Sons New Yori988; 650.

[41] Leather T.D. Appl. Microbial Biotechnolog2003; 62; 468-473.

[42] Okada.K. et al. J. Soc. Nutr.Food,SI990; 43; 1; 23-49

[43] Sugimoto K, Pullulan production and application§edment, Associ, Japd®78; 36; 2;
98-108.

[44] Sujisaka Y,Mistsuhashi M, Pullulan In ; Industrtj;yazjms;L993;3rd edn;Academicpress;447-
460.

[45] http://www.cfsan.fda.gov/-rdb/opa-g 099.htm/

[46] Akiyoshi. A. et al Self — assembled hydrogel nambglas of cholesterol bearing Pullulan
as a Carrier of protein drugs; Complexation anbiktation of insulin. J. Control. Release;
1998; 54; 313 — 320.

[47] Jeong Y. Nah J.W. Na. K, Cho, C.S; Kim S.H, DrugvDInd. Pharm]999; 25; 917-927.

[48] Hasuda. T. et al. J. Am. Chem. Sk896; 118; 6110 — 6115.

[49] Akiyoshi. K, Kang E.C; Kuromada S, Winnik F.M., Mamolecules;2000; 33; 3244-
3249.

[50] Gupta. M, Gupta A.K. J. Control. Relea2604; 99; 157- 166.

[51] Shingel K.I. Petrov. P.T., Macromoleculd894;27; 7654-7659.

[52] Nomura et al., Bioconjugate, Chet®99; 10; 321-324.

[53] Morimoto. N, Endo. T, Ilwasaki. Y, Akiyoshi K.; Biomeromolecules2005; 6; 1829-
1834.

[54] Kaneo. N. et. al.: J. Control. Reled$98; 54; 313-325.

[55] Lec. I. Akiyoshi. K. , Biomaterial2004; 24; 2911-2918.

[56] Akiyoshi. K, Nishikawa. T, Shichibe S, Sunamot&hem. Lett1995; 8; 707-708.

[57] Nogusa. K. Bae Y.H.; Pharm. R&802; 19; 681-688.

Scholars Research Library 252



K M Manjannaet al Arc. Apl. Sci. Res,, 1 (2) 230-253

[58] Na. K. Seong-Lee, Bae Y.H. J. Control, rele28@3; 87; 3-13.

[59] Laura De Laporte et al. Acta. Phar2007; 57; 249-268.

[60] Hosseinkhani N et al; J. Control. Rele@662; 83; 41-51.

[61] Hasegawa et aMacromol. Biosci. 2005; 5; 710-716

[62] Yuguchi M,et al, Food Hydrocoll;1993;7;373-385.

[63] Grasdalen H, Smidosroed Oarbohydr. polym;1987;7;371-393.

[64] Mao M, Tang J,Swanson B.Garbohydr polmr;2000;41;331-338.

[65] Huang Y, et algarbohydr polym;2004;56;27-33.

[66] Sanderson G.R. et al A New gelling polysaccharlde&ums and Stabilizers for the food
industry, Oxford university press, UK984; vol-2; 201-210.

[67] Paoageorgion M,Kasapis $ood Hydrocoll,1995;9;211-220

[68] Kasapis S et alZarbohydr polym; 2003; 50; 259-262.

[69] Tang J.R.et dFood Hydrocoll; 2002; 16; 191-196.

[70] Papageorgiou M, et al Rheology and structure ofa@eallginate co-gels In; Gums and
stabilizers for food industry, Oxford Universityk{J1994; vol-7; 345-356.

[71] Lau M.H.Tang J Food Res, int,; 2000;33;665-671.

[72] Rodriguez-Hernandez Aood hydrocoll; 1999; 13; 59-64.

[73] Camelin L, et glBiotehnol, Progr; 1993; 9; 291-297.

[74] Tommasina, Coviello, Pietro matricardi, Carlotta riaecci, Franco Altiaique;].
Control. Release 2007; 119; 5-24.

[75] Carlfors J, Edsman K, PeterssonHERy. J. Pharm. Sci 1998; 6; 113-119.

[76] Paulsson M, Hagerstrom H. EdsmanBir. J. Pharm, Sci. 1999; 9; 90-105.

[77] Jansson. B. et aur. J. Pharm. Biopharm, 2005; 59; 557-564.

[78] Fujii T, Ogiwara D, Ohkawa K, Yamamoto Biosci 2005; 5; 394 — 400.

[79] Singh B.N, Kim K.H,J. Microencapsul 2005; 22; 761-771.

[80] Miyazaki, S, etJ. control, Release 1999; 60; 287-295.

[81] Santucci E. et all. Control Release 1996; 42; 157-164.

[82] Agnihotri S.A. Aminabhavi T.MDrug. Delv, Ind. Pharm 2005; 31; 491-503.

[83] Harada, M. M., K Fujimori, | Maedagric Boil Chem.; 1996; 30: 196.

[84] Ogawa K, T. W., J Tsurugi, S On@&arbohydrate Research, 1972; 23: 399-405.

[85] Fulton WS, E. A. The gelling mechanism and relaldp to molecular structure of
microbial polysaccharide Curdlan. American Chemi8akiety, Washington, DCL980;
235.

[86] Funami, F. M., Yada H, Nakao, Ydournal of Food Science, 1999; 64: 129-132.

[87] Funami, M. F., H Yada, Y Nakad-ood Hydrocolloids, 1999b; 13: 317-324.

[88] Jezequal, V.Cereal Foods World, 1998; 43(5): 361-364.

[89] Kanzawa, Y., T Harada, A Koreeda, A Haradgric Boil Chem., 1987; 51: 1839-1843.

[90] Nakao, Y., A. Konno, T. Taguchi, T. Tawada, H. Kash Toda, and M.Terasaki..
Curdlan:J. Food. <ci; 1991. 56. 769-772.

[91] Kanzawa Y, T. H., A Koreeda, A Harada Ggrbohydrate Polymers, 1989;10: 299-313.

[92] Kanke,M. Tanabe, E, Katayama, H. Koda, Biglogical & pharm, bulletin, 1995;8;1154-
1158.

[93] Kun Na, Keun-Hong Park, Sung Won Kim and You HareBa control, release,
2000,69(2); 225-236.

[94] Y.M. Lo, K.L. Robbins, S. Argin-Soysal, and L.N. da, Journal of Food Science; Vol.
68, Nr. 6,2003.

Scholars Research Library 253



