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Abstract: In recent years there has been an important dewelopin different dosage forms for existing and
newly designed drugs and natural products, semihsyic as well as synthetic excipients often rteeoke used
for a variety of purposes. Gums and mucilages adelw used natural materials for conventional angeh
dosage forms. With the increasing interest in passmof natural origin, the pharmaceutical world has
compliance to use most of them in their formulatinthe present review we have discussed natudaltived
polysaccharide as a potential candidate for noued delivery system. These natural materials havarmtages
over synthetic ones since they are chemically imem-toxic, less expensive, biodegradable and widel
available. They can be madified in different wagsbtain tailor made materials for drug delivergteyn and
thus can compete with the available synthetic éenig. Controlled release drug delivery systemsgairing
importance in last few decades for their clinicahéfits which are not obtained from conventionall @rug
delivery systems. Hydrophillic matrices involvingataral polysaccharides are an interesting option fo
developing sustained release formulations. One gatysaccharide is tamarind seed polysaccharidd)TS
isolated from seed kernel of Tamarindus indica. Uitilgy of TSP and modified TSP as an excipienthovel
drug delivery systems is the main focus of thiseav

Key words: Tamarind seed polysaccharide (TSP), Carboxymelt8P, Grafting, Thiolated —TSP,
Cross-linking, Controlled release.

Introduction

Today, the whole world is increasingly interestechatural drugs and excipients. In recent yeaestplerived
polymers have evoked tremendous interest due fo dingerse pharmaceutical applications such asediiu
binder, disintegrant in tablets, thickeners in diglids, protective colloids in suspensions, gegjliagents in
gels and bases in suppositories. They are also insedsmetics, textiles, paints and paper makirfgesé
polymers such as natural gums and mucilage aretipatible, cheap and easily available and are ipeef¢o

semi synthetic and synthetic excipients becaugbeif lack of toxicity, low cost, availability, sting action
and non irritant nature. Further more, they camioglified to obtain tailor made materials for drugjiery

systems allowing them to compete with the synthetoducts that are commercially available. Manydkirof

natural gums are used in pharmaceutical industiiyaa@ regarded as safe for human consumption.
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Gums are considered to be pathological productaddrfollowing injury to the plant or owing to unfawable
conditions, such as drought, by a breakdown of weellls (extra cellular formation; gummaosis) while,
mucilages are generally normal products of metabglformed within the cell (intracellular formatjoand/or

are produced without injury to the plant. Gums ilgadissolve in water, whereas, mucilage form slimgsses.
Gums are pathological products, whereas mucilagegtaysiological products(l).Acacia, tragacanttd gnar
gum are examples of gums while mucilages are dfiand in different parts of plants. For example the
epidermal cells of leaves (senna), in seed cogse@d,psyllium), roots (marshmallow), barks (stipgpelm)

and middle lamella (aloe)(2). Gums and mucilage® lt@rtain similarities—both are plant hydrocolkidhey

are also translucent amorphous substances and @alyoh a monosaccharide or mixed monosaccharidis an
many of them are combined with uronic acids. Guntsraucilages have similar constituents and on Hysi©
yield a mixture of sugars and uronic acids. Gumd mnucilages contain hydrophilic molecules, whicm ca
combine with water to form viscous solutions orsgélhe nature of the compounds involved influertbes
properties of different gums.Linear polysaccharidesupy more space and are more viscous than highly
branched compounds of the same molecular weiglhg.branched compounds form gels more easily and are
more stable because extensive interaction alonghhias is not possible.

Disadvantages of Synthetic Polymers

The synthetic polymers have certain disadvantagels as high cost, toxicity, environmental pollutidaring
synthesis, nonrenewable sources, side effectspaodpatient compliance. They need long developrtiet®

for synthesis compared to natural polymer. Acuté eironic adverse effects like skin and eye iiotatare
observed with synthetic polymers like methyl metlilate and poly- (methyl methacrylate) (PMMA)(3).
Another synthetic polymer, povidone have shownftreation of subcutaneous granulomas at the imecti
site (4). Carbomer dust is irritating to the eyasiucous membranes and respiratory tract(5). Some
disadvantages of biodegradable polymers used isudisengineering applications are their poor
biocompatibility, release of acidic degradationdarcts, poor processing ability and rapid loss otmamical
properties during degradation.

Advantages of Natural Polymers
Natural plant—-based materials have various advestike: -

Biodegradable Naturally available biodegradable polymers regnésruly renewable source and they have no
adverse impact on humans or environmental health

Biocompatible and non-toxic Chemically, nearly all of these plant materiale earbohydrates composed of
repeating sugar (monosaccharides) units. Hencg atfeenon-toxic.

Low cost—it is always cheaper to use natural sources.

Capable of chemical modifications Modified polymers can meet the requirements aigdielivery systems
and thus can compete with synthetic excipients.

Better patient tolerance as well as public accejgtaamd local availability are some other advantagemtural
polymers.

Natural plant — based polymers can either be: -

1) shrubs/tree exudates—gum arabica, gum ghatti, lguaya, gum tragacanth,
2) Seed gums—guar gum, locust bean gum, starchipsaen cellulose

3) Extracts—pectin, larch gum

4) Tuber and roots—potato starch

Among hydrophilic polymers, polysaccharides aredheice material due to their non-toxicity and gteace
by regulating authorities (6)]. Polysaccharide lgellulose ethers (7), xanthan gum (8) , sclekagiu(9),
locust bean gum(10), and gaur gum(11) are somheohatural polysaccharide which have been evaluated
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hydrophilic matrix for drug delivery system. Althglu tamarind seed polysaccharide (TSP) is usedjasdient

in food material and in pharmaceuticals has nohlea&luated as hydrophilic drug delivery systemPTSa
galactoxyloglucan isolated from seed kernel of Tames indica. Xyloglucan is a major structural
polysaccharide in the primary cell wall of highdamis.It possesses properties like high viscositgad pH
tolerance and adhesively (12). This led to its igptibn as stabilizer, thickener, gelling agent dmader in
food and pharmaceutical industries. In additiothiese other important properties of TSP have béemtified
recently. They include non-carcinogenicity (13) madhesivity, biocompatibility (14), high drug haidi
capacity (15) and high thermal stability (16). Tleid to its application as excipient in hydrophicig delivery
system (14,15). Since TSP is an important excipigm present study was undertaken to elucidatasel
kinetics of both water soluble and water insolubiegs from this matrix.

Tamarind seed polysaccharide is a seed gum havidg application in pharmaceutical industry. Tamarin
seed is a by — product of the commercial utilizawb the fruit however it has several uses. Wadtbrticated
kernels contain 46 to 48 % of a gel forming substariPolysaccharides obtained from tamarind seeukler
form mucilaginous dispersions with water.

General properties of Tamarind seed polysaccharide

Purified TSP is a high-molecular-weight, neutrarmhed polysaccharide consisting of cellulose iaekbone
that carries xylose and galctoxylose substances Chemical residues are similar to that of mucid@A1l and
Epsialin (18). It is insoluble in organic solveatsd dispersible in warm mater to form a highly vis€ gel as a
mucilaginous solution with a broad pH tolerance adbesivity (12). In addition, it is non-toxic andn-irritant

with a haemostatic activity. It is a galactoxylogdm, belongs to the xyloglucan family, and possessperties
such as non-Newtonian rheological behaviour, munwetic, mucoadhesive and pseudo plastic properties
(15,19).

Chemical Structure

Chemically, tamarind kernel powder is a highly lofaed carbohydrate polymer. TSP is a polymer with an
average molecular weight of 52350 daltons and aomen of mainly three sugars- glucose, galactose and
xylose in a molar ratio of 3:2:1. A polymer consistf cellulose-type spine which carries xylose and
galactoxylose substituents. About 80% of glucosadrees are substituted by xylose residues (1-Getihk
which themselves are partially substituted by p-@a?actose residues. The exact sequential disoibwf
branches is not known. TSP is a branched polysadehaith a main chain of A-D-1-glucopyrynosyl uit
with a side chain consisting of single D-xylopyraylaunit attached to every 2nd, 3rd and 4th D ghyegnosyl

unit through1-6 linkage as in Figure 1[12].
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Isolation of Tamarind Seed Polysaccharide
Method — 1

The seeds of Tamarindus indica are washed thorpwgth water to remove the adhering materials. Thiea
reddish testa of the seeds is removed by heatiedsse sand in the ratio of 1:4 (Seed: Sand). Eseatis
removed. The seeds are crushed lightly. The crusbeds of Tamarindus indica are soaked in wateraty
for 24 h and then boiled for 1 h and kept aside2fbrfor the release of mucilage into water. Thaked seeds
are taken and squeezed in a muslin bag to remove fneam the filtrate. Then, equal quantity of acetas
added to precipitate the mucilage. The mucilageejzarated. The separated mucilage is dried at tatope
50°C, powdered and passed through sieve numbert@ddried mucilage is powdered and stored in &ittig
container at room temperature (20).

Method - 2

The isolation of TSP can also be performed by Wity the method reported earlier (11). 20 g of tanta
kernel powder is added to 200 ml of cold distiliedter to prepare slurry. The slurry is poured 800 ml of
boiling distilled water. The solution is boiled f80 min with continuous stirring. The resultinggan is kept
overnight and centrifuged at 5000 rpm for 20 mihe Bupernatant liquid is separated and pouredwite the
volume of absolute alcohol with continuous stirrifitne precipitate obtained is washed with absadtit@nol
and air-dried. The dried polymer is milled, pastt@dugh sieve no.60 and stored in a desiccatot fumther
use.

Chemical Modifications of Tamarind seed polysacchade (TSP): -
[1] Carboxymethylation of TSP: -

Carboxymethyl xyloglucan is derivative of xyloglucand the microbial resistance of CM- xyloglucamisch
better than that of plain powder. The viscosityGM- xyloglucan in solutions is higher compared ttive
gum. Derivatization of xyloglucan i.e. CM-xyloglutdisrupts the organization and exposes the paysaicie
network for hydration which results in higher visitg due to this it's swelling index is also higlser compared
to Xyloglucan.The presence of carboxymethyl groopakes the molecule resistant toward enzymatic lattac
(21) Since carboxymethyl xyloglucan is having imgd properties which are required for the retaotatf
release, it can be used as an excipient in hydimpthiug delivery system.

[2] Thiol — functionalization of TSP :-

Thiol-functionalization of tamarind seed polysaauti@ can be carried out by esterification with giyeolic
acid. Thiol-functionalization can be confirmed bid Stretch in Fourier-transformed infra-red specfrbe
results of differential scanning colorimetry anda§- diffraction study indicate increase in crystéty (22).

[3] Grafting of TSP : -

TSP has limitations like uncontrolled rate of hydma, drop in viscosity on storage and susceptibito
microbial contamination. These disadvantages camveecome by suitable grafting of TSP. Graftingais
method where monomers are covalently bonded oetpdlymer chain and are grafted with synthetic s

for the production of better natural products wess side effects and minimum loss of the initi@perties of
the substrate. Some of the disadvantages of TSHheasvercome by suitably grafting the TS with méthy
methacrylate (MMA). Chemical method of grafting fmgtassium per sulphate and ascorbic acid redoxcpair
be selected. The physical characterization revealrop of viscosity on storage, controlled ratéydration of
grafted tamarind seed polysaccharide (GTS). Thena and spectral characterization can confirm the
grafting procedure. (23).

[4] Crosslinking of TSP with epichlorohydrin:

TSP can be cross-linked with epichlorohydrin anchit be confirmed by FTIR.The cross-linked TSP leikhi
superior wicking and swelling action and hence lsamised as a superfunctional disintegrant. Croksdi TSP
was found to be more effective in retarding thegdrlease compared to TSP without cross-linking.(24
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Pharmaceutical Applications

TSP is an interesting candidate for pharmaceutisel It is used as a carrier for variety of drugscbntrolled
release applications. Many techniques have beat toasmanufacture the TSP as well as modified TSfetha
delivery systems, which makes it an exciting anahpsing excipient for the pharmaceutical industvy the
present and future applications. The following exagixplains the wide use of TSP in pharmaceutichlstry.

In Sustained Drug Delivery
It is a potential polysaccharide having high drotding capacity which can sustained the releaskuajs.

Phani Kumar G.K. et al, studied sustained release matrix tablets of Ldoaom using Tamarind seed
polysaacharide (TSP). The main accusative of tioidyswas to maintain therapeutic blood or tisswuelke of
drug for extended period of time with minimum adeeffects. After 24 hours tablets with 20% TSRiein
showed maximum drug release . The drug releasewiell Zero order kinetics via, swelling, diffusionda
erosion. (25)

Parasuram Rajam Radhika etal studied formulation of Aceclofenac sustained r&deeatrix tablets using
hydrophillic natural gum like TSP and Guar gumsltlear through the dissolution study and the tiknelease
study of the Aceclofenac matrix tablets preparddgu3 SP retarded upto 24 hours and tamarind gubess
suitable for sustained release formulation by dicenpression method.(26)

Arkhel Alka etal aimed at developmernihdcharacterisation of sustained release matrix taloiet amivudine
by using combination of TSP with ethyl cellulose freatment of HIV. The drug release was decreagtd
the increase in TSP concentration and with thetiatdof ethyl cellulose. Drug release kinetics veaplained
by Higuchi's equation, as the plots showed the dmgHhinearity, but a close relationship was alstedavith
zero-order kinetics. The in vivo investigation gibbits showed sustained release pharmacokinetfidepod
lamivudine from the matrix tablets formulated usin§P and ethyl cellulose. The optimized formulatvess
also subjected for stability testing and was fotmthave good stability with no appreciable drugrddgtion.
Hence, it was found to be a better combinationtfe& formulation of sustained release matrix tabtdts
lamivudine.(27)

R. Deveswara etalaimed to isolate tamarind seed polysaccharide ftamarind kernel powder, and
crosslinking of isolated polysaccharide with epacbhydrin.The release behaviour of drugs, diclofeszdium
and ketoprofen from isolated tamarind seed polysawde and cross linked tamarind seed polysacahavas
studied as release retardahis study provided an insight into the releaselmaetsm of diclofenac sodium and
ketoprofen from both TSP and crosslinked TSP matabdets. Based on findings it was concluded that
crosslinked TSP is more effective in retardingdneg release when compared to the TSP without lankssy.
Thus, the isolated tamarind seed polysaccharideasslinked TSP can be used for retarding the drlggse
for prolonged period of time.(28)

Ashwini R. Madgulkar etal studied to determine the release modifying eftéaCarboxymethyl xyloglucan
for oral drug delivery. Sustained release matridets of tramadol HCI were prepared by wet graimmat
method using Carboxymethyl xyloglucan as matrixrimg polymer. Sustained drug release following Matr
kinetics attained in the current study indicateat the hydrophilic matrix tablet prepared usingoaymethyl
xyloglucan and HPMC K100M, can successfully be aeygdl to sustain the drug release up to 8 to 12shour
Carboxymethyl xyloglucan played major role in sirstey release of Tramadol at later stage of relgaeéle,
were as HPMC K100M prevented the burst effect bytradling the sudden release of drug from the desag
form at the initial stage of the release profil@)(2

Binder in tablet dosage form

Evaluations of tamarind seed polyose as a bindeiafilet dosage forms was taken up for the wetudation
as well as direct compression methods. The resulisated that tamarind seed polyose could be asdinder
for wet granulation and direct compression tabigttnethods [30].
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Colon targeting

Tamarind seed polysaccharide is useful for coloaci$ig drug delivery because dfiodegradable and
hydrophilic nature. Its low swellability and higlsgosity is another reason for its application ssigent in
colon specific drug delivery systems. It is adssceptible to the colonic bacterial enzymes.

The potential use of TSP as a carrier for colonimdielivery can be demonstrated as;

M.U.Mishra evaluated TSP as a biodegradable carrier for ceparific drug delivery. The study aimed to
develop matrix tablet based formulation using TSty protects the drug in upper GIT and releasartagr
amount of drug in colon due to degradation by badtenzymes. In-vitro degradability studies suggdshat
TSP is degraded in the presence of rat caecal msrmi@der conditions mimicking colon. In-vitro driglease
studies under conditions mimicking mouth to col@msit demonstrated the ability of TSP to relelsgedrug in

Ph 6.8 Sorensons phosphate buffer with RCC. The R@Cwl/v level after 7 days of enzyme induction
degraded tamarind seed polysaccharide remarkaldyitanpresence in dissolution medium provided best
conditions for assessing the susceptibility of tanthseed polysaccharide to colonic bacterial dgafran.(30)

In ocular drug delivery

TSP is used for production of thickened ophthalsailtitions having a pseudo plastic rheological bighavand
mucoadhesive properties. The solution is usedtdigiat tear and as a vehicle for sustained redegighthalmic
drugs. TSP is an adhesive thereby prolongs thatretetime of formulation onto the surface of eydike

other eye preparations. Furthermore, the TSP ddigssignificantly better job of relieving severagyk
subjective symptoms of dry eye syndrome namelyblieiblinking, ocular burning, and having sensatidén
having something in someone’s eye [31]. It alsadases the resident time of the drug to the comea,A-

blockers. The effect of an ophthalmic preparationtaining timolol and TSP on intra-ocular presswas

evaluated in rabbits and found to decrease coraditler

Administration of vicosified preparations produaadtibiotic concentrations both in aqueous humor @rdea
that were significantly higher than those achiewdith the drugs alone. The increased drug absor@tiwhthe
prolonged drug elimination phase obtained with sifted formulations indicate the usefulness of TP as an
ophthalmic delivery system for topical administatiof antibiotics. Eye drops from TSP are usedéattdry
eye syndrome.

Sahoo Soumendra etabktudied a biodegradable glycosaminoglycan andlacigeyloglucan polysaccharide
extracted from tamarind seed polysaccharide beamdféo have a wide application in pharmaceuticdugtry
specially in ophthalmic applications. A mucoadhegpolymer extracted from tamarind seeds (xyloglucan
tamarind seedpolysaccharide [TSP]) has been descris a viscosity enhancer showing mucomimetic,
mucoadhesive, several features make TSP an ateacdindidate as a vehicle for ophthalmic medicasyent
since it (i) is completely devoid of ocular toxicit (i) has recently been put on the market asa fluid
substitute because of its activity in preventingraltions of the corneal surface known as kerajooativitis
sicca ; (iii) increases the corneal wound healiatg;r (vi) reduces the in vitro toxicity exerted tgnolol,
methiolate, and fluoroquinolones on human conjwattcells ; and (v) significantly increases the real
accumulation and intraocular penetration of Gentamand ofloxacin when administered topically taliiey
rabbits.(32)

As a Mucoadhesive Polymer

Yerram Chandramouli etal evaluated tamarind seed polysaccharide (TSP)ascaadhesive and controlled
release component of Ciprofloxacin HCI mucoadhesiagrix tablet. It was prepared using polymers &P,
HPMC K-100 and Xantham gum as release retardéintgas found that increase in concentration of the
polymers decreases the drug release.(33)

H Kaur etal studied thiol-functionalization of tamarind seealygaccharide by esterification with thioglycolic
acid. Thiolated TSP showed better crystallinity amecoadhesivity.(34)
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In Buccal Drug Delivery

Shailaja T. etal TS can be grafted to form GTS by a simpler, e@ntily chemical red ox pair method to
overcome disadvantages such as uncontrolled rabgdrfition and drop in viscosity. Rheological sasdof
GTS have shown controlled rate of hydration andlmog in viscosity during storage in comparison & The
applicability of TS and GTS for film formation astdistained release has been investigated by foromland
evaluation of buccal patches at different percesdayf plasticizer and polymers according to certoahposite
design.(35)

Sougata Jana etalln this study, buccal patches of metronidazoleewfermulated by solvent casting method
using tamarind seed polysaccharide (TSP). The eatelere crosslinked with epichlorohydrin and défar
3

batches were prepared followingfactorial design. The patches were evaluated vagipect to theiex-vivo
drug permeation characteristics, mucoadhesivegtrefolding endurance, and buccal residence thhéower
level of cross linker and plasticizer, the drugnpeation was the highest (72.72%). The drug rel&ase the
patches was dominated by a dissolution-controllediranism rather than diffusion. The folding endoeadid
not vary widely (201-254), however the mucoadhesitrength (6.1-36.5 g) and the residence time (+2-6
deviated widely depending upon the formulation afslés. The FT-IR spectroscopy revealed no intenacti
between drug and polymer. Thus the TSP could beomiping vehicle for the fabrication of buccal
patches.(36)

As Emulsifying agent

Ravi Kumar etal studied the objective of present investigation teasearch for a cheap and effective natural
excipient that can be used as an effective alteendor the formulation of pharmaceutical emulsiofsr
emulsifying activity study, castor oil was takenasnodel drug and emulsified with TSP. The compazat
stability studies were done with that of the enmarisprepared by taking gum acacia as standard dyintgi
agent and it was found that the emulsion prepardd2fow/v of TSP is more effective in comparisortiiat of
the emulsion prepared by using 10%w/v of gum acddas this mucilage will be a non-toxic, bio-detahle,
cheap, economic and easily available option asvarisifier. The result of the present study demaistt that
the TSP obtained from the from seed kernel of pleamtarindus indica is having a potential emulsifying
property. It is effective in a very low concentegtias compared to that of the standard emulsijiegm(acacia)
used. While comparing the stability characteristitemulsions prepared by TSP and that of the geawia it
has been found that the emulsion prepared with 206 SP is more effective in comparison to thatted
emulsion prepared by using 10%w/v of gum acaciaredeer as this plant is widely distributed in natur
tamarind are eaten by the local tribes and usddas supplement available chiefly in India and malyer
countries and easily available option without dmstrg the natural sources as compared to thatefother
available natural option will be one of the suigloptions to utilize as pharmaceutical excipiemcs the
primary ingredients are in expensive, devoid ofdity biocompatible, biodegradable and easy to ufecture,
they can be used in place of currently marketedsifiar.(37)

As Solubility enhancer

Anamika Satle et alaimed to elucidate the solubility characteristosl dissolution behavior of TSP for water
insoluble drugs. Tamarind kernel powder is evalidte its suitability as a carrier to improve thissblution

rate of poorly water-soluble drug Celecoxcib. lefige of polysaccharide concentration and method of
preparation of solid mixtures on dissolution rates investigated.(38)

Conclusion

The development of novel dosage form of drug dejisystems has resulted in a need for new excipient
support the desired properties. In novel drug éejisystems, polymer plays a vital role. Developn@dmew
excipients is time consuming, involves tedious pauwres and is highly expensive. Instead, identificaof
new uses for the existing substances is relatiidypensive and less time consuming. There has been
increasing demand for the plant based products xagients Natural polymers such as tamarind seed
polysaccharide have advantages over synthetic emélss/nthetic polymers like low cost, natural anigiess
side effects, locally available and better pati@herance. However, these natural substances sarfterthe
drawbacks like purity, source and microbial contaation. If these factors can be identified and ied,
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natural substance can be good substitute for stynthelymers. Natural polymers are used as bindiggnts,
gelling agents, disintegrating agents, sustainggnts in matrix tablets, film forming agents, susfieg and
emulsifying agents and as solubiliser. Tamarindl gedysaccharide and its derivatives can be widskd as
versatile excipients in novel drug delivery systendarious other modifications of TSP can be made to
eliminate certain drawbacks of basic polymer andlmafurther explored as an excipient in novel dialjery

systems.
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