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ABSTRACT: Although oral delivery has become a widely accgpteute of administration of therapeutic drugs, the
gastrointestinal tract presents several formidahleiers to drug delivery. The delivery of drugghe colon has a number of
therapeutic implications in the field of drug deliy. In the recent times, the colon specific dejiv&/stems are also gaining
importance not only for local drug delivery of dsufut also for the systemic delivery of protein guagptide drugs. The
various approaches that can be exploited to talhgetelease of drug to colon include prodrug foromgtcoating with pH
sensitive polymers, coating with biodegradable pays, embedding in biodegradable matrices, hydrdgeked release
systems, osmotic and bioadhesive systems. Inrthilew article we have made an attempt to give aervew on
polysaccharide-based colon specific drug delivgsgen.
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INTRODUCTION: absorption enhancer$”’. Colonic delivery can be
The oral route is considered to be most converfient accomplished by oral or rectal administration. Bect
administration of drugs to patients. The convergiaral dosage forms such as suppositories and enemasare n
dosage forms normally dissolve in the stomach flmid always effective since a high variability in the
intestinal fluid and are absorbed from these regimfithe  distribution of these forms is observ&dThe GIT is
Gastrointestinal Tract (GIT), which depend upon thedivided into various regions like stomach, smatégtine
physicochemical properties of the drug. Localizedand large intestine. The colon serves four major
delivery of the drugs in the colon region is polsitnly ~ functions: viz; creation of suitable environment fbe
when the drug is protected from the hostile envitent ~ growth of colonic microorganisms, storage resenadir

of upper GIT. Dosage forms that deliver drugs itite faecal contents, expulsion of the contents of thlercat
colon region rather than upper GIT proffers numbgr an appropriate time, absorption of potassium antemwa
advantages. Oral delivery of drugs to the colon isfrom lumen and excretion of potassium and bicartsna
valuable in the treatment of diseases of colonefakive ~ An overview of the pH details of the Gffis shown in
colitis, Chron's disease, carcinomas and infeclions Table 1. Gastric emptying of dosage forms is highly
whereby high local concentration can be achieveilewh variable and depends primarily on whether the sibge
minimizing side effects that occur because of deaf fed or fasted and on the properties of the dosaga f
drugs in the upper GIT or unnecessary systemicsuch as size and density. The transit times of Ismal
absorption. The colon is rich in lymphoid tissuetdke  dosage forms in Gl tract is shown in Table 2.

of antigens into the mast cells of the colonic nszco TABLE1l: AVERAGE pH INTHE GIT

produces rapid local production of antibodies ahid t L ocation pH

helps in efficient vaccine delivery Specific systemic Oral cavity 6.2-7.4

absorption of drugs and protein/peptides in theoriol Oesophagus | 5.0-6.0

region offers interesting possibilities for theament of Stomach Fasted condition: 1.5-2.0
disease susceptible to diurnal rhythm such as asthm Fed condition: 3.0-5.0
arthritis or inflammatiofi®. The colon is considered to be | Small Jejunum: 5.0-6.5

more suitable for delivery of peptides and protin intestine lleum: 6.0-7.5

comparison to small intestife. Besides this low hostile .
environment, the colonic transit time (20-30 houasyl Large Right colon: 6.4

the colonic tissue is highly responsive to the aactdf intestine g’”(')d7%°|°n and left colon;
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Organ Transit time( h)
Stomach <1 (Fasting)

>3 ( Fed)
Small intestine 3-4

Large intestine 20-30

TABLE3: CRITERIA FOR SELECTION OF DRUGS FOR COLON SPECIFIC DRUG DELIVERY SYSTEMS:

Criteria Nonpeptide drugs Peptide drugs
Drugs used for local Diclofenac, Metaprolol Amylin, Calcitonin
effects in colon against
GIT diseases
Drugs poorly absorbedIbuprofen, Theophylline] Cyclosporine, Desmopressin
from upper GIT Isosorbides
Drugs for colon cancer Pseudoephedrine GlucagorgtiEpo
Drugs that degrade inhBromophenaramine Gonadorelin, Insulin
stomach and  small 5-Flourouracil
intestine
Drugs that under go Nimustine, Bleomycin Sermorelin, Saloatonin
extensive first  pass
metabolism
Drugs for targeting 5-Aminosalicylic-  acid,Vasopressin,
Prednisolone urotoilitin
Drug candidate for colonic drug delivery: influence the carrier selection. Choice of drugriea

Drugs which show poor absorption from the stomach o depends on the functional groups of the drug méd&tu
intestine including peptide drugs, are most suitafolr There are several ways in which colon specific drug
colon specific drug delivery systems. The critefde delivery has been attemptédThis includes prodrug
selection of drugs for colon specific drug delivery formation, coating with pH sensitive polymers, dogt
systems?*®is shown in Table 3. Selection of carrier for with  biodegradable  polymers, —embedding in
particular drug candidate depends on thebiodegradable matrices and hydrogel, timed-release
physicochemical nature of the drug as well as thkeade  systems, osmotic systems, and bioadhesive systems.
for which the system is to be used. The factord1sagc  this review article we have made an attempt to $oaul
chemical nature, stability and partition coeffidieri the  the polysaccharide based colon delivery systems.

drug and the type of the absorption enhancer chosen
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POLYSACCHARIDES BASED APPROACHES:

TABLE 4: CHARACTERISTICS OF VARIOUS BIODEGRADABLE POLYSACCHARIDES FOR COLON
TARGETED DRUG DELIVERY.

Chemical name General properties
Polymer Bacterial speciesthat
degrade polysaccharide
Amylose -1, 4 D- glucose Unbranched  constituent | @actericides

starch, used as tablet excipients Bifidobacterium
Arabinoga| -1,4 and -1,3 galactose; | Natural pectin, hemi cellulose | Bifidobacterium
lactose 1,6 and -1,3 D- arabinose Used as a thickening agent
and D- galactose

Chitosan Deacetylated Deacetylated chitin, used as| &actericides

1, 4- N- acetyl -D- absorption enhancing agent

glucosamine
Cyclodext | -1, 4 D- glucose Cyclic structures of 6,7or 8 uniBactericides
rins used as a solubilising and

absorption enhancing agent

Chondroit -1,3 D- glucoronic acid Mucopolysacharides, containBactericides
in and N-  acetyl —-D{ various amounts esters pf
sulphate | glucosamine sulphate at 4 or 6 position
Pectin -1,4 D- galacturonic acid Partial methyl ester, commonlyBifidobacterium, Eubacterium,

and 1,2 D- rhamnose withused as thickening agent
D- galactose and Dt
arabinose side chain

Dextran -1, 6 D- glucose Plasma expanders Bactericides
-1,3 D- glucose

Guargum | -1, 6 D-galactose Galactomanan, wused as | ®acteroides, Ruminococus
-1,4 D- mannose thickening agent

Xylan -1,4 D- xylose with -1,3 | Abundant hemi cellulose of Bacteroides, Bifidobacterium

L- arabinose side chains | plant cell wall

Biodegradable matrix and hydrogel systems: Very important is an optimal proportion of the
The inability of GIT enzymes to digest certain plan hydrophobic and hydrophilic parts and the numbdresd
polysaccharides (pectin, xylan) is taken as anmdge  hydroxy groups in the polymeric molecule. The gaher
to develop colon specific drug delivery systéghe properties of polysaccharides used in colon tatydtag
drug is embedded in the matrix core of the bioddgple  delivery are shown in Table 4.

polymer by compressing the blend of active drug, a

degradable  polymer and  additives.  Various Pectin: Pectin an anionic polysaccharide extracted from
polysaccharides such as pectin, guar gum, inulinplant primary cell wall was used by Ashford éfal,
amylase, cyclodextrins etc. have been investigdted Depending on the plant source and preparation they
their use in colon targeted drug delivery systefitse contain varying degree of methyl ester substitf@nts
bacterial enzymes of colon degrade the carriermety  Excessive solubility of pectin in water createshem in
and release the contents for localized or systemidabrication of colon targeted delivery systems. tirec
absorption through coldfi* The most important fact in  alone is unable to protect the load of drug as IGt$

the development of polysaccharide derivatives fdorc penetrates into and releases the drug by diffusids
targeted drug delivery is the selection of a slitab problem can be manipulated through choice of slgitab
biodegradable polysaccharide. As these polysacté®ri pectin type or the presence of additf’és Coating of
are usually soluble in water, they must be madeeswat pectin  remains unaffected in  presence  of
insoluble by cross-linking or hydrophobic derivatien.
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gastric and small intestinal enzymes but is comaplet
digested in presence of colonic bacterial enzymestin
in the form of compression coat was evaluated fagd
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characterization of various inulin hydro gels asriers
for colonic drug delivery system. Stubbe &fal,
developed azo containing polysaccharide gels more

targeting to coloff. Compression coated core tablets of specifically azo- inulin and azo dextran gels. The

5- Amino Salicylic acid (5-ASA) were prepared using
pectin and HPM&. Munjeri et.af® investigated
amidated pectin for colonic drug delivery using

chemical structure of inulin is shown in Figure 2.
Guar gum:
Guar gum is a natural polysaccharide derived frbm t

indomethacin and sulfamethoxazole as model drugsseeds ofCyamopsis tetragonolobus, having molecular

Walkerly etal?®3*

used biodegradable coating containing weight of approximately 1,000000, giving it a high

pectin and ethyl cellulose for colon specific drug viscosity in solutiof’. Due to its high molecular weight it

delivery. Ashford etal? evaluated high and low
methoxy pectin for colonic drug delivery. Rubinatei

is metabolized in large intestine due to the preseof
microbial enzyme¥™>® Guar gum is hydrophilic in nature

et.al*® developed colonic specific drug delivery system and swells in cold water forming viscous colloidal

using calcium pectinate by using calcium pectineieg
indomethacin as model drug. Atyabi etaldeveloped

dispersions or sof8. This gelling property retards release
of the drug from the dosage form as well as it is

and evaluated Bovine serum albumin-loaded pectinatesusceptible to degradation in the colonic enviromme

beads for colonic peptide delivery system. Ahmiad @
studied the effect of simulated gastrointestinalditions

To reduce the swelling properties of the guar gumais
reacted with glutaraldehyde under acidic condititms

on drug release from pectin/ethyl cellulose as film obtain different products with increasing crosilimg

coating for drug delivery to the colon. Bourgeotal &
evaluated the pectin beads for colonic delivery of
lactamases. Hiorth et studied the immersion coating
of pellets with calcium pectinate and Chitosan. dag
etal® Sande etal’ developed pectin-based oral drug
delivery to the colon. Zhang efdideveloped calcium

pectinate capsules for colonic drug delivery.
Prabhashankar etdl, studied formulation and
roentgenographic  studies of

matrix tablets for colon drug delivery. Zhambitaldf
studied matrices for site-specific controlled-dety of
5-fluorouracil to descending colon. Fishman &tal,
developed pectin-based systems for colon-spedifig
delivery via oral route. Sinha efdl,formulated and
evaluated colonic drug delivery of 5-fluorouradihrabi
etal®® developed pectin matrix tablets for colonic
delivery of model drug ropivacain&riamornsak etdf
developedcomposite film-coated tablets intended for
colon-specific delivery of 5-aminosalicylic acid liging
deesterified pectinEl-Gibaly etal!’ developed oral
delayed-release system based on Zn-pectinate §&)(Z

densities. The products were characterized by miegsu
their swelling properties in simulated and inteaitiftuids
and their cross linking densiti€$Reduction in the
enormous swelling by cross linking resulted in
biodegradable hydrogel formation, which was able to
retain poorly water-soluble drug. Krishnaiah é&tal,
studied the influence of metronidazole and tinidezm
the usefulness of guar gum, a colon-specific dargier.

naproxen-pectin-basedCompression coated tabl&tsf 5-ASA and matrix tablets

of mebendazole have been prepared using guar gum as
carrier. Matrix tablets of guar gum with dexametiraes
indomethacin and budenoside have been investidated
colon targeted drug deliv&* ‘Matrix tablets containing
various proportions of guar gum were preparedﬁ%/ we
granulation technique using starch paste as a Bite
Das etaf’ have studied cross-linked guar gum hydrogel
discs for colon-specific delivery of ibuprofen:
formulation andin vitro evaluation. Al-saidan etéf,
studied in vitro and in vivo evaluation of guar gum-
based matrix tablets of rofecoxib for colonic drug
delivery. Krishnaiah etdf. ™ studied pharmacokinetics

microparticles as an alternative carrier to calciumevaluation of various antiprotozoal drugs in health

pectinate beads for colonic drug deliveFyrkoglu etaf*®
developed the in vitro evaluation of pectin-HPMC

compression coated 5-aminosalicylic acid tablets fo Sennosides. Chourasia efldeveloped

colonic delivery. Mura P° developed enteric-coated

volunteers. Momin etdf studiedin vitro studies on guar
gum based formulation for the colon-targeted dejivaf

guar gum
microspheres for target specific drug release tmrnco

pectin-based matrix tablets for colonic delivery of Krishnaiah etal] have tried guar gum as a carrier for

theophylline. The chemical structure of pectin iwsn
in Figure 1.
Inulin:

Inulin is a naturally occurring polysaccharideitfid in

colon specific delivery and they also studied the
influence of metronidazole and tinidazole @m vitro

release of albendazole from guar gum matrix tablets
Krishnaiah etal® Studied of guar gum compression-

many plants. It is not hydrolyzed by the endogenouscoated 5-aminosalicylic acid tablets for colon-siec

secretions of the human digestive tfact It is
metabolized in colon®®2 Inulin HP (high degree
polymerization) was incorporated in eudragit R3nfil

drug delivery. The chemical structure of guar guwsn i
showninFigure(3).

was evaluated as a possible biodegradable coating f Amylose: Amylose is a polysaccharide obtained from

colonic drug delivery. Vervoort etaf Maris etal® have
done preliminary studies on synthesis

plant extracts and is a component of starch. Tlase

and safe, nontoxic, and easily available. Colon-speadiiiug
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Figurel: Chemical structure of pectin.
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Figure2: Chemical structure of inulin.
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Figure 3: Chemical structureof guar gum

delivery may be possible by the application of drie
amylose films to pharmaceutical formulations. Ansdp
one of the major fractions of starch, possessesltiiity
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and acrylate based copolymers were assessed, off \ahi
commercially available ethyl cellulose (Ethocel) swa
found to control the swelling most effectively. Wars

to form films through gelation, when prepared underworks has been reported on formulation and evalnaif

appropriate conditions. The microstructure of it fs
potentially resistant to the action of pancreatiemylase
but is digested by amylases of the colonic micraflo
However, under simulated gastrointestinal condgjon
coatings made solely of amylose will become porns
allow drug release. Incorporation of insoluble poérs
into the amylose film, to control amylose swelling,
provides a solution to this problem. A range ofudeke

invitro potential of amylose- ethocel coating system for
colon-targeted delivefy® A mixture of amylose and
ethocel (1:4) has been developed for colonic drug
delivery using | glucose as model drffly
Ephichlorhydrin treated cross-linked amylose was
introduced as a matrix for controlled release of
theophyllind> The chemical structure of guar gum is
shown in Figure 4.
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Figure 4: Chemical structure of Amylose

Chondroitin Sulfate: by Rubinstein ed®®® have developed colonic drug
Is a soluble mucopolysacharide utilized as a satestty  delivery systems based on chondroitin sulfate andse
the bacteriodes mainly bBacteriodes thetaiotaomicron linked chondroitin sulfate. Sintov efahave developed

and B.obvatus®®®” Natural chondroitin sulfate is water- indomethacin colon specific drug delivery using
soluble. However, cross-linked chondroitin sulfestéess  crosslinked chondroitin sulfate and studied for ewat
hydrophilic and thus would provide a better shi€ldlon uptake and release characteristics. The chemical
Specific drug delivery systems based on chondroitinStructure of chondroitin sulfate is shown in Figbre
sulfate and cross-linked chondroitin sulfate weygorted

7O ™0 CH,OH
HOR © sogHoY
OH o]
OH HN

YC H,

o

7

Figure5: Chemical structure of Chondroitin Sulfate

Cyclodextrin:

Are cyclic oligosaccharides consisted of six tcheiglucose units joined throughoal,4 glucosidic bonds. They remain
intact in stomach and small intestine, in the cdloey under go fermentation due to the presena®lohic microflora
and absorbed from these regitié Tanaka etal® have prepared several cyclodextrin complexes ftmncspecific
drug delivery systems. Hiramaya etaprepared two cyclodextrin conjugates i.e. esteranitie conjugates and it was
shown that ester conjugate released the drug prefelly in colon than in stomach /small intesti@no etaf® have
prepared the colon specific drug delivery systenpfednisolone using cyclodextrin. Various literatures available on
formulation of prodrug of cyclodextrins with drugofacules, which provide a versatile means for aoetibn of not
only colon-targeted delivery systems but also dedagelease systeis”. The chemical structure of-cyclodextrin is
shown in Figure 6

(L=}

Fig 6: Chemical Structure of a-Cyclodextrin
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Chitosan: dispersed drug delivery system composed of active
Chitosan is a high molecular weight polycationic ingredient, reservoir and drug release regulatisgen
polysaccharide derived from naturally occurringtiohipy dispersing chitosan powder in hydrophobic polymer.
deacetylation. Chemically it is poly (N- gluocosasi Orienti etal’® synthesized various salts @hitosan and
and shows resistance to enzymes of upper Gtrécis evaluated for colon specific delivery system. Vdhde
nontoxic, biocompatible and biodegradable. It islely etal!®, shu etal ! have developed a pH sensitive based
used as food ingredi€fit Tozazki etal®** developed chitosan hydro gels drug delivery system. Suzudd, &
colon specific insulin delivery system with chitosa prepared hard capsules of chitosan with enterigrpets
capsules. Tozaki etdi® used rats to study the colon for colon targeted drug delivery. Jain éf&ldeveloped
specificity of chitosan capsules R-68070, a throxalpe  albendazole microspheres for colon specific dejiver
synthetase inhibitor used for chemically induced using Chitosan HCI . The chemical structure of Gan
ulcerative colitis. Shimono etd® developed new colon is shown in Figure 7

specific drug delivery system containing chitosan

CH;OH CH,OH
o CH,OH
© 0 oH
OH o]
HO OH OH
HRM,
HM, n HM,

Fig 7:Chemical Structure of Chitosan

Dextran: synthesized dextran ester prodrugs of 5-ASA ang d
Dextrans are colloidal, hydrophilic and water stdub release rate study revealed that drug release was
substances, obtained from microorganisms of thdlfam accelerated in large intestine . Bauer & Kessétfiut
of Lactobacillus. Dextrans of various molecular gves synthesized dextran fatty acid ester and showed tha
have been used as drug carriers. Various dextrim es lauroyl dextran esters with molecular weight of
prodrugs have been prepared and evaluated for theimpproximately 250000 and degree of substitutiogiran
efficacy to deliver the drug to their target orgam colon.  from 0.11 to 0.3 were suitable for colon targetedgd
Harboe, et.af*** synthesized dextran ester prodrug. delivery as film coatingslin vitro studies with lauroyl
They formulated dextran T-70- naproxen ester anddextran esters bearing theophylline were carrietdaod
compared the bioavailability of prodrug form napox it was shown that addition of dextranase acceldrtte
alone. They found that 100% bioavailability from drug releasg€®!® The side effects of steroid therapy,
prodrug form than the drug alone, they also folrad the  which are used in the treatment of chronic colitisy be
release of prodrug form of drug was released more i decrease by selectively delivering the drug to ¢bn
caecum homogenate than from the homogenate of smallsing dextratf**?> Various dextran ester prodrugs
intestine of pig'**2 Dextran ester prodrugs of viz:sulasalazine budenoside,mesalazine olsalazine., e
metronidazole have been prepared and charactefiozed were formulated for colon delivery of steroids focal
colon specific drug releaS&*> Lee etaf'® developed a and systemic actid®**® The chemical structure of
dextran-nalidixic acid ester with a varied degree o dextran is shown in Figure 8.

substitution for colon specific delivery. Jung €talwere

ch:.-
- n Ha

H c

H ..---""'_'_'_F.

HE o H
H (w12 H

H
H

Fig 8: Chemical Structure of Dextran
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Alginates:
Alginates are natural hydrophilic polysaccharideiveel

from seaweed and consist of 1-4, linked D- manniaron

acid and L- glucuronic acid residues. Alginateseasily
gelled in presence of a divalent cation as calciam
The gelation /cross-linking is due to the stackaighe
glucoronic acid blocks of alginate chains. Shuh 8fd*

341

colon specific drug delivery. The main limitatiof this
approach is their excessive water solubility. Thigh

hydrophilicity cause to loose the strong network of

polysacharides and consequently drug is slowlyassld
in the upper part of GIT. This can be over comaibing
cross-linking agents like glutaraldehyde, epichjoitn.
This particular approach has brought in a brea&uin

developed calcium alginate beads as cores withraysp in delivery system design and development.
coat of 5-ASA on them. This system was prepaned b REFERENCES:
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