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Abstract: Biopolymers are promising materials in the delivery of drugs due to their compatibility, degradation
behaviour, and nontoxic nature on administration. On suitable chemical modification, these polymers can
provide better materiads for drug delivery systems. Biopolymers like natural polysaccharides obtained from
various sources are being extensively used for the devel opment of solid dosage forms for delivery of drug to the
colon. The rationale for the development of a biomaterial based drug delivery system for colon is the presence
of large amounts of polysaccharidases in the human colon as the colon is inhabited by a large number and
variety of bacteria which secrete many enzymes e.g. -D-glucosidase, B-D-galactosidase, amylase, pectinase,
xylanase, B-D-xylosidase, dextranase, etc.. A large number of polysaccharides have already been studied for
their potentia as colon-specific drug carrier systems, such as the polysaccharides, from algal origin (e.g.
alginates), plant origin (e.g. pectin, guar gum, locust bean gum, khaya gum, konjac glucomannan) microbial
origin (e.g. dextran, xanthan gum) and animal origin (Chitosan, chondroitin, hyaluronic acid). The ability of
these natural polysaccharides to act as substrates for the bacteria inhabitants of the colon together with their
properties, such as swelling and film forming has appea to area of colon specific drug ddivery as it is
comprised of polymer with large number of derivatizable groups, with wide range of molecular weight, varying
chemical composition, biocompatibility, low toxicity and biodegradability and a high stability .V arious major
approaches utilizing biopolymers in modified or unmodified form, for colon-specific delivery like fermentable
coating of the drug core, embedding of the drug in biodegradable matrix and multiparticulate formulation of
drug-saccharide conjugate (prodrugs) are discussed.

Keywords: Colon specific drug delivery system, biopolymer, polysaccharides.

INTRODUCTION considerable number of publications dealing with
colon targeting, colon-specific drug ddivery, and
absorption from the caecum and other colon sections

The ability to deliver drugs to the human colon in a

specific manner has become feasible in the last indicate a growing focus of research activitiesin this

decade.  The necessity and advantages of colon area. Targeted delivery of the drugs to the colon has
specific drug delivery systems have been well attracted much interest for treatments of local

recognized and documented. Colonic targeting has diseases of the colon like ulcerative colitis, Crohn’s
gained increasing interest over the past years. A disease and colon cancer. Generaly colon is not as
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suitable a site for drug absorption as is the small
intestine, because water content in the colon is much
lower and the colonic surface area for drug
absorption is narrow in comparison with the small
intestine. The colonic region however is recognized
as preferable site of absorption of protein and
peptide drugs, because of less hostile environment
prevailing in the colon compared with stomach and
small intestine. Also Colon-specific drug delivery
can improve the efficacy and reduce side effects by
exerting high drug concentrations topically at the
disease site. Drugs that are destroyed by the
digestive enzymes and metabolized by pancreatic
enzymes are minimally affected in the colon. ™ For
treatments of colon cancer, drug targeting not only
reduces the dose to be administered, but also reduces
the incidence of possible adverse effects associated
with these chemotherapeutic agents.

Based on literature review, the following different
categories of drugs are suitable for colon specific
drug delivery.

1. Drugs used to treat irritable bowel disease (IBD)
require local ddivery of drug to colon edg.
sulphasalazine, Olsalazine, Mesalazine, steroids like
Fludrocortisone, Budesonide, Prednisolone and
Dexamethasone.

2. Drugs to treat colonic cancer e.g. 5-fluorouracil,
doxorubicin, and methotrexate.

3. Protein and peptide drugs - Proteins, peptides and
oligonucleotides composed of large molecules can
be easily absorbed through the gastrointestinal
mucosal wall.? The colon is also known to be rich
in lymphoid tissues where ingestion of antigens into
the colonic mucosa stimulates the rapid production
of antibodies, thus promoting this route as a means
for vaccine ddivery.® eg. Growth hormones,
Cdcitonin, Insulin, Interleukin, Interferon and
Erythropoietin.

4. Colon targeted drug delivery could be used to
achieve chronotherapy for diseases that are
susceptible to circadian rhythms, in other words they
have peak symptoms in the early morning, such as
[rlosg:turnal asthma, angina, hypertension and arthritis.
5. Some lipophilic vitamins, as well as bile salts and
some steroids that undergo enterohepatic circulation
have been known to show satisfactory colonic
absorption. 1"

Colon specific drug delivery system relies on
exploiting a unique feature of the intended site and
protecting the active agent until it reaches that site.
8 Colonic drug delivery may be achieved by either
oral or rectal administration. Rectal dosage forms
(enemas and suppositories), are not aways much
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effective due to high variability in the distribution of
drug administered by this route and the drug do not
aways reach the specific sites of the colonic
diseases and the sites of colonic absorption.* To
deliver the drug in colon, the last part of the
gastrointestinal tract, it must first of al pass through
the stomach, the upper part of the intestine and must
use the characteristics of the colon to specifically
release the drugs in this part of the digestive tract.
Because of the distal location of the colon in the
gastrointestinal (Gl) tract, an ideal colon-specific
drug delivery system should prevent drug release in
the stomach and small intestine, and affect an abrupt
onset of drug release upon entry into the colon. This
requires a triggering mechanism built in the delivery
system responsive to the physiological changes
particular to the colon. However, the physiologica
similarity between distal small intestine and the
proximal colon presents very limited options in
selecting an appropriate drug release triggering
mechanism.

Since it isvirtually impossible to treat the ascending
colon via the rectum, ora treatment is the only
reliable method of delivery. Currently, several
strategies are being used for targeting the drug
specifically to the colon viz. systems that are, pH

dependant, pressure  controlled, prodrugs,
bioadhesion, colonic microflora activated and those
based on biodegradable polymers (enzyme

controlled). ™ Colonic delivery via the oral route
requires control of four factors: time of release, site
of release, extent of dispersion, and modification of
low flux across the absorptive epithelium. Certain
components provide specific mechanisms by which
colonic targeting may be achieved. Generdly the
mechanism of colon targeting can be grouped as
follows.

A.SPECIFIC

1. pH-sensitive polymers, which will dissolve at the
pH associated with the cecal metabolism of
polysaccharide (soluble fiber)

2. Azoreduction of polymers containing bonds that
can be cleaved by reductive scission

3. Fermentable biopolymers in which the glycosidic
bonds are broken by simple cleavage or more
complete breakdown to short-chain fatty acids

B. NONSPECIFIC

The other group of trigger mechanisms are fairly
nonspecific, a least in terms of relying on the
bacteriatriggers, and may avoid premature releasein
the upper gastrointestinal tract by:

1.A combination of enteric coating and conventional
time-dependent barrier coat dissolution.
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2. Swelling systems that may eject or burst.

3. Eroding systems.

4. Those using slowed transit in the colon (pellet
dosage forms) to release the majority of the drug
when trapped in the ascending colon.

Every approach has pros and cons over each

other and is more or less affected by the changes in
diet, environmental conditions and diseased state.
Colonic bacteria aided delivery systems are
considered to be preferable and promising since the
abrupt increase of the bacterial population and
associated enzymatic activities in ascending colon
represents a non-continuous event independent of Gl
transit time and pH. The criticd component in
bacteria aided systems is a series of polysaccharides
such as xanthan gum, amylose, dextran, starch,
chitosan, chondroitin, pectin, galactomannan which
evade enzymatic degradation in the small intestine
and are predominantly metabolized by colonic
bacteria.*”
The primary focus of this article is to review colon-
specific delivery systems based on bacteria aided
degradation of biopolymers. A brief description of
physiological parameters of the colon relevant to
colonic drug release, microflora of colon and various
biopolymers that have potentia to be used as a
carrier, in unmodified or modified form, aone or in
combination with other polymers, for colon specific
drug delivery system, is also discussed.

PHYSIOLOGICAL PARAMETERS AND

COLONIC ABSORPTION
In GIT large intestine starts from the ileo-caecal
junction to the anus having a length of about 1.5 m
(adults) and is divided into three parts, viz. colon,
rectcum and anal cana. The colon consists of
caecum, ascending colon, transverse colon,
descending colon and sigmoid colon. The successful
targeted delivery of drug to colon via gastrointestinal
tract (GIT) requires protection of drug from
degradation and premature release in stomach and
small intestine and then ensures abrupt or controlled
release in the proximal colon. This necessitates a
triggering element in the system that can respond to
physiological changes in the colon. Overadl, the
physiological changes dong the Gl tract can be
generally characterized as a continuum, with
decreases in enzymatic activity, motility, and fluid
content and an increase in pH. In norma healthy
subjects, there is a progressive increase in luminal
pH from the duodenum (pH = 6.6 + 0.5) to the
termina ileum (pH = 7.5 + 0.4), therefore, a
decrease in the caecum (pH = 6.4 + 0.4), and then a
slow rise from the right to the left colon with a find
value of 7.0 + 0.7.1" These gradual changes in
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physiological parameters are not suitable for
triggering elements to effect a sudden and dramatic
change in the performance of a delivery system in
order to obtain colon-specific delivery. However, the
presence of specific bacterial populations in the
colon and an apparent transient, small reversal in the
otherwise increasing pH gradient are the exceptions
that have been extensively explored as triggering
components for initiating colon-specific drug
release. Formulation of drugs for colonic delivery
aso requires careful consideration of drug
absorption from colon, dissolution and/or release
rate in the colonic fluids. The mucosa of the large
intestine exhibits a much smaller surface because of
a much smaller number of folds and villi relative to
the small intestine. As a result, the absorption
conditions are less favourable. In addition, the
consistency of the intestina contents becomes
increasingly solid as the materia flows in the
direction of the ascending, traversing, and
descending colon, until the normal consistency of
faeces is obtained. Clearly, the absorption of drugs
will be greatly influenced by this consolidation and
decreasing diffusion rate. Because the large intestine
membranes have a much smaller surface area, many
investigators have postulated porous or permeable
areas in the colonic membrane, like Peyers’ patches
to explain the surprisingly good absorption for some
drugs. Peyers’ patches are defined and anatomically
discernable lymphatic folliculi aggregates. In
addition to absorption through such permeable areas,
it cannot be entirely excluded that absorption of
water-soluble drugs is aso facilitated by the
considerable colonic dehydration flux. Blood flow
to the colon is less than to small intestine, and the
proximal colon receives a more prolific supply than
the more distal regions. The nature of the drainage
from the colon determines the fate of a drug taken
up from this region. The drainage from the upper
colon appears distinct from that of the more dista
regions of the large intestine, where the former is
drained by both the hepatic portal veins and the
lymphatics and the latter is drained predominantly
by the lymphatics.*® Introduction of drugsin to the
lymphatic, on the other hand, has been considered a
means of improving ora bioavailability, because
drugs could potentialy passage from the lymphatic
in to the blood circulation before reaching to the
liver.'? Generally, the dissolution and release rate
from colonic formulations is thought to be decreased
in the colon, which is attributed to the fact that less
fluid is present in the colon than in the small
intestine.*®¥ The poor dissolution and release rate
may in turn lead to lower systemic availability of
drugs. These issues could be more problematic when
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the drug candidate is poorly water-soluble and/or
require higher doses for therapy. Conseguently, such
drugs need to be delivered in a presolubilized form,
or formulation should be targeted for proximal
colon, which has more fluid than in the distal colon.
In Spite of physiological barriers of colon some
drugs have excellent bioavailability from this region
and in some instance higher than that seen in small
intestine. The colon also offers the advantage of
lower efflux transporter level and lower metabolic
enzyme levels which improve the bioavailability of
some drugs. Loca delivery to the colonic mucosa
remains a valuable therapeutic option. New therapies
that target inflammatory mediators could improve
the treatment of inflammatory bowel disease, and
old and new anticancer molecules could, when
delivered topically, prove to be beneficial adjuncts
to the current systemic or surgical treatments.™
Colon may also provide favourable site for protein
and peptide absorption due to significantly lower
levels of proteolytic enzyme as compared to small
intestine and longer transit time for drug
absorption.!

MICROFLORA OF THE COLON AND

THEIR METABOLIC ACTIVITY
Practically no problems exist in developing saliva-
or gastric-resistant dosage forms. They can be
designed on the basis of the considerable pH
gradients between sdliva and gastric juice and
between gastric and intestinal juice, respectively.
However no such reliable and sufficient pH gradient
exists between the small and large intestine,
alternative suitable gradients must be found. The
most promising gradient in this regard is the vast
difference in the microflora (i.e., in the bacteria
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counts between the small and large intesting). Thisis
due to aretardation of movement of the contents or
substratum within the gastrointestinal tract as a
consequence of the widening of the intestinal lumen
at the transition from the ileum in the caecum and
the subsequent ascending first colon segment. Also,
peristalsis is continuously decreasing from the small
intestine to the end of the large intestine. These facts
and the bag shaped nature of the caecum make this
site a favourite region for microbia settlement. The
intestine is adapted to bi-directional host—flora
exchange and harbours a diverse bacteria
community that is separated from the internal milieu
by only a single layer of epithelia cells. Resident
bacteria outhumber human somatic and germ cells
tenfold and represent a combined microbial genome
well in excess of the human genome!® The
intestina microflora in the caecum is highly active.
Coallectively, the flora has a metabolic activity equa
to a virtual organ within an organ.”? Although
bacteria predominate in gut, achaea and eukarya are
a so represented. Acid, bile and pancreatic secretions
hinder the colonization of the stomach and proximal
small intestine by most bacteria. However, bacterial
density increases in the distal small intestine, and in
the large intestine rises to an estimated 10"'-10"
bacteria per gram of colonic content, which
contributes to 60% of faecal mass. In addition to
variations in the composition of the flora along the
axis of the gastrointestinal tract, surface- adherent
and luminal microbial populations also differ ¥, and
the ratio of anaerobes to aerobes is lower at the
mucosal surfaces than in the lumen. In colon and
faeces, the number of anaerobic bacteria is very
high.

Duodenum
107-10° cfu/ml

Colon
10102 cfu/ml

Stomach
107-102 cfu/ml

Jejunum/ileum
10%-107 cfu/mi

Figure 1 Bacteria density increases in the jggunum/ileum from the stomach and duodenum, and in the
large intestine. [Adapted from: Ann M.O’Haral & Fergus Shanahan. The gut flora as a forgotten organ:

Review. EMBO Reports 7(2006) 688-693]
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Table 1 The most commonly found intestinal
anaer obic and aer obic bacteria

Aerobic genera Anaerobic genera
Escherichia Bifidobacterium
Enterococcus Clostridium
Streptococcus Bacteriodes
Klebsiela Eubacterium

The human colon is a dynamic and ecologicaly
diverse environment, containing over 400 distinct

species of bacteria [

consisting mainly of non-

sporing anaerobic bacteria. The genera bacteroides,

Bifidobacterium,

Eubacterium, clostridium,

peptococcus, peptostreptococcus, and ruminococcus
are predominant in human beings, whereas aerobes
(facultative anaerobes) such as Escherichia,
Enterobacter, Enterococcus, Klebsiella,

lactobacillus, proteus,

etc ae among the

subdominant genera. There are in addition a host of

minor  components

of the flora including

veillonellag, bacilli, peptococci and
peptostreptococci, clostridia, Strep faecalis, and
coliform organisms other than Esch. Coli (eg.,
Klebsiella spp, Proteus spp). A major metabolic
function of colonic microflora is the fermentation of

non-digestible dietary

residue and endogenous

mucus produced by the epithelia. Most bacteria

Table 2 List of bacterial enzymes
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inhabit in the proximal areas of the large intestine,
where energy sources are greatest. Fermentation of
carbohydrates is a mgjor source of energy for the
bacteria in colon. Non-digestible carbohydrates
include large polysaccharides (resistant starches,
cellulose, hemicellulose, pectin, and gums), some
oligosaccharides that escape digestion, and
unabsorbed sugars and alcohols. The metabolic
endpoint is generation of short-chain fatty acid.!®
For this fermentation, the microflora produces a vast
number of enzymeslike

1. Reducing enzymes: Nitroreductase, Azoreductase,
N-oxide reductase, sulfoxide reductase,

Hydrogenase etc.

2.Hydrolytic enzymes. Esterases, Amidases,
Glycosidases, Glucuronidase, sulfatase,
Glucuronidase, xylosidase, arabinosidase,

galactosidase etc. There is certainly room for
innovative approaches to carry and release drugs in
the colon based on the metabolic capabilities of the
colonic microflora!?

However, only two or three enzyme systems have
been exploited in this area Azoreductase and
Glycosidases  (including  Glucuronidase)  for
development of colon-specific drug delivery
systems. A summary of the most important
metabolic reactions carried out by bacterial enzymes
in colon enzymes is summarized in Table 1.7

Enzymes

Microor ganism

M etabolic Reaction catalyzed

Nitroreductase

E. coli, Bacteroides

Reduction of aromatic and
heterocyclic nitro compounds

Azoreductase

Clostridia, Lactobacilli,

Reductive cleavage of

E. Cali azo compounds
N-Oxide reductase, E coli Reduce N-Oxides and
sulfoxide reductase ' sulfoxides

Reduce carbonyl groups

Hydrogenase Clostridia, Lactobacilli and aliphatic double bonds
Esterases and E. cali, P. vulgaris, Cleavage of estersor
Amidases B. subtilis, B. mycoides Amidases of carboxylic acids
Glucosidase Clostridia, Eubacteria Cleavage of , B-glycosidase

of alcohols and phenols

Glucuronidase

E. coli, A. aerogenes

Cleavage of , B-Glucuronidase
of alcohols and phenols

Sulfatase

Eubacteria, Clostridia,
Streptococci

Cleavage of O-sulphates
and sulfamates
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The caecal bacteria in the right side of the colon
largely control the characteristics of the lumen.
Complex carbohydrates are fermented by the
bacteria to small- chain fatty acids and carbon
dioxide, the gas travelling to the transverse colon
and being expelled through the lungs. The average
bacterial 1oad of the colon has been estimated at just
over 200 g (equivalent to approximately 35 g dry
weight). Water available for dissolution is maximal
in the ascending colon and 1.5-2 L enters from the
terminal small intestine each day. The amount of
water present varies, being maximal in the period 4—
8 h after ingestion of a meal. In the morning, the
colon is often empty, and any materia remaining in
the ascending colon is dowly cleared. In the upright
position, the gas produced by fermentation travels to
the transverse colon and may limit access of the
contents to water. It would be expected that the low
water-high gas environment of the transverse colon
limits dissolution of materials. It also limits ingress
of water into impermeable devices. In the
descending colon, devices become impacted into the
300 g of faecal contents. The surrounding material
limits diffuson and provides a nonabsorbing
reservoir. Therefore, unless the contents are cleared,
there will be no absorption in this region. Thus
targeted delivery to the large bowel should be
directed toward the proximal colon. The ascending
colon provides some water for dissolution. In
addition, contents at the base of the colon will be
stirred by the arrival of additional fluids from the gut
as meals and accompanying secretions. This area
also provides two cues that can be used for targeting:
the change in pH and the unique nonmammalian
metabolic profile provided by cecal bacteria.

Bacteria aided colon specific drug delivery

system
During the past decade, a large humber of delivery
systems were developed with an intention of colon-
targeted drug delivery. However, the majority was
based on pH- and time-dependent concepts with
limited in vivo evaluation. As the similarity in pH
between the small intestine and the colon makes pH-
dependent systems less reliable. For time-dependent
formulations, the location of initial drug release
predominantly depends on the transit time of the
system in the Gl tract. Despite the reative
consistency of transit times in small intestine®, the
retention times in the stomach are highly variable
that will result in a spread of initial release sites in
the distal Gl tract from time-dependent systems.
Accelerated transit through different regions of the
colon has been observed in the patients with the
irritable bowel syndrome®!, the carcinoid syndrome
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and diarrhoed®, and the ulcerative colitis!*”
Therefore, time-dependent systems are not ideal to
deliver drugs colon-specifically for the treatment of
colon-related diseases including ulcerative calitis.
Furthermore, when designing systems for the
treatment of such diseases, it will be desirable that
the drug is released in a bolus fashion upon entry
into the colon. ™ Colon microflora has gained
significance as a preferable triggering component in
the design of colon-specific drug delivery systems
since the abrupt increase of the bacteria population
and corresponding enzyme activities in the colon
represent a non-continuous event independent of Gl
transit time. A large number of polysaccharides are
actively hydrolyzed by colonic bacteria leading to
the possbility of using naturally occurring
biopolymers as drug carriers. In addition, Etheral
sulfate prodrugs or carboxylated prodrugs may be
metabolized in the colon to the parent drug leading
to local ddivery in the colon. Azoreductases
produced by colonic bacteria play a central rolein a
number of delivery systems, most notably in
catalyzing the release of drug from a variety of low
molecular weight polymeric prodrugs, polymeric
coatings and crosslinked hydrogels.. The reduction
of azo-bonds is an oxygen sensitive reaction
apparently mediated by low-molecular weight
electron carriers with E, = -200 to -350 mV.5? The
bacterial group responsible for beta-glycosidase
activity in colon are lactobacilli, bacteroides and
Bifidobacterium. Colonic glycosidic-bond degrading
enzymes are involved in the local metabolism of
natural laxatives into their active moieties. A
number of natura plant glycosides have been found
to be delivered selectively to the colon, where they
are metabolized to the aglycone and the sugar
moiety.* The cathartic agents cascara sagrada and
senna are both mixtures of glycosides. On hydrolysis
by colonic bacteria, they yield biologically active
aglycones which have cathartic activity. If the
aglycone is administered oraly, there is little or no
cathartic activity, indicating that it may be
inactivated in the upper GIT or absorbed before
exerting its effect locally on the colonic mucosa.!*

Another recent approach to colonic drug delivery is
based on the ability of colonic bacteria to
depolymerise certain polysaccharides. It is waell
known that many plants and animal polysaccharides
are not absorbed from the GIT and that humans do
not produce enzymes capable of degrading these
polysaccharides. Pectin, guar gum, alginic acid
chondroitin, dextran and carrageenan are all
examples of polysaccharides that are capable of
passing intact through the upper GIT. These
materials are degraded by gut bacteria and, hence,
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can potentialy be used to carry drugs to the large
intestine; release of drugs occurs as these polymers
are hydrolyzed. ¥ These polymers shield the drug
from the environments of stomach and small
intestine, and are able to deliver the drug to the
colon. On reaching the colon, they undergo
assimilation by micro-organism, or degradation by
enzyme or break down of the polymer back bone
leading to a subsequent reduction in their molecular
weight and thereby loss of mechanical strength and
release of the drug entity.*

Colon specific drug delivery based on

activation by colonic microflora
A. Drug-saccharide conjugates
The unique lumina metabolic activity of colon
makes it possible to direct drug-saccharide
conjugates for topica treatment of inflammation
process confined to its epithelium. Release of active
moiety from the prodrug depends on specific
enzyme or a specific membrane transporter. The
enzymes like galactosidase, xylosidase, glycosidase
and deaminase are mainly targeted for colonic drug
delivery. The Drug-Saccharide conjugates are
successful as colon drug carriers if they are
hydrophilic and bulky as it minimizes their
absorption from the upper GIT. Once it reaches to
the colon, it is converted into a more lipophilic drug
molecule that is then available for absorption.
However prodrug will be considered as new
chemical entity from regulatory aspect. So far this
approach has been limited to drugs related to the
treatment of Irritating Bowel Distress (IBD).

i) Glycosdic conjugates

The drugs can be conjugated with different sugar
moieties to form glycosidase linkage which due to
their bulky and hydrophilic nature cannot penetrate
the biological membranes upon ingestion and are
poorly absorbed from small intestine, but once they
reach colon, they can be effectively liberated by
bacterial glycosidases to release the free drug and
facilitates the absorption by the colonic mucosa.
Free steroids when administered oraly are almost
absorbed in small intestine and less than 1% of the
oral dose reaches colon. Glycosidic prodrug of
dexamethasone (dexamethasone-2-glucoside) and
Prednisolone  (prednisolone-2-glucoside)  were
prepared and evaluated for delivery of the steroidsto
the colon .*¥ The narcotic prodrug naloxone-p-d-
glucoside also passes the small intestine unabsorbed
and is en%]ymatically biodegraded after reaching the
caecum.”
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ii)  Glucuronide conjugates

Similar to glycoside conjugates are the glucuronide
conjugates containing corticosteroids % 39 They
aso show improvements in the therapeutic effect
and in the reduction of side effects.

iii) Dextran conjugates

These are synthesized by direct attachment of a drug
with a carboxylic group to dextran. They remain
unchanged and unabsorbed in the gastrointestinal
tract until they reach the caecum. Once there,
dextranases of the colonic microflora cleave the
ester bond, converting the prodrug to the effective
drug. A series of drugs of various pharmacologica
classes were linked with dextran and modified
dextrans and tested in animals. The results indicate
that the breakdown of the conjugated prodrugs is
mainly mediated by the colonic microflora. An
instructive example is the prodrug naproxen-
dextran.” Budesonide-Dextran conjugates were
synthesized as prodrug of Budesonide for ora
controlled delivery of the mgjor part of the drug to
the colon without needing to coat the pellets. In
vivo-efficacy was evaluated against acetic acid
induced colitis in rat. Data indicated that
Budesonide-dextran conjugate is effective in
improving signs of inflammation in experimental
model of colitis through selective delivery of the
drug to the inflamed area. (Y

B. Biopolymersasmatricesor coating

These biodegradable swelling polymers are normally
of natural origin and are degraded by the colonic
microflora. These materids are fermentable
oligosaccharides  or polysaccharides. The
metabolism of plant polysaccharides by microflora
of the large intestine, and especially the fermentation
of non-starch polysaccharides, have been
extensively investigated.[>*¥ The colonic microflora
secretes a number of enzymes that are capable of
hydrolytic cleavage of glycosidic bonds. These
include B-d-glucosidase, -d-galactosidase, amylase,
pectinase, xylanase, a-d-xylosidase, and dextranases.
The polysaccharide which is polymer of
monosaccharide retains their integrity, because they
are resistant to digestive action of Gl enzymes,
matrices of polysaccharides are assessed to remain
intact in physiological environment of stomach and
small intestine, as they reach colon they are acted
upon bacterial polysaccharidases and results in
degradation of the matrices. The ability of natura
polymers i.e. the polysaccharides, from algal origin
(e.g. Alginates), plant origin (e.g. pectin, guar gum,
locust bean gum, khaya gum, konjac glucomannan)
microbial origin (e.g. dextran, cyclodextrins,
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xanthan gum) and anima origin (Chitosan,
Chondroitin, Hyaluronic acid ) to act as substrates
for the bacterial inhabitants of the colon together
with their properties, such as swelling, film forming
has appeal to area of colon specific drug delivery as
it comprised of polymer with large number of
derivatizable groups, with wide range of molecular
weight, varying chemical composition,
biocompatihbility, low toxicity and biodegradability,
yet ahigh stability.

The biodegradable polymers are hydrophilic in
nature and may have limited swelling characteristics
in acidic pH. However, these polymers swell in the
more neutral pH of the colon. Although the rate of
drug release is governed to a limited extent by
physical factors such as diffuson and drug
solubility, the major mechanism of drug releaseis by
matrix erosion produced by enzymatic or microbial
interaction with the polymers. To make
polysaccharides less hydrophilic, hemi synthesis
operations (acetylation and methylation) have been
conducted to create macromolecules. These
macromolecules can be crossinked to reduce the
release kinetics of the drug entrapped.

The biodegradable polymers can be employed (@) in
the formulation matrix, or (b) as a coat, alone or in
combination. Many of these polymers have limited
release control properties owing to high water
solubility. Hence, they are employed in formulations
in the following ways: (&) combination with
synthetic non biodegradable polymers, or (b)
synthetic modification such that solubility is
decreased without compromising on their specific
degradation in the human colon. The modification is
normally done by introduction of groups by: (a)
covaent linkages or (b) reversible complexation
processes. The various biopolymers that have been
studied for colon specific drug delivery are as
follows:

a. Starch polysaccharides
i) STARCH

HOH,C
\ HOH,G
\0 ,-o\/ow\ }M’_ 0
HO -. ,--\1/,2
HOH‘_{‘
0—\'-~ . s H,c HOH; c
it /
/ HO /& \\_‘] 0
\\—V HO- “\‘ ’,f‘\’/

OH
Fig 2: Chemical structure of starch
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Starch is a polymer, which occurs widely in plants.
In general, the linear polymer, amylose, makes up
about 20wt % of the granule, and the branched
polymer, amylopectin, the remainder. The a-1, 4-
link in both components of starch is attacked by
amylases and the a- 1, 6-link in amylopectin is
attacked by glucosidase. The hydrophilic nature of
the starch due to abundance of hydroxyl groups, isa
major condtraint that serioudy limits the
development of starch-based material for industrial
applications. Chemica modification has been
studied as a way to solve this problem and to
produce water-resistant materia. It may be
hydroxypropylated, acetylated, carboxymethylated,
or succinylate. Starch has been evaluated for colon-
targeted delivery as enteric-coated capsules by
Vilivilm V.D. et a." The use of resistant starch
was studied for the improvement of gut microflora
and to improve clinica conditions related to
inflammatory bowel diseases, immunostimulating
activities, and protection from colon cancer. The
administration of probiotic bacteria with optionally
modified resistant starch as a carrier and growth
medium to alter the gastrointestinal tract microbial
populations has resulted in a number of significant
advantages, such as protection, of probiotics, and as
a carrier to deliver economically and efficiently to
specific sites. The enhancement of a resident
microorganism population in a selected site of the
GIT and suppression of an undesirable microbial
pathogen are the other claims made by the usage of
these formulations containing modified resistant
starch and a probiotic. Other applications include
reducing the incidence of colorectal cancers or
colonic atrophy.* Adriano V. Reis et a synthesized
and characterized starch modified hydrogel which
showed potential to be used as carrier for colon
specific drug delivery. The hydrogel was prepared
by cross linking polymerization of modified starch
using sodium persulfate as initiating agent.!*”
Mahkam et a. modified Chitosan crosslinked starch
polymers for oral insulin delivery. Increasing the
Chitosan content in the copolymer enhanced the
hydrolysis in the SIF and thus led to slower release
inintestina pH. (7

i) AMYLOSE
GHoOH GH20H
H Oy H Qay
H H
OH o OH o
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Fig 3: Chemical structure of amylose
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Amylose is a linear polymer of glucopyranose units
(0-1,4 d-glucose) linked through a-d-(1,4)-linkages
.The molecule usually consists of around 1000-5000
glucose units. Amylose is resistant to pancreatic
amylases but is susceptible to those of bacterial
origin. It possesses the ability to form films which
are water swellable and are potentialy resistant to
pancreatic-amylase (Leloup et a., 1991) but are
degraded by colonic bacterial enzymes. 3“9 Alone,
the biopolymer becomes porous on hydration.
Addition of ethyl cellulose produces a polymer
mixture suitable for colon. Organic solvent based
amylose-ethylcellulose films have aso been
evaluated as potential coatings for colonic drug
delivery.®™ These films were found to be susceptible
to digestion by bacterial enzymes in a simulated
colonic environment. The extent of digestion was
directly proportiona to the amylase content in the
film.  Amylose-ethylcellulose films were also
evaluated by Siew et al for delivery of 5-ASA pellets
to the colon.™ Drug release from the coated pellets
was assessed under gastric and small intestinal
conditions in the presence and absence of pepsin and
pancreatin using dissolution methodology, and aso
within a simulated colonic environment involving
fermentation testing with human faeces in the form
of a durry. Wilson et a explored the utility of the
coating for colonic targeting of single unit tablet
systems of 5-ASA. Drug release from the coated
tablets was assessed under pH dissolution conditions
resembling the stomach and small intestine, and also
in conditions simulating the colon using a batch
culture fermenter inoculated with human faeca
bacteria. Drug release from the coated products was
assessed under pH dissolution conditions resembling
the stomach and smal intestine, and aso in
conditions simulating the colon using a batch culture
fermenter inoculated with human faecal bacteria.!®”
Results of various studies based on amylose-
ethylcellulose films indicate that the colon-
specificity can therefore be achieved using such
systems by judicious choice of the appropriate ratio
of amylose to ethylcellulose and coat thickness.

b. POLYSACCHARIDESFROM BACTERIAL

SOURCE
i) Dextran
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Fig4 : Chemical structure of dextran
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Dextran is a polysaccharide consisting of a-1,6 d-
glucose and a-1,3 d-glucose units. Dextran
hydrogels are stable when incubated at 37°C with
the small-intestinal enzymes amyloglucosidase,
invertase, and pancreatin. ® However, they are
degraded by dextranases, which is a microbia
enzyme found in the colon. Hovgaard and Brondsted
prepared dextran hydrogels by cross-linking with
diisocyanate.!® These hydrogels were characterized
by equilibrium degree of swelling and mechanica
strength. The dextran hydrogels were degraded in-
vitro by enzyme dextranase and in-vivo in rats and
human colonic fermentation Release of entrapped
hydrocortisone was found to depend on the presence
of dextranases in the release medium. In absence of
dextranase drug release was observed to be based on
simple diffuson process. Thus it follows that
dextran hydrogels are dextranase sensitive and may
hold promise as carrier for colon specific drug
delivery.

ii) Cyclodextrins
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Fig5 : Chemical structure of cyclodextrin

Cyclodextrins are cyclic oligosaccharide that
consists of 6-8 glucose units. The cyclodextrins
consist of six, seven, or eight glucose monomers
arranged in a doughnut-shaped ring, which are
denoted a, B, or g cyclodextrin, respectively. The
specific coupling of the glucose monomers gives the
cyclodextrin a rigid, truncated conical molecular
structure with a hollow interior of a specific volume
They are known to be barely capable of being
hydrolyzed and only dightly absorbed in the passage
through the stomach and small intestine, and are
fermented by colonic microflora into small
saccharides. An anti-inflammatory drug biphenyl
acetic acid (BPAA) as amodel drug was selectively
conjugated onto one of the primary hydroxyl groups
of alpha, beta and gamma cyclodextrins through an
ester or amide linkage and was studied for in vivo
drug release behaviour in rat Gl tract by Kunihiro
Minami et a.®™ The investigation revealed that
cyclodextrin prodrugs were stable in rat stomach and
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small intestine and negligibly absorbed from these
tracts. Three to six hours after oral administration
most of the prodrug had moved to colon and caecum
releasing BPAA which appeared in blood after 3 - 6
hrs. An anti-inflammatory drug 5-ASA was
conjugated onto the hydroxyl groups of a-, - and y-
cyclodextrins (CyDs) through an ester linkage, and
the in vivo drug release behaviour of these prodrugs
in rat’” s gastrointestinal tract after the ora
administration was investigated by Mei-Juan Zou et
af® The sudy concluded that the 5-ASA
concentration in the rat’s stomach and small
intestine after the oral administration of CyD- 5-
ASA conjugate was much lower than that after the
oral administration of 5-ASA aone. The lower
concentration was attributable to the passage of the
conjugate through the stomach and small intestine
without significant degradation or absorption,
followed by the degradation of the conjugate site-
specific in the caecum and colon. The ord
administration of CyD-5-ASA resulted in lower
plasma and urine concentration of 5-ASA than that
of 5-ASA alone.

iii) Xanthan gum
Xanthan gum is high molecular weight extracellular
polysaccharide secreted by the micro-organism
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Xanthomonas campestris. Xanthan gum is solublein
cold waer and solutions exhibit highly
pseudoplastic flow. Its viscosity has excellent
stability over a wide pH and temperature range and
the polysaccharide is resistant to enzymatic
degradation. Xanthan gum exhibits a synergistic
interaction with the galactomannan guar gum and
locust bean gum (LBG) and the glucomannan konjac
mannan. This results in enhanced viscosity with guar
gum and at low concentrations with LBG. At higher
concentrations soft, elastic, thermally reversible gels
are formed with locust bean gum and konjac
mannan.®”! Thiruganesh Ramasamy and colleagues
described colon targeted drug delivery systems for
Aceclofenac using xanthan gum as a carrier.’® In
this study, multilayer coated system that is resistant
to gastric and small intestinal conditions but can be
easily degraded by colonic bacterial enzymes was
designed to achieve effective colon ddivery of
Aceclofenac. The Eudragit coated system exhibited
gastric and small intestinal resistance to the release
of Aceclofenac. The rapid increase in release of
Aceclofenac in simulated colonic fluid was
revealed as due to the degradation of the xanthan
gum membrane by bacterial enzymes.
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Fig6 : Chemical structure of xanthan
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c. Plant Polysaccharides
i) PECTIN
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Fig 7 : Chemical structure of pectin

Pectin is a polysaccharide found in the cell walls of
plants contain a- 1,4 D-galactouronic acid and 1,2
D- Rhamnose with D-galactose & D-arabinose Side
chains. Pectin is polymolecular and polydisperse. It
contains a few hundreds to about 1,000 saccharide
units in a chain-like configuration, corresponding to
an average molecular weight between 50,000 and
150,000 Dalton. Pectin is completely fermented in
colon by microflora with low esterified pectin being
fermented faster than high esterified pectin. It
appears that only a partial degradation is possible at
the pH 2 to 4 conditions of stomach via side chain
hydrolysis and at pH 5 to 6 conditions of small
intestine via B-elimination of main chain or de-
esterification.®™ Amol Pharia et al formulated and
evaluated Eudragit (S-100)-coated pectin
microspheres for colon targeting of 5-fluorouracil
(FU). Eudragit was used as protective coating on the
microspheres makes them able to release the drug at
the particular pH of colonic fluid. A combined
mechanism of release was proposed, which
combines specific biodegradability of polymer and
pH-dependent drug release from the coated
microspheres®  The  experimenta  results
demonstrated  that Eudragit-coated pectin
microspheres have the potential to be used as a drug
carrier for an effective colon-targeted delivery
system. Nonetheless, pectin is an agueous soluble
polymer. The matrix made of pectin is prone to
swelling as well as erosion in agueous medium
leading to premature drug release a upper
gastrointestinal tract and thereby defeating its ability
as colon-specific drug delivery vehicle. This
drawback can however be adjusted by changing its
degree of methoxylation, or by preparing calcium
pectinate. Usually low methoxy pectins (LM pectin)
that have more free carboxylic group can be cross-
linked with divalent cations (e.g., calcium, zinc) to
produce a more water insoluble pectinate gel which
has the potential to be an effective vehicle for drug
delivery.'®! Pectins with low degree of
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methoxylation can also undergo amidation of
carboxylic acid groups. Furthermore, amidated
pectins are more prone to form a rigid gel structure
with divalent cations than non amidated pectin %8
Therefore, amidated LM pectins allow the formation
of amore compact Ca- or Zn-pectinate network than
nonamidated and/or high methoxy (HM) pectins.
Munjeri and colleagues reported entrapment of
Indomethacin  and  sulphamethoxazole inside
amidated pectin, gelled in the presence of
calcium.® The drug-containing core was coated by
a Chitosan polyelectrolyte complex to obtain the
desired release pattern in simulated intestinal media.
Calcium pectinate, the insoluble salt of pectin was
used for colon targeted drug delivery of
Indomethacin by Rubeinstein et al.'® Sriamornsak
and colleagues® coated Theophylline pellets with
calcium-pectinate and reported a pH-dependent in
vitrorelease in 4 h. A review by Tin Wui Wong and
colleagues® on Pectin Matrix as Oral Drug
Delivery Vehicle for Colon Cancer Treatment
suggests that multi-particulate calcium pectinate
matrix is an ideal carrier to oraly deliver drugs for
site-specific treatment of colon cancer as (a) cross
linking of pectin by calcium ionsin a matrix negates
drug release in upper gastrointestinal tract, (b) multi-
particulate carrier has a slower transit and a higher
contact time for drug action in colon than single-unit
dosage form. Surgit Das et a'® developed a
delayed release formulation of resveratrol as
multiparticulate pectinate beads by varying different
formulation parameters.. The effects of the
formulation parameters were investigated on shape,
size, Zn content, moisture content, drug
encapsulation efficiency, swelling-erosion, and
resveratrol retention pattern of the formulated beads.
The results indicated that Zinc-pectinate beads
exhibited better delayed drug release pattern than
calcium-pectinate beads.

i) Guar gum
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Fig 8: Chemical structureof guar gum
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Guar gum is a galactomannan polysaccharide (3-1,4
d-mannose, 0-1,6 d-galactose) having (1-4)
linkages. It has a side-branching unit of monomeric
d-galactopyranose joined at alternate mannose unit
by (1-6) linkage. It has low water solubility but
hydrates and swells in cold water forming viscous
colloidal dispersions or sols. The viscosity of a guar
gum solution incubated with a homogenate of faeces
will be reduced by 75% over 40 min. 7 It is
susceptible to galactomannase enzyme in the large
intestine.  Wong and colleagues reported the
evaluation of the dissolution of dexamethasone and
Budesonide from guar-gum-based matrix tablets.
The presence of low-grade HPMC (Methocel E3) or
higher-grade HPMC (Methocel E50 LV) in
dexamethasone formulations atered the rate of the
matrix degradation.!® Krishnaiah et al.[* described
a Scintigraphic study using technetium-99m- DTPA
as a tracer, incorporated into tablets to follow the
transit and dissolution. Scintigraphic scans revealed
that some tracer was released in stomach and small
intestine but the bulk of the tracer present in the
tablet mass was delivered to the colon. Results of
pharmacokinetic studies of guar gum based colon
targeted drug delivery system of mebendazole and 5-
Fluorouracil in healthy volunteers indicated that
guar gum based colon targeted tablets of did not
release drug in stomach and small intestine but
delivered the drug in colon resulting in sow
absorption of the drug and making the drug available
for local action in the colon."®™ Rubinstein and
Gliko-Kabir " reported cross-linking of guar gum
with borax to enhance its drug-retaining capacity.
Guar gum as a film coating materia for colon
specific drug delivery of 5-Flurouracil was evaluated
by C.M.Ji and colleagues!™ The guar gum based
multi unit system was prepared by coating guar gum
and pH sensitive polymer Eudragit FS30D around
drug loaded cores. Eudragit was used to protect the
system against gastrointestinal environment having
pH less than 7. The in vitro results indicated that
guar gum is a feasible coating material to achieve
time and enzyme triggered 5-Flourouracil release.
Laila Fatimaali Asghar et al™ assessed the
suitability of guar gum with pH sensitive polymer
matrix bases for colon specific delivery using
Indomethacin as model drug and EL 100 and ES 100
as Ph sensitive polymers. The study concludes that
mixed polymer matrix with pH modul ated properties
can serve as an dternative to coating technology
which athough has commercia feasibility, yet
suffers from the drawback of inconsistent
performance in vivo. A pH and time controlled
matrix system can offer a suitable platform for colon
targeting purpose with minimum drug loss during

1203

upper Gl transit and maximum drug release in the
colon. Mohini Chaurasia et a ™ has evaluated
crosslinked guar gum microspheres for improved
delivery of anticancer drug methotrexate in the colon
for treatment of colorectal cancer. Results of release
studies demonstrated that microspheres are capable
of retarding the release of MTX until it reaches the
colon, an environment rich in bacterial enzymes that
degrade the guar gum and allow drug release to
occur at the desired site.

iii) Inulin
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Fig9 : Chemical structureof Inulin

Inulin is a naturally occurring Glucofructan and
occurs in plants such as garlic, onion, artichoke and
chicory. It can resist hydrolysis and digestion in the
upper gastrointestinal tract but is degraded by
colonic microflora. Inulin, with a high degree of
polymerization, was formulated as a biodegradable
colon-specific coating by suspending it in Eudragit
RS films. The films withstood gastric and intestinal
fluid but were degraded by faecal medial™ Vinyl
groups were introduced in inulin chains to form
hydrogels, by reacting with glycidyl methacrylate.l””
Enzymatic digestibility of the prepared hydrogels
was assessed by performing an in vitro study using
an inulinase preparation derived from Aspergillus
niger. Equilibrium swelling ratio and mechanical
strength of the hydrogels were aso studied. Based
upon the mode of swelling it was concluded that
inulin-degrading enzymes were able to diffuse into
the inulin hydrogel networks causing bulk
degradation @ Inulin derivatised with methacrylic
anhydride and succinic anhydride produced a pH
sensitive hydrogel by UV irradiation that exhibited a
reduced swelling and low chemica degradation in
acidic medium, but it had a good swelling and
degradation in simulated intestina fluid in the
presence of its specific enzyme, inulinase. ™

iv) GUM KARAYA
Gum karaya is a complex, partialy acetylated
polysaccharide obtained as a cadcium and
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magnesium salt. It has a branched structure and a
high molecular mass of approximately 16x10° Da.l®”
The backbone of the gum consists of ad-
galactouronic acid and a-I-Rhamnose residues. Side
chains are attached by 1, 2-linkage of [-d-galactose
or by 1,3-linkage of B-d glucuronic acid to the
galactouronic acid of the main chain. Furthermore,
half of the Rhamnose residues of the main chain are
1,4-linked to B-d-galactose units.® The chemical
composition of gum samples obtained from different
Sterculia species and from different places of origin
was found to be quite similar.® The solubility of
gum karaya in water is poor. However, the gum
swells up to many times its own weight to give
dispersions.®™ Baljit B Singh et a modified sterculia
gum with methacrylic acid to form hydrogels which
were evaluated for release mechanism using
ranitidine hydrochloride as model drug.®*® Jitendra
R. Amrutkar-and colleague has described study of a
novel hydrogel plug prepared using isolated root
mucilage of sterculia urens for colon specific
pulsatile drug delivery of Indomethacin. Pulsatile
drug delivery was developed using chemicaly
treated hard gelatin capsule bodies filled with
Eudragit multiparticulates of Indomethacin, and
sealed with different hydrogel plugs (root mucilage
of S urens, xanthan gum, guar gum, HPMC K4M
and combination of maltodextrin with guar gum).
The formulation factors affecting the drug release
were concentration and types of hydrogel plug used.
In vivo gamma Scintigraphic study in healthy rabbits
proved the capability of the system to release drug in
lower parts of the gastrointestina tract after a
programmed lag time ® The results suggest that
gum karaya has otential for drug targeting to the
colon. But till date not many drug delivery systems
have been investigated utilizing this gum for
targeting to colon.

v) Locust bean gum
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Fig 10 : Chemical structure of locust bean gum
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Locust bean gum (chemical structure is shown in
Figure 8) adso known as Carob bean gum is derived
from the seeds of the leguminous plant Ceratonia
siliqua Linn. This gum is widely cultivated in the
Mediterranean region and to a smaller extent also in
Cdlifornia. The brown pods or beans of the locust
bean tree are processed by milling the endospermsto
form locust bean gum and it is therefore not an
extract of the native plant but flour. Locust bean
gum consists mainly of a neutral galactomannan
polymer made up of 1, 4-linked D-mannopyranosyl
units and every fourth or fifth chain unit is
substituted on C-6 with a D-galactopyranosyl unit.
The ratio of D-galactose to D-mannose differs and
this is believed to be due to the varying origins of
the gum materials and growth conditions of the plant
during production. Locust bean gum is a neutra
polymer and its viscosity and solubility are therefore
little affected by pH changes within the range of 3-
11.1¥7 Various significant works have been carried
out in combination with the other polymers to make
the formulation sustained and targeted The colon
specific drug delivery of mesasalazine based on
polysaccharides; locust bean gum and Chitosan in
different ratios were evaluated using in vitro and in
vivo methods by Raghavan CV et a.® Thein vivo
studies conducted in nine healthy male human
volunteers for the various formulations revealed that,
the drug release was initiated only after 5 h (i.e.)
transit time of small intestine. These studies on the
polysaccharides demonstrated that the combination
of locust bean gum and Chitosan as a coating
material proved capable of protecting the core tablet
containing Mesalazine during the condition
mimicking mouth to colon transit. In particular, the
formulation containing locust bean gum and
Chitosan in theratio of 4 : 1 held a better dissolution
profile, higher biocavailability and hence a potential
carrier for drug targeting to colon.

vi) Konjac glucomannan (KGM)
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Fig11l : Chemical structure of KGM
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Konjac glucomannan (KGM), a water-soluble and
high molecular weight polysaccharide, is extracted
from tubers of the Amorphophallus Konjac plant, a
member of family Araceafound in East Asia.

It consists of 1,4-linked D-mannose and D-glucose
in the ratio of 1.6:1, with about 1 in 19 units being
acetylated. This soluble fibre has high water holding
capacity, forming a highly viscous solution. In
recent years, KGM gel, as a drug delivery matrix,
has shown promising applications. Strong, elastic,
heat-stable KGM gels can be formed with heating
and mild akali®® and can be used as a drug
carrier.® Hydrogel systems of KGM cross-inked
with trisodium trimetaphosphate were prepared for
colon targeting drug delivery.”¥ KGM unmodified
and in combination with xanthan gum has also been
evaluated as carrier for colon targeting. Kang
WANG et a® have described experimental and
theoretical evaluations of Konjac glucomannan and
xanthan gum as compression coat for colonic drug
delivery of Cimetidine. Diffusion of Cimetidine
from compression coated tablets was investigated by
release experiment in vitro. 0.22U/mL - mannanase
was applied in the mimic colon solution. The
experimental results indicate that the polysaccharide
mixtures of KGM and XG as the compression coat
have a great potentia in the application of colonic
drug delivery systems. The synergistic interaction
between XG and KGM reduced drug loss in the
mimic upper gastrointestinal solution. At the same
time, the coat maintained a good response to
degradation due to the hydrolysis of KGM. Alvarez-
Mancefiido F. et a studied release of of atypicaly
highly water soluble drug Diltiazem from sugar
matrices tablets prepared using binary mixture of
Konjac glucomannan and xanthan gum , in presence
of A. niger beta mannose (used to mimic colonic
enzyme). Drug release from these tablets remained
zero-order, but was accelerated (presumably due to
degradation of KGM), in the presence of A. niger
beta-mannanase at concentrations equivalent to
human colonic conditions. However, marked
differences between Japanese and American
varieties of KGM as regards degree of acetylation
and particle size led to significant differences in
swelling rate and drug release between formulations
prepared with one and the other KGM: whereas a
formulation with Japanese KGM released its entire
drug load within 24h in the presence of beta
mannanase, only 60% release was achieved under
the same conditions by the corresponding
formulation with American KGM. the results of this
study suggest that sustained release of water-soluble
drugs in the colon from orally administered tablets
may be achieved using simple, inexpensive
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formulations based on combinations of KGM and
XG.[*4

vii) Khayagum

Khaya gum is a polysaccharide obtained from the
incised trunk of the tree Khaya grandifoliola (family
Meliaceae). It is known to contain highly branched
polysaccharides consisting of D galactose, L-
Rhamnose, D-galactouronic acid and 4-O- 60
methyl-D-glucuronic acid. The colon specificity of
Khaya gum was investigated in comparison with
guar gum by Prabhakra Prabhu et a wusing
Budesonide as drug core. The tablets were coated
with Khaya gum or Guar gum followed by further
coat or Eudragit L 100 for both. X-ray images were
taken to investigate the movement, location and the
integrity of the tablets in different parts of gastro
intestina tract in rabbits. Dissolution models
employed revealed colon specificity of both the
polysaccharides however, Khaya gum or Guar gum
aone can not be used either for targeting the drug to
the colon or for sustaining or controlling the release
of drug.®® Khaya and Albania gums were evaluated
as compression coatings for target drug delivery to
the colon using Indomethacin (a water insoluble
drug) and paracetamol (a water soluble drug) as
model drugs. The core tablets were compression-
coated with 300 and 400mg of 100% khaya gum,
100% Albizia gum and a mixture of khaya and
Albiziagum (1:1). Drug release studies were carried
out in 0.1M HCI (pH 1.2) for 2h, Sorensen's buffer
(pH 7.4) for 3 h and then in phosphate-buffered
saline (pH 6.8) or in simulated colonic fluid for the
rest of the experiment to mimic the physiologica
conditions from the mouth to colon. The results
indicated that khaya and abizia gums were capable
of protecting the core tablet in the physiological
environment of the stomach and small intestine, with
Albizia gum showing greater ability than khaya
gum. The results demonstrate that khaya gum and
Albizia gum have potential for drug targeting to the
colon. *

d. Polysaccharides of animal origin
i) Chondroitin Sulfate
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Fig 12 : Chemical structure of chondroitin
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Chondroitin sulfate is a soluble mucopolysachharide
consisting of B-1,3 d-glucuronic acid linked to N-
acetyl-d-galactosamide . In the human colon, the
natural sources of Chondroitin sulphate are sloughed
epithelial cells and dietary meat. Chondroitin
sulphate is utilized as a substrate by the Bacteroides
thetaiotaomicron and B. ovatus in the large intestine.
Natural chondroitin sulfate is readily water soluble
and may not be able to sustain the release of many
drugs from the matrix. However modification of
chondroitin sulphate by cross linking reduces its
hydrophiliocity and prevents early release of the
drug. Rubinstein and co-workers " have reported
the use of crosslinked chondroitin sulfate as a
carrier for Indomethacin specifically for the large
bowel. Since natural chondroitin sulfate is readily
water soluble, it was crosslinked with 1, 12-
diaminododecane. The crosslinked polymer was
blended with Indomethacin and compressed into
tablets. There was enhanced release on incubation
with rat cecal contents. Jitendra R. Amrutkar et a
prepared polyelectrolyte complex of Chitosan and
chondroitin and studied its potential as colon
targeted carrier by preparing matrix tablet of
Indomethacin. The study confirmed that selective
delivery of Indomethacin to the colon can be
achieved using crosslinked Chondroitin  and
Chitosan polysaccharides. The dissolution data
indicated that the dissolution rate of the tablet is
dependent upon the concentration of polysaccharide
used as binder and matrix and time of cross-linking.
R. Thiruganesh et a ¥ used a combined approach
of Ph dependant polymeric coating (Eudragit L 100
and S 100) and microbially degradable Chitosan to
develop a single unit site specific matrix tablet of
Aceclofenac. The coating polymers were included
for protecting the drug from releasing from the core
before reaching the colonic region.

ii) Chitosan
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Fig 13 : Chemical structure of Chitosan
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Chitosan is a fiber-like substance derived from
chitin. Chitin and Chitosan have similar chemical
structures. Chitin is made up of a linear chain of
acetyl glucosamine groups, while Chitosan is
obtained by removing enough acetyl groups for the
molecule to be soluble in most dilute acids. This
process is called deactivation. The actual difference
between chitin and Chitosan is the acetyl content of
the polymer.’® Chitin is widely available from a
variety of source, among which the principal one is
shellfish waste such as shrimps, crabs, and
crawfish.'® The degree of de acetylation of
Chitosan ranges from 56% to 99% with an average
of 80%, depending on the crustacean species and the
preparation methods.!*® Chitin with a degree of de
acetylation of 75% or above is generaly known as
Chitosan.'™ Chitosan is a non toxic, biodegradable
polymer of high molecular weight, and is very much
similar to cellulose, a plant fiber. The only
difference between Chitosan and cellulose is the
amine (-NH2) group. However, unlike plant fiber,
Chitosan possesses positive ionic charges, which
give it the ability to chemically bind with negatively
charged fats, lipids, cholesterol, metal ions, proteins,
and macromolecules™ It is a poly (2-amino 2-
deoxy d-glucopyranose) in which the repeating units
are linked by (1-4) B-bonds. It dissolves in the
acidic pH of the stomach but swells a pH 6.8.
Chitosan can be biodegraded by colonic microflora
and has been evaluated for its potential as colon-
specific drug delivery in several forms such as
capsules, matrices, hydrogels and microspheres.
Tominaga and colleagues prepared a composite for
delivery to the colon comprising an active core, an
internal layer comprising Chitosan, and an external
layer, coated on the internal coating layer,
containing zein'® Zein protects the contents by
being acid resistant but undergoing proteolysisin the
smal intestine. Chitosan in the interna layer
prevents the elution of the active ingredients in the
core in the small intestine. However, in the large
intestine the Chitosan film breaks owing to the
combined effect of microorganisms and osmotic
pressure. Hideyuki Tozaki and colleagues™®™
conducted a study to estimate colon specific insulin
delivery with Chitosan capsules. The intestina
absorption of insulin was evaluated by measuring
plasma insulin level and its hypoglycaemic effect
after oral administration of Chitosan capsules
containing insulin. The hypoglycaemic effect started
after 8 hrs of administration of Chitosan capsules.
The findings of the study suggest that Chitosan
capsules may be useful carriers for the colon specific
delivery of peptides including insulin. The pH-
sensitive  multicore  microparticulate  system
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containing Chitosan microcores entrapped into
enteric acrylic microspheres has been reported by
M.L. Lorenzo-Lamosa et a® Sodium diclofenac
was efficiently entrapped within these Chitosan
microcores and then microencapsulated into
Eudragit L-100 and Eudragit S-100 to form a multi
reservoir system. In vitro release study revealed no
release of the drug in gastric pH for 3 h and after the
lag-time, a continuous release for 8- 12 h was
observed in the basic pH. A microbially triggered
colon-targeted osmotic pump (MTCT-OP) has been
studied by Hui Liu et a.!"® The gelable property of
Chitosan a acid condition and colon-specific
bi odegradation of Chitosan were used to produce the
osmotic pressure, formation of the drug suspension
and formation of in situ delivery pores for colon-
specific drug release, respectively. These results
showed that MTCT-OP based on osmotic
technology and microbialy triggered mechanism
had a high potential for colon-specific drug delivery

iii) Hyaluronic Acid
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Fig14 Chemical structure of Hyaluronic acid
(HA)

Hyaluronic acid (HA) is a carbohydrate, more spe-
cifically a mucopolysachharide, occurring naturally
in al living organisms. It can be severa thousands
of sugars (carbohydrates) long. When not bound to
other molecules, it binds to water giving it a stiff
viscous quality similar to “Jello”. It consists of N —
acetyl-D glucosamine and B -glucuronic acid."™® It
is present in the intercellular matrix of most
vertebrate connective tissues especialy skin where it
has a protective, structure stabilizing and shock-
absorbing role. It is found in greatest concentrations
in the vitreous humour of the eye and in the synovial
fluid of articular joints ™% Commercialy produced
HA isisolated either from animal sources, within the
synovial fluid, umbilical cord, skin, and rooster
comb, or from bacteria through a process of
fermentation or direct isolation. The molecular
weight of HA is heavily dependent on its source;
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however, refinement of these isolation processes has
resulted in the commercial availability of humerous
molecular weight grades extending up to a
maximum of 5000 k Da™¥ The hydrogen bond
formation results in the unique water-binding and
retention capacity of the polymer. It also follows that
the water binding capacity is directly related to the
molecular weight of the molecule. Up to six litres of
water may be bound per gram of HA. HA solutions
are characteristically viscoelastic and pseudoplastic.
This rheology is found even in very dilute solutions
of the polymer where very viscous gels are formed.
The viscoelastic property of HA solutions which is
important in its use as a biomateria is controlled by
the concentration and molecular weight of the HA
chains. The unique viscoelastic nature of HA along
with its biocompatibility and non-immunogenicity
has led to its use in a number of clinical applications,
|nclud|ng the supplementation of joint fluid in
arthritis™'? as a surgical aid in eye surgery, and to
facilitate the healing and regeneration of surgical
wounds. More recently, HA has been investigated as
a drug delivery agent for various administration
routes, including ophthalmic, nasal, pulmonary,
parenteral and topica. In mammals, the enzymatic
degradation of HA results from the action of three
types of enzymes: hyaluronidase (hyase), B-d-
Glucuronidase, and p-N-acetyl-hexosaminidase.
Throughout the body, these enzymes are found in
various forms, intracellularly and in serum. ™3 |t
has been shown that the HA level is elevated in
various cancer cells!* The higher concentration of
HA in cancer cells is believed to form a less dense
matrix, thus enhancing the cell’s motility as well as
invasive ability into other tissues™ and also
providing an immunoprotective coat to cancer cells.
It is well known that various tumors, for example,
epithelial, ovarian, colon, stomach, and acute
leukaemia, overexpress HA-binding receptors CD44
M8 and RHAMM. ™7 onsequently, these tumor
cells show enhanced binding and internalization of
HA. It has been shown that the over expression of
hyaluronic acid synthases increases the HA levdl,
which leads to the acceleration of tumor growth and
metastasis™@ On the other hand, exogenous
oligomeric HA inhibits tumor progression most
|Ike|P/ by competing with endogenous polymeric

19 HA can be coupled with an active cytotoxic
agent directly to form a non-toxic prodrug.
Alternatively, a suitable polymer with covaently
attached HA and drug can be used as a carrier.
Direct conjugations of a low molecular weight HA
to cytotoxic drugs such as butyric acid 2,
paclitaxel,™®  and doxorubicin™? have been
reported. It has been shown that these bio conjugates
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are internalized into cancer cells through receptor-
mediated endocytosis, followed by intracellular
release of active drugs, thus restoring their original
cytotoxicity. Hyauronic acid-coupled Chitosan
nanoparticles  bearing  oxdiplatin  (L-OHP)
encapsulated in Eudragit S100-coated pellets were
developed for effective delivery to colon tumors by
Anekant Jain et a.** The in vitro drug release was
investigated using a USP dissolution rate test
paddle-type apparatus in different smulated
gastrointestinal  tract  fluids. In  therapeutic
experiments the pellets of free drug, and hyaluronic
acid-coupled and uncoupled Chitosan nanoparticles
bearing L-OHP were administered oraly at the dose
of 10 mg L-OHP/kg body weight to tumor-bearing
Balb /c mice. In vivo data showed that hyaluronic
acid—-coupled Chitosan nanoparticles delivered 1.99
+ 0.82 and 9.36 + 1.10 pg of L-OHP/g of tissue in
the colon and tumor, respectively after 12 hr. These
drug delivery systems showed relatively high loca
drug concentration in the colonic milieu and colonic
tumors with prolonged exposure time, which
provides a potential to enhance antitumor efficacy
with low systemic toxicity for the treatment of colon
cancer and thus indicating its targeting potential to
the colon and tumor. Although being used since
many years this interesting biopolymer needs to be
explored as carrier for microbialy triggered oral
colon specific drug delivery system.

e. Polysaccharides Of Algal Origin
i) Alginates
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Fig 15: Chemical structure of alginate

Alginates or alginic acids are linear unbranched
polysaccharides found in brown seaweed and marine
algae such as Laminaria hyperborea, Ascophyllum
nodosum and Macrocystis pyrifera. These polymers
consist of two different monomers in varying
proportions, namely B-D-mannuronic acid and a-L-
glucuronic acid linked in a- or B-1,4 glycosidic
bonds as blocks of only B-D-mannuronic acid or a-
L-glucuronic acid in homopolymers or aternating
the two in heteropolymeric blocks. Alginates have
high molecular weights of 20 to 600 kDa*®! The
gelling properties of alginate’s glucuronic residues
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with polyvalent ions such as calcium or aluminium
alow cross-linking with subsequent formation of
gels that can be employed to prepare matrices, films,
beads, pellets, microparticles and nanoparticles.*
Crosdinked alginates has more capacity to retain the
entrapped drug and mixing of alginates with other
polymers such as neutral gums, pectins, Chitosan
and Eudragits have been found to solve the problems
of drug leaching. The sustained release profiles of
single and dua crosslinked gel beads of Alginate-
Chitosan loaded with bovine serum albumin (BSA),
amodel protein drug, were investigated in simulated
gastric fluid (SGF), simulated intestinal fluid (SIF)
and simulated colonic fluid (SCF).Alginate-Chitosan
(ALG-CS) blend gel beads were prepared based on
dual cross linking with various proportions of
aginate and Chitosan. The dua cross linkage
effectively promoted the stability of beads under
gastrointestinal tract conditions compared to Ca®*
single crossinked beads, from which BSA released
fast and the cumulative drug release percentages
were about 80% of al formulationsin 4 h, the BSA
total release from dual crosslinked gel beads was no
more than 3% in 8 h. In SIF and SCF, C&* single
crosslinked beads were disrupted soon associating
with the fast drug release as compared to the dual
crosslinked beads, which suggested that the dua
crosslinked beads have potentia small intestine or
colon site-specific drug delivery property.

CONCLUSION:

Targeting drugs and delivery systems to the colonic
region of the gastrointestinal tract has received
considerable interest in recent years and bacteria
aided biopolymers appear to be promising agents
for obtaining colon-specific drug delivery systems.
A successful colon specific drug delivery requires
that the system responds only to those physiological
conditions prevailing in colon. A variety of delivery
strategies and systems have been proposed for
colonic targeting. These generadly rely on the
exploitation of one or more of the following
gastrointestinal features for their functionality: pH,
transit time, pressure or microflora. Coated systems
that utilise the pH differential in the gastrointestinal
tract and prodrugs that rely on colonic bacteria for
release have been commercialised. Both approaches
have their own inherent limitations. The use of
natural biopolymers for colon specific drug delivery
system remains attractive because of their
abundance in nature, good biocompatibility, and
ability to be readily modified by simple chemistry
and most distinctive property of colon that is
abundant microflora. The biopolymers described
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above and their degradation products are non toxic
and are aready used as pharmaceutical excipients.
The colonic microflora does not appear to present
many modifications and remains qualitatively
similar from one individual to another. Chemical
modifications like chemical linkages with synthetic
biopolymers; surface coating of pellets, micro- or
nanospheres with biocompatible synthetic polymers;
Crosdlinking with different physical or chemica
reagents, Hydrophobization through alkylation
reactions, made to biopolymers make it possible to
decrease the water solubility of biopolymers and
control the lag time of drug release. Needs for

chemical modification concern  mainly  the
improvement of mechani cal properties,
biocompatihility, solubility, control of

biodegradability and manufacturing and shaping.
Although offering an attractive tool, bacteria aided
colonic delivery systems using biopolymers suffer
from the constraint of premature release of their
drug load to a certain extent in the upper segments

REFERENCES

1) Kinget R, Kala W., Vervoort L. and Van Den
M G., Colonic drug targeting, J. Drug Target,
1998,6, 129-49.

2) Yoshikawa Y., Hu Z., Kimura G., Murakami
M., Yoshikawa H. and Takada H., A
dissolution test for a pressure controlled colon
delivery capsule: rotating beads method., J.
Pharm. Pharmacol., 1999, 51,979-989.

3) Saradja S, and Hota A., Colon specific drug
delivery systems, Ind. J. Pharm. Sci., 2000,
62, 1-8.

4)  Schacht E., Gevaert A., El Refaie K., Koen
M., Verstraete W. and Adriaensens P.,
Polymers for colon specific drug delivery, J.
Control. Release., 1996, 39,327-328.

5) Wilding R., Davis S.S., Pozzi F., Furlani P.
and Gazzaniga A., Enteric coated timed
release systems for colonic targeting, Int. J.
Pharm., 1994,111, 99-102.

6) Ravi V., Pramod K. and Siddaramaiah T.M.,
Novel colon targeted drug delivery system
using natural polymers, Ind. J. Pharm. Sc.,
2008,70, 111-113.

7)  Kaali T.T., Gastrointestinal absorption of
drugs, Crit. Rev. Ther. Drug Carrier Systems.
1989, 6, 39-86.

8) JT. Fdl, Targeting of drugs and deivery
system to specific sites in the gastrointestinal
tract, J. Annat., 1996, 89, 517-9.

1209

of the Gl tract. This early discharge is inherent and
associated with the swelling of the carrier, a crucia
process, which alows cleavage by colonic enzymes.
For that reason, most enzymaticaly controlled
colonic drug carriers cannot function optimally
without the aid of a protective coat (primary carrier),
whether pH-dependent or depending on the erosion
of a physical barrier. Combinations of natura
biopolymers with pH dependant synthetic polymers
have been studied for colon specific drug delivery,
which are based on erosion and swelling of film
coating all aong the gastrointestina tract and
microbial triggered degradation of polysaccharide. It
is, however, necessary to obtain more knowledge of
the bacterial flora and to develop and validate a
dissolution method that incorporates the
physiological features of the colon, particularly
enzymatic degradation and yet can be used routinegly
in an industry setting for the evaluation of colon-
specific drug delivery systems.

9) Patel M., Shah T. and Amin A., Therapeutic
opportunities in colon specific drug delivery
system, Crit. Rev. Ther. Drug Carrier. Syst.,
2007, 24, 147-202.

10) Hardy J. G.,, Lee S. W., Clark A. G., and
Reynolds, J. R., Eneme volume and spreading,
Int. Jr. of Pharmaceutics, 1986, 35, 85-90.

11) Libo Yang., Bio relevant dissolution testing of
colon-specific ddivery systems activated by
colonic microflora, Journa of Controlled
Release, 2008, 125, 77-86.

12) Vanden Mooter G. and Kinget R., Oral colon-
specific drug delivery: A review, Drug
Délivery, 1995, 2, 81-93.

13) Rama Prasad Y. V., Krishnaiah Y.S.R. and
Satyanarayana S., Trends in colonic drug
delivery: A review, Indian Drugs, 1996, 33, 1-
10.

14) Hovgaard L., Brondsted H., Current
applications of polysaccharides in colon
targeting, Crit. Rev. Ther. Drug Carr. Syst.,
1996, 13, 185-223.

15) Evans D.F., Pye G., Bramley R., Clark A.G.,
Dyson T.J., and Hardcastle J.D., Measurement
of gastrointestina pH profiles in normal
ambulant human subjects, Gut, 1988,29,1035-
41.

16) Caldwell L., Nishihata T., Rytting JH. and
Higuchi T., Lymphatic uptake of water-



Patel Parul K. et al /Int.J.PharmTech Res.2012,4(3)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

soluble drugs after rectal administration, J.
Pharm. Pharmacol., 1982, 34, 520-522.
Ichihashi T., Kinoshita H. and Yamada H.,
Avoidance of first pass metabolism of
mepitiostane by lymphatic  absorption,
Xenobiotica, 1991, 21, 873-880.

Takaya T., Niwa K. and Muraoka M.,
Importance of dissolution process on systemic
availability of drugs delivered by colon
delivery system, J. Control. Release, 1998,
50,111-122.

McConnell E.L., Liu F. and Basit AW,
Colonic treatments and targets. issues and
opportunities, J. Drug Target, 2009, 17, 335-
363.

McConndll E.L., Basit A.W. and Murdan S.,
Colonic antigen administration  induces
significantly higher humoral levels of colonic
and vagina IgA, and serum IgG compared to
ora administration, Vaccine, 2008, 26, 639-
646.

Shanahan F., Physiological basis for novel
drug therapies used to treat the inflammatory
bowel diseases, |, Pathophysiological basis
and prospects for probiotic therapy in
inflammatory bowel disease, Am J Physiol.
Gastrointest. Liver Physiology, 2005, 288,
G417-G421.

Bocci V., The neglected organ: bacterial flora
has a crucial immunostimulatory role,
Perspect. Biol. Med., 1992, 35, 251-260.
Eckburg P.B., Bik E.M., Bernstein C.N.,
Purdom E., Dethlefsen L., Sargent M., Gill
SR., Nelson K.E. and Relman D.A.. Diversity
of the human intestina microbial flora,
Science, 2005, 308, 1635-1638.

Cummings JH. and Macfarlane G.T., The
control and consequences of bacteria, |,
Fermentation in the human colon, J. Appl.
Bacteriol., 1991, 70, 443-459.

Francisco G. and Juan R. M. Gut flora in
health and disease-Review, Lancet, 2003, 19,
361- 512.

Scheline R.R.,, Metabolism of foreign
compounds by gastrointestinal
mi croorgani sms,Pharmacol .Rev.,1973,25,451
-523.

Lee V. H. L. L. and Mukherjee S. K., Drug
Delivery: Oral Colon-Specific, Ency. Pharm.
Tech. 1% Ed. New York: Marcel Dekker Inc.,
2002, 871-885

Davis S.S,, Hardy J.G. and Fara JW., Transit
of pharmaceutical dosage forms through the
small intestine, Gut, 986, 27, 886-892.

29)

30)

31)

32)

33)

34)

35)

36)

37)

39)

39)

40)

41)

1210

Vonder Ohe M.R., Camilleri M., Kvols L.K.
and Thomforde G.M., Motor dysfunction of
the small bowel and colon in patients with the
carcinoid syndrome and diarrhoea, New Engl.
J. Med., 1993, 329, 1073-1078.

Reddy S.N., Bazzocchi G., Chan S., Akashi
K., Villanueva-Meyer J., Yanni. G., Mena I.
and Snape W.J., J. Colonic moatility and
transit in health and ulcerative coalitis.
Gastroenterology, 1991, 101, 1289-1297.
Libo Y., James S. C. and Joseph A. F., Colon-
specific drug delivery: new approaches and in
vitro/in vivo evauation, International Journa
of Pharmaceutics, 2002, 232, 1-15.

Brown. J.P., Reduction of polymeric azo and
nitro dyes by intestina bacteria, Appl.
Environ. Microbiol. , 1981, 41, 1283- 1286.
Kobashi K., Nishimura T., Kusaka M., Hattori
M. and Namba T., Metabolism of sennosides
by human intestinal bacteria, Planta. Med.,
1980, 40, 237-244.

Rubinstein A., Microbialy controlled drug
delivery to the colon, Biopharm. Drug
Dispos., 1990, 11, 465--475.

Gliko-Kabir 1., Yagen B. and Penhasi A., Low
swelling, crossinked guar gum and its
potential use as colon-specific drug carrier,
Pharm. Res., 1998, 15, 1019.

Friend D. and Chang G. W., A colon-specific
drug delivery based on the drug Glycosidases
of colonic bacteria, J. Med. Chem., 1984, 27,
261-266.

Friend D. R., Glycosides in colonic drug
delivery, Oral Colon-specific Drug Delivery,
CRC Press, Boca Raton, 1992, Chapter 6, pp.
153-187.

Haeberlin B., Empey L., Fedorak R., Nolen |1l
H., and Friend D., In vivo studies in the
evaluation of glucuronide prodrugs for novel
therapy of ulcerative colitis, Proceed. Intern.
Symp. Control. Rel. Bioact. Mater., 1993, 20,
174-175.

Nolen Ill H., Fedorak R., and D. Friend,
Glucuronide prodrugs for colonic delivery:
Steady-state kinetics in conventional and
colitis rats, Proceed. Intern.  Symp.
Control.Rdl. Bioact. Mater. 1996, 23, 61-62.
Larsen C., Harboe E., Johansen M., and
Olesen H. P., Macromolecular prodrugs:
Naproxen-dextran esters, Pharm. Res. 1989, 6,
919-923, 995-999.

Varshosaz J,, Emami J., Fasshi A. and
Tavakoli N. Effectiveness of Budesonide-
succinate-dextran conjugate as a novel
prodrug of Budesonide against acetic acid-



Patel Parul K. et al /Int.J.PharmTech Res.2012,4(3)

42)

43)

44)

45)

46)

47)

48)

49)

50)

51)

induced colitis in rats. International Journal of
Colorecta Disease, 25, 2010, 1159-1165.
Salayers A.A. and Leedle J.A., Carbohydrate
metabolism in the human colon. In: Hentges,
D.J. (Ed.), Human Intestina Microflora in
Health and Disease, Academic Press, London,
1983, p. 129.

Macfarlane G.T. and Cummings JH., The
colonic flora, fermentation, and large bowel
digestive function. In: Phillips, S.F,
Pemberton, JH., Shoter, R.G. (Eds), The
Large Intestine: Physiology, Pathophysiology,
and Diseases. Raven Press, New York, 1991,
51-92

Vilividm V.D., lllum L. and Igba K. Starch
capsules, An alternative system for ora drug
delivery, Pharm. Sci. Technol. Today, 2000, 3,
64— 69.

Brown I.L., Conway P.L., Evans A.J,
Henriksson K.A., Mcnaught K.J., Wang X.,
and Henriksson K.A.O. Altering
gastrointestinal tract microbia popul ations—
by administration of probiotic bacteria with
optionally modified resistant starch as carrier
and growth medium, useful for preventing
colorectal cancer. WO 9734591-A1, 1997, 25
Sep, A61k-031/175.

Adriano V. R., Marcos R. G., Thais A. M.,
LuizH. C. M., Edvani C. M. and EliasB. T.,
Synthesis and characterization of a starch-
modified hydrogel as potential carrier for drug
delivery system, Journal of Polymer Science
Part A: Polymer Chemistry, 2008, 46, 2567—
2574,

Mahkam M., J. Biomed Mater. Res,, 2010, 92,
1392.

Englyst H.N. and MacFarlane G.T.,
Breakdown of resistant and readily digestible
starch of human gut bacteria, J. Sci. Food
Agric., 1986, 37, 699-706

Ring S.G., Gee, JM., Whittam M., Orford P.
and Johnson, |.T., Resistant starch, Its
chemical form in food stuffs and effects on
digestibility in vitro, Food Chem., 1988, 28
97-109.

Milgjevic S., Newton JM., Cummings J.H.,
Gibson G.R., Botham R.L., Ring SG.,
Stockham M. and Allwood M.C., Amylose as
a coating for drug delivery to the colon:
preparation and in vitro evaluation using 5-
aminosalicylic acid pellets, J. Control Rel.
1996, 38,75-84.

Siew L.F., Basit A.W. and Newton J.M., The
potential of organic based amylose
ethylcelulose film coatings as ora colon

52)

53)

54)

55)

56)

57)

58)

50)

60)

61)

62)

1211

specific drug delivery systems, AAPS
PharmSciTech., 2000 23, E22

Wilson P. J. and Basit A.W., Exploiting
gastrointestinal bacteria to target drugs to the
colon: an in vitro study using amylose coated
tablets, Int. J. Pharm. 2005, 300(1-2),89-94.
Simonsen L., Hovgaard L., Mortensen P.B.
and Brondsted H., Dextran hydrogels for
colon specific drug delivery, 5. Degradation in
human intestinal incubation models. Eur. J
Pharm. Sci., 1995, 3, 329-33.

Hovgaard L. and Brondsted H., Dextran
hydrogels for colon-specific drug delivery, J.
Control Rel., 1995, 36, 159-166.

Kunihiro M., Fumitoshi H. and Kaneto U.,
Colonic specific drug delivery based on
cyclodextrin prodrug: Release behaviour of
Biphenyl acetic acid from its cyclodextrin
conjugates in rat intestinal tracts after ora
administration, Journa of Pharm. Sci., 1998,
87, 715-720.

Juan Z., Gang C., Hirokazu O., Xiu-Hua H.,
Feng A., Fu-De C., Kazumi D., Colon-specific
drug delivery systems based on cyclodextrin
prodrugs. In vivo evauation of 5-
aminosalicylic acid from its cyclodextrin
conjugates, World J. Gastroenterology., 2005,
11, 7457-7460.

G. Sworn, Monsanto, Xanthan Gum in
Handbook of Hydrocolloids, Ed by G O
Philips and P A Williams, CRC Press, New
York, 2000, 2" Ed., 103-115.

Thiruganesh R., Uma Devi S. K., Himabindhu
R. and Suresh S. Formulation and evaluation
of xanthan gum based Aceclofenac tablets for
colon targeted drug delivery, Brazilian Journd
of Pharmaceutical Sciences, 2011, 47, 299-
311.

Saito D., Nakgji S., Fukuda S., Shimoyama T.,
Sakamoto J. and Sugawara K., Comparison of
the amount of pectin in the human terminal
ileum with the amount of orally administered
pectin, Nutrition, 2005, 21, 914-9.

Amol P., Awesh K. Y., Gopa R., Sunil K. J.,
Shyam S. P. and Govind P. A., Eudragit-
coated Pectin Microspheres of 5-Fluorouracil
for Colon Targeting, AAPS PharmSciTech.,
2007,8, Article 12

Liu L., Fishman M. L., Kost J. and Hicks K.
B., Pectin-based systems for colon-specific
drug delivery via oral route, Biomaterids,
2003, 24, 3333-43.

Munjeri O., Collett J. H. and Fdl J. T,
Hydrogel beads based on amidated pectins for
colonspecific drug delivery: the role of



Patel Parul K. et al /Int.J.PharmTech Res.2012,4(3)

63)

64)

65)

66)

67)

68)

69)

70)

71)

72)

73)

chitosan in modifying drug release, J. Control.
Rel. 1997, 46, 273-278.

Rubinstein A., Rada R., Ezra M., Pathak
S.and Rokem J M., In vitro evaluation of
calcium pectinate: A potential colon-specific
drug delivery carrier, Pharm. Res., 1993, 10,
258.

Sriamornsak P., Prakongpan S,
Puttipipatkhachorn S. and Kennedy R A,
Development of sustained release theophylline
pellets coated with calcium pectinate, J.
Control. Rel., 1997, 47, 221-232.

Wong T. W., Gaia C. and Fabio S., Pectin
Matrix as Oral Drug Delivery Vehicle for
Colon Cancer Treatment., AAPS
PharmSciTech., 2011, 12, 201-214.

Surgjit D., KaYun N. and Paul C. Ho,
Formulation and Optimization of Zinc-
Pectinate Beads for the Controlled Delivery of
Resveratrol., AAPS PharmSciTech, 2010, 11
729-742.

Tomlin A., Read N. W., Edwards C. A. and
Duerden B. I., The degradation of guar gum
by a fecal incubation system., Br. J. Nuir.,
1986, 55, 481-486.

Wong D., Larrabee S., Clifford K., Tremblay
J. and Friend D R., USP dissolution apparatus
Il (reciprocating cylinder) for screening of
guar-based colonic delivery formulations., J.
Control. Rel., 1997, 47, 173-179.

Krishnaiah Y S R., Satyanarayana S., Prasad
Y V R. and Rao S N., Gamma Scintigraphic
studies on guar gum matrix tablets for colonic
drug delivery in healthy human volunteers., J.
Control. Rel., 1998, 55, 245-252.

Krishnaiah Y S R., Veer Rau P., Dinesh
Kumar B., Satyanarayana V., Karthikeyan R
S, and Bhaskara P., Pharmacokinetic
evaluation of guar gum based colon targeted
drug delivery system of mebendazole in
healthy volunteers., J. Control. Rel., 2003, 88,
95-103.

Krishnaiah Y S R., Veer Rau P., Dinesh
Kumar B., Satyanarayana V., Karthikeyan R
S., and Bhaskara P., In vivo pharmacokinetics
in human volunteers: orally administered guar
gum based colon targeted 5-flurouracil
tablets., Eur. J. Pharm. Sci.,2003, 19, 355-362.
Rubinstein A. and Gliko-Kabir I., Synthesis
and swelling dependent enzymatic
degradation of borax modified guar gum for
colonic delivery purposes., STP Pharma. Sci.,
1995, 5, 41-46.

J C.M., Xu H. N. and Wu W., Guar gum as
potential film coating materia for colon

74)

75)

76)

77)

78)

79)

80)

81)

82)

83)

84)

1212

specific delivery of 5 Fluorouracil., J.
Biomater. Appl., 2009, 23, 311-329.

Laila Fatima A. A., Chetan B. C. and Sgeev
C., Assessment of suitability of guar gum with
pH sensitive polymer matrix bases for colon
specific delivery., Der Pharmacia Lettre,
2011, 3, 425-441.

Chaurasia M., Chourasia M. K., Jain N. K.,
Jain A., Soni V., Gupta Y. and Jain S. K.,
Cross-Linked Guar Gum Microspheres. A
Viable Approach for Improved Delivery of
Anticancer Drugs for the Treatment of
Colorectal  Cancer.,AAPS PharmSciTech
2006, 7, Article 74.

Vervoort L. and Kinget R., In vitro
degradation by colonic bacteria of inulin HP
incorporated in Eudragit RS films, Int. J.
Pharm., 1996, 129, 185-190.

Vervoort L., Vanden M. G., Augustins P.,
Bousson R., Toppet S., Kinget R., Inulin
hydrogels as carriers for colonic drug
targeting. |I. Synthesis and characterization of
methacrylated inulin and hydrogen formation.,
Pharm. Res., 1997, 14, 1730-1737.

Vervoort L., Rombaut P., Vanden M. G.,
Augustins P. and Kinget R., Inulin hydrogels.
Il. In vitro degradation study., Int. J. Pharm.
1998, 172, 137-145.

Castdli F., Sarpietro M.G., Micidi D., Ottim
S., Pitares G., Tripodo G., Carlisi B. and
Giammona G., Differentid  scanning
calorimetry study on drug release from an
inulin-based hydrogel and its interaction with
a biomembrane model: pH and loading effect.,
Eur. J. Pharm. 2008, 35, 76-85.

Le Cerf D, Irine F. and Muller G., Solution
properties of gum exudates from Sterculia
urens (karaya gum)., Carbohydr. Polym.,
1990, 13, 375-386.

Weiping W., Tragacanth and karaya, In:
Philips G. O., Williams P.A. (eds) Handbook
of hydrocolloids. Woodhead, Cambridge,
2000, 155-168.

Whistler R L., Exudate gums. In: Whistler R.
L., Bemiller J. N. (eds) Industriad gums:
polysaccharides and their  derivatives.
Academic Press, San Diego, 1993, 318-337.
Marta lzydorczyk, Steve W. Cui, and Qi
Wang. Food carbohydrate- Chemistry,
physical properties  and application
Polysaccharide Gums. Structures, Functional
Properties and Applications. Edited by
published by CRC press, 2005.

Singh B. B. and Sharma N. N., Modification
of sterculia gum with methacrylic acid to



Patel Parul K. et al /Int.J.PharmTech Res.2012,4(3)

85)

86)

87)

88)

89)

90)

91)

92)

93)

94)

95)

prepare a novel drug delivery system., Int. J.
Biol. Macromol., 2008, 43, 142-50 PMID
18501422.

Singh B. B. and Sharma N. N., Mechanistic
Implication for Cross-Linking in Sterculia-
Based Hydrogels and Their Use in GIT Drug
Delivery., Biomacromolecules,  2009,10,
2515-2532.

Amrutkar JR. and Gattani S. G., J. of
Microencapsulation., 2012, 29, 72-82
Glicksman M. Mrak E.M. and Stewart G.F.,
Utilization of natural polysaccharide gums in
the food industry. Advances in food research,
vol 2, Academic Press: New York, NY, USA;
pp.110-191.,

Raghavan C. V., Muthulingam C., Jenita J. A.
and Ravi T. K., An in vitro and in vivo
investigation into the suitability of bacterially
triggered delivery system for colon targeting.
Chem. Pharm. Bull., 2002, 50, 892-5.
Gonzalez C. A., Fernandez M. N., Sahagin A
M, GarciaV. J. J, Diez L. M. J,, Cdle Pardo
A. P, Castro R. L. J, Sera V. M,
Glucomanan: Properties and Therapeutic
applications., Nutr. Hosp. 2004, 19, 45-50.
Dave V., Sheth M., McCarthy S. P., Ratto J.
A. and Kaplan D. L., Liquid crystaline,
rheological and thermal properties of konjac
glucomannan., Polymer., 1998, 39(5), 1139-
1148.

Nakano M., Takikawa K. and Arita T.,
Release characteristics of dibucaine dispersed
in konjac gels., J. Biomed. Mater. Res.,1979,
13, 811-919.

LiuM. M, FanJ. Y., Wang K. and He Z. M.,
Synthesis, characterization, and evaluation of
phosphated cross-linked konjac glucomannan
hydrogels for colon-targeted drug delivery.
Drug Delivery., 2007, 14, 397-402.

Wang K., Fan J. Y., Yanjun Y. J. and He
Z.M., Konjac glucomannan and xanthan gum
as compression coat for colonic drug delivery:
experimental and theoretical evaluations.,
Front. Chem. Eng. China., 2010, 4, 102-108.
Alvarez-Mancefido F., Landin M.and
Martinez-Pacheco R., Konjac glucomannan/
xanthan gum enzyme sensitive binary
mixtures for colonic drug delivery., Eur. J.
Pharm. Biopharm., 2008, 69, 573-81.

Prabhu P., Ahamed N., Matapady H. N.,
Ahmed M. G, Naayanacharyulu R,
Satyanarayana D. and Subrahmanayam E.,
Investigation and Comparison of Colon
Specificity of Novel Polymer Khaya Gum

96)

97)

98)

99)

100)

101)

102)

103)

104)

105)

106)

107)

1213

with Guar Gum., Pak. J. Pharm. Sci., 2010,
23, 259-265.

Oluwatoyin A. and Odeku J. T. F., In-vitro
evauation of khaya and abizia gums as
compression coatings for drug targeting to the
colon., Journal of Pharmacy and
Pharmacology., 2005, 57, 163-168

Rubinstein A., Nakar D. and Sintov A,
Colonic drug delivery: enhanced release of
indomethacin from cross-linked chondroitin
matrix in rat cecal content.,, Pharm. Res,
1992, 9, 276-278.

Amrutkar J. R. and Gattani S. G., Chitosan—
Chondroitin Sulfate Based Matrix Tablets for
Colon Specific Ddivery of Indomethacin.,
AAPS PharmSciTech., 2009, 10, 670-677.
Thiruganesh R., Uma devi S. K. and Suresh
S., Formulation and Evaluation of Chondroitin
Sulphate Tablets of Aceclofenac for Colon
Targeted Drug Delivery,Jr. of phrm. res.and
health care, 2010 ,2 , 46-65

No H.K. and Meyers SP., Utilization of
Crawfish Processing Wastes as Carotenoids,
Chitin, and Chitosan Souces., J. Kor. Soc.
Food Nutr., 1992, 21, 319-326.

Knorr D., Use of chitinous polymers in food.
A challenge for food research and
development., Food Technol., 1984, 38, 85—
97.

No H.K. and Meyers S.P., Preparation and
Characterization of Chitin and Chitosan-A
Review. J. Aquat. Food Prod. Technol. 1995,
4, 27-52.

Knaul J. Z., Hudson S.M. and Creber K.A.M.,
Crosdinking of chitosan fibers with
dialdehydes: Proposal of a new reaction
mechanism J. Polym. Sci. B: Polym. Phys. 37,
1999, 1079-1094.

Li Q., Dunn E.T., Grandmaison E.W. and
Goosen M.F.A., Applications and properties
of chitosan., J. Bioact. Compat. Polym., 1992,
7, 370-397.

Tominaga S.,Takizawa T. and Yamada M.,
Large intestinal delivery composite. US patent
6, 2001, 248, 362.

Hideyuki T., Junta K., Chika T., Takako M.,
AkiraT., Tsutomu S., AkiraY.and Shozo M.,
Chitosan capsule for colon-specific drug
delivery: Improvement of insulin absorption
from the rat colon., Jr. Pharm. Sci., 1997, 86,
1016-1021.

Lorenzo-Lamosa M.L., Remunan-Lopez C.,
JL.Vila-Jdato J.L. and Alonso M. J., Design of
microencapsulated chitosan microspheres for



Patel Parul K. et al /Int.J.PharmTech Res.2012,4(3)

108)

109)

110)

111)

112)

113)
114)
115)

116)

colonic drug delivery., J. Control. Release,,
1998, 52, 109- 118.

LiuH., Yang X. G., NieS. F., , Wel L. L.,
Zhou L. L., Tang R. and Pan W. S,, Chitosan-
based controlled porosity osmotic pump for
colon-specific delivery system: Screening of
formulation  variables and in  vitro
investigation.  International  Journal  of
Pharmaceutics., 2007, 332, 115-124.

Necas J., Bartoskova L., Brauner P. and
Kolar J.,, Hyauronic acid (hyaluronan): a
review., Veterinarian Medicinal., 2008, 53,
397-411.

ORegan M., Martini I., Crescenzi F., De
Luca C. and Lansing M., Molecular
mechanisms and genetics of hyaluronan
biosynthesis., International  Journa  of
Biological Macromolecules., 1994, 16, 283-
286.

Brown M.B. and Jones S. A., Hyauronic
acid: a unigue topica vehicle for the localized
delivery of drugs to the skin., Journal of
European Academy of Dermatology and
Venereology, 19 (2005) 308-318.

Moreland L.W., Intra-articular hyaluronan
(hyaluronic acid) and hylans for the treatment
of osteoarthritiss mechanisms of action.,
Arthritis Research and Therapy., 2003, 5, 54—
67.

Toole B. P., Wight T. N. and Tammi M. I., J.
Biol. Chem., 2002, 277, 4593.

Yang B., Zhang L. and Turley E. A., J. Biol.
Chem., 1993, 268, 8617.

Day A. J. and Prestwich G. D., J. Bial.
Chem., 2002, 277, 4585.

Turley E. A., Belch A. J, Poppema S. and
Pilarski L. M., Blood., 1993, 81, 446.

117)

118)

119)

120)

121)

122)

123)

124)

125)

126)

*kkkk%x

1214

Liu N., Gao F., Han Z., Xu X., Underhill C.
B. and Zhang L. Cancer Res. 2001, 6, 5207.
Zeng C., Toole B. P., Kinney S. D., Kuo J.
and Stamenkovic I., Int. J. Cancer, 1998, 177
396.

Coradini D., Pellizzaro C., Miglierini G,
Daidone M. G. and Perbdlini A., Int. J.
Cancer., 1999, 81, 411.

Luo Y., Ziebel M. R. and Prestwich G. D.,
Biomacromolecules. 2001,1, 208.

Luo Y., Bernshaw N. J, Lu Z.-R., Kopecek
J. and Prestwich G. D., Pharm. Res., 2002, 19,
396.

Jain A., Jani S. K., Ganesh N., Barve J. and
Aadil M. B., Design and development of
ligand-appended polysaccharidic nano
particles for the delivery of oxaiplatin in
colorectal cancer., Nanomedicine: Nano
technology, Biology and Medicine.,, 2010,
6,179-190.

Aquilera J. M. and Stanley D.W., Micro
structura principles of food processing and
engineering., Springer: Aspen, Germany,1999,
99-103.

Ching, A.L., Liew C.V., Heng P.W.S., Chan
L.W., Impact of crosslinker on aginate
matrix integrity and drug release., Int. J.
Pharm., 2008, 355, 259-268.

XuY., Zhan C.,, Fan L., Wang L. and Zheng
H., Preparation of dua crosslinked alginate-
chitosan blend gel beads and in vitro
controlled release in oral site-specific drug
delivery system., Int J Pharm. 2007, 336, 329-
37. Epub 2006 Dec 20.

Wakerly Z., Fell J., Attwood D. and Parkins
D., Studies on amidated pectins as potential
carriers in colonic drug delivery., J. Pharm.
Pharmacol. 1997, 49, 622-5.



