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1. Introduction
1.1. Targeted drug delivery system
Definition

Targeted release describes drug release directed towards isolating are concentrating a
drug in a body region, tissue or site for an absorption or for drug action [1].

Oral Targeted drug delivery

Oral route is the most popular route for administration of drugs meant for systemic ef-
fects. The oral route is very extensive and different parts of it have different structure and dif-
ferent physic chemical characteristics. These characteristics can be utilized for the targeting
of drugs to the different parts of the gastrointestinal tract. If the drug is targeted to colon, the
formulations have to be designed accordingly [2].

Types of Targeted oral formulations

1. Drug delivery systems targeted to stomach/duodenum.
2. Drug delivery systems targeted to the small intestine
3. Drug delivery systems targeted to the colon.

4. Drug delivery systems targeted to Lymphatics
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1.1.1. Targeted delivery systems for stomach /duodenum

There are several methods targeting the dosage from to stomach and duodenum. The
few principles of those have discussed below. The density of the dosage forms is adjusted to
lesser than the density of the gastric fluid in order to make the dosage form float on the gas-
tric fluid. Effervescent type of Tablets are also being used in this category by utilizing their
buoyancy characteristics. Targeting may also be achieved by creating large size dosage forms
because of their larger size their transit time is increased and they can reside in the stomach
for longer time. But the main disadvantage of this method is it is very difficult to swallow such
large dosage forms. Now a day the most useful technique 1s the usage of bioadhesive materials
and it can adhere to gastric epithelium or to mucin. Layer though many such substances are
not very effective in the gastric pH. Stomach targeted systems are useful in targeting vitamins,
minerals, antibiotics, antinausents, hypotensives and sedatives.

1.1.2 Targeted drug delivery systems to the small intestine

Enteric coated products are the finest examples of small intestine targeted delivery. En-
teric coating is obtained by using different types of enteric coating materials. Polymers selec-
tion plays critical in achieving targets to the lower part of the small intestine.

1.1.3 Targeted delivery system to lymphatic systems

Lymphatic consist of a network of vessels throughout large and small intestines. Drugs
targeted to them avoid hepatic first pass metabolism. The large molecular drugs are effectively
absorbed through lymphatic and so are antigens, hydrophobic drugs and like streptomycin and
gentamycin which are hydrophilic or insoluble.

1.1.4 Targeted drug delivery systems to the colon

As the colon represents the most distal segment of the gastrointestinal tract, targeting
this region of the gut can be problematic. Although the rectal route can be used to gain access
to the colon via the administration of suppositories and enemas. Such formulations rarely suc-
ceed in spreading beyond the descending colon, with little or no drug reaching the proximal
colon [3]. Also, the rectal route is not convenient or acceptable for most patients. The oral
route is therefore the preferred mode of administration [4].

Orally administered drugs are generally administered in the form of immediate release or
modified release formulation. While the former are intended to release the drug in the stomach,
so providing rapid absorption, the modified release system is designed to extend or delay the
release of the drug in the gastrointestinal tract. Modified release systems are further subdivided
into a single unit or multiple unit dosage forms such as Tablets and capsules, usually move
through the gut intact, whereas multiple unit dosage forms, such as pellets, granules or mini
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Inflammatory Bowel Discase
—Tablets, exist as discrete entities in the gastrointestinal tract. traditionally, single unit systems
have proven to be more popular than multiple unit preparations because of their ease and cost
of manufacture. However, the fundamental distinction in design between the two systems
gives rise to their differences in in-vivo behavior. The small size and divided nature of multiple
unit systems permits more uniform gastro intestinal transit particularly gastric emptying and
colonic transit and drug release characteristic than with single unit systems. The chances of
dose dumping, and conversely incomplete drug release, are also less likely with multiple unit
dosage forms, Specific details of the gastro intestinal handling of the two types of system can
be found elsewhere [5]. On balance, the multiple units provide the more reliable platform on
which to base development of oral colonic release drug delivery systems. Colon specific drug
delivery via the oral route is simple concept. The formulation must retard the drug release in
the stomach and small intestine but allow the drug release in the colon. However, this is dif-
ficult to achieve in practice because the formulation will be exposed to a range of condition
and environments on passage down the gut, including pH, enzymes electrolytes, transit time
and pressure. More over these parameters are subject to considerable inter and intra individual
variation and are also affected by the disease, which makes colonic delivery via the oral route
a challenging proposition [6,7]. In the context of the colonic targeting, the exploitable gastro-
intestinal features have include pH, transit time, pressure and micro flora. On the basis of these
features, range of approaches has been proposed and system developed, but the majority of
these have not ever progressed beyond the bench, with very few reaching the stage of clinical
evaluation.

2. Drug Deliveries to Colonic Region

Colon specific drug delivery is very much appreciated in treating colonic disorders,
such as Crohn's disease, ulcerative colitis and irritable bowel syndrome. There 1s an increasing
number of studies performed in colon specific drug delivery not only in treating the colonic
diseases but also in utilizing the positive characteristics of colon especially the physiological
and environmental advantages of the colon in developing controlled and other drug delivery
devices. Colon is targeted not only for the local action in the colon but also for the systemic
bioavailability. This is successfully proved in drug delivery of peptides and proteins through
the colon. The drugs that are unsTable in the upper gastrointestinal tract can be successfully
exploited as colon delivery. In such cases, the enzymatic degradation and hydrolysis of peptide
drugs are prevented that assures the systemic availability of the drugs, the poorly absorbed
drugs which undergo first pass metabolism and drugs used in the treatment or arthritis and

asthma are the drugs that can be given as colonic drug delivery.

Several approaches have been explored in Colon-Specific Drug Delivery System (CS-
DDS) to treat the colonic diseases by targeting and delivering the drugs to the colon and is
an alternative method to overcome the barriers of successful therapy. Topical [Inflammatory
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Bowel Disease (IBD)], local (pancreatitis) and the systemic availability of insulin are possible
with the colonic drug delivery system. The prime objective of the drug delivery is to increase
the pharmacological activity, reduce side effects and prevent drug from degradation. Since
CSDDS is a safe and an advanced technique, it offers all the above three advantages. The drug
delivery to the colon has to cross several physiological barriers like degradation of the drug
in the gastrointestinal tract (GIT) and absorption of the drug in the GIT before it reaches the
colon. The diseases that affect the GIT may affect the drug delivery in the colon. Although,
several approaches for drug delivery in the colon are available most of them are based on the
following fundamental mechanisms such as biotechnologically developed DDS, pH sensitive

polymeric systems, microflora activated drug release, time dependent DDS, and prodrugs.

For evaluation of CSDDS, several methods of alternative techniques are available such
as a modulator fermentor method, simulated human microbial eco- system method, and sys-
tem using rotating beads to mimic the motility and hydrodynamics of the colon. The result
obtained from each method differs according to the design of the methods used for evaluation.
The conventional United States Pharmacopoeia (USP) dissolution testing using different buf-
fers is simple, convenient and efficient in finding release profiles of the drug formulations in
CSDDS.

2.1 Advantages
 SuiTable for drugs degraded by the enzymes in the stomach and small intestine.

* Provides enhanced absorption of poorly soluble drugs by offering long retention time in
the colon.

» Wastage of drugs by unnecessary systemic absorption is reduced and intact form of the
drug is saved till it reaches the target site.

* If the area to be treated is a colon, the absorption and delivery of the drugs in other re-

gions of the GIT is not necessary, especially for drugs harmful to those regions.
* Increases the overall reliability of the therapy.

2.2 Disadvantages
» Substantial variation in gastric retention time may affect drug delivery.

* Diseased condition may affect the colonic transit time and the drug release profile, e.g.
diarrhea, ulcerative colitis and IBD.

» pH levels of the colon may vary between individuals due to diseases, chemotherapeutic
agents used, state and temperature of food consumed.
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» Colonic microflora may be affected by diet and diseases that affect the enzymatic action
of colonic area, which leads to poor in vitro-In vivo correlation, hence necessary to carry out

the bioavailability study.
2.3 Polymers used in colonic delivery

Eudragit-L.100, Eudragit-S100, Eudragit- L30D, Eudragit-FS30D, Eudragit-L55, Poly-
vinyl acetatephthalate, HPMCP, HPMCP-50, HPMCP-55, Cellulose acetate trimiliate, and
Cellulose phthalate are the polymers commonly used and their thresholdpH falls between 4.5-
7.0, which is suiTable to explore it as colonic drug delivery device.

2.4. Techniques used in colonic deliveries
2.4.1. Timed-release systems

The mechanism of timed-release CSDDS is that it can resist the acidic environment of
the stomach and passes the stomach intact and reaches the distal part of the small intestine
where the drug is released after pre- determined lag time. A good example is using Diltiazem
hydrochloride as a model drug for Enteric coated-Timed release-Press coated (ETP) Tablet. In
the ETP Tablet, the outer shell is coated with Hydroxy Propyl Cellulose (HPC). The in vitro
study on an ETP Tablet in pH 1.2 and pH 6.8 fluids show the timed release as well as acid
resistance characteristics [8]. For colon targeting, the formulation itself should suppress the
drug release completely for 2 hours in the stomach and should release the drug rapidly after
3+1 hour, which is considered as lag time. Enteric-coated capsules with HPC drug container
are also available for release of drug specifically in the colon. In this, the capsules are made of
Ethyl Cellulose (EC) and drug container with the low substituted Hydroxy Propyl Methyl Cel-
lulose (HPMC). Water penetrates into the drug container through the micropores of the capsule
shell that influence EC and the whole system to release the drug by disintegration [9].

2.4.2. Pressure controlled devices

The drug, 5-amino salicylic acid (ASA), is prepared by pressure controlled DDS after
administration, both in the beagle dogs and human volunteers5-ASA appears in the blood
plasma after 3 to 5 hours known to be the time taken for the system to reach the colon [10]. The
pressure controlled colon delivery capsules for liquid preparation, time controlled colon deliv-
ery capsules for liquid and solid preparation, and Eudragit-S coated Tablets for solid prepara-
tion are the three kinds of DDS in pressure controlled devices. The drug release from the solid

preparation was better and well controlled as compared to that of the other two preparations

[11].
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2.4.3 Biodegradable nanoparticles

The study was conducted in Wistar rats with the drug, Rolipram, an anti-inflammatory
model drug. Rolipram was prepared as a nanoparticle with poly (lactic-coglycolic acid) given
once orally for four consecutive days. Previously, male Wistar rats were induced forexperi-
mental colitis by 2,4,6- Tri Nitro Benzenesulphonic acid (TNBS) to assess the activity of Ro-
lipram on induced colitis. All nanoparticle formulations proved to be as efficient as the drug
in solution in mitigating the experimental colitis. The administration of Rolipram nanoparticle
and solution significantly decreased the clinical activity score and myeloperoxidase activity.
But during the next 5 days, when animals Were kept without the drug treatment, the solution
form of Rolipram showed significant relapse but the nanoparticle slowed the continued inflam-
mation levels. When compared to the solution, Rolipram nanoparticle showed a reduced ad-
verse effect index. This was because Rolipram nanoparticle had the potential to retain the drug
from systemic absorption. Regular treatment envisages the absorption in the small intestine
that causes significant side effects [6]. The biodegradable nanoparticle drug delivery systems
plays a successful role in the treatment of IBD when compared with existing drug delivery

systems.
2.4.4 DDS targeting immune regulating cells

A study on oral DDS targeting immune regulating cells ameliorates mucosal injury in
TNBS-induced colitis is an ideal example for delivery system, which targets the immune regu-
lating cells. The study focused on the immune regulating cells in thecolonic mucosa, which is
important inpatients to examine the therapeutic effect of Dexamethasone microspheres over
Dexamethasone alone, the microspheres were given to rats with TNBS induced colitis. A mac-
roscopic score, histological score and myeloperoxidase activity were assessed. All the above
three scores treated with Dexamethasone microspheres were significantly lower than those
treated with Dexamethasone alone.

The gene expression of pro-inflammatory cytokines and Cyclo-oxygenase-2 in rats
treated with ‘Dexamethasone microspheres was down-regulated, compared with that in rats
treated with Dexamethasone alone. The number of PCNA (Proliferating Cell Nuclear Antigen)
-positive cells in the Dexamethasone microsphere group were larger than in the group treated
with Dexa—methasone alone. In addition, Dexamethasone microspheres suppressed NF-KB
activation in TNBS induced colitis. Therefore, the overall report stated that the oral adminis-
tration of Dexamethasone microspheres appears to be more advantageous than Dexametha-
sone alone in treating the mucosal injury in TNBS induced colitis. Thus, the CSDDS could be
an ideal therapy for human IBD [7].
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2.4.5 Gene delivery to inflamed colon

The usage of recombinant adenovirus for the gene delivery into epithelial and sub-
epithelial cells of the inflamed colon are useful in treating colonic inflammation [12]. GIT is
a potentially attractive target for gene delivery. Local administration of recombinant adenovi-
ruses with the normal AACMVGal (a vector used as a reporter gene) and an adenovirus with
the modified fiber structure [Adz. F (pk7)] could facilitate the most successful gene delivery
when the colon is targeted. The signal transduction proteins with suiTable therapeutic potential
can be delivered in the colonic tissue by this method of gene delivery. The local administration
of adenoviruses into an experimentally induced colitis by hapten reagent (TNBS) was better
treated by local administration rather than other routes of administration. Finally, AACMVGal
adenoviruses with modified fiber structure produced 10 to 40 folds higher reported gene ac-
tivity in spleen T-cells and lamina propria mononuclear cells of colitis mice compared with
standard AACMVBGal vectors.

2.4.6 MAD targeted therapy for colonic cancer

Monoclonal antibodies (MAbs) help the immune system to respond quickly to infection
by increasing the sensitivity to recognize the infection when it occurs again. For colon target-
ing, MAbs can be prepared in a laboratory and utilized in treating colonic cancers. MAbs act
by identifying and locking the proteins of the cancer cells and triggers the body’s immune
mechanism to attack the cancer cell in order to kill the cells. MAbs can be attached either with
a cancer drug or with a radioactive substance and deliver them directly into the cancer cell
[13]. Epidermal growth factor receptor (EGFR) is the receptor that has been located on the
surface of the cancer cells. The MAbs like cetuximab and bevacizumab locks EGFR and may
prevent the cancer cells to grow or divide. Cetuximab is given as an infusion through the vein
to treat advanced metastatic cancer in combination with Irinotecan and 5-fluorouracil.

2.4.7 Bio-adhesive polymers

Bio adhesion is a process by which the drug moiety remains in contact with a particu-
lar organ for an extended period of time. The polymers like polycarbophils, poly-urethane,
polyethylene oxide, polypropylene oxide and copolymers are considered as suitable material
for bioadhesive DDS. The two major factors that affect the colonic drug availability are the
dissolution of the dosage form before it reaches the colonic environment and the absorption of
the drug in the upper part of the GIT or other than colonic region. This may be the reason be-
hind the side effects and low colonic concentration of the drug. The water soluble polymer of
[N-(2-hydroxy propyl) meth-acrylamide] (HPMA) co-polymer was studied by Kopececk.14
This DDS was designed with both bio-adhesion and site specific drug delivery of 5-ASA with
HPMA co-polymer that contains saccharide units complementary to mucosal lectins of the
GIT as carriers.
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2.4.8 Hydrogels

Hydrogels are the potential carriers for drugs as well as other candidates to be targeted
to the colon. The types of hydrogels can be classified as azo-aromatic hydrogels, inulin hydro-
gels and dextran hydrogels. Dextran hydrogen is further classified into methylated dextran hy-
drogels and activated dextran hydrogels [15,16] In hydrogels, the acidic co-monomers are the
gel which remains intact in the stomach and liberates the drug after it reaches the colon. This
is due to the cleavage of the crosslink between the drug and the hydrogel [17] Azo-aromatic
hydrogels showed faster in vitro release of 5-fluorouracil in presence of azo reductase in the
culture of the intestinal flora [18]. Methylated dextran hydrogels and activated dextran hydro-
gels show better degradation than the inulin hydrogels as the dextran degradation is influenced
by dextranase [19]. The degradation process was studied in the human colonic fermentation
model [20]. Inulin hydrogels and dextran hydrogels serve better delivery of the drugs in the
colon. The in vitro and in vivo degradability of the hydrogel depend on the swelling property
of the hydrogels and cross links seen in the hydrogels also play a vital role in the release of
the drug. The low cross-linking density hydrogels can degrade faster than the hydrogels with
high cross-linking density. There is an enhanced release of the bovine serum albumin from the
hydrogels by the addition of the dextranase in the dissolution medium [21,22].

1.4.9 pH regulated pellets

The anionic polymer like Eudragit L and Eudragit Sare used for the preparation ofCS-
DDS which isimpermeable to water at low pH. The techniques like extrusion, spheronization
and pelletization are used to develop pH sensitive matrix pellets for colon targeted drug deliv-
ery [23].The studyas focused to assess the role of the organic acid in the enteric matrix gran-
ules. The result observed that there was retardation in the in vitro release of the model drug but
the corresponding effects was not seen with thein vitro -in vivo study [24].

2.4.8 Biodegradable polysaccharides

There are several poly- saccharides that have been used successfully in CSDDS. Poly-
saccharides such as amylose, Guar gum, Pectin, Chitosan, inulin, cyclodextrin, chondroitin
sulphate and dextrans are some of the examples used in the CSDDS [25, 26] Their resistance
to the digestive enzyme and the biodegradable property in the colon are the characteristic fea-
tures, which develops polysaccharides as CSDD polymers [27].

2.4.9 Osmotically regulated systems

These systems are operated by the osmotic changes in the inside and outside of DDS.
Around 5 to 6 push-pull units are seen in the osmotically regulated system [28]. Each unit
is 4mm in diameter and perfectly placed in the hard gelatin housing or encapsulation. The
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push-pull system, Oros-CT (Alza Corporation, California, USA), contains a drug layer and
the osmotically sensitive layer. After swallowing, the hard gelatin cover is dissolved but DDS
remains intact in the upper GIT because of the enteric coating given in the system. As soon as
the unit enters into the intestine, the water intake of the osmotically sensitive layer is initiated,
which initiates the drug release from DDS that is slow-flowed into the intestinal environment
through the orifice which 1s previously drilled in the system. To treat ulcerative colitis, each
system is designed to deliver the drug after 3 to 4 hours to prevent drug delivery in the small
intestine. The advantage of the system is that the drug release can be maintained constantly for
4-24 hours.

2.4.10 Prodrugs

Prodrugs are classified as also conjugates, glycoside conjugates, cyclodextrin conju-
gates, dextran conju—gates and amino acid conjugates [29,30] In this approach, active drug is
cleaved from the carrier molecule via the action of enzymes derived from the colonic micro-
flora and redox potential of the colon. The finest example is sulphasalazine, which is chemi-
cally salicyl-azo sulphapyridine, in which salicylate radical and sulphapyridine are linked by
an azo-bond. When ingested, the bulk of the sulphasalazine reaches the colon intact, where the
azo-bond is cleaved by colonic bacteria and the liberation of sulphapyridine and 5-ASA occurs
[31].

3. Dissolution Studies of Colon Drug Delivery Systems
In Multi Ph Media Using Usp Apparatus I1 AND III

The evaluation of colonic delivery systems can be carried out to study the release profile
in buffer solution of pH 1.2 that resembles the artificial gastric fluid and pH 6.8 for intestinal
fluid and pH 7.2 to mimic the pH conditions of the distal part of the intestine and colon. USP
dissolution apparatus Il (paddle) and apparatus III (reciprocating cylinder) coupled with auto-
matic sampling devices [32] and software was used to develop a testing procedure for acquir-
ing release profiles of CSDDS drug formulations in multi-pH media. In a study, acetaminophen
was used as a model drug prepared as CSDDS and used for the study of release pattern for
CODES™ (Yamanouchi Pharma Technologies, Japan). Apparatus III has been demonstrated
to be more efficient than that of apparatus II by offering flexibility in sampling time, agitation
rates and medium changes. This concludes that apparatus III showed high efficiency in the
study of in vitro evaluation of CSDD devices. Also pH 5.0 medium shows rapid drug release
than other pH mediums, but dipping length and paddle speed also plays a significant role in
drug release.
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In Vitro Drug Release Studies

This test is to find out the intactness of coatings and carriers in simulated conditions of
the stomach and intestine. To assess the drug release in the stomach, 0.1N Hcl is used as disso-
lution medium and studied for 2 hours (mean gastric time). After that, the drug release profile
has been studied in phosphate buffer for 3 hours (mean small intestine transit time) to assess
the intactness in the small intestine. From this, the Samples are collected at different time in-
tervals and determined for drug release.

In Vitro Enzymatic Degradation Test

This test can be carried out by two methods: In the first method, enzymes like Pecti-
nase and dextranase of the rat, guinea pig or rabbit’s cecal content may be added in the buffer
medium. The samples are collected at frequent intervals and studied for drug release profile.
In another method, carrier drug system is incubated in the fermentor and suiTable buffer me-
dium is selected which contains colonic bacteria like Streptococcus faecium or B. ovatus. The
amount of drug release at a particular time is directly proportional to the rate of degradation of
polymer carrier. Generally, it is very difficult to design an ideal in vitro model for evaluation
of colonic DDS. The conditions like pH, volume, rotations per minute, bacteria and their en-
zymes, and enzyme activities are affected by food, disease conditions and physical stress that
make the design of ideal in vitro model for evaluation extremely critical.

3. Recent Therapeutic Approaches in IBD

Inflammatory bowel disease (IBD) is an idiopathic disease. Novel drug delivery sys-
tems are very successful in the treatment of colonic diseases. The colonic environment can be
explored for local and systemic delivery of drugs and other bioactive compounds such as hor-
mones, insulin, vasopressin and other plant ingredients. The colon is the major region of the
GIT. The common colonic disease such as Diverticular Inflammatory Bowel Disease (IBD)
which includes Crohn’s disease and ulcerative colitis, colitis ulcerosa diversional colitis, isch-
emic colitis, colon cancer and lymphoma of the colon can be treated successfully by modern
therapeutic approaches. In past decades the general pathophysiology of inflammatory bowel
disease was described on the basis of clinical manifestation. The investigators and clinicians
are struggled to provide the effective therapy for IBD due to its dismaying clinical manifes-
tation The causes of inflammatory bowel disease is multi factorial and may be resulted from
inappropriate activation of mucosal immune system, inflammatory responses, generic factors,
candidate genes, chromosome location etc., The infectious organism such as Escherichia coli,
measles virus, cytomegalo virus and factor like saturated fats, milkproducts, allergic foods
may also be the cause of the IBD. General pathophysiology of ulcerative colitis and Crohn’s
disease is limited to large intestine often inflammation and ulcers occurs in the inner lining of
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the large intestine or in mucosal layer. The ulcerative colitis resulting in diarrhea, blood and
pus. Crohn’s disease otherwise called regional enteritis. Crohn’s disease involves any part
of the gastrointestinal tract from mouth to anus with the inflammation extending through the

bowel wall to the serosal surface. Both the diseases used to have waxing and waning intensity
and severity [33,34,35].

Crohn’s disease and ulcerative colitis significantly differ from each. The treatment
methods are common to both the diseases. Many extra intestinal manifestations are shared by
both the diseases occurs in adults and children. The signs and symptoms of ulcerative colitis
involves diarrhea with the presence of blood and mucus. Weight loss, abdominal pain, painful
bowel movements, abdominal cramps and extra intestinal symptoms like arthritic knees may
be observed in youngsters. The pathophysiology of ulcerative colitis showed an increased
amount of colonic sulfate reducing bacteria. This may be due to the result of higher concen-
tration of hydrogen sulfide toxic gas. Some reports suggested that sulfur containing red meat,
alcohol consumption also increased the disease relapsing in patients in remission. The ulcer-
ative colitis occur in 38-100 for every 100,000 in the US. The disease occurs predominantly in
northern countries0.1%population. Ulcerative colitis has no known cause and it is treated as
autoimmune disease.

4.1 Management of IBD

The treatment approaches depending on the severity of the disease. Pharmacothera-
pyis significantly successful in the treatment of ulcerative colitis. The optimized medical ap-
proach differs with a physician. The main objective of the treatment is to induce the remission
followed by the maintenance therapy to prevent relapse. The drug treatment involves amin-
osalicylates such as sulfasalsasine corticosteroids (Prednisolone), immune suppressive agents
(azathioprine) and biological agents such as infliximab. Ulcerative colitis generally be cured
by surgical removal of the large intestine which is not recommended in the early stages. Drug
delivery systems with modified and targeted drug delivery to the site and prodrugs approach
can also successfully used in IBD management. The list of the drugs approved commonlyfor

ulcerative colitis and Crohn’s are given below.36 [37].

Corticosteroids: hydrocortisone, methylprednisolone, Prednisolone as 1.V route, oral or re-
tention enemas.

5-Aminosalicylic Acid Compounds

Sulphasalazine combination of sulphapyridine and 5-aminosalicylic acid joined by an
azo - bond. Poorly absorbed, split by bacteria in the colon. 5-ASA part is the active moiety;
sulphapyridine part can cause sulfonamide toxicity. Reduces relapses in UC and used for treat-
ment of exacerbations.
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Side effects — headache, nausea, vomiting, anorexia — commoner in slow acetylators (of the
sulfonamide part). Lupus-like syndrome. Rash, fever, lymphadenitis, agranulocytosis. Revers-
ible male infertility.

Mesalamine - 5 - ASA. Delayed release, pH- dependent preparations to allow release in the
colon. Better tolerated than sulphasalazine, but still carries risk of hematological side effects.

Olsalazine- 2 molecules of 5-ASA linked by azo-bond split by colon bacteria.
Balsalazide prodrug- of 5-ASA

Immunosuppressants- Azathioprine

Metronidazole- Perianal Crohn’s disease.

Infliximab- severe active Crohn’s disease refractory to treatment with steroids.
Monoclonal Antibody- Inhibits the pro-inflammatory cytokine TNF-a.

NSAID- Ibuprofen, Diclofenac, Indomethacin Analgesic — rapid (full effect within 1 week)
Anti-inflammatory (full effect within 3 weeks)

4.2 Various studies on colonic pH conditions

The various studies conducted worldwide by following different techniques registered
the pH changes in normal and IBD colon. The Table 1.1 displays the colonic pH conditions
in the normal healthy volunteer patient with ulcerative colitis and Crohn’s disease studied by
various reserarchers. Changes in the intestine and colonic pH also considered as an important
factor in the treatment of ulcerative colitis and IBD. The design and development of novel
treatment and novel drug delivery systems are also significantly influenced by the changes in
the luminal pH conditions and that should be considered in the treatment of IBD. The formula-
tion also developed to deliver an active agent directly to the inflammation site. This approach
reduces the absorption of drugs in the upper GI tract as well as the systemic side effects. This
method involves pH dependent drug delivery systems (Asacol, Mesacol and Salofalk). Anoth-
er common technique involves bacterial enzymatic metabolism, ( sulphasalazine, olsalazine
and balsalazide) which also affected by changes in colonic pH.

12



Table 1: Ph Conditions in Normal and Inflamed Colon

Inflammatory Bowel Disease

Smallbowel pH Colonic pH
. Ceacum/
Sl.no Study Patient Left
Proximal Distal right
colon
colon
Fallingborg
1 39 1 6.4 7.3 5.7 6.6
199938 rormats
Fallingborg
2 13 1 6.4 7.4 5.8 -
199839 rormats
Rai d
3 armunco 7 normals 6.6 7.4 6.7 -
199240
2normal +
7 GI disord
4 Watson 19724 1SOTaer 5575 6.5-7.5 5.5-7.5 6.5-7.5
cases
Evans
5 66 normals 6.6 7.5 6.4 7.1
198842
Patient with Ulcerative Colitis
6 Raimundo 7 acitive 6.1 7.2 4.7 -
19914 6 inactive 5.9-6.6 6.9-7.4 49-5.5 -
. Fallingborg 3 active Normal Normal Normal -
19934 3 very active Normal Normal 2.3-34 -
8 Nugent 20004 6 active 7.3x" 8.3 6.7 6.7
9 Press 7 active 6.8 8.2 7.2 6.8
199846 4 nactive 6.6 7.9 6.5 6.5
10 Eve 4 active 6.5 6.8 5.5 7.5
v . . . .
199947
Patient with Crohn’s disease
1" Fallingborg 9 withileoice- 63 73 6.7 NA
1998% cal resection
Sasaki 3 acitive
12 . . 7.2 7.8 5.3 53
199748 1 inactive
Eve .
13 1999 12 active 6.5 7.5 6.2 6.5
14 Press 5 active 6.5 7.9 6.5 6.5
199846 7 inactive 6.8 8.2 6.5 6.5

NA- Data not available

4.3 Treatment methods for IBD and its limitations

Treatment usually based on reports of clinical history, physical parameters endoscopy,
radiology, histology and regular laboratory tests. The study on these reports gives the clear
idea about IBD and also distinguishes the ulcerative colitis and Crohn’s disease but it is very
difficult to distinguish ulcerative colitis and Crohn’s disease in at least 10% of the population
for them IBD is limited to the colon. [49,50].
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Long time management of inflammatory bowel disease involves the drug therapy and
lifestyle management. The therapy may be started with anti diarrheal in the beginning to give
the symptomatic relief and the treatment should be focused on reducing the inflammation
once the symptoms are subsiding. A correct diet and nutrition’s are advisable as a supporting
measures for the successful IBD management. A drugs such as 5 amino salicylic acid (Mesala-
mine) were used in the treatment of IBD [51]. 5-ASA widely replaces the sulfasalazine for its
safety and less adverse effects. Mesalamine (5-ASA) not considered as the very potent anti-
inflammatory agent but shown to be effective in IBD patients but also fails to show significant
improvement in the set of patients Affected with IBD.

4.3.1 Important considerations of amino salicylates.
* Amino salicylates are unsTable in gastric acid
» Rapidly absorbed in the small intestine.

» The safety and tolerability of amino salicylates are the reason behind the withdrawal of

these agents.

* The greater number of withdrawals were reported with sufasalazine 3g/day than bal-
salazide 6.75g/day [52,53].

» Balsalazide has a more adverse drug reactions than delayed release Mesalamine [54].

* The unsTable nature of Mesalamine in the upper GI region paves the way for develop-
ing them into novel drug delivery systems such as delayed release formulation based on en-
teric coating pH dependent release system which breaks at ileal or colonic PH or environment.
Prodrug based systems, microflora activated system based on poly sachharides such as Pectin,

Guar gum, Chitosan, timed release system, etc. [55, 56].
4.3.2 Corticosteroids

* Corticosteroids are recommended when 5-ASA compounds are inadequate in produc-

ing the expected results.

» Topical corticosteroids (enemas) used in the patient with ulcerative colitis, Predniso-
lone 60mg/day is used orally in the treatment of ulcerative colitis and Crohn’s disease. The
mechanism of action of corticosteroids was well known and is acts by inhibiting the several

inflammatory pathways and stimulation of lymphocyte apotosis [57].

* Corticosteroids are known for its systemic side effects in which adrenal suppression

and osteoporosis,corticosteroids induced hypertension and diabetes are well noted.
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* Intravenous administration of prednisolone also recommended when the condition of

the patient is severe [58,59].

* The budenonide usage may minimized the side effects of prednisolone and also avail-
able in the form of enema [58,59].

* Budensonide efficacysome what less than the conventional corticosteroids due to first
pass metabolism. Fluticasone was not effective in distal disease [60,61].

* The main disadvantage is usage of these corticosteroids are difficult in crohn’s dis-
ease than ulcerative colitis due to the variation in colonic pH, transit time and bacterial
metabolism[63].

4.3.3 Immuno modulatory therapy

* Azathiopurine and Mercaptopurine (6-mercapropurine) are the most commonly used
immune modulator. These are the derived products of thioguanides. This recommended when

corticosteroids can not be withdrawn from the patient.

 Although azathiopurine earlier reported for side effects and producing increased risk of
lymphoma which is became a highly recommended immuno suppressive agent [64,65,66,67].

* Efficacy of the drug was mostly depend on the dose, and the optimal dosage was 2.0-2.5
mg/kg/day and 1.0-1.5mg/kg/day was found optimal for Azathiopurine and Mercaptropurine
respectively [68].

» The side effects of these agents are limit the usage of Azathiopurine and Mercaptopu-
rine. So that Azathiopurine should be prescribed with caution and step wise approach. The
serious adverse effects includes bone marrow suppression, variation in the white cell counts
[69,70].

* Cyclosporine is recommended in the patient with steroidrefractory ulcerative colitis
[71]. Cyclosporin inhibits the cellular immune response by blocking cytokinine production by
T lymphocytes through calcineuron dependent pathway [72,73].

» Cyclosporins provide the rapid onset of action by intravenous route with significant
clinical improvement about a week [74]. cyclosporins should not be recommended in the treat-
ment of crohns disease which may cause severe perianal or cutaneous fistula [74].Although
cyclosporins are considered as a alternative for corticosteroid therapy their adverse effects
limits the usage.

* Tacrolimus and mycopholate mefetilalso effective in the treatment of IBD. Tacrolimus

is a macrolide immune suppresent which inhibits the immune response through a calcineurin
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dependent pathway [75]. Tacrolimus can induce remission in adults and children [76,77]. Re-
cent days studies supported the usage in the treatment of corticosteroids dependent crohn’s
disease for remission and relapsing [78,79,80,81].

* It can be given as weekly injection 15mg and 25 mg weekly by IM and SC respectively.
The mechanism of action of this drug is unclear and also known for it’s side effects such as
immune suppression, interstitial pneumonitis associated with non productive cough, dypnea

and hepatic fibrosis.
4.3.4 Biological agents

* Biological agents such as infliximab (protypical anti — TNF agent ) made the significant
advancements in the treatment of crohns disease. The mechanism of action of infliximab yet to
be explained completely. It is a chimeric monoclonal antibody. It is an agent which shows the
significant results in the treatment of crohn’s disease but not in ulcerative colitis [82,83].

 Basiliximab was showed significant clinical remission in ulcerative colitis in pilot scale
study [84].

* Daclizumab infusion showed the decreased clinical activity score in refractive ulcerative
colitis patients. Natalizumab demonstrated a significant clinical response in active ulcerative
colitis patients [85]. The rapid immuno modulatory agents are known for its severe adverse
effects which sometimes fatal.

4.3.5 Probiotics and antibiotics in IBD

The studies worldwide supported the recognition of antibiotics in the treatment of IBD
[86]. Other reports on probiotic also revealed that probiotic can be used as a supporting agent
in the treatment of IBD. The usage of antibiotics in the treatment of ulcerative colitis is limited.
In crohn’s disease metronidazole (750mg/day/tid) found to be effective. The side effects of
metronidazole such as neurotoxicity to be taken into consideration before and during the treat-
ment. Metronidazole is effective in the treatment of crohn’s disease but showed no significant
respose in the treatment of ulcerative colitis.

The administration of probiotics is an excellent supporting approach in the manage-
ment of crohn’s disease which is free of any side effects [87,88]. Lactobacillus acidophilus
LAT have the reported effect in immune enhancement adherent to human intestinal cells and
balancing the microflora. Lactobacillus acidophilus NCFB is effective is effective in lowering
faecal enzyme activity decreased faecal mutagenecity in the treatment of rotavirus diarrhea
crohn’s disease and antagonistic against carcinogenic bacteria. Lactobacillus casei shirota is
effective in prevention of intestinal disturbances balancing intestinal bacteria and immune
enhancement. Bifido bacterium bifidum is effecvtive in treatment of rotavirus diarrhea and
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balancing intestinal microflora. Lactobacillus gasseric (ADH) is effective in the treatment of
IBD [89,90,91,92].

4.3.6 Importance of onset of action in IBD treatment

* Pharmacotherapy brought the excellent changes in the management of ulcerative colitis
and crohn’s disease. The onset of action plays a major role in various treatment. In case of the

IBD onset of action is most important in management, maintenance of remission of disease.

* In multicentre trial revealed that onset of action of balsalazide was earlier than Mesala-
mine [93].

* The patient with Sulfasalazine intolerance can be successfully treated with Balsalazide,
Olsalazine or Mesalamine.

 Although corticosteroids have role in maintenance and remission of ulcerative colitis.
Their efficacy relying on rapid onset of action and anti inflammatory activity which gives the
consistency in treatment with corticosteroids in ulcerative colitis.

* The study on immunomodulatory agents revealed that the clinical benefits of thiogua-
nine derivatives desired only after 4 months of therapy in Crohn’s disease [94].

* The clinical reports demonstrated that infliximab is effective with rapid onset of action
that gives the improvement with in days in crohns disease but it is not effective in ulcerative
colitis treatment [95,96].

The onset of action of therapy is most important in the treatment of IBD especially in the
treatment of ulcerative colitis. Although novel biological agents, immune modulator and other
novel agents are available, therapy is dominated by amino salicylates and corticosteroids. The
importance of onset of action in IBD or UC therapy determines the efficacy of therapeutic

agents and therapeutic stratergies.
4.3.7 Advanced drug delivery systems in IBD

 Targeting the drugs to the colon gaining the importance in treating GI disorders. The
local disorder such as IBD, irriTable bowel syndrome (IBS), carcinoma can be successfully
treated by colonic deliveries.

* The advanced drug delivery systems prepared for the treatment of IBD mainly based on

pH, transit time and microflora activation.

* The coated systems with pH dependent polymers such as polymethacrylic acid deriva-
tives (Eudrgits) are widely used for this purpose [97]. Polysachhrides such as Pectin, Chito-
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san, amylose andGuar gum can be successfully explored as colon drug delivery systems. The
polysaccharide systems are found to be more successful because of their practicality and the
abundant microflora of the colon.

* By combining the knowledge of threshold pH of the polymer and their solubility in dif-
ferent pH environments, duly, the system has been designed to release the drugs at target site
exclusively on the colon[98,99].

» According to the various studies worldwide revealed and suggestedfluctuation in the pH

of the colon is dueto various reasons [100].

* Some reports suggested that change in the G.I profile may occur in patient with IBD,
which should be considered in developing delayed release formulations [101].

» Apparently the colon has lower pH value (6.5) than the small intestine (pH 7.0-7.8). The
behavior of various pH sensitive polymers coated marketed products (Pentasa®, Asacol®, Sa-
lofalk®) with human subjects indicated that there was a marked individual variationin urinary

recoveryof these drugs [102].
Table 2: Various Marketed Products of Mesalamine

Polymers (or) technology

Drug Marketed product Site of release
used
Eudrgit S coating dissolves
Asacol
atpH>7
Eudrgit S coating dissolves = Distal part of intestine and
Mesren
atpH>7 colon
Mesalamine Salofalk Eudrgit L coated Tabletdis- ~ Middle and Distal part of
alofa
solves at pH > 6 intestine and colon
Ethyl cellulose coated
Pentasa granules membrane con- Stomach to colon

trolled release

Eudragit L 100-55 coated

Proximal intestine and
Budesonide Entocort ethyl cellulose granules *

1
dissolves at pH>5.5 coton
Azo bond cl db
Sulfasalazine Salazopyrine 70 on' ¢ eave’ Y Colon
colonic bacteria
Two Mesalamine azo
Olsalazine Pipentum bond cleaved by colonic Colon
bacteria
Mesalamine with inert azo
Balsalazide Colazide bond carries cleaved by colon

colonic bacteria

* Whenobservedin patients after administration of pentasa®, Tablets there was an indi-

vidual variation in urinary recovery [103].
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* Mesalamine Tablets manufactured by different companies have a different release pro-
file when tested in various pH media.

* Research reports haveclearly stated that the pH sensitive polymer-based colonic deliver-
ies may not release the drug in the colon as expected.

» There are possibilities of the drug being released in advance, prior toentry of the ter-
minal part of the G.I tract and or poor cumulative percentage of drug release occuring due to
variation in the colonic pH during IBD [104] Various studies proved that there was a fall in
colonic pH in the IBD diseased colon [105].

5. Conclusion

IBD therapy is challenging to treat but the recent development in the drug delivery ap-
proaches demonstrating the promising results. The discussed drug delivery systems are report-
ed by several researchers with encourage outcome in clinical and pre-clinical studies. Some
drug delivery techniques are already in the market and offers the alternate ways to physicians
to treat IBD. Nanomedicine or nanoparticulate drug delivery-based systems are emerging as
an advanced approach to treat IBD in future. The nanoparticulate drug delivery systems may
contribute more successrate in IBD therapy than the existed system in future due to their
unique mechanism in drug delivery and reduced side effects. Therapy and drug delivery sys-
tems alone can’t cure any disease without the support of life style changes and diet. Diet and
life style changes has to be considered seriously before the occurrence of any disease rather
than late.
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