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Abstract

Despite the advent of biological products, such as anti-
tumor necrosis factor-a. monoclonal antibodies (inf-
liximab and adalimumab), for treatment of moderate
to severe cases of inflammatory bowel disease (IBD),
most patients depend upon aminosalicylates as the
conventional treatment option. In recent years, the in-
creased knowledge of complex pathophysiological pro-
cesses underlying IBD has resulted in development of
a number of newer pharmaceutical agents like low-mo-
lecular-weight heparin, omega-3 fatty acids, probiotics
and innovative formulations such as high-dose, once-
daily multi-matrix mesalamine, which are designed to
minimize the inflammatory process through inhibition
of different targets. Optimization of delivery of exist-
ing drugs to the colon using the prodrug approach is
another attractive alternative that has been utilized and
commercialized for 5-aminosalicylic acid (ASA) in the
form of sulfasalazine, balsalazide, olsalazine and ipsala-
zine, but rarely for its positional isomer 4-ASA - a well-
established antitubercular drug that is twice as potent
as 5-ASA against IBD, and more specifically, ulcerative
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colitis. The present review focuses on the complete
profile of 4-ASA and its advantages over 5-ASA and
colon-targeting prodrugs reported so far for the man-
agement of IBD. The review also emphasizes the need
for reappraisal of this promising but unexplored entity
as a potential treatment option for IBD.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: Anti-inflammatory activity of antitubercular
drug 4-aminosalicylic acid (ASA) was first described by
Lover in 1984. Since then, numerous clinical trials were
carried out to establish its efficacy in left-sided and ac-
tive/quiescent ulcerative colitis. It is 50% more potent
than 5-ASA against inflammation and does not produce
5-ASA-induced immunoallergic acute pancreatitis. 4-ASA
is a stable and inexpensive alternative to 5-ASA in pa-
tients with acute pancreatitis. Despite all these positive
findings, an extensive literature review surprisingly re-
vealed few colon-targeting delivery systems for 4-ASA.
The present review presents a complete profile of 4-ASA
and its colon-specific prodrugs for inflammatory bowel
disease.
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INTRODUCTION

Anti-inflammatory activity of antitubercular drug 4-ami-
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nosalicylic acid (ASA) was first described by Lover in
1984. Since then, numerous clinical trials were carried out
to establish its efficacy in left-sided and active/quiescent
ulcerative colitis. It is 50% more potent than 5-amino-
salicylic acid (5-ASA) against inflammation and does not
produce 5-ASA-induced immunoallergic acute pancreati-
tis. 4-ASA is a stable and inexpensive alternative to 5-ASA
in patients with acute pancreatitis. Despite all these posi-
tive findings, an extensive literature review surprisingly
revealed few colon-targeting delivery systems for 4-ASA.
The present review presents a complete profile of 4-ASA
and its colon-specific prodrugs for inflammatory bowel

disease (IBD).

IBD

Ulcerative colitis (UC) and Crohn’s disease (CD) are two
distinct idiopathic, chronic and relapsing inflammatory
disorders of the gastrointestinal tract (GIT) that are
grouped under the term IBD. Dysregulation of immune
responses and upregulation of proinflammatory media-
tors are the two hallmarks of IBD that make it recurrent
and nearly incurable". UC is characterized by distinct
episodes of active and inactive disease in 80%-90% of
patients. Repetitive cycles of active and quiescent disease
with varying clinical patterns are also observed in CcD.

UC is one of the most common chronic inflamma-
tory forms of IBD and is characterized by diffused mu-
cosal inflammation, mainly limited to the large intestine
and rectum. UC is characterized by diarrhea, rectal bleed-
ing and abdominal pain. Inflammation of the rectum is
common and generally extends proximally in a continu-
ous fashion". CD is a patchy transmural granulomatous
inflammation that affects any part of the GIT and has a
predilection for the terminal ileum and colon',

Despite the differences between UC and CD, both
forms of IBD cause similar symptoms. UC is character-
ized by mild symptoms like progressive loosening of the
stools, abdominal cramping, and diarrhea. In the severe
form of the disease, patients may also experience weight
loss, fatigue, and loss of appetite that may result in nutri-
ent deficiencies, mucus in the stools, severe rectal bleed-
ing, fever, and anemia. In CD, abdominal pain, diarrhea
and weight loss are often the earliest signs; constitutional
symptoms include malaise, lethargy, anorexia, nausea,
vomiting and low-grade fever. CD can be complicated by
the development of intestinal obstruction, fistulae and
perianal disease. Fistulae develop in about one-third of
patients. Perianal disease is a frequent complication of
colonic and ileocolonic disease and is characterized by
fissures, fistulae and abscesses™.

The pathogenesis of IBD is obscure and is consid-
ered to involve multifactorial interactions amongst ge-
netic, immunological and environmental triggers. The key
factor differentiating individuals with IBD from normal
ones is their inability to downregulate the uncontrolled
and chronic inflammatory state. The pathological findings
associated with IBD are: an increase in certain inflamma-
tory mediators, signs of oxidative stress, a deranged co-
lonic milieu, abnormal glycosaminoglycan content of the
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mucosa, decreased oxidation of short chain fatty acids,
increased intestinal permeability, increased sulfide pro-
duction, and decreased methylation. Although no single
factor has been identified as the initial trigger for IBD,
the etiological factors have been clucidated”. However,
no guaranteed curative therapeutic regimen has been de-
veloped so far.

IBD THERAPY

Therapy for IBD has not seen major changes or break-
throughs during the past 4-5 decades and still revolves
around the single nonsteroidal anti-inflammatory drug
5-ASA (Figure 1A) and its colon-targeting prodrug sul-
fasalazine (Figure 1B), followed by second-line treatment

with steroids and immunomodulators, because reducing
the extent and sevetity of colonic inflammation remains
the primary focus of treatment. Antibiotics, probiot-
ics, and nutritional supplements are used as supportive
therapy. The use of anti-tumor necrosis factor monoclo-
nal antibody (infliximab), recombinant anti-inflammatory
cytokines, and related gene therapy are recent advances in
the field™”.

High and repeated doses of 5-ASA are necessary for
maintenance and preventive therapy of IBD relapse. The
majority of orally administered 5-ASA is readily and ex-
tensively absorbed from the stomach and small intestine,
leaving a small amount that is transported to the colon.
5-ASA is absorbed from the upper GIT, causes many
systemic side effects, and at the same time, results in poor
bioavailability at the site of action, namely, the colon.
Bypassing absorption in the upper GIT and targeting
the delivery of 5-ASA to the colon by designing colon-
specific prodrugs is the rational approach to improve the
bioavailability at the site of action. The earliest reported
colon-specific prodrug of 5-ASA is sulfasalazine, which
1s extensively prescribed for the treatment of UC. It is an
azo conjugate of 5-ASA with sulfapyridine. However, its
sulfapyridine part is used as a carrier and is completely
absorbed through the colon and produces adverse effects
such as hypersensitivity, impotency, blood dyscrasia, hep-
atitis, abnormal liver function tests and hepatic failure,
agranulocytosis, leukopenia, thrombocytopenia, hemolyt-
ic anemia, and cyanosis' . Although 5-ASA derivatives
have an excellent safety profile, some undesirable effects
may occur; the most prominent being immunoallergic
acute pancreatitism’m. These side effects contraindicate
the further use of all 5-ASA-containing drugs and pose a
problem, because they limit treatment of acute phases of
the disease to corticosteroids and relapse to immunosup-
pressants. 4-ASA has also been shown to be effective in

. . . 15-18]
IBD; in enemas or in oral formulations” .

4-ASA

4-ASA (p-aminosalicylic acid, 4-amino-2-hydroxybenzoic
acid) (Figure 1C), is a comparatively safe antitubercular
agent that has been used for many years in resorbable
high oral doses (ranging from 8 to 12 g/d) in multidrug-

resistant tuberculosis. It has a bacteriostatic effect on
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Figure 1 Chemical structures of aminosalicylates and their colon-targeting prodrugs. A: 5-ASA; B: Sulfasalazine; colon-targeting prodrug of 5-ASA with sulfa-
pyriding; C: 4-ASA; D: Amide prodrug of 4-ASA with glycine; E: L-arginine salts of 4-ASA and 5-ASA; F: HzS-releasing prodrugs of 5-ASA and 4-ASA; G: Prodrugs of
4-ASA with salicylic acid, hydroxybenzene and N-salicyloyl glycine; H: Prodrugs of 4-ASA with substituted phenols; I: amide conjugate of 4-ASA with D-phenylalanine;
J: Amide conjugate of 4-ASA with L-tryptophan; K: Amide prodrug of 4-ASA with D-glucosamine; L: Polymeric prodrug of 4-ASA; M: Prodrug of 4-ASA with 4-ASA (4A-

4AR2).

Mycobacterinm tuberculosis and inhibits resistance against
streptomycin and isoniazid. Chemically, it is distinguished
from its position isomer 5-ASA by the position of the
NH:2group, although they share the salicylic acid back-
bone. Therefore, their method of synthesis is also differ-
ent. 4-ASA is prepared by heating 3-aminophenol with
potassium bicarbonate or ammonium carbonate under
pressure, while 5-ASA is prepated by zinc/hydrochloric
acid-assisted reduction of m-nitrosalicylic acid"”. 5-ASA
is unstable and is degraded rapidly into a dark purple
quinone containing tar but does not decarboxylate in the
presence of moisture. However, 4-ASA is readily decar-
boxylated in the presence of moisture, but unlike 5-ASA,
is slowly degraded into brown to purple material ™", In
view of the well-recognized chemical distinction between
4-ASA and 5-ASA, it is surprising to discover that not
only does 4-ASA have anti-inflammatory activity, but it is
also about 50% more potent than 5-ASA.

Lover reported in animal models that 4-ASA may
have anti-inflammatory properties comparable with those
of 5-ASAP?. Nlumerous clinical studies have shown that
4-ASA i1s highly effective in the topical treatment of ac-
tive ulcerative proctitis or active left-sided UC?. More-
over, slow release tablets of 4-ASA are effective in active
UC"". 4-ASA has been suggested as an effective treat-
ment for both active and quiescent UC. 5-ASA is well
established for maintenance treatment of inactive UC.
Morteover, recent studies suggest that 5-ASA may also be
effective in maintaining remission in Crohn’s colitis. The
efficacy of 1 year maintenance treatment with oral 4-ASA
(1.5 g/d, slow release tablets, » = 19) and oral 5-ASA
(1.5 g/d, slow release tablets, » = 21) was compared in a
randomized double-blind trial in patients with quiescent
Crohn’s ileocolitis. That study concluded that 4-ASA
may be as effective as 5-ASA for maintenance treatment
of quiescent CD and there were no differences in the
severity of relapse between both treatment groups“sl. In
contrast to 5-ASA, no nephrotoxicity related to 4-ASA
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has been reported. The only other study that compared
these two compounds examined the response to topical
treatment in left-sided colitis and showed that 4-ASA and
5-ASA were equally effective®™.

Mechanism of action of 4-ASA

The anti-inflammatory mechanism by which the amino-
salicylates exert their therapeutic action is not well es-
tablished but several hypotheses have been documented.
5-ASA is a potent inhibitor of arachidonic acid metabo-
lism, decreasing the synthesis of both leukotrienes and
prostaglandins. Moreover, 5-ASA is a potent scavenger
of free radicals™”".

In contrast, 4-ASA does not seem to have an inhibi-
tory effect on the lipoxygenation of arachidonic acid and
is ineffective as a radical scavenger, but it is thought to act
via nuclear factor (NF)-kB inhibition”. Both drugs, how-
ever, inhibit z# vitro activation of T and B lymphocytes
by pokeweed mitogen in a dose-dependent manner” ",
These findings suggest that the use of either drug in IBD
may decrease the heightened state of lamina propria lym-
phocyte activation as a part of their therapeutic action”").
Moreover, mechanisms not affecting arachidonic acid
metabolism and superoxide release may contribute to the
therapeutic potential of both drugs in IBD"™.

The most common side effects of 4-ASA include
nausea, vomiting, and epigastric pain. Less frequent side
effects are fever, joint pains, skin eruptions, and hepati-
tis; all of which may be attributed to hypersensitivity re-
actions””. More serious side effects are seen only rarely,
such as leukopenia, thrombocytopenia, and agranulocy-
tosis””. Because of the lower incidence of serious side
effects, it was thought that delayed release formulation
of 4-ASA at higher doses could be used in IBD with
higher therapeutic efficacy than seen in previous studies.
Schreiber e a/'® concluded that oral 4-ASA may be as
effective as 5-ASA for maintenance treatment of remis-
sion in CD. Several other studies have suggested that
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4-ASA is effective in the treatment of active CD or UC;
both as a topical formulation (enema) or as an oral slow-
release tablet”.

The risk of cross intolerance reaction between 5-ASA
and 4-ASA was evaluated by Gisbert ez /™Y, They report-
ed three cases of 5-ASA-induced pancreatitis, with no
recurrence of pancreatitis during subsequent treatment
with 4-ASA enemas. They concluded that 4-ASA enemas
are a safe and well-tolerated therapeutic alternative when-
ever 5-ASA-induced pancreatitis occurs. 4-ASA has been
used in the treatment of mild to moderate UC in patients
intolerant of sulfasalazine, and in the treatment of CD"”.
It has been designated an orphan drug by the United
States FDA for use in these conditions™.

Pharmacokinetics of 4-ASA

4-ASA is readily absorbed from the GIT. It is distributed
into various tissues and fluids including peritoneal fluid,
pleural fluid and synovial fluid in concentrations approxi-
mately equal to plasma concentrations of the drug. Ce-
rebrospinal fluid concentrations of 4-ASA atre reported
to be 10%-50% of concurrent plasma concentrations of
the drug in patients with inflamed meninges. 4-ASA is
50%-73% bound to plasma proteins. The plasma half-
life of 4-ASA is about 1 h. Plasma concentrations of the
drug are not substantially affected by renal or hepatic in-
sufficiency; however, the half-lives of the inactive metab-
olites may be prolonged in patients with impaired renal
function. 4-ASA is inactivated in the intestinal mucosa
and liver primarily by acetylation. The major metabolites
are N-acetyl-p-aminosalicylic acid and p-aminosalicyluric
acid. 4-ASA and its metabolites are excreted in urine by
glomerular filtration and tubular secretion. After 2 h in
simulated gastric acid, 10% of the dose of unprotected
(nonenteric coated) aminosalicylic acid is decarboxylated
to form m-aminophenol, a known hepatotoxin™’

Dose of 4-ASA

4-ASA is about 50% more potent than 5-ASA, therefore,
its therapeutic dose is about 60% of the effective dose
of sulfasalazine or 5-ASA on a molar basis. The recom-
mended daily dosage of sulfasalazine is 3-4 g (6-8 tablets)
for adults and 40-60 mg/kg/d (divided into 3-4 doses)
for children (aged > 6 years). On this basis, a dosage regi-
men of 0.5-0.75 g of 4-ASA divided into two or three

doses can be used"™.

Contraindications of 4-ASA

4-ASA is contraindicated in patients who are hypersensi-
tive to ASA or who have severe renal diseases, hepatic
disease or gastric ulcers"”

Interactions of 4-ASA

4-ASA impairs GI absorption of rifampin, reduces rate
of acetylation of isoniazid, decreases the GI absorption
of digoxin, and enhances the hypoprothrombinemic
effect of oral anticoagulants. Concomitant probenecid
increases the serum concentration of 4-ASA, ammonium
chloride increases probability of crystalluria during thera-

(49

Boishidongs  WIG | www.wjgnet.com

3568

py, and diphenhydramine impairs its absorption.

Pregnancy
4-ASA is a FDA pregnancy category C drug,

Adverse effects of 4-ASA

The most frequent adverse effect of 4-ASA is GI distur-
bance including nausea, vomiting, abdominal pain and di-
arrhea. The acidic carboxylic group of 4-ASA is respon-
sible for the gastrointestinal (GI) irritation. Occurrence of
peptic ulcers and gastric hemorrhage is rare. Adverse GI
effect can be minimized in patients by administration of the
drug with food or discontinuation of the drug when symp-
toms are severe. Malabsorption of vitamin Bz, folic acid,
iron and lipids is also observed. Reported hypersensitive
reactions include fever, skin eruptions of various types, pru-
ritis, vasculitis, exfoliative dermatitis, joint pain, eosinophilia,

. . . 39
leucopenia, agranulocytosis and thrombocwopema[ A,

COLON-SPECIFIC PRODRUGS OF 4-ASA

Extensive clinical studies have shown the effectiveness
and safety of 4-ASA for the topical treatment of active
ulcerative proctitis or left-sided uc?, 1t presents many
advantages over 5-ASA, such as: more stability, more
potency, and absence of incidences of pancreatitis, but
shares the same drawback of fast and extensive absorp-
tion in the upper GIT, before it reaches the colon. This is
due to its weakly acidic nature (pKa 3-4), which results in
its ready absorption in the upper GIT", Studies by Selby
suggest that 4-ASA is a stable, inexpensive alternative to
5-ASA for the topical treatment of UC or for linking to
carrier molecules for release in the colon®".

Many colon-specific prodrugs of 5-ASA have been
cited in the literature, while the prodrug approach has
been only sporadically applied for colonic delivery of
4-ASA, for reasons that are not known. The possible rea-
son could be the steric problem of 4-ASA, due to which
it cannot be linked with same polymers (e.g., dextran,
chitin, hydroxymethyl cellulose or synthetic polymers) as
5-ASA or to other polymers (e.g., cyclodextrins) using the
same methods that have been used for 5-ASA™.

Zhao et al*" were the first to design a colon-targeting
amide prodrug of 4-ASA (Figure 1D) with the nones-
sential amino acid glycine for the treatment of IBD. The
amide prodrug was synthesized by reacting amino and
hydroxyl protected 4-ASA acyl chloride with glycine, fol-
lowed by deprotection. Iz vivo experiments on rats sug-

gested that 4-aminosalicylglycine showed more curative
effect than 4-ASA.

Wallace ef a/*” have patented L-arginine salts of 4-ASA
and 5-ASA (Figure 1E) for inflammatory conditions of
the GIT, and for irritable bowel syndrome (IBS). They
claim that the salt is more effective in reducing the in-
flammation in the colon compared to individual drugs or
L-arginine, as demonstrated from overall greater reduc-
tion in the colitis-associated edema, granulocyte infiltra-
tion, and body weight loss with enhanced free-radical
scavenging and more potent antioxidant activity, thus
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providing a synergistic effect. They ascribe the synergistic
effect to the ability of arginine to act as a source of nitro-
gen for NO, which is a potent vasodilator that attenuates
intestinal tissue damage[43’44].

A US Patent describes 5-ASA and 4-ASA prodrugs
as having an HaS-releasing moiety linked via an azo, es-
ter, anhydride, thioester or amide linkage (Figure 1F) for
the treatment of IBD and IBS and chemoprevention of
colon cancer'™. The basis for using HaS-releasing carriers
in this design is their encouraging and beneficial pharma-
cological profile. There is documented evidence for anti-
nociceptive effect of H2S in the GIT by activating Kare
channels and smooth muscle relaxant activity in intestinal
tissue.

Based on the design of sulfasalazine and using azo
bond chemistry, Zhao ¢ a/*" have reported the synthesis
of prodrugs of 4-ASA with salicylic acid, hydroxyben-
zene and N-salicyloyl glycine (Figure 1G), aiming to
target 4-ASA to the colon for management of IBD with
enhanced efficacy and fewer side effects. However, we
could not find any reports of activity of these prodrugs
in any of the experimental models of IBD.

Oxidative stress is one of the key players in the patho-
genesis of IBD causing cellular injury and colonic inflam-
mation™. Keeping this in mind, Sheng e# al* designed
azo-linked colon-specific prodrugs of 4-ASA (Figure 1H)
with several substituted phenols such as m-nitrophenol,
salicylamide, o-chlorophenol, m-methylphenol, o-methyl-
phenol, o-nitrophenol and o-dihydroxybenzene, possess-
ing antioxidant properties. Their main aim was to achieve
co-antioxidant effects of 4-ASA and substituted phenol
that would result in higher reducibility and synergistic
free-radical scavenging. These phenols were chosen on
the basis of their reducibility, electronic and steric factors.
4-(3’,4-dihydroxyphenyl) azobenzene-2-acetylsalicylic
acid, 4-(2’-methyl-4-hydroxyphenyl) azobenzene salicylic
acid and 4-(3’-methyl-4’-hydroxyphenyl) azobenzene sali-
cylic acid were reported to be the compounds with maxi-
mum anti-inflammatory and antioxidant activities.

Dhaneshwar ¢ a/'” have explored mutual amide
prodrug strategy for 5-ASA with several amino acids.
Applying the same concept further to 4-ASA, they have
reported its amide conjugates with D-phenylalanine (Fig-
ure 1I) and L-tryptophan (Figure 1G). The proposed
mechanism of activation was enzymatic by the action of
N-acyl amidases secreted by colonic bacteria. The amino
acids used in the design were nontoxic carriers like
D-phenylalanine and L-tryptophan, possessing wound
healing and anti-inflammatory activities. The prodrugs
furnished 86%-91% release of 4-ASA in rat fecal mat-
ter in 20 h. Their curative effect was investigated in a
2,4,6-trinitrobenzene-sulfonic-acid-induced experimental
colitis model in rats. Pancreas, liver and stomach of rats
were studied by histopathology for the assessment of
any adverse reactions. The prodrugs were found to pos-
sess significantly superior safety profile than sulfasala-
zine, oral 4-ASA and 5-ASA, with comparable efficacy to
sulfasalazine.

In an innovative attempt, colon-specific 4-ASA-D-
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glucosamine amide prodrug (Figure 1K) was developed
by Dhaneshwar ¢ /™" out of the urgent need to search
for such alternate options that would not produce 5-ASA-
induced pancreatitis and sulfapyridine-induced hepatitis.
The hypothesis was to offer supplementation of D-glu-
cosamine that would suppress activation of intestinal epi-
thelial cells, thus helping to maintain the integrity of the
colonic architecture. The protective effect of this prodrug
was compared with 5-ASA-D-glucosamine conjugate as
well as standard drugs like sulfasalazine, 4-ASA and 5-ASA
on the course of 2,4,6-trinitrobenzene sulphonic acid
(TNBS)-induced colitis. The mitigating effect of 5-ASA
prodrug was comparable to that of sulfasalazine, while
that for 4-ASA prodrug was moderate. However, hepatitis
or pancreatitis was not seen with 4-ASA prodrugm.

A polymeric prodrug of 4-ASA (Figure 1L) with an
acrylic polymeric system and degradable ester bonds, such
as hydroxy propyl methacrylate, was synthesized and eval-
uated for colon-targeted drug delivery by Yadav e a! In
the first 2 h, 40.01% release was observed in rat fecal mat-
ter at pH 7.4, which was followed by sustained release of
93% over a period of 12 h. The authors propose that the
developed delivery system could be useful for controlled
release, prolonged transit time, and colon-targeted deliv-
ery of 4-ASA.

A macromolecular colon-targeting ester prodrug
of 4-ASA with B-cyclodextrin as a promoiety was re-
ported very recently by Vadnerkar ez al™. Interestingly,
20%-23% release of 4-ASA was observed in the stomach
and small intestinal homogenates, while the prodrug was
found to be resistant to pH-dependent hydrolysis at pH
= 1.2 and 7.4. Almost 68% and 92% release was obtained
in rat cecal and fecal matter, respectively. The prodrug
demonstrated a moderate ameliorating effect on TNBS-
induced colitis as compared to sulfasalazine or 4/5-ASA
administered rectally, but it was similar to that with orally
administered aminosalicylates. Partial activation of the
prodrug in the upper GIT homogenates causing incom-
plete transport of 4-ASA to the site of action could be
responsible for its moderate effect. However, the prodrug
was reported to be safe, producing no harmful effects on
the stomach, liver or pancreas of rats"™,

In another innovation, Suneela ¢# at” designed four
azo prodrugs of 4- and 5-ASA using the same amino-
salicylates as carriers. As known already, olsalazine is a
dimer of 5-ASA, which is synthesized by coupling diazo
salt of 5-ASA with salicylic acid, which upon reduction by
azo reductase, generates two molecules of 5-ASA. How-
ever, the azo prodrugs reported by Suneela ¢ a”” are dif-
ferent in the sense that they are prepared by coupling di-
azo salt of either 4-ASA or 5-ASA with 4-ASA or 5-ASA
as carriers in all possible permutations and combinations.
This results in prodrugs that, upon activation by azo re-
ductase reduction, generate only one molecule of either
4-ASA or 5-ASA, while the other molecule released is a
diaminosalicylic acid and not another molecule of amino-
salicylate. These prodrugs were designed to target the co-
lon affected with IBD. Due to their improved hydrophilic
nature, the prodrugs had minimum absorption in the
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upper GIT. The prodrugs were considerably stable when
incubated in the upper GIT. Approximately 68%-91%
release was obtained on incubation with rat cecal mat-
ter. Amongst the series of four prodrugs, the prodrug
of 4-ASA with 4-ASA (4A-4AAz) (Figure 1M) at a dose
of 53 mg/kg was found to alleviate all the quantifying
markers of TNBS-induced experimental colitis in Wistar
rats. Due to absence of adverse effects in the stomach,
liver and pancreas, it could be a promising alternative for
IBD patients intolerant to 5-ASA-induced pancreatitis
and sulfapyridine-induced adverse effects observed with
sulfasalazine®™.
CONCLUSION
Despite possessing more stability and potency than 5-ASA
in treating UC, without the evident risk of 5-ASA-induced
pancreatitis, 4-ASA or its colon-targeted prodrugs remain
unexplored and neglected when it comes to the manage-
ment of IBD patients intolerant to 5-ASA. There is a
need to investigate this promising compound, explore
its untapped potential, and develop safe but effective
systems for its targeted delivery to the colon, for better
management of IBD as well as other local diseases of
colon like IBS and colorectal cancer.
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