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Abstract

Background: Increased attention has been focused on the continuous development and improvement of
mesalamine colonic specific delivery systems, for the effective treatment of inflammatory bowel diseases; thus
enhancing therapeutic efficacy and reducing potential side effects. Mesalamine is a class IV drug, according to the
Biopharmaceutics Classification System, used usually to treat inflammation associated with colon related diseases
such as Crohn’s disease and ulcerative colitis.

Main text

An ideal colon targeting system aims to deliver a therapeutic agent, selectively and effectively, to the colon. This
system should ideally retain the drug release in the upper Gl tract (stomach and small intestine); while trigger the
drug release in the colon. Several approaches have been used to fabricate formulations to achieve a colon specific
delivery of mesalamine such as; time dependent, pH responsive, enzymatic/microbial responsive and ultrasound
mediated approaches. This overview outlines the recent advances in mesalamine-colon delivery approaches for the
potential treatment of ulcerative colitis and Crohn’ disease.

Conclusion: A combined pH-time dependent delivery system can improve mesalamine colonic drug delivery via
employing carriers capable of retarding mesalamine release in the stomach and delivering it at predetermined time
points after entering the intestine. The existence of specific enzymes, produced by various anaerobic bacteria
present in the colon advocates the advantage of designing enzyme sensitive systems and combining it with pH-

effectively treat inflammatory bowel diseases.

time dependent system to improve mesalamine colonic delivery. The use of ultrasound has shown promises to
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Background

Inflammatory bowel diseases represent inflammatory
conditions that affect the gastrointestinal tract and cause
over 50,000 deaths per year [1]. The most common in-
flammatory bowel diseases are ulcerative colitis and
Crohn's diseases. The main difference between these two
diseases is that Crohn's disease can affect any part of the
gastrointestinal tract, while ulcerative colitis is specific to
the colon. The currently available curing choices are not
always effective and can cause serious side effects. Add-
itionally, there is no permanent treatment available for
inflammatory bowel diseases up to date, and patients
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need to stick to a lifelong drug treatment [2]. The rec-
ommended treatment depends on the disease location
and its severity. Topical mesalamine, hydrocortisone or
budesonide is recommended for patients with inflamma-
tion limited to the left colon. Oral mesalamine or sulfa-
salazine is recommended to be used in addition to the
topical treatment with cases extended beyond the left
colon. Oral prednisone or infliximab induction therapy
is recommended for resistant patients. Intravenous
steroids, infliximab or cyclosporine is recommended in
severe cases. Topical mesalamine is suggested as a re-
mission maintenance therapy for patients with ulcerative
proctitis, while oral mesalamine is suggested for more
extensive cases. Azathioprine, 6-mercaptopurine or
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infliximab agents are recommended in cases fail to
maintain remission using mesalamine [3].

Mesalamine is a derivative of salicylic acid (5-amino
salicylic acid [5-ASA]) and also known as mesalazine. It
is usually used as a first line anti-inflammatory agent to
act locally on colonic mucosa and reduce inflammation
for the treatment colon related diseases, such as Crohn’s
disease and ulcerative colitis [4, 5]. Mesalamine was dis-
covered as the active moiety of sulfasalazine, where it is
bound to sulfapyridine (inactive moiety), via an azo bond
(cleaved by azoreductase enzyme present in the GIT).
Sulfapyridine is believed to be responsible for the ad-
verse and unwanted effects associated with sulfasalazine
[6, 7]. The mechanism of action of mesalazine is not
fully clear in inflammatory bowel diseases, but it is be-
lieved to be a topical effect at the inflammation site via
the direct interaction with the damaged epithelial cells.
It is then metabolized to the inactive form (N-acetyl-5-
ASA) by N-acetyltransferase 1 and excreted in the urine
[8]. This justify the failure of oral administration of pure
5-ASA in inflammatory bowel diseases and necessitates
the development of an efficient delivery system capable
of retarding its release in the upper GI tract (stomach
and small intestine); while triggering its release at the in-
flammation site [9]. Mesalamine is categorized as a BCS
class IV drug (low solubility, low permeability) according
to the Biopharmaceutics Classification System. It is
slightly soluble in water and poorly absorbed following
its oral administration (approximately 25%) [10]. This
fact necessitates the enhancement of its dissolution and
absorption rates in order to increase its bioavailability.
The development of colon specific drug delivery systems
of mesalamine has gained increased attention for the
effective treatment of inflammatory bowel diseases
whereby high local concentration can be achieved; thus
reducing side effects and enhancing therapeutic efficacy
[11]. An ideal delivery system should protect the drug
and retard its release in the upper GI tract (stomach and
small intestine); while permitting its release in the colon
[12]. Various approaches have been used to develop co-
lonic delivery systems of mesalamine such as; time
dependent, pH responsive, prodrug and enzymatic/mi-
crobial responsive approaches. Most of the oral mar-
keted mesalamine products utilizes a pH dependent
coat, which is capable to retard 5-ASA release in the
stomach and permit its release at the higher intestinal
pH. Examples of such systems include; the employment
of Eudragit® S resin coat (such as in Asacol® and Lialda®)
that disintegrates at high intestinal pH (more than 7), to
trigger mesalamine release at the terminal ileum or
cecum. Another example is the use of Eudragit® L resin
coat (such as in Apriso® and Claversal®) that disintegrates
at pH more than 6, to trigger 5-ASA release at the je-
junum, terminal ileum and colon. Some of these systems
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also use additional polymeric matrices (such as in Lialda®
and Apriso®) designed to further control the drug release
rate and deliver mesalamine at predetermined time
points after entering the intestines. Pentasa® is an ex-
ample of pH independent oral marketed mesalamine,
which is usually taken up to 4 grams/day and mesala-
mine is released slowly from the ethylcellulose coated
tablets [13—-18]. This review summarizes the recent ad-
vances in mesalamine-colon drug delivery based on time
dependent, pH responsive, enzyme sensitive and ultra-
sound approaches.

Main Text

Time Dependent and pH Responsive Approaches

The large variation of gastric retention time is the main
obstacle of sustained or delayed oral delivery as it is dif-
ficult to accurately predict the drug delivery time to the
colon. The pH approach usually employs polymers that
retard drug release in the stomach and permit its release
at the higher intestinal pH, where the polymer can dis-
solve or swell. A pH-responsive carrier can enhance the
oral controlled delivery of mesalamine in two ways; 1)
the pH-triggered swelling of a carrier may result in fast
drug release and high drug concentration gradient. 2)
The pH-responsive swelling may enhance the carrier’s
mucoadhesion ability; thus improving the drug absorp-
tion [19]. However, a colon specific delivery is difficult
to be achieved using the pH strategy alone due to inter/
intra pH variations and pH similarity between small in-
testine and colon [20]. The small variability of the small
intestine transit time (3 + 1 hours) advocates the advan-
tage of developing a combined pH-time dependent deliv-
ery system to improve the site specificity. This system
employs carriers capable of preventing the drug release
in the stomach and delivering it at predetermined time
points after entering the intestines [21]. Mirabbasi et al.
[22] synthesized mesalamine loaded nanoparticles, based
on polyurethane-chitosan graft copolymer, as a time-
delayed colon drug delivery system. The in vitro release
studies had proven that the nanocarrier based formula-
tion was able to control mesalamine release over 72
hours with 92.19% cumulative release is being achieved.
However, around 55% of the loaded drug were released
within 8 hours. The release kinetics studies had shown
that the release data were best fitted to first order kinet-
ics. It was concluded that the prepared carrier was suc-
cessful to sustain the drug release with no burst effect.
Rehman et al. [23] prepared a carrier functionalized with
long hydrophobic chains, composed of mesoporous silica
SBA-15 and glycidyl methacrylate organo bridges, as a
controlled release system of mesalamine. The surface
area studies had indicated the successful immobilization
of glycidyl methacrylate organo bridges onto the meso-
porous surface; as the surface area has dropped in the
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functionalized carrier from 1311.8 to 494.20 m’g™ '. Al-
though of the decreased surface area, the modified car-
rier had shown a higher drug loading (29% compared to
19% in the unmodified silica). This was explained by the
increased hydrophobicity due to the inserted glycidyl
methacrylate organo bridges. In vitro release studies
were performed at different pH values (1.2, 6.8 and 7.2)
for 75.5 hours. The release studies had demonstrated the
ability of the modified carrier to release 5-ASA preferen-
tially at high pH value. 6% of loaded 5-ASA was released
at pH 1.2 after 2 hours compared to 8% and 11% at pH
6.8 and pH 7.2 respectively. Around 19% and 14% drug
release were obtained at pH 7.2 after 6 and 8 hours re-
spectively compared to less than 10% at pH 1.2 and pH
6.8 at the same time points. Pawar et al. [24] prepared
and evaluated matrix tablets of mesalamine for colon
triggered delivery, composed of Eudragit RSPO and/or
RLPO as rate-controlling matrices, and coated with dif-
ferent concentration of anionic pH dependent copoly-
mers (Eudragit S100). 9 formulations were prepared
using different concentrations of Eudragit RSPO, Eudra-
git RLPO and Eudragit S100. In vitro release studies
were performed sequentially in pH 1.2 buffer for 2
hours, pH 6.8 for 3 hours and pH 7.4-with/without cecal
content for 19 hours. The In vitro release studies were
also conducted for an oral marketed product of mesala-
mine (Octasa ®° MR) and compared with the optimized
formulation, which consist of Eudragit RLPO and coated
with 1% w/v Eudragit S100. The optimized formulation
exhibited a more sustainable and lower drug cumulative
release (90.9% within 24 hours compared to 98.4% from
the marketed product within 18 hours). It was concluded
that the optimized formulation, was able to retard the
drug release at the low pH and control it at intestinal
pH, which makes it a promising colon-specific delivery
system. Zhang et al. [25] investigated the development a
colon delivery system, using melt-extruded granules of
mesalamine and Eudragit® FS. The developed product
exhibited higher physical strength, smaller pore size and
lower porosity compared with the conventionally pre-
pared granules. In vitro release studies were carried out
sequentially at pH 1.2 for 2 hours, pH 6.8 for 4 hours
and pH 7.4 for 6 hours. The prepared granules remained
intact and the release mechanism of 5-ASA was con-
trolled by diffusion within the first six hours due to the
fact that Eudragit® FS is insoluble at pH 1.2 and pH 6.8.
The granules size diminished gradually, when the Eudra-
git” FS started to dissolve at pH 7.4 forming a gel-like
layer around the granule the drug release became con-
trolled by diffusion and erosion. The drug release was
found to decrease with granule size due to the decrease
surface area. The drug release profile was found to be
stable after one month storage at 40°C/75% relative hu-
midity and 60°C/without humidity; as no change was
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observed at both conditions compared to the initial pro-
file. The drug release was found to be increased with the
drug loading (10, 20 and 30% respectively) within the
first 6 hours (at pH 1.2 and pH 6.8), while decreased at
pH 7.4 and this was attributed to the more micro pH
environment induced by 5-ASA dissolved within the
granules. The release studies had also showed that the
melt-extruded granules exhibited a delayed and pH-
dependent 5-ASA release compared to the convention-
ally compressed granules. This was explained by the
higher porosity of the conventional granules, which was
confirmed using scanning electron microscopy. Kumar
et al. [10] investigated the development of a multiparti-
culate oral formulation of mesalamine, coated with
Eudragit S100, as a potential colon targeted delivery sys-
tem. The drug was encapsulated in gellan gum-locust
bean gum-sodium alginate beads by inotropic gelation
method. A lower In vitro release was observed for The
Eudragit S100 coated formulations compared to the un-
coated ones within the first five hours (at pH 1.2 and pH
6.5). Gamma scintigraphic studies were performed for
the optimized formulation in rabbits. the scintigraphic
images revealed that the delivery systems remained in-
tact in the stomach, little drug release had occurred in
the small intestine and considerable spreading of radio-
activity had occurred once the system entered the colon.
This considerable change was attributed to the degrad-
ation of gellan gum via the colonic bacteria. The In vivo
studies also showed that the formulation residence time
was more than 12 hours in the colon. Patole et al. [26]
investigated the development of a combined pH-
microbial sensitive delivery system based on enteric
coated hydroxypropyl methylcellulose capsules filled
with mesalamine-loaded alginate microspheres, which
was prepared using an emulsion crosslinking method.
The optimized microspheres (on the basis of maximum
entrapment efficiency) were selected for encapsulation
and further studies. Different weights (10, 20 and 30 mg)
had been used an enteric coat. The 30 mg coat formula-
tion was able to retard mesalamine release in simulated
intestinal fluid for 6 hours, therefore it was selected for
testing in simulated colonic fluid in the presence of rat
colonic content. The drug release was enhanced consid-
erably in the presence of the colonic content (around
92% released within 10 hours compared to 65% in the
absence of the colonic content at the same time point).
This had been explained by the microbial degradation of
alginate. In another similar study, Patil et al. [27] investi-
gated the preparation mesalamine-loaded microspheres
and concluded that the appropriate inclusion of pH
dependent and independent polymers (Eudragit S-100
and sodium alginate respectively) was successful to con-
trol the drug release and achieve a colon triggered deliv-
ery. Kar et al. [9] also employed an emulsification
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solvent diffusion method to prepare mesalamine micro-
spheres, coated with methacrylic acid copolymers, as a
controlled delivery system for the potential treatment of
inflammatory bowel diseases. In vivo biodistribution of
the optimized microsphere formulation was investigated
in the GIT of mice and compared with pure 5-ASA solu-
tion. The optimized formulation exhibited a higher
AUCy_; (around 2.6 times) in colon compared to the
pure drug solution. The highest mesalamine concentra-
tion was observed in the colon for the microsphere
preparation after 8 hours and negligible amount ob-
served in the other parts of the GIT. In contrast, the
highest drug concentration was observed in the small in-
testine for the pure drug solution after 8 hours. Pawar
et al. [28] developed a pulsatile controlled release sys-
tem, employing a pH-time dependent approach, to
achieve a colon-specific controlled delivery of mesala-
mine. In this work, they developed an enteric coated
capsule, composed of a water soluble cap and an insol-
uble body, where the drug formulation (mesalamine
coated with Eudragit L-100 and S-100 copolymers) filled
within the body and separated from the cap by a hydro-
gel plug. In this system, the capsule enteric coat dis-
solves upon reaching small intestine and the hydrogel
plug starts to swell in a time controlled manner accounts
the small intestinal transit time. Finally, the plug ejects
and permits the formulation delivery to the colon, where
the drug release is further controlled up to 24 hours by
the pH-responsive coat. Parmar et al. [29] formulated an
enteric coated bilayer (immediate and sustained release
layers) tablets of mesalamine using HPMC K4M and
HPMC K15M polymers for the sustained release layer.
The optimized formulation was coated for different
times (20, 40 and 60 min) using Eudragit S-100. The In
vitro release studies revealed that the 60 minutes coated
formulation was the only one successful in preventing 5-
ASA release in the upper GI tract (stomach and small
intestine). This was contributed to the sufficient coat
thickness achieved for this formulation. The In vivo re-
lease studies in rabbits had also confirmed this finding;
as the plasma drug concentration was just detectable
after 6 hours of administration for the bilayer tablets
and 0.5 hour for the conventional immediate release tab-
let. The half life of the developed bilayer tablets was
found to be 20 hours compared to 1 hour in the imme-
diate release tablet, which indicated the sustained 5-ASA
release from the bilayer tablets. The roentogenographic
images had also confirmed that the developed bilayer
tablet remained intact in the upper GI tract and required
more than 4 hours to reach the colon.

Microbial/Enzyme Sensitive Approach
Enzymes are biological catalysts that are highly specific
and selective for their substrates. They play a crucial role
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in chemical and biological processes within the human
cells. The ability to catalyze reactions at low tempera-
tures, in aqueous environments and at different pH
values, makes them suitable to be involved in drug delivery
and biomedical application systems [30]. The existence of
specific enzymes, produced by various anaerobic bacteria
present in the colon, such as azoreductase, galactosidase,
nitroreductase, glucoronidase and xylosidase, advocates the
advantage of designing enzyme sensitive systems for colon
specific drug delivery [11]. Jin et al. [31] investigated the de-
velopment of pH—enzyme sensitive microparticles, based
on mesalamine-loaded chitosan microparticles coated with
methacrylic acid copolymers, as a specific delivery system
for the treatment of ulcerative colitis. In vitro release experi-
ments were carried out sequentially in buffers of pH 1.2
(for 2 hours), pH 7.4 (for 3 hours) and pH 6.8-with cecal
content (for 20 hours). The release studies demonstrated
the ability of the prepared particles to effectively retard the
drug release in the simulated gastric and intestinal buffers
(the first 5 hours), and control the drug release at pH 6.8 in
the presence of 4% rat cecal content. Around 3% of the
loaded mesalamine was released from the developed micro-
particles compared to complete mesalamine release from
the conventional suspension at the same time point.
Around 70% of the loaded mesalamine was released over
20 hours in the presence of the colonic contents. The
pharmacokinetics studies found that a higher AUC,_,
(around 72 pg-h/mL) and longer half-life (16 hours) was ob-
tained for the developed particles compared to the drug
suspension (41 pgh/mL and 3 hours respectively). Those
findings were confirmed in the biodistribution studies; as a
higher AUC,_, was observed for the developed particles in
the colon compared to the drug suspension. As well as, the
highest drug concentration was observed in the colon for
the developed particles while observed in the small intestine
for the suspension after 8 hours of drug administration.
Jaiswal et al. [32] employed an ionotropic gelation method
to prepare dual crosslinked mesalamine microparticles,
using different ratios of chitosan and pectin, as a potential
enzyme-sensitive delivery system. Swelling and In vitro re-
lease studies were performed in simulated gastric (pH 1.2),
intestinal (pH 6.8) and colonic (pH 7.2) fluids. All formula-
tions revealed low swelling at pH 1.2, higher swelling at pH
6.8 and further intense swelling increase observed at pH
7.2. The microparticles exhibited a negligible drug release
during 2 hours at pH 1.2 compared to the higher pH
values. A higher release was observed within 3 hours at pH
6.8 and a further increase observed at pH 7.2 during 18
hours. Further release studies were performed in the pres-
ence of rat cecal content, where the complete degradation
of the polymeric carrier by colonic enzymes was observed.
The presence of high concentrations of polysaccharidase
enzymes in the colon, suggests the use of polysaccharides
as drug carriersfor colon targeted drug delivery. However,
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mesalamine has previously reported to affect the balance of
the colonic microflora [33], which acts as a release trigger
for polysaccharide based systems. Under these conditions,
there is a possibility for the failure of the polysaccharide-
based oral delivery system after giving the first dose. Such
failure has been previously reported as a result of the dis-
turbed microflora level [34]. To overcome this problem,
Kaur et al. [35] developed a microbially triggered mesala-
mine microshperes using natural polysaccharides (guar
gum and xanthan gum) and combined with probiotics in a
single dosage form, where guar gum and xanthan gum act
as prebiotics. It was concluded that this developed com-
bined system is clearly superior compared with systems
based on delayed drug release and using synthetic polymers
as a pH sensitive coat. Thakur et al. [36] also employed the
use of probiotics to produce spray dried microparticles,
consist of mesalamine loaded eudragit S-100 embed-
ded in probiotic biomass, as a combined targeted
anti-inflammatory approach for the potential effective
treatment of ulcerative colitis. The prepared formula-
tion exhibited a controlled delivery of mesalamine
and demonstrated the ability to reduce to reduce in-
flammation and side effects associated with conven-
tional treatment of ulcerative colitis. In another study,
Mohanta et al. [37] investigated the co-administration
of probiotics, with mesalamine (coated with guar gum
and Eudragit S100) and spray dried modified apple
polysaccharide minitablets, for the potential treatment
of ulcerative colitis induced in rats. The experimental
studies showed that the maximum therapeutic efficacy
was attained with the co-administration of the two
prepared minitablets and probiotics compared to that
with the single administration of mesalamine minitab-
lets, modified apple polysaccharide minitablets or pro-
biotics alone. Kandula et al. [38] synthesized CLX-103
as a novel prodrug conjugate of mesalamine, eicosa-
pentaenoic acid and caprylic acid, to achieve a colon
targeted mesalamine delivery with enhanced safety
and therapeutic efficacy. In vitro and In vivo studies
showed that CLX-103 was biochemically stable in
simulated gastric fluid and underwent enzymatic hy-
drolysis in the intestinal environment to releases
mesalamine, which stayed a longer period of time in
the large intestine compared to sulfasalazine. Cesar
et al. [39] synthesized a polymeric prodrug of mesala-
mine, composed of chondroitin sulfate linked with
mesalamine, as a potential colon targeted drug deliv-
ery system for the treatment of inflammatory bowel
diseases. The synthesized polymeric prodrug exhibited
a colon mucoadhesion effect as desired, which makes
it promising for targeting mesalamine at the colon.
Wealz et al. [40] studied the enzymatic degradability of
acetylated inulin, which was prepared as a potential
encapsulation material to achieve a colonic targeted
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delivery of mesalamine. Anindya et al. [41] synthe-
sized xylan-mesalamine conjugate as a promising
colon triggered delivery system. Xylan was isolated
from pineapple stem waste. The In vitro studies
showed that prepared conjugate was successful to re-
tain mesalamine delivery in simulated upper GI fluid,
while release it quickly in simulated colonic fluid-with
rat cecal content. The In vivo studies concluded that
the prepared formulation exhibited a delayed mesala-
mine delivery and lower bioavailability compared to
free mesalamine, which makes it a good candidate as
a potential colon-specific delivery system. In another
study Souza et al. [42] reported the successful devel-
opment of mesalamine loaded microshperes, based on
xylan, using water-in-water emulsion technique.

Ultrasound Mediated Approach

An increased attention has been raised recently toward
the use of ultrasound at low frequency (<100 kHz), for
the effective treatment of inflammatory bowel diseases,
as a physical enhancer to facilitate and accelerate the
drug delivery process as well as increase patient compli-
ance and acceptance; as a result of the decreased enema
dosing frequency and required mucosal exposure time
[43, 44]. Ultrasound Mediated GI delivery approach was
firstly reported in the mid-1980s by Kost and Langer in
their patent application concerned with transbuccal drug
delivery [45]. This approach employs a low frequency
ultrasound to trigger drug delivery at lower GIT via
causing transient cavitation, which produce microjets to
enhance drug permeation through gastrointestinal mu-
cosa [46]. Schoellhammer et al. [47] reported the devel-
opment a hand-held device, which use a low frequency
ultrasound, as a reversible and painless method to en-
hance mesalamine delivery in the treatment of ulcerative
colitis and Crohn’ disease. This device was co-
administered superficially into the rectum of Yorkshire
pigs with a mesalamine enema. It was found that a one
minute exposure was able to enhance mesalamine deliv-
ery 22 times compared to that with conventional enema
treatment. In another study, they investigated the co-
lonic delivery of RNA molecules in living mice and it
was concluded that ultrasound mediated approach has
successfully enhanced intracellular delivery of mRNAs
and siRNAs to the mice colon [48].

Conclusion

Mesalamine is a BCS class IV drug usually used as a first
line anti-inflammatory agent to treat ulcerative colitis
and Crohn’s diseases. The currently available treatments
are not always effective and can cause serious side ef-
fects. The development of mesalamine colonic targeted
delivery has gained increased attention to enhance the
therapeutic efficacy and reduce potential side effects.
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Several strategies have been designed to develop con-
trolled delivery systems of mesalamine such as; time
dependent, pH responsive, enzymatic/microbial respon-
sive and ultrasound mediated approaches. A combined
delayed-pH dependent and enzyme sensitive drug deliv-
ery system based on nanocarriers can be designed as a
promising oral delivery system to further increase the
colon-selective delivery of mesalamine in treating ulcera-
tive colitis and Crohn’ disease. Such controlled drug de-
livery system can demonstrate the ability to retard the
drug release at the upper GI tract (stomach and small
intestine) and deliver 5-ASA, effectively and selectively,
to the inflammation site; thus reducing side effects and
dosing frequency, enhancing the therapeutic efficacy and
avoiding drug degradation. The system stability, method-
ology simplicity and safety of materials used in fabricat-
ing this system need to be addressed exclusively; for the
successful translation of such approach into industrial
scale production and clinical practice. The employment
of ultrasound mediated approach in the rectally adminis-
tered mesalamine can be promising to greatly enhance
the drug delivery process and decrease problems associ-
ated with conventional enemas delivery such as; patient
acceptance, dosing frequency and required mucosal ex-
posure time. However, further and more research works
need to be done in this field.
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