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ABSTRACT: Peptide drugs are poorly absorbable and are also susceptible to
enzymatic degradation in the gastrointestinal tract (GIT). To overcome the
physiological and morphological barriers for the peptide / poorly absorbable
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drug delivery, mucopenetrative and mucoadhesive properties of drug carriers
have to be considered. Mucoadhesion can prolong the residence time of drug
carriers at the absorption sites, improved drug absorption and controlled release
of drug from the device used. The particles with smaller size were likely to
diffuse much faster into the mucus layer, provided that diffusion of the particles
into the mucus layer should obey Stokes-Einstein equation. The adhesiveness of
the nanoparticles (NPs) in suspension form helps to improve bioavailability.
Chitosan (CS) based or CS-coated NPs represent another common group of
mucoadhesive systems. Moreover, NPs made of such polymers were used to
enhance the bioavailability, and also the mucoadhesion of proteins, peptides and
DNA to the mucosal tissues. This review focuses on the mechanism of
gastrointestinal mucoadhesion of NPs for peptide/poorly absorbable drugs.

INTRODUCTION: Size reduction helps in The bio-adhesion of the oral dosage forms of
improving solubility and bioavailability, reducing  poorly absorbable drugs has received much
toxicity, enhancing release and providing better attention in transdermal and buccal systems.
formulation opportunities for drugs. Drugs in the Bioadhesion to mucous membranes in the
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nanometer size range enhance performance in a
variety of dosage forms. The word ‘nano’ was
derived from a Latin word, which means dwarf.
Nano size refers to one thousand millionth of a
particular units (i.e. 1nm = 10° m) . The
development of a dosage form to improve the oral
absorption of peptides and proteins or any poorly
absorbed drug, whose bioavailability was very low
because of instability in the gastrointestinal (Gl)
tract and low permeability through the intestinal
epithelium, was one of the greatest challenges in
the pharmaceutical field 2.
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gastrointestinal tract can be described in term of
mucoadhesion as it can prolong the residence time
of drug carriers at the absorption sites.

Longer and group were the first to show that a
delayed gastrointestinal transit induced by
mucoadhesive polymers could lead to the increased
oral bioavailability of a drug. Peptide drugs were
intrinsically poorly absorbable owing to their high
molecular weight and hydrophilicity; they are also
susceptible to enzymatic degradation in the
gastrointestinal tract 3. The drug carriers are
expected to remain in the gastrointestinal tract
while protecting the entrapped peptide drugs from
enzymatic degradation until they are released and
absorbed. The concept of this system could be also
applied to other peptide delivery systems, such as
nasal and pulmonary administration systems via the
mucous membranes *.
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1.1. Mucoadhesion of the Nanoparticles:
Nanoparticles (NPs) orally administered in the
form of a suspension diffuse into the liquid media
and rapidly encounter the mucosal surface. The
particles are immobilized at the intestinal surface
by an adhesion mechanism referred to as
“bioadhesion”. The concentrated suspension acts as
a reservoir of particles and an adsorption process
takes place very rapidly. The direct contact of the
particles with the intestinal cells through a
bioadhesive phase is the first step before particle
absorption. The adhesiveness of the nano-
suspensions not only helps to improve
bioavailability but also improves targeting of the
parasites persisting in the GIT. Bupravaquone
nanosuspensions have been reported to demonstrate
an advantage in TRC- alpha-deficient mice infected
with Cryptosporidium parvum oocytes > 274,

1.2.  Mucoadhesion of NPs after Oral
Administration: Oral administration of polymeric
particle suspensions (NPs or micron-range
microspheres made from non-swellable polymers)
leads to mucoadhesion of a significant fraction of
the particles. Different phenomena occur after oral
administration (Fig. 1). Firstly, a suspension of
particles is administered and immediately enters in
contact with a portion of the oral mucosa (step I).
From this moment, the concentrated suspension
acts as a reservoir of particles and very rapidly, an
adsorption process takes place, leading to the
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adsorption of a fraction of the available particles
(step I1). Adsorption occurs with the mucus layer
and is an irreversible process. The luminal particle
suspension transits through the intestine, sweeping
progressively the whole mucosa. The simultaneous
adsorption process results in a progressive covering
of the intestinal mucosa by adherent particles (step
I11). Finally, detachment of the particles from the
mucosa begins to occur in the proximal region and
is progressively extended to the distal region (step
IV) as shown in Fig. 1°.

The inherent short comings of conventional drug
delivery and the potential of NPs as drug delivery
systems have offered a tremendous scope for
researchers in this field and is fast moving from
concept to reality. NPs may be used for oral
administration of gut-labile drugs or those with low
aqueous solubility . These colloidal carriers have
the ability to cross the mucosal barrier as such. In
addition to the potential for enhancing drug
bioavailability via particle uptake mechanisms,
nanoparticulate oral delivery systems also have
slower transit times than larger dosage forms
increasing the local concentration gradient across
absorptive cells, thereby enhancing local and
systemic delivery of both free and bound drugs
across the gut. These colloidal carriers are expected
to develop adhesive interactions within the mucosa
and remain in the gastrointestinal tract .

Drug Administration
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FIG. 1: MUCOADHESIVE BEHAVIOR OF COLLOIDAL PARTICULATE SYSTEMS FOLLOWING ORAL
ADMINISTRATION
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1.3. Gastrointestinal Tract (GIT) Physiology
with Relevance to Particulate Uptake: The GIT
serves to carry out the digestion of food and the
absorption of water, nutrients, and electrolytes, and
provides a selective barrier between the
environment and the systemic circulation. It
provides a variety of physiological and
morphological barriers, such as proteolytic
enzymes, in the gut lumen and at the brush border
membrane: the mucous layer, the bacterial gut
flora, and the epithelial cell lining itself. Although
the GIT is designed (evolved) to prevent uptake of
particulate matter (e.g. potentially toxic materials
and pathogens) from the environment, it is not a
completely prohibitive barrier ***. The chemical
composition of mucus provides an opportunity for
both acidic and basic compounds to interact with it,
thereby increasing the residence time of both drugs
and NPs in close proximity to the absorptive
surfaces.

The primary function of the GIT is to selectively
take up interest substances from the ingested bulk.
To prevent harmful material from getting in,
various protective mechanisms like pH variation,
degrading enzymes, mucus, and non-pathogenic
microflora exist. Also, the immunological load
ingested makes the mucosa an ideal site for the
identification and resistance of antigenic
challenges. The local immune system is composed
of GALT (gut associated lymphoid tissues),
composed of lymphoid tissues, called PPs in the
small intestine, which are characterized by a
monolayer of specialized epithelium containing M
cells and absorptive enterocytes, i.e. follicle
associated epithelium (FAE) *,

1.4. Channels of Uptake: To deliver the drug
content into the blood, lymph, or target organs, NPs
have to cross the gastrointestinal barrier either by
passive diffusion via transcellular or paracellular
pathways or by active processes mediated by
membrane bound carriers or membrane-derived
vesicles ** ¥ Another possible mechanism for the
transport of NPs across intestinal cells is
paracellular uptake via aqueous channels. In
humans, the equivalent pore diameter has been
estimated to be between 4 and 8 A and about 10-15
A in rat and rabbit. The mucosal epithelium in the
small intestine consists of polarized cells,
connected by tight intercellular junctions, which

International Journal of Pharmaceutical Sciences and Research

E-ISSN: 0975-8232; P-ISSN: 2320-5148

account for < 1% of the surface area of the intestine
> Fig. 2 represents schematic representation of the
mechanism of uptake of NPs on oral
administration. The direct uptake of NPs through
the lymph into the systemic circulation by passing
the liver reduces the first pass metabolism, thus
improving bioavailability *%.

Intestinal lumen

() messel )

Systemic circulation

FIG. 2: MECHANISM OF UPTAKE OF ORALLY
ADMINISTERED NPs

2. Bioadhesion: The particles come into contact
with the mucosal surface; they have to come in
direct contact with mucus and may develop
interactions with it. When microparticles or NPs
are orally administered in the form of a suspension,
they diffuse into the liquid medium and encounter
the mucosal surface rapidly during the time course
of their transit in the GIT, thus remaining away
from the absorbing surfaces for most of the time.
The particles can be immobilized at the intestinal
surface by an adhesion mechanism, referred to as
bioadhesion '°. Bioadhesion can be achieved by
either nonspecific or specific interactions with the
mucosal surface.

Nonspecific interactions are driven by the
physicochemical properties and surface of the
particles. Specific interactions depend on the
presence of a ligand attached to the particle used
for the recognition and attachment to a specific site
at the mucosal surface. The process involved in the
formation of such bioadhesive bonds has been
described in three steps: (i) wetting and swelling of
the polymer to permit intimate contact with
biological  tissue, (ii) interpenetration  of
bioadhesive polymer chains and entanglement of
polymer and mucin chains, and (iii) formation of
weak chemical bonds *’. In 1989, Pappo generated
a monoclonal antibody that recognized M cells of
rabbit’s PPs 8.
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This monoclonal antibody was adsorbed onto
fluorescent polystyrene microspheres, and the
particles localized specifically in the PP epithelium
after administration. Antibody coated particles
accumulated in thrice the amount in PPs as
compared to uncoated ones. The concept of site
specificity for mucoadhesion based on the affinity
between sugars and lectins has also been
intensively investigated 2. Wheat germ agglutinin
(WGA) from Triticum vulgare specifically binds to
N-acetyl-D glucosamine and sialic acid, both of
which are constituents of mucus. In addition to
binding to the surface of Caco-2 cells and human
enterocytes, WGA is also taken up into the cells by
receptor mediated endocytosis involving the
epidermal growth factor (EGF) receptor, which is
present in a significant amount even on enterocytes.
Poly(lactide-co-glycide) (PLGA) NPs conjugated
with WGA as a carbohydrate binding ligand
showed improved cytoassociation as compared to
the unmodified ones * 2" 4

Mucus is continuously secreted, then shed and
discarded or digested and recycled. Its lifetime is
short, often measured in minutes to hours. The
fastest turnover is typically observed at surfaces
with the thinnest mucus layer, perhaps as an
evolutionary response to improve the protective
features of the mucosa. In the nasal tract, the ciliary
motion transports mucus from the anterior towards
the posterior region of the nasal cavity, moving
entrapped particles and potentially toxic materials
toward the nasopharynx. The mucus flow rate is
about 5 mm per min, and the mucus layer is
renewed approximately every 20 min 2°%,

Likewise, the luminal gel layer of respiratory tract
mucus is replaced every 10 to 20 min, leading to
efficient clearance of inhaled particulates *3. In
contrast, the sol phase of respiratory mucus is
thought to be cleared much less rapidly than the
more solid-like luminal gel layer ?**”. Continuous
secretion and clearance by peristaltic forces leads
to quick turnover times, on the order of 4 - 6 h, in
the rat GIT " 2 # and likely similar values in
humans. In the vagina, mucus is cleared (expelled
through the introitus) by intra-abdominal pressure
as well as abdominal motions, which squeeze the
walls of the vagina together ** 3! Table 1
represents Thickness of various types of normal
human mucus.
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TABLE 1: THICKNESS OF VARIOUS TYPES OF
NORMAL HUMAN MUCUS

Type of Average Reported
Mucus Thickness (um)  Thicknesses (um)
Respiratory:
Airway 50-52 15 7,30
Bronchial 53 55 5515
Gastrointestinal:
lleal 55-58 10 10
Cecal 56 37 36.7£7.2
Colonic 54-56,61 100 39.1+9.9 (A),
57.5+14.5 (T), and
69.6+32.1 (D);
79+40; 100-150;
107+48
Rectal 55-57 125 101.5+80.3;
155+54
Ocular:
Mucus layer 58 0.035 0.02-0.05
Tear film 59 5; 40 3; 6-7; 34-45

2.1. Increased Oral Bioavailability after Drug
Delivery by NPs: The pharmacokinetics of several
drugs after oral administration has been improved
by means of NPs. The bioavailability of vincamine
was about 25% when administered in an aqueous
solution to rabbits. After oral administration of
vincamine adsorbed on poly (hexyl cyanoacrylate)
NPs, the bioavailability reached 40%, probably due
to a prolonged period of contact of the drug
delivery system with the mucosa *. Nanocapsules
of poly (isobutyl cyanoacrylate), administered in
the jejunal lumen, increased the absorption of
Lipiodol: the plasma level of iodine was maximal
45 min after the administration of Lipiodol
emulsion (3 times basal value) and nanocapsules
(3.5 times). Then iodemia decreased again but
remained 2.5-fold higher than control values 105
min after the administration of nanocapsules. The
observation was attributed to a prolonged time
period of contact between the lipiodol drug and the
microvilli of mucus membrane *.

2.2. Behaviours of NPs in the GIT: Orally
administered nanoparticulate carriers should have
an ability to protect the loaded peptides from the
digestive enzymes, such as pepsin, in the stomach
with acidic conditions while they do not release the
loaded peptides. Followed by passing through the
stomach, the nanocarriers reach the small intestine
that is a major absorption site for peptide drugs.
Here, two major biological barriers for the drug
absorption exist, i.e. the brush border membrane
and mucus layer.
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Mucus is a fully hydrated viscoelastic gel (water
occupies almost 95% of the contents under
nonpathological conditions) overlying epithelial
cell surfaces as a continuous gel blanket ** =3¢, Its
neogenesis continuously takes place with relatively
rapid turnover rate *'. Modification of nanoparticle
surface with mucoadhesive components may lead
to further prolongation of the residence time at the
absorption site. Drug release from the NPs at the
epithelial cell lining followed by penetration of the
NPs into the depths of the mucus layer can give rise
to high drug concentration gradient across the
intestinal membrane, possibly leading to the
increased drug absorption by passive diffusion.

Alternative approach is to directly traverse the NPs
themselves to the blood stream through the
intestinal membrane. This approach makes it
possible to protect peptide drugs from proteolytic
degradation by digestive enzymes such as trypsin
and chemotripsin existing in the intestinal mucus
layer. As transport pathways through the intestinal
membrane, three possible routes have been
suggested: (1) uptake by the PPs, (2) gap between
epithelial absorptive enterocytes (paracellular
route), (3) uptake by absorptive enterocytes
(transcellular route) *®.

3. Natural Polymers and Derivatives: The use of
colloidal  carriers made of  hydrophilic
polysaccharides like chitosan (CS) is increasing as
a promising alternative for improving the transport
of drugs and macromolecules, such as peptides,
proteins, oligonucleotides, and plasmids across
biological membranes. CS [(1-B-4)-2-amino-2-
deoxy-B-D-glucan] is a deacetylated chitin that has
gained considerable interest for oral drug delivery.
CS has been shown to increase the paracellular
permeability of (14C) mannitol (a marker for
paracellular routes) across Caco-2 intestinal
epithelia *°. These findings attributed the property
of transmucosal absorption enhancement. CS is
soluble only in solutions at pH values below 6.5,
and only protonated CS (i.e. in its uncoiled
configuration) can open the tight junctions, thereby
facilitating the paracellular transport of hydrophilic
compounds.

The problem of CS ineffectiveness at neutral pH
values can be tackled by derivatization at the amine
group that renders the polymer soluble and
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effective for the purpose “°. However, pH above 6.5
is encountered only at the distal ends of the enteron
and is expected to be of concern only when NPs are
targeted to these portions of the GIT, such as the
colon. As CS easily forms NPs and microparticles
with high loading capacities for various antigens, it
iIs a promising candidate for designing carrier
systems for oral vaccine delivery. An important
advantage of CS NPs and microparticles is that,
often, the use of organic solvents, which may alter
the immunogenicity of antigens, is avoided during
preparation and loading **.

The potential of certain bioadhesive NPs have
evaluated to increase the oral bioavailability of
drugs degraded in GIT using 5-fluorouridine as a
model drug. From the wurine data, poly
(methylvinylether-co-maleic anhydride) NPs and
those coated with albumin showed higher
bioavailability over the control oral solution *. A
bupravaquone mucoadhesive nanosuspension was
produced using an optimal stabiliser combination
and incorporating the nanosuspension in a
mucoadhesive  gel.  Preparation  of  this
mucoadhesive nanosuspension gel in the ‘classical
way’ requires a three step production process that
means producing the nanosuspensions, producing
the gel and finally mixing the two components.

Alternatively, a more straightforward process for
the general production of mucoadhesive
nanosuspension gels was developed. The drug
powder was dispersed in the surfactant solution as
described above, and then the polymer was added
and partially hydrated by addition of
triethanolamine  (adjustment of pH to
approximately 5). This leads to a slightly viscous
system which could still be passed through the
homogeniser at two cycles 150 bar, two cycles 500
bar (premilling process) and then for 15 cycles
applying 1500 bar.

Then the remaining triethanolamine was added to
adjust to a pH of 7 to form the highly viscous gel
(addition of triethanolamine under stirring using an
ultra turrax). Nanosuspension technology and the
mucoadhesive principle were combined to develop
a formulation for the poorly soluble drug
bupravaquone, especially for the treatment of
Cryptosporidium parvum infections 2" *4 -4,
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4. Important Parameters of
Nanoparticles:

4.1. Preparation Methods for Polymeric NPs:
4.1.1. Emulsion Solvent Diffusion Method:
Emulsion solvent diffusion (ESD) methods can be
classified into two categories: the ‘‘in water’”
method and the “‘in oil”> method. To prepare
PLGA NPs by the ESD in water method, PLGA
and drug are dissolved in a mixed solvent of
acetone and ethanol (or methanol), both of which
dissolve in aqueous solution. When this polymer
solution is poured into aqueous poly (vinyl alcohol)
(PVA) solution, a submicronized o/w emulsion is
spontaneously formed due to immediate reduction
of the interfacial tension with rapid diffusion of
organic solvent into the aqueous phase (the
Marangoni effect). Following solvent diffusion, the
nanospheres are obtained by co-precipitation of
polymer and drug following the reduction in
solubility.

Polymeric

During preparation of the NPs, PVA prevents the
aggregation and fusion of emulsion droplets by
adsorbing on the surface of the droplets. Then, the
resultant nanosphere suspension is centrifuged and
resuspended in distilled water to remove the
solvent and free drug in the upper aqueous phase.
Finally, the nanospheres are powered by freeze-
drying. In the ‘‘water’” method, the emulsion is
spontaneously submicronized due to the rapid
solvent diffusion at the surface of droplets. In the
““oil”” method, however, such rapid diffusion does
not occur. Therefore, there is a need to add a
surfactant (Span 80) to the polymer phase in the in
oil method. Nanospheres with an average diameter
of ca. 700 nm were obtained. The polydispersit

index of this suspension ranges from 0.2 to 0.3 *4*.

4.1.2. Phase Separation Method: The phase
separation method was devised to modify the drug
encapsulation properties. In this method, aqueous
drug solution is poured into a dichloromethane /
acetone solution containing PLGA which is being
agitated using a high-shear homogenizer. After
preparation of the w/o emulsion, MCT is added to
the system while stirring to induce phase
separation. The coacervated droplets of PLGA
surround the drug aqueous droplets due to the high
activation energy of the surface of the aqueous
droplets. Following the phase separation process,
PLGA is precipitated by removing the organic
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solvent under vacuum. The nanospheres prepared
by the phase separation method have a bimodal
particle size distribution with a weight mean
diameter and polydispersity index of 800nm and
0.3-0.5, respectively, due to a degree of
coalescence of coacervated droplets .

4.2. Surface Modification of Nanoparticulate
Systems with Mucoadhesive Polymers: One of
the most promising strategies for designing
mucoadhesive particulate systems is surface
modification, or coating, of the drug carrier
particles with mucoadhesive polymers. For coarse
particles, a conventional coating method, such as
fluidized bed coating, can be used. In reviewing the
surface modification of colloidal particles, a
number of investigations of the polymer coating of
liposomes have been published .

4.3. Evaluation of Mucoadhesive Particulate
Systems: Various methods have been proposed to
evaluate the mucoadhesive properties of tablets or
mucoadhesive  polymers themselves 2. In
particular, special methods may be required to
evaluate the mucoadhesive  properties  of
nanoparticulate  systems. The mucoadhesive
properties of particulate systems have been
evaluated *. The particles were prepared by
coating glass beads (0.45-0.5mm) or crystals of
acetyl salicylic acid (> 630um) with various
hydrophilic polymers such as Polycarbophil (PC),
Sodium  carboxymethyl cellulose (NaCMC),
Hydroxypropylmethyl cellulose (HPMC), Methyl
cellulose (MC). In the adhesion test, the particles
were placed on rat jejunum or stomach in a humid
environment in vitro.

The percentage of particles retained on the tissue
was considered to be an index of bioadhesion. An
in situ perfused ileal loop was used in the rat to
study the mucoadhesion of multiple-unit
bioadhesive systems. Microspheres of poly (2-
hydroxyethyl methacrylate) (315-400um) were
synthesized by suspension polymerization and
coated with several mucoadhesive polymers in an
air-suspension  process. The polymer-coated
microspheres were perfused with isotonic saline,
and the number of collected particles was counted.
Based on the mean residence time (MRT)
calculated from the residence curves of the
particles, the PC coated particles exhibited strong
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mucoadhesive properties. They also proposed an
in-vitro model for intestinal absorption testing with
rat intestine that was applicable to adhesion studies
54

4.4. Mucoadhesive Properties of Polymeric NPS
Coated with Mucoadhesive Polymers: The
mucoadhesiveness of surface-modified polymeric
NPs was also evaluated using the isolated rat
intestinal sac >°. As it is difficult to count the
number of the submicron sized particles in
suspension, the amount of adhering NPs was
measured  fluorophotometrically by  using
fluorescence labelled nanospheres. In this test, the
everted rat intestinal sac was immersed in a
suspension of fluorescence-labeled nanospheres
and gently agitated for 15 min. Then, the amount of
NPs adhering to the sac was determined
fluorophotometrically after acetone extraction. The
CS coated nanospheres  showed  higher
mucoadhesion to the everted intestinal sac in saline
than the uncoated nanospheres or nanospheres with
other polymer coatings. The mucoadhesive
properties of polymer-coated NPs were also
evaluated using mucin particles in vitro *°.

The effectiveness of mucoadhesive polymeric
nanospheres was evaluated in the absorption of a
peptide drug by using Elcatonin-loaded PLGA
nanospheres coated with CS °’. The physiological
action, i.e. reduction in blood calcium, was
monitored after oral administration of the uncoated
and CS coated PLGA nanospheres in rat. The blood
calcium fell temporarily by about 80-85% for 1 h
after intragastrical administration of uncoated
nanospheres containing elcatonin. The blood
calcium-time profile was almost the same as that
following the administration of elcatonin solutions
of 250 IU/Kg or less. On increasing the dose of the
uncoated nanospheres, the reduction in Ca
concentration was prolonged over 10 h. On the
other hand, a significantly prolonged reduction in
blood Ca was obtained over 12 h after
administration of the CS coated nanospheres at
doses of 125 1U/Kg and 250 1U/Kg. On increasing
the dose, e.g. to 500 IU/Kg, the reduction in
calcium was prolonged.

4.5. Clinical Practice of NPs: The application of
nanotechnology to drug delivery has already had a
significant impact on many areas of medicine. In
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recent years, the U.S. Food and Drug
Administration (USFDA) has approved
Investigational New Drug (IND) applications for
nano-formulations, enabling clinical trials for
breast, gynecological, solid tumour, lung,
mesenchymal tissue, lymphoma, central nervous
system and genito-urinary cancer treatments .

A global survey conducted by the European
Science and Technology Observatory in 2006
showed that more than 150 companies are
developing nanoscale therapeutics. So far, 24
nanotechnology based therapeutic products have
been approved for clinical use, with total sales
exceeding $5.4 billion. Among these products,
liposomal drugs and polymer-drug conjugates are
two dominant classes, accounting for more than
80% of the total amount *°. The recent allocation of
$144 million by the National Cancer Institute and
$54 million by the National Heart, Lung and Blood
Institute in U.S.A. for nanotechnology research in
2004 and 2005 respectively, together with a sharp
increase over the past 5 years in the number of
patent applications in this area.

Several nanoscale imaging platforms have also
been introduced and are currently under pre-clinical
or clinical investigation. The most characterized
system is iron oxide nanoparticles for use in
conjugation with Magnetic Resonance Imaging
(MRI) for enhanced resolution imaging. Combidex
which is in late stage clinical evaluation is a
formulation of iron oxide nanoparticles which has
been shown to be significantly more sensitive for
detection of prostate cancer lymph node metastasis
as compared to conventional MR1 % ¢,

CONCLUSION: Mucoadhesive drug delivery
systems (MDDS) are desirable since they provide
opportunity for improving drug bioavailability, via
an intimate and extended contact between drug and
absorbing membrane, and also provide patient
compliance, via reduction in dosage frequency and
drug induced side effects. Transit of the MDDS
through the GIT is mainly governed by mucus
turnover, which may increase upon interaction with
bioadhesives. Nanosuspension technology and the
mucoadhesive principle were combined to develop
a formulation for the poorly soluble drug.
Mucoadhesive nanoparticulate systems, such as
CS-and Carbopol-coated liposomes and PLGA
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NPs, were found to be useful peptide (insulin,
calcitonin) carriers for improving oral mucosal
delivery due to their prolonged retention in the
gastro-intestinal tract and excellent penetration into
the mucus layer.

Furthermore, mucoadhesive PLGA NPs were
shown to be useful for the pulmonary delivery of
peptide drugs as well as oral administration due to
sharing the same mechanism as in the enteral
absorption of peptides. By incorporation of the
nanosuspension into mucoadhesive hydrogels, the
physical stability of this system could be increased
compared with the caking nanosuspensions, leading
to long-term stable systems.
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