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Mucoadhesive and muco-penetrating delivery
systems for eradication of Helicobacter pylori
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Helicobacter pylori (H. pylori), the major culprit for peptic ulcer, has a unique way of survival in harsh acidic environment
of the stomach by colonizing deep in the gastric mucosal layer. Failure of conventional therapies against H. pylori for
complete eradication has major limitations like low residence time of delivery system in stomach, poor penetration of
drug in gastric mucosa, acidic degradation of antibiotics, and development of antibiotics resistance. The poor penetration
of antibiotics through thick viscoelastic mucosal gel results in incomplete eradication of H. pylori. Various investigators have
formulated novel gastro-retentive drug delivery systems such as floating systems, mucoadhesive systems, pH-sensitive gel
systems, and muco-penetrating delivery systems for increasing the concentration of antibiotic in close proximity to the
site of H. pylori infection. This review summarizes the novel drug delivery approaches investigated during the last few years
and suggests that a high eradication rate can be achieved by therapy comprising of muco-penetrating delivery systems of
antibiotics against H. pylori.
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INTRODUCTION

Helicobacter pylori (H. pylori), a gram-negative
microaerophilic spiral bacterium, has been found to be
a major causative organism for peptic ulcer by Warren
and Marshall in 1982.""" Around half of the world’s
population is infected by this pathogen but only a
small percentage of infected population shows clinical
symptoms, which mainly depends upon the difference in
bacterial virulence and hostile factor. H. pylori infection
is present in 90-100% of duodenal ulcer patients and in
60-90% of gastric ulcer patients. Several studies have
shown that H. pylori infection is associated with at least
three- to four-fold increased risk of peptic ulcer diseases
and that 10-15% of H. pylori-infected individuals will
have peptic ulcer disease in their lifetime.”” H. pylori is
the major causative organism of the chronic gastritis,?!
peptic ulcer,® B-cell MALT lymphomas,”® gastric
carcinoma,! and childhood malnutrition-associated
carcinoma.” All of these are associated with an increase
in epithelial cell apoptosis.®!

WHO has listed H. pylori-associated gastric carcinoma
as one of the three major causes of cancer-related
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deaths worldwide, around 0.5 million deaths every
year. Chemotherapy of gastric cancer has poor
clinical efficacy; however, the eradication of H. pylori
infection could possibly prevent gastric carcinoma and
other associated diseases. It is now well established
that the maximum incidence of H. pylori infection
is more in children of 11-16 years particularly for
lower socioeconomic condition due to poor level of
sanitation.” The prevalence of H. pylori infection in India
has been reported to be very high, ranging from 70% to
90% in patients with duodenal and peptic ulcer and 50%
to 80% in patients with non-ulcer dyspepsia (NUD) as
well as healthy asymptomatic adults."" A triple therapy
containing two antibiotics and one proton inhibitor
over a period of 2 weeks is recommended worldwide
for eradication of H. pylori. But poor stability of
antibiotics in acidic environment and poor permeation
of antibiotics across the mucus layer cause incomplete
eradication and systemic side effects leading to patient
noncompliance.""'? To sort out these problems, several
research investigations on the gastro-retentive drug

Access this article online

Quick Response Code:

Website:
E E www.asiapharmaceutics.info
|

E ! . 10.4103/0973-8398.100127

Asian Journal of Pharmaceutics - January-March 2012



Arora, et al.: Mucoadhesive and mucopenetrating delivery systems for eradication of Helicobacter pylori

delivery systems like floating formulations, mucoadhesive
drug delivery system, pH-sensitive gel system had been
carried out for increasing the gastric residence and local
concentration of drug at H. pylori-infected site. These studies
indicated the benefit of targeting drug to the gastric mucosal
layer by reducing the dose of antibiotic therapy as well as
increased patient’s compliance. In this review, we summarize
the current information on colonization of H. pylori and novel
delivery system studies conducted in past few years, so as
to utilize the information for future research on H. pylori
eradication therapy [Figure 1].

Colonization of H. pylori

H. pylori is a motile pathogen which lives deep in the gastric
mucus layer close to the epithelial cells. In general, after the
entry of any bacteria into the stomach, gastric acidity and
peristaltic movement inhibit the adhesion and colonization
of the bacteria in the gastric mucus layer. The continuously
secreted mucus from glands of the epithelial cell pushes
bacteria toward the luminal surface, where the more acidic
environment retards the colonization and motility property of
the pathogens.!'*'>' However, even in these hostile conditions,
H. pylori adheres to the mucus layer and penetrates deep
in the mucus membrane close to the epithelial cells due to
good motility of flagellae and various adhesins present on
its surface as shown in Figure 2.

Once the bacterium establishes the adhesion with the mucus
layer, the enzyme urease secreted by H. pylori metabolizes
gastric urea to produce carbon dioxide and ammonia, which
produces a surrounding coat of buffered acid. Earlier it was
assumed that H. pylori usually colonizes in the mucus just close
proximate to epithelial cell and do not penetrate the epithelial
cells!"® but one of the recent study showed the invasion of
H. pylori in the intercellular space of gastric epithelial cell.!"”

Thus, colonization of H. pylori in the gastric mucus layer is
determined by various virulent and hostile factors as listed
in Table 1. Urease and flagella are two most important
virulent factors for successful colonization of H. pylori.l'>81l
Among hostile factors, Lewis blood group antigens are most
important factors for mucosal adhesions of bacteria. Based
on composition, Lewis antigen are of two types: type 1,
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mainly distributed in the epithelium surface contain Le?, Le®,
and sialyl-Le?, while type 2 located deeper in the mucous/
parietal cell contain LeX, LeY, and sialyl-LeX. It is also well
established that Le" and Le* are major hostile factors that
are responsible for H. pylori adhesion to the gastric epithelial
cell.? In addition to Lewis antigen, integrins are other factors
for adhesion of H. pylori. Apart from lewis antigens, blood
group antigen-binding adhesion (Bab A) protein?'l and Sialic
acid-binding adhesion (Sab A) protein?? are adhesion factors
present on the outer membrane of H. pylori. Bab A and Sab A
recognize hostile factors Le® and Le* respectively for adhesion
on gastric epithelial cell.?>ZISheu et al. (2003)?* reported the
expression of Le® antigen as a cause behind nearly 73% of H.
pylori infection. Once H. pylori adheres to the epithelial cell,
it produces a direct injurious effect, which is amplified by
production and release of vacuolating cytotoxin (VacA).l?>2!

Current Treatment Regimen for Eradication of H. pylori
Treatment

Although, H. pylori is sensitive to many antibiotics during
in vitro studies, yet no single antibiotic showed complete
eradication in vivo. The various antibacterial agents used
against H. pylori are reported in Table 2. Presently, these
infections are treated with first-line triple therapy consisting
of two antibiotics (amoxicillin along with clarithromycin/
metronidazole) and a proton pump inhibitor (omeprazole/
rabeprazole/lansoprazole). The proton pump inhibitor
increases the pH within stomach to facilitate the local action
of antibiotics by increasing their stability, absorption, and
tissue penetration.*** A quadruple treatment regimen was
also tried for eradication of H. pylori, which include colloidal
bismuth subcitrate (CBS), tetracycline, metronidazole, and
omeprazole.® This therapy had advantage over the triple
therapy because bismuth precipitates in and around H. pylori
pathogens leading to lysis of the bacterial cell wall within 2
h after ingestion of drug.’”! Also heavy metals such as zinc,
nickel, and bismuth compounds interfere with the activity
of urease enzyme. By combining complicated therapies in a
single dosage form, a capsule (Helicide) of bismuth subcitrate,
metronidazole, and tetracycline, an effort has been made to
improve patient compliance.®!

Reason for Failure of H. pylori Treatment

In spite of various antibiotic combinations studied against
H. pylori, none has shown complete eradication of the
bacterium. The characteristic of H. pylori is its colonization
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Figure 1: Pathophysiological conditions associated with H. pylori

Figure 2: Steps involved in colonization of H. pylori
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Table 1: Various virulent factors, their predictable role and association with H. pylori

Adhesions Predicted role

Association with H. Pylori

References

Urease and its
subunits urea, ureB

Survival in acidic environment,
nutrient acquisition

Flagella and flagellins ~ Motility

FlaA, FlaB

HspA, HspB Heat shock proteins,
Chaperonins

Catalase Detoxification of oxygen radicals
(H,0,)

CagA Unknown function, marker for cag
pathogenicity island

VacA Cytotoxic in vitro

BabA Binds to fucosylated blood group
antigens on cells

SabA Binds to sialyl-Le? and sialyl-
Le* antigens and involved in
activation of neutrophils

SabB Binding specificity is unknown

AlpA and AlpB Inactivation of the AlpA and
AlpB genes result in decreased
adherence to gastric epithelial
cells

IceA It encodes a CATG-recognizing
restriction endonuclease

DupA The DupA gene encodes a VirB4
ATPase homolog

OipA OipA assist in IL-8 induction, but

this association is not universal

Cytoplasmic, in part extracellular

Extracellular, but enveloped by
flagellar sheath

Intracellular, in part extracellular
Intracellular, in part extracellular
Cytoplasmic

Secreted extracellular

It has been implicated in peptic
ulcer disease and gastric cancer
None

Absence of SabB expression via
phase variation is associated with
duodenal ulcers

Outer membrane protein

It has been associated to PUD, but
its association is not universal
Associated with duodenal ulcers
but also with reduced risk for
gastric atrophy and cancer
Expression of OipA is linked to
cag status and development

of duodenal ulcers and gastric
cancer

Ghaira, 19977
Ghaira, 199727
Ghaira, 199727
Ghaira, 199727
Rad et al., 200281

Rad et al., 200281
Rad et al., 200218

Tannes et al., 20059

Tannes et al., 20059

Jonge et al., 20040

Figueiredo et al., 200081

Lu et al., 2005

Kudo et al., 20042

CagA, the protein encoded by cytotoxin-associated gene A; FlaA and B, Flagellins A and B; HspA and B, heat shock proteins A and B; VacA, vacuolating cytotoxin A; BabA, blood group
antigen-binding adhesin; SabA and B, Sialic acid-binding adhesin; AlpA and B, adhesions lipo proteins; IceA, induced by contact with epithelium; OipA, Outer membrane protein; DupA,

duodenal ulcer promoting protein

and survival in deep gastric mucosa and also in the
intercellular space between epithelial cells.'"” Because of poor
penetration power of antibiotics across the gastric mucus
membrane, incomplete eradication results.!'"1?!

The stability of commonly used antibiotics of triple therapy is
another reason for treatment failure, which is not more than
3—4 h in gastric environment.”® The most important issue in
management of H. pylori is increased instances of antibiotic’s
resistance. H. pylori is known for its panmictic population
structure®“%i.e. genetic recombination is so frequent that
it randomizes the DNA sequences and generates linkage
equilibrium." There is general agreement that increasing
antimicrobial resistance is related to the selection pressure
exerted by the use of antibiotics. A significant variation
in the resistance to antibiotics in H. pylori, especially to
metronidazole, amoxicillin, and clarithromycin, has been
reported across the globe. Development of resistance against
antibiotic is mainly responsible for the declining rate of
H. pylori eradication seen in many countries, more

prominently in developing countries like China, India, Mexico,
etc. A study in 2004 showed a 70% decline in eradication rates
with clarithromycin-containing regimen in clarithromycin-
resistant cases.*!l

Novel Drug Delivery Approaches for H. pylori

Literature review reveals that local application of antibiotics
to gastric mucosa resulted in better eradication compared
to systemically available antibiotic.*?! Hence, for effective
eradication of H. pylori the drug delivery system should
adequately deliver the therapeutic agent in the close
proximity of the gastric mucus membrane. In recent years,
various novel approaches are used for increasing the gastric
residence time of the delivery system and local action of the
drug in stomach as shown in Figure 3. Different strategies
utilized are: (i) density-based approaches including a high-
density system and a low density system, (ii) the floating
drug delivery system, (iii) the mucoadhesive/bioadhesive
system and, (iv) the swelling system for improving the gastric
retention time of the system.
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Table 2: Various classes of drugs used against H. pylori and their mechanisms of action

Class Drugs Mechanism Use
B lactams Amoxicillin, Inhibit cell wall Used in multi-drug
Penicillin, synthesis eradication therapy
Ampicillin
Macrolides Clarithromycin, Inhibition of bacterial Used in multi-drug
Erythromycin, protein biosynthesis eradication therapy
Azithromycin
Nitroimidazoles Metronidazole, Inhibition of Used in multi-drug
Tinidazole metabolic pathway eradication therapy
H,-receptor Cimetidine, Acid inhibition H. pylori-negative peptic
antagonists Ranitidine, ulcer; replaced by PPI
Famotidine because of inferiority in
acid suppression.
PPI Rabeprazole, Most potent acid Standard treatment for all
Esomeprazole, inhibition H. pylori-negative peptic
Omeprazole, ulcers; given intravenously
Lansoprazole in bleeding ulcers
Prostaglandin Misoprostol Increase mucosal Weak acid inhibition,
analogues resistance H. pylori-negative gastric
ulcer; prevention of NSAID
ulcers.
Bismuth salts Bismuth Increases mucosal In quadruple therapy for
subcitrate, prostaglandin H. pylori eradication
Bismuth synthesis

subsalicylate

Several mucosal protectives used in some countries (i.e. Sucralfate, Rebamipide, and others) do not have sufficient trial documentation to be included in the efficacy comparison with the
listed standard therapies. PPI: Proton-pump inhibitor; NSAID: Non-steroidal anti-inflammatory drug

Density-based approaches involve the density difference
of formulation in comparison to normal stomach content
density (~1.0004 g/cm?®). These systems improve sustained
release of drug along with prolonging the gastric residence
time of the dosage form. In high-density based systems,
tablets with 1.5-2.4 g/cm?® densities are prepared, but
effectiveness of these systems in humans have not been
observed.”! In the case of low density-based systems, bulk
density is less than gastric fluid’s density and remains buoyant
in stomach without affecting the gastric emptying rate for a
prolonged period and releases the drug slowly. By entrapment
of air (e.g. hollow chambers)*! or by incorporation of low-
density materials (e.g. fatty materials, oils, or foam powder)
low-density systems are prepared.*>*l Floating drug delivery
systems are based on the use of the low-density polymer
or gas-generating agents. In the case of gas-generating
agent, gas generated is entrapped in the polymer matrix,
thus provide the floating property to the drug delivery
system. Bio/mucoadhesive systems comprise of natural or
synthetic polymer(s) capable of adhering to a biological
membrane (bioadhesive polymer) or the mucus lining of the
GIT (mucoadhesive polymer) by forming non-covalent bonds
with the mucin—epithelial surfaces.””l The adherence of the
delivery system to the gastric wall increases residence time at
a particular site, thereby improving bioavailability.*®! Swelling/
expanding systems swell to a size that prevents their passage
through the pylorus.*’! As a result, dosage form is retained in
stomach for a long period of time. Sustained and controlled
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Figure 3: Various gastro-retentive drug delivery systems

drug release may be achieved by selecting a polymer with
high swelling properties due to physiochemical crosslink’s in
the hydrophilic polymeric network. These systems may also
erode in the presence of gastric juices.

Various researches based on these novel gastro-retentive
systems against H. pylori are summarized below:

Floating systems

Floating or hydrodynamically balanced systems (HBS) are
simple, most approachable systems to provide high gastric
residence time, and sustained release of drug.®" Floating
tablets or buoyant systems using swellable polymers such
as chitosan (CS), hydroxyl propyl methyl cellulose (HPMC),
polyoxyethylene, carbopols, polycarbophils, guar gum,
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