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Abstract

As well as peptic ulcers, Helicobacter pylori is associated with the development of gastritis,
gastric adenocarcinoma and lymphoma, and has been classified as a class | carcinogen in
humans (International Agency for Research on Cancer Working Group, 1994). Although the
bacteria can be eradicated in up to 90% of patients, side effects, poor compliance and the
resistance of the bacteria to antibiotics are common causes of frequent treatment failure.
Celery seed extracts (CSE) from a unique source in India has been used as herbal medicine
since antiquity and found to have anti-inflammatory and gastroprotective properties (Butters et
al., 2004; Whitehouse et al., 2001). This study followed on observations that crude extracts

exhibited anti-helicobacter activity (Rainsford & Liu, 2006).

CSE was selectively fractionated followed by HPLC. Fractions were collected and bio-assayed
against different strains of H. pylori using conventional culture methods. The most potent
component that was obtained from HPLC and purified was designated celery seed with
anti-Helicobacter activity (CAH). This component has strong bactericidal effects against H.
pylori; the minimum inhibitory concentration (MIC) and minimum bactericidal concentration
(MBC) were 3.15 pg ml™ and 6.25 — 12.5 ug ml”", respectively. This compares favourably
with the .MIC and MBC of tetracycline, which are in the region of 3.15 uyg mi". The isolated
compound has highly specific inhibitory effect on H. pylori, since no inhibitory activity was
detected against Campylobacter jejuni or Escherichia coli at these levels. The molecular ion of
CAH was measured as 384.23 by mass spectrometry, giving the e’mpirical formula as Co4H3,04.
The MS and NMR data strongly suggest this compound is a phthalide dimer. From radioactive
bicassay, CAH inhibits RNA synthesis by 50% of that seen in a negative control in 3 days,

while DNA and protein synthesis were unchanged.

These suggested that the new compound may be suitable for further investigation as an agent

for treating H. pylori infections.
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1. 1 Helicobacter pylori and Associated Diseases

1.1.1 Introduction

About 20 years ago, Drs, Barry Marshall and Robin Warren first reported the
successful isolation and culture of a spiral bacterial species from human
stom‘ach, later known as Helicobacter pylori (Warren and Marshall, 1983). Self
experiments by Marshall and later experiments with volunteers demonstrated
that the bacteria could colonize the human stomach, thereby inducing
inflammation of the gastric mucosé (Marshall et al., 1985; Mori and Nicholson,
1987; Morris et al., 1991). These initial studies stimulated further research,
which showed that gastric colonization with H. pylori can lead to variety of
upper gastrointestinal disorders and diseases. These resulted in insights into
the pathogenesis of chronic gastric diseases and in a major clinical impact with
regard to the management of the rélevant diseases. These pioneering results
culminated in the award of the 2005 Nobel Prize in Physiology and Medicine to
Professors Barry Marshall and Robin Warren for their “discovery of bacterium
Helicobacter pylori and its roles in gastritis and peptic ulcer disease” (Press

release, 2005).

Helicobacter pylori is recognized as one of the most common bacterial
pathogens worldwide. It infects more than 50% of the human population and

>80% of populations from developing countries (Gatta et al., 2003), and is



most frequently acquired during childhood (Oezcay et al, 2004). The
prevalence of H. pylori in gastric ulcer disease is >90% and cure of the
infection results in cure of gastric ulcer disease (Nilsson and Utt, 2002). In the -
last 5 years, there have been approximately 1500 peer-reviewed publications
per year (Kusters et al., 2006) on Helicobacter, which involved all asb\ects of
the important issues such as gene, fransmission route, prevalence,
pathogenesis and treatment. Infection with H. pylori can be diagnosed by a
variety of tests and often be successfully treated with antibiotics. Unfortunately,
the increasing frequency of antibiotic resistance and associated costs affet:ts

the efficacy of treatment, and effective vaccination strategies still do not exist.

1.1.2 Discovery of Helicobacter pylori

.Peptic ulcer disease is a general public health problem throughout the world.
Statistics from available sources since the end of the 1970s indicate that 10%
or more of Western populations may be afflicted by the disease at some time in
their lives and 10% of all adult admissions to general medical and surgical
hospitals accounts for the disease (Langman, 1979). Before the involvement of
a bacterial infection in causing peptic ulcer was realized, age and sex were
recognized as influential factors in causing the disease, others have been
recognized patient factors are geographical and environmental factors,
smoking and alcohol habits, non-steroidal anti-inflammatory drugs (NSAIDs)

and corticosteroid drugs, and genetic and psychological factors (Langman,



1979). Also, the decline in the prevalence of H. pylori infection in recent
decades is probably one major factor leading to a reduction in peptic ulcer
mortality and hospital admissions for peptic ulcer among young people (Kang

et al., 2002).

For many years, the environment of the stomach hés been considered ina
sterile site, and because of its acidity too extreme to support microbial life
(Abigail and Dixie, 2002). After examination of 1140 gastric suction biopsy
specimens, Palmer concluded that no living bacteria could-be found in human
stomach, except the oral contaminations (Marshall and Warren, 1984). The
discovery that H. pylori could colonize the human broke the rule of the
bacteria-free stomach. In 1983, Marshall and Warren first identified curved
bacilli adjacent to the gastric epithelium of patients with chronic gastritis
(Marshall and Warren, 1984). Also, an association between these

microorganisms and gastroduodenal diseases was established.

Warren (then at the University of Adelaide, Department of Pathology) observed
small curved and S-shaped bacilli in 135 gastric biopsy specimens in the early
80’s (Marshall and Warren, 1984). The bacteria were closely associated with
the surface epithelium, both within and between the gastric pits. These
bacteria were at that time almost unknown to clini;:ia'ns and pathologists

(Marshall and Warren, 1984). Marshall (then at the University of Western



Australia) confirmed that Warren'’s bacteria had only one or two spirals per cell
and resembled Campylobacter rather than spirochaetes. They also found that
Campylobacter isolation techniques were effective in isolating them. These
bacteria did not fit any known species either morphologically or biochemical

(Marshall and Warren, 1984).

Support for a pathogenic role for these microorganisms in humans initially
came from independent studies by Marshall and Morris who established that
iﬁgestion of large inoculums of the cells resulted in infection (Marshall et al,
1985; Morris et al, 1987). These investigators satisfied Koch’s postulates by
establishing histological confirmed gastritis following the ingestion of viable
organisms and resultant recovery of the ingested bacteria (Samra et al, 2004).
During this study, a volunteer (Dr. Marshall) who had histological normal
gastric mucosa ingested the bacteria by mouth, and this resulted in
development of a histological proven gastritis on the 14" day. It was proposed
that this disorder may then progress to a chronic infection, which was furtﬁer

key to predispose to the individual to peptic ulceration (Marshall et al., 1985).

The morphology of these organisms resembles the Campylobacter species
and consequently they were initially called Campylobacter-like organisms or
Campylobacter pylori. However, morphologic, biochemical and genetic

differences were soon identified and Campylobacter pylori was designated a



new genus and species name, Helicobacter pylori (Blanchard et al, 2004). In
biochemical markers, H. pylori is positive for urease activity. It is susceptible to
the antibiotic cephalothin and resistant to nalidixic acid. Compared to
Campylobacter species, H. pylori, a more specialized pathogen, is restricted to
the human or animal’'s stomach, with a unique combination of virulence factors
including urease, the cagA pathogenicity island and VacA. It has an incomplete
citric acid cycle, a simple respiratory chain and few regulatory systems. Also H.
pylori and C. jejuni respond differently to oxygen and oxidative stress (Kelly,
2001). Since the publication of the genome sequence of C. jejuni in 2000, and
those of H. pylori strains 26695 and J99 in 1997, 1999 respectively, the direct
comparison of their genome structures became possible (Tomb ef al., 1997;

Alm et al., 1999 and Parkhill ef al., 2000).

1.1.3 Microbiology

1.1.3.1 Genus description

The genus Helicobacter belongs to the subdivision of the Proteobacteria, order
Campylobacterales, family Helicobacteraceae. Members of the genus
Helicobacter are all microaerophilic organisms and are catalase and oxidase
positive in most cases; many are also urease positive (Gillespie and Bamford,

2000).

Helicobacter species can be sub-divided into the gastric Helicobacter specie



(H. pylori) and the enterohepatic Helicobacter species. H. pylori in general can
colonize the mammal stomach and is unable to colonize the intestine and liver.
It is genetically heterogeneous, suggesting a lack of colonality. This results in
every H. pylori-positive subject carrying a distinct strain (Kansau et al., 1996).
Their heterogeneity can be seen at DNA level (genetic heterogeneity) and the
nucleotide level (transcriptional and translation variation and mutation)

(Achtman and Suerbaum, 2000).

Strains of H. pylori are grouped into two broad families, type | and type II, on
the basis of whether they express a bfologically active cagA antigen and/or Vac
A (Veronique et al, 2000). The type | strains contain one or more copies of the
pathogenicity island (PAI) gene and/or Vac A. The cytotoxin-associated gene
protein (cagA) was served as a marker for a cag PAI presented as cagA gene
(Hassan et al, 2003). At least 60% of H. pylori strains in the United States
possess this pathogenicity island, and 90% of strains are cag PAI positive in
other countries (Blaser et al., 1995). The type | strains are found more frequent

than type Il in people who develop gastric cancer (Peek et al., 1997).

1.1.3.2 Morphology and general properties
The Gram-negative, curved or spiral bacterium H. pylori live in the mucous
layer above the gastric epithelium. The H. pylori cell is about 3 micrometers

long with a diameter of about 0.5 micrometer (Fig.1-1A). As a Gram-negative



bacterium has an integument consisting of an outer membrane, a periplasmic
space containing the peptidoglycan, and an inner ~(cytoplasmic) membrane
(Scott, et al., 1998). The cells have five or six flagella at one pole (Fig.1-1B)
(Mégraud, 1995). They are nutritionally fastidious bacteria and micrdaerophilic,
and they grow best in an atmosphere of reduced oxygen (about 5%) and
elevated CO; (about 10%). H. pylori produces abundant urease activity, which
catalyzes the hydrolysis of urea into ammonia and carbon dioxide (Schaechter

etal., 1998).

The outer membrane of the cell wall of H. pylori consists of phospholipids and
lipopolysaccharide (LPS). The phospholipid moiety contains cholesterol
glucoside, which is very rare in bacteria (Haque ef al., 1996). The LPS moiety
consists of lipid A, core oligosaccharide, and an O side chain. Lipid A has low
biological activity compared to that from other bacteria (Muotiala et al., 1992).
The O side chain of H. pylori can mimic Lewis blood group antigens (Lewis x
[LeX] and7 LeY) and aid molecular mimicry of host antigens. It was also
associated immune evasion (Appelmelk et al., 1997). LPS phase variation via
length variation of poly(C) sequences in the genes encoding
a-1,3-fucosyltransferases (Appelmelk et al., 1999) vand a poly(C) and: poly
(TAA) repeats in the gene encoding the a-1,2-fucosyltransferase (Wang et al.,

1999), contributes to population heterogeneity and may allow adaptation of H.



Fig.1-1 Morphology of H. pylori strain ATCC 43504

A:Coexistence of spiral form (S) and coccoid forms.
B: The cells have five or six flagella at one pole

Reproduced from Mizoguchi et al. (1998)



pylori to changing conditions in the gastric mucosa (Moran ef al., 2002).

Like most flagella, the H. pylori flagellum has a hook structure that connects
the flagella motor in the cytoplasmic membrane with the part of flagellum that
protrudes from the cell surface. Also, the flagella of H. pylori are different from
usual structures. They are composed of two protein subunits, FlaA and FlaB.
These genes of flaA and flaB are not only located in different parts of the
chromosome but are under different control. Also the protein shaft of the

flagellum is encased in a membranous sheath (Salyers and Whitt, 2002).

Morphologically, H. pyllori is divided into a spiral (Fig.1-1B) and a coccoid forms.
In general, the spiral H. pylori transforms to the coccoid form under stressful
environmental conditions (Saito et al, 2003). These conditions include high O,
concentration, alkaline pH, high temperature, extended incubation, or
treatment with antibiotics (Mizoguchi et al., 1998; Bode et al., 1993). Several
investigators have suggested that the coccoidal form represents a
degenerative form with no infectious capability (Hua et al., 1996), or that it has

only weak metabolic activity (Vijaykumari et al., 1995).

1.1.3.3 Genome structure
There are now 2 genomic sequences for H. pylori in the public domain

(www.genomesonline.org). In addition, the genome size of H. pylori has

10
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recently been determined for 30 isolates by pulsed-field gel electrophoresis
after digestion with Nofl and Nrul. The range of genome size is 1.60-1.72Mb
(average 1.67Mb) (Mégraud, 1995). As shown in Fig. 1-2, the genome of H.
pylori strain 26695 consists of a circular chromosome with a size of 1,667,‘867
base pairs (bp) (1,643,831 bp in J99) and average G+C content of 39%. Five
regions in strain 26695 (nine in strain J99) within the genome have a
significantly different G+C composition (3,280, P<0.01). Region 2 (35% G+C)
of strain 26695 is the cag pathogenicity island associated with production of
the CagA antigen and upregulation of interleukin 8, which is flanked by 31-bp
direct repeats, and appears to be the product of lateral gene transfer. Regions
1 and 3 (33% G+C) contain one or more copies of the insertion sequence‘
IS605 at one end, 55 rRNA genes and a 521 bp repeat near the other. Also,
region 1 contains the virB4 genes, which encodes a protein similar to proteins
involved in the transfer of the T-DNA from Agrobacterium tumefaciens to plant
cells and in the secretion of the Bordetella pertussis toxin. Region 4 (43% G+C)
contains fused rpoB and rpoC genes, and fusA gene. Region 5 (33% G+C)
contains two restriction/modification systemé (Tomb et al., 1997; Marais et al.,

1999).

A total of 1590 open reading frames (ORFs) have been identified representing
91% of chromosome in strain 26695 and in strain J99 1495 identified ORFs

represent 90.8% of chromosome (Tomb et al., 1997; Aim ef al., 1999). The
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function of 58% of the open reading frames can be predicted, 18.5% have
orthologues of unknown function in other species, and 23.5% are H. pylori

specific (Peter et al., 2001).

H. pylori have relatively few regulatory genes. There are 62 genes in the
pathogenesis category in the genome. Both strains sequenced (26695 and J99)
have an approximately 40 kb long Cag pathogenicity island that contains over
40 genes known or suspected to be involved in pathogenicity (Salyer and Whitt,

2002)

~ Comparison of the‘ two available genome sequences confirms that H. pylori is
genetically diverse. About 7% of genes in each of the genomes are unique,
and about half of these unique genes are clustered together on the
chromosome and may thus have come into the strain from an outside source
(Salyer and Whitt, 2002). This genetic heterogeneity is possible and an
adaptation of H. pylori tc‘>vthe gastric conditions of its host, as well as to the
distinct patterns of the host-mediated immune response to H. pylori infection
(Kuipers et al., 2000). It is thought to occur via several methods of DNA
rearrangement and the introduction and deletion of foreign sequences
(Achtmaﬁ and Suerbaum, 2000). Diversity at the nucleotide level arises via
several mechanisms, including transcriptional and translation phase variation

and mutation (Ge et al,, 1999). Phase variation often occurs with a single

13



mutation via causing a shift in translation of an affected gene due to reversible
slipped-strand mispairing in hemoplymeric G or C fracts (Achtman and

Suerbaum, 2000).

1.1.3.4 Proteome characterization

Since the first complete bacterial genome (Haemophilus influenzae) was
reported in 1995 (Fleishmann ef al., 1995, Tomb et al., 1997; Marais et al.,
1999), protein identification has changed remarkably. Two-dimensional gel
electrophoresis of proteins allows the separation of up to 10,000 protein
species in one iso-electrophoretic focusing run (Klose and Kobalz, 1995). This
resolution clearly exceeds the number of genes predicted for establish of the
two H. pylori strains sequenced and is sufficient for proteome analeis of this
microorganism. Studies on H. pylori proteins have suggested that the
organism may be very conservative at the protein level. Many proteins in H.
pylori are su‘bjected to high degree of post-translational modification (Robert et
al., 2001). For H. pylori strains 26695 and J99, comparison of their genomic
nucleotide sequences suggests that nucleotide variation does not translate
into highly divergent proteomes. There are only eight Qenes with 98% or
greater nucleotide identity between the two strains, but 310 proteins with 98%
or greater amino acid conservation, including 41 with perfect identity (Robert et

al., 2001).
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A number of the unique proteins produced by Helicobacter pylori are now
known to be involved in host colonization and transmission of this pathogen.
The growing list of those identified for H. pylori includes: (1) proteins involved
in adhesion, such as BabA, which mediated binding to Lewis® histo-blood
group antigen associated with the present of cag pathogenicity island (liver et
al., 1998), and AlpA and AlpB, which are members of a large family of related
outer membrane proteins (Tomb et al., 1997); or (2) proteins required for
motility, such aé flagellins; or (3) factors involved in acid neutralization,
especially urease; or (4) proteins involved in iron uptake and storage, such as
a lactoferrin-binding protein (Doig et al., 1993); or (5) proteins involved in
pathogenicity such as the Cag pathogenicity island encoded proteins and the
vacuolating toxin VacA (Jungblut et al., 2000); or (6) heat shock proteins
(Hsps), which are highly conserved immunogenic molecules. H. pylori produce
at least two Hsp's, the HspA (13000-Mr) sharing homology at amino acid level
with the GroES family and HspB (54000-Mr) identified to be a homologue of
the class belonging to the GroEL family (Nilsson and Utt, 2002);' or (7)
neutrophil activating protein (HP-NAP): H. pylori infection induces an
inflammatory cell response, and the severity of mucosal injury appears to be

directly correlated with the extent of neutrophil infiltration (Craig et al., 1992).

1.1.3.5 Metabolism

H. pylori seems to have a “stripped-down” metabolism (Fig. 1-3), which has
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very few and single biosynthetic pathways for some amino acids (Nedenskov,
1994). This limited metabolic flexibility may be related to its narrow host and
target organ range, but is clearly highly effective in human, because its
infection usually contains for the rest of the host life. As stated previously, H.
pyloriis urease, catalase, and oxidase positive characteristics, which are often
used in its identification. The availability of two complete genome sequences of
H. pylori and microbiology combines with biochemical evidence to give an

understanding of its metabolism (Kusters et al., 2006).

Glucose Metabolism and Pyruvate Metabolism: H. pylori can metabolize
glucose by both oxidative and fermentative pathways (Burns ef al., 1993) and
glucose appears to be the only carbohydrate utilized by the bacterium (Mendz
et al., 1993). Glucose is imported into the cells by a permease, which is
specific for D-glucose and galactose. This transporter is unaffected by the
known glucose permeases inhibitors of other bacteria (Burns et al., 1993).
Intracellular phosphorylation of glucose is performed by a glucokinase (Mendz
et al., 1993). Mendz and Hazell (1991) revealed the presence of enzymatié
activities, which are part of the oxidative and nonoxidative steps of the
pentose-phosphate pathway in H. pylori (Fig. 1-4). This pathway is an efficient |
mechanism to provide NADPH and NADH for reductive biosynthesis and Cs
phosphorylated carbohydrates essential for nucleotide synthesis. Alternatively,

glucose- 6-phosphate can be utilized by the Entner-Doudoroff pathway, which
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Fig. 1-4 Glucose Metabolism in H. pylori
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Glycolysis, gluconeogenesis, pentose phosphate, and Entner-Doudoroff pathways. Glycolysis:
glk, dlucokinase; pgi, phosphoglucose isomerase; pfk, phosphofructokinase; fda,
fructose-1,6-bisphosphate aldolase; tpi, triose-phosphate isomerase; gap,
glyceraldehyde-3-phosphate  dehydrogenase; pgk, phosphoglycerate kinase;, pgm,
phosphoglycerate mutase; eno, enolase; pyk, pyruvate kinase. Gluconeogenesis: the same
enzymes as in glycolysis but with unidirectional steps, i.e., ppsA, phosphoenol pyruvate
synthase; fbp, fructose-1,6 bisphosphatase; and g6p, glucose-6 phosphatase. Pentose
phosphate: gépD (devB), glucose-6-phosphate dehydrogenase; lactonase; gnd,
6-phosphogluconate dehydrogenase; rpe, D-ribulose-5-phosphate 3 epimerase; fal,
transaldolase; tkt, transketolase. Entner-Doudoroff: edd, 6-phosphosgluconate dehydratase;
eda, 2-keto-3-deoxy-6-phosphogluconate aldolase. Asterisks denote enzymes for which no
gene was identified in the H. pylori sequence. The circle denotes an enzyme whose enzymatic
activity has not been observed but whose corresponding gene was identified (from Marais et
al., 1999).
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consists of two reactions including a dehydratase-catalyzed formation of
2-keto-3-deoxygluconate- 6-phosphate from gluconate-6-phosphate and an
aldolase-catalyzed production of pyruvate and glyceraldehyde-3-phosphate

(Fig. 1-4) (Chalk et al., 1994).

Pyruvate is an end product of both the glycolytic and Entner-Doudoroff
pathways. To enter the Krebs cycle, pyruvate must be converted to acetyl-CoA
(oxidative decarboxylation of pyruvate) carried out in H.pylori by a
pyruvate:acceptor oxidoreductase (POR) associated with mixed-acid
fermentation (Hughes et al., 1998). Flavodoxin is an electron acceptor for POR.
The pyruvate-flavodoxin oxidoreductése of H. pylori is composed of four
subunits previously detected only in hyperthermophilic organisms (Hughes et
al., 1998). The genome analysis of H. pylori supports these experimental data

(Tomb et al., 1997).

The Krebs Cycle and Related Enzymes: In H. pylori, the Krebs cycle
(tricarboxylic acid cycle) likes to be a branched noncyclic pathway. As shown
in Fig.1-5, one way of dicarboxylic acid proceeds reductively from oxaloacetate
through malate and fumarate to succinate, and other tricarboxylic acid starts
oxidatively from oxaloacetate through citrate and isocitrate and to

a-ketoglutarate to succinate finally (Hazell et al., 1997).
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Fig. 1-5 Dicarboxylic and tricarboxylic aé.id branches of the noncyclic
Krebs pathway in H. pylori

gliA
A T
Oxaloacetate Citrate
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Acetyl-CoA
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| ;k
JumC . acnB
| Glyoxylate
Fumarate Isocitrate
frdA ,
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JfrdC
Succinate o - ketoglutarate
~_______
sucA*
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gltA, citrate synthase; acnB, aconitase; icd, isocitrate dehydrogenase; sucAB, o-ketoglutarate
dehydrogenase; frdABC, fumarate reductase; fumC, fumarase; mdh, malate dehydrogenase;
aceB, malate synthase. Asterisks denote enzymes for which no genes were identified in the
H. pylori sequence; crosses denote enzymes whose enzymatic activities were observed but
the corresponding genes were not identified. Reprinted from reference 237 with permission of
the publisher (Marais ef al., 1999).
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Amino Acid Metabolism: Amino acids are potential sources of carbon,
nitrogen, and energy. All the strains of H. pylori tested required arginine,
histidine, isoleucine, leucine, methionine, phenylalanine, and valine. Some of
them also required alanine (8 of 10 strains), and serine was also needed for

5 of them (Nedenskov, 1994).

Lipid Metabolism: Metabolism of lipid is similar to that in most aerobic
bacteria (Fig. 1-6), with acetyl-CoA being initially catalyzed to maIdnyI-CoA by
acetyl carboxylase. This enzyme consists of a complex of three individual
proteins: biotin carboxyl carrier protein, biotin carboxylase, and
carboxyltransferase (« and B subunits), enched by the genes, HP0370 (accC),
HP0371 (fabE), HP0557 (accA), and HP0950 (accD), respectivel)'/ (Burns et al.
1995). The next steps in the initiation of fatty acid biosynthesis involve the
attachment of the acyl carrier protein (ACP) to the aceiyl and malonyl moieties,
which encoded by the genes, HP0559, HP0962 (acpP), and HP0808 (acpS),
respectively. The transfer reactions of CoA-bearing acyl chains to ACP are
catalyzed by acetyl-CoA:ACP transacylase and malonyl-CoA:ACP
transacylase (Fig. 1-6). This function could be performed by a thiolase product
of HP0690 (fadA). Malonyl-CoA is converted to malonyI-CoA:ACP~ by the

malonyl-CoA:ACP transacylase encoded by HP0090 (fabD) (Fig. 1-6).
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The most abundant phospholipids of the lipid composition of H. pylori are
phosphatidylethanolamine (PE), cardiolipin, and phosphatidylglycerol (PG)
(Hirai et al, 1995). The biosynthesis pathway for phospholipids utilizes
sn-glycerol-3-pho§phate (Glp). Glp is acylated first by the glycerol-3-phosphate
acyltransferase, using the acyl-ACP products of fatty acid synthesis, and thena
second fatty acid is added by a 1-acyl-Glp acyltransferase to form phosphatidic
acid, encoded by genes HP0201 (p/sX) and HP1348 (p/sC), respectively (Rock
and Cronan, 1982). Phosphatidic acid is catalyzed to CDP-diglycerol by
CDP-diglycerol synthase. CDP-diglycerol reacts with serine to form
phosphatidylserine (PS) or with Glp to form phosphatidylglycerolphosphate
(PGP). The decarboxylation of PS by PS decarboxylase yields PE, and the
dephosphorylation of PGP by PGP phosphatase yields PQ. Three OREFs,

HP0215, HP1016, and HP1357 involved in this reaction (Ge et al., 1997).

Lipopolysaccharide (LPS) metabolism: The surface-exposed
lipopolysaccharide (LPS) molecules are important immunomodulators and
potent stimulators of the immune system of hosts (Moran, 1995). The lipid A
portion, one of three components of LPS, is responsible for the immunological
and endotoxic properties (Moran et al., 1997). The H. pylori LPS is remarkable
in its low toxicity, contained Lewis* and Lewis¥ antigenic motifs that mimic

Lewis antigens present on parietal cells of the human gastric mucosa (Aspinall
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et al.,, 1996). At least 27 genes found in H. pylori are likely to be involved in

LPS biosynthesis (Tomb et al., 1997).

Nucleotide metabolism:  H. pylori appears to be able to synthesize
pyramiding nuclebtides de novo, many of the pyrimidine nucleotides, and to
have a limited utilization of the pyrimidine salvage pathways. The bacterium
shows a greater capacity to salvage preformed purines, but at the same time it

is able to grow and proliferate, synthesizing de novo purine nucleotides.

Respiratory Chains: H. pylori is a fnicroaerophilic bacterium that does not
tolerate high oxygen conditions, but it requires at least 2% O, since H. pylori
uses oxygen as a terminal electron acceptor (Fig. 1-7) (Mendz et al., 19975.
The terminal respiratory acceptor can be oxygen (aerobic respiration) or other
substrates (anaerobic respiration).A H. pylori has genes coding for proteins
involved in both types of respiration (Tomb et al, 1997). The apparent
paradox in having an operative aerobic respiratory chain and anaerobic
respiration at the low oxygen tensions in H. pylori, has not been resolved

(Marais et al., 1999).

Superoxide defence: There are three principal mechanisms which enable
H. pylori to resist oXidative damage, and they are catalyzéd by the enzymes

superoxide dismutase, catalase, and alkylhydroperoxide reductase (Ahp)
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(Hazell et al.,1991; Spiegelhalder et al., 1993). Inflammation within the gastric
mucosa leads to an increase in toxic oxygen metabolites (Nalini ef al., 1992).
The superoxide anion is a highly reactive oxygen species formed as part of the
oxidative burst of polymorphonuclear leukocytes, and is dismutated to H>O, by
superoxide dismutase (Moran, 1996). Hydrogen peroxide is in turn converted

to oxygen and water by catalase.

Nitrogen metabolism The main route of ammonia production in H. pyloriis
through the highly active urease enzyme (Bauerfeind ef al., 1997). Ureaseis a
nickel-containing enzyme that consists of 12 UreA and 12 UreB subunits (Ha et
aI.,‘2001), encodedAby ureA and ureB genes (Labigne et al.,, 1991). Urea
transport into the cell is contrc;lled via the H'-gated urea channel Urel
(Bury-Mone et al.,, 2001), resulting in increased urea transport in acidic
conditions. For facilitating survival and growth in apidic conditions, the
ammonia produced via enzymatic degradation of urea is used for amino acid
biosynthesis. The importance of ammonia in H. pylori metabolism and
virulence is underlined by the presence of several alternative routes for
ammonia production, via enzymatic degradation of diverse amides as well as

amino acids (Bury-Mone et al., 2003).

Metal ‘metabolism: H. pylori, like other bacteria, requires iron-scavenging

systems to survive in its natural environment (Earhart, 1996). Fe(lll) is the
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oxidation state under aerobic conditions, which at neutral pH forms insoluble
hydrated oxide polymers. Fe(ll) is the predominantiron form under anaerobic
conditions. Thus, in an oxidizing atmosphere, organisms have to develop

efficient systems for iron assimilation (Earhart, 1996).

Ureasé uptake and pH Regulation: H. pylori produces high levels of urease,
up about 6 -10% of the total bacterial protein (Labigne and Reuse, 1996). This
enzyme breaks down urea into ammonia and carbon dioxide, providing an
acid-neutralizing cloud of ammonia that could protect the bacterium from
gastric acidity (Marshall et al., 1990). The function of urease plays an important
role in the physiology of H. pylori (Hazell and Mendz, 1997) and in bacterial
colonization (Labigne and Reuse, 1996). H. pylori urease has ultimate
characteristics, compared to those of other bacterial species. First, the enzyme
is found in the cytoplasm as well as on the bacterial surface (Dunn et al., 1997;
Phadnis ef al., 1996). Second, it has two optimal pHs, one of which is acidic
(Ferrero and Lee, 1991), and it displays higher substrate affinity than other
bacterial ureases (Mobley and Foxall, 1994). Third, it is composed of only two
subunits, UreA and UreB (Clayton et ,al., 1990), whereas other bacterial

ureases contain three subunits (Mobley et al., 1995).

The ability of H. pylori to survive exposure to low pH is likely to depend on a

combination of cytoplasmic and surface-associated urease activities
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(Krishnamurthy et al., 1998). Glucose metabolism can take place in H. pylori at
environmental pHs between 3.5and 8.6, and cytoplasmic urease activity
allows metabolism in the pH range from 2.5to 4.0 by maintaining the
periplasmic pH at 6.2 (Rektorschek et al., 1998). Also surface-associated
urease decreases H. pylori survival at neutral pH (Meyer-Rosberg et al., 1996).
H. pylori has adapted itself to the acidic environment of the stomach and can

be classified as an acid-tolerant neutrophile (Bauerfeind et al., 1997).

| 1.1.3.6 Growth requirements
H. pylori strains are homogeneous with regard to their culture requirement:
media, atmosphere and temperature (Mégraud, 1995). Growth of H. pylori has
been demonstrated in nutrient-rich media such as Brucella broth. Typical
supplements added to these growth media include whole blood, serum, lysed
erythrocytes, hemin, yeast extract and peptone (Kitsos and Stadtlander, 1998).
These supplements may act as additional sources of nutrients and possibly
also protect against the toxic effects of long-chain fatty acids. The bacterium
only optimally grows at the narrow pH range of 5.5 — 8.0 (Scott et al., 2002).
Normally, the microaerophilic conditions used in the laboratory are at 10% CO-,
3%0; (2% -5%) and 87% N at 37 °C (34 - 40 °C) (Momin and Nair, 2001).
The conditions for optimal growth are very important for this organism, since it

does not tolerate prolonged exposure to air (Park, 2002). H. pylori can be
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stored for the long term (1-2 years) at —80 °C in liquid media with either 15 —
20% glycerol or 10% dimethyl sulfoxide. The optimal viability requires the use
of cultures less than 48 hour, with more than 90% spiral-shaped cells (Kusters

et al., 2006).

1.1.4 Pathogenesis

The pathogenesis of H. pylori can be described in three steps: (a) gain of entry
and colonization of the unique niche of the human gastric mucosa; (b)
avoidance, subversion, or exploitation of the nonspecific and specific human
immune systems; and (c) multiplication, tissue damage, and transmission to a
new susceptible host or spread to adjacent tissue (McGee and Mobley, 1999).
Pathology of H. pylori associated gastritis and biochemical changes were
shown in Table 1-1 (Rainsford, 2001). This pathogenesis processing depends
on a variety of factors, including characteristics of the colonizing strain, host
genetics and immune response, diet, and the level of acid production (Kusters

et al., 2008).

1.1.4.1 Animal models
Animal models have been very helpful in understanding of the mechanisms
inducing disease development and the pathogenic properties of H. pylori, as

well as testing the effects of treatment and vaccination on the pathogenesis.
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Table 1-1 Patholoqy of H. pylori associated gastritis

H. pylori — attachment epithelium

l

actin polymerization
toxins (Cag A* organisms)

l

Inflammation Infiltration —-PMNs, Mcfp, Eos, PI. Cells
1 apoptosis, oedema
1 TNTaq, IFN-y, IL-1, -6,-8, RANTES GROa
1 COX-2, 1iNOS
1 gastrin-acid

Acute — chronic inflammation < — report and regeneration

Repeated cycles of cell injury. Oxyntic gland “replacement”. Irreversible; Fibrosis:
Intestinalized epithelium; Gross loss of glands in Lamina propria; |acid production;
adenocarcinoma (Rainsford, 2001)
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The choice of the most appropriate model is dependent on the hypothesis that

is being tested.

Mouse: The mouse is the most widely used animal host for iﬁvestigations of
the ‘pafhogenicity of H. pylori and other bacteria, since mice are readily
available and their housing is relatively cheap. Also genetic variénts are
“available that are useful in defining host resistance and host susceptibility. H.
pylori infection of many commonly used mouse strains results likely in
nynphocytic gastritis without progression to H. pylori-associated pathology,
such as peptic ulcers or gastric cancer (Kodama et al., 2004; O'Rourke et al.,
2003). Also, the model of the murine stomach is diﬁereﬁt from that of the
human stomach with lacks components involved in the development of gastric
pathology. Finally, the murine stomach is not sterile except when stimulated
with acid secretory agents and thus other bacteria may influence the outcome
of H. pyloriinfection, compared to the healthy human stomach (O'Rourke et al.,
2003, Pritchard et al., 2004). Therefore, the use of the mouse modelis mostly

restricted to testing the colonization properties of distinct H. pylori mutants.

i

Mongolian gerbil: This animal model has advantages similar to the mouse
model in being easy to rise and with size. After long-term colonization by H.
pylori, the gastric pathology of gerbils is similar to that in human subjects, for
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instance in the development of peptic ulcers, intestinal metaplasia (Hirayama
et al., 1996, Honda et al., 1998) and gastric adenocarcinoma (Franco et al.,
2005). The Mongolian gerbil model was mostly helpful to test the colonization
abilities of defined H. pylori mutants (Wirth et al., 1998), identify virulence
factors, and determine the efficacy of treafment and vaccination (Jeremy et al.,

2005; Kavermann et al., 2003).

Guinea pig: The guinea pig model is also similar to the mouse model. In
addition, the guinea pig stomach has several features in common with the
human stomach, such as sterility, theb production of IL-8, the lack of a
nonglandular region, and the presence of a cylindrical epithelium (Durrani et al.,
‘2003; Keenan ef al., 2003). Furthermore, like humans, the guinea pig' has a
nutritional requirement for exogenous vitamin C. The lowered vitamin C [evels

in humans are related to H. pylori infection (Sobala et al., 1991).

Gnotobiotic piglets: One of the first animal models for H. pylori in'fection was
based on the gnotobiotic piglet. The pig is a monogastric mammal with dietary
habits similar to those of humans, and it has a stomach with similar anatomical
and physiological characteristics (Krakowka et al.,, 1987). Colonization of

gnotobiotic piglets with H. pylori results in gastritis (Eaton and Krakowka, 1992),
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gastric ulcers and MALT lymphoma (Green et al., 1997). Many early studies of
the role of virulence factors of H. pylori inféction were performed with this

model.

Nonhuman primates: A natural choice for an animal model of H. pylori
infection would be a nonhuman primate such as the rhesus monkey model, as
these are genetically closely related to humans (Dubois et al., 1996). The
model has been used for testing the efficacy of therapeutic intervention by
antimicrobials (Dubois ef al., 1996), anti-adhesion compounds ‘(Mysore et al.,

1999), and vaccines (Dubois et al., 1998), and it has permitted study of the role

of mucins and Lewis antigens in adhesion of H. pylori (Linden et al., 2004).

1.1.4.2 Virulence factors
Several virulence factors of H. pylori have now been suggested to play a direct
role in the ability of the bacteria to colonize the gastric mucosa and/or to

contribute to the pathogenesis of disease (Blanchard et al, 2004).

Urease: The enzyme urease, which by hydrolyzing urea into CO. and
ammonia, allows H. pylori to survive in the highly acidic environment, was one

of the first virulence factors described (Hu et al., 1995).

33



cag PAl: The cag pathogenicity-island (cag PAIl) and cytotoxin-associated
gene (CagA) protein, which serves as a marker for a cag PAI, are the most
notable among virulence factors (Kauser et al, 2005). Recent studies have
provided a molecular basis for the pathological actions of CagA on gastric
epithelial cells. After attachment of cagA-positive H. pylori to gastric epithelial
cells, CagA is directly injected from the bacteria into the cells via the bacterial
type IV secretion system and undergoes tyrosine phosphorylation in the host
cells (Yamazaki et al, 2005). Tyrosine-phosphoryla_ted Cag A then binds
specifically to SHP-2 tyrosine phosphatase and deregulates activity. Cag
A-activated SHP-2 dephosphorylates focal adhesion kinase (FAK) and inhibits
kinase activity, and causes sustained Erk MAP kinase activation (Masanori et

al., 2006). The roles of Cag A and PAIl are summarized in Fig. 1-8.

VacA: The vacuolating cytoxin antigen (VacA), a 95-kDa protein of H. py/ori is
another virulence factor that is considered to constitute an increased risk for
development of peptic ulcers and gastric cancer, and an important antigen in
the human immune response to H. pylori (Montecucco an.d Rappuoli 2001,
Salama ef al, 2001). VacA induces the formation of large cytoplasmic vacuoles
in culture cells. VacA-induced vacuolization has several consequences for
cellular physiology that might contribute to pathogenesis and to H. pylori
survival. It causes a marked decrease of the proteolytic activity in the endocytic

pathway. Consequently, VacA inhibits the stimulation of T-cell clones, specific
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Fig. 1-8 Schematic representation of the different roles of the Caqg type
IV_secretion system in_immune modulation, cell proliferation, and
morphological changes.
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Reproduced from Kusters ef al. (20086).
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for epitopes generated in the antigen-processing compartment (Molinari er al
1998). In artifical membranes, VacA formé anion-selective channels, indicating
that the vacuolating. activity derives from osmotic imblance of intracellular
acidic components (Montecucco and Bernard, 2003). In mouse bone marrow
derived mast cells, VacA has chehotactic activity, and induces production of
pro-inflammatory cytokines (Gebert, 2003). The roles of Vac A are summarized

in Fig. 1-9.

LPS: The endotoxin, lipopolysaccharide (LPS) is released from the outer cell
membrane of the bacteria. LPS from H. pylori is shown to impair the mucosal
integrity due to the binding to laminin, one of the important components of
extractacellular matrix (Moran, 1996; Piotrowski et al., 1991). Moreover, the
bacterial LPS induces the septic shock and the multiorgan dysfunctions due to
the activation of mediators of tissue injury such as macrophage-derived
cytokines and free oxidant species (Kusters et al., 2008). Also, LPS causes
inhibition of gastric mucus secretion to interfere with somatostratin receptor

and to enhance pepsinogen secretion (Brzozowski et al., 1997)

Adhesion associated proteins: (1) BabA (HopS) is a 78 kDa protein,

encoded by the babA gene. BabA mediates binding to fucosylated Lewis b

36



Fig. 1-9 The roles of Vac A in pathogenesis of H. pylori
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The VacA protein influences cellular processes via different routes, thus assisting in chronic
colonization of the gastric mucosa by H. pylori. (1) Surface-bound VacA may be directly
delivered to the cell membrane. Secreted VacA may either (2) bind to a cell membrane
receptor and initiate a proinflammatory response, (3) be taken up directly by the cell and be
trafficked to the mitochondria and induce apoptosis, (4) be taken up by pinocytosis and induce
vacuolization, (5) form a membrane channel, resulting in leakage of nutrients to the
extracellular space, or (6) pass through the tight junctions and inhibit T-celi activation and
proliferation (Kusters et al., 2006).
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(Le®) blood group antigens on the human host cells (Boren et al., 1993). There
are two distinct babA alleles, babA7 and babAZ2, but only babA2 can encode a
full-sized (active) bacterial adhesion protein. BabA-mediated adhesion is
relevant for the colonization and pathogenesis 6f H. pylori (Guruge et al., 1998).
The adhesion is predominantly toward MUCS5AC-specific ligands. The Le®
antigen is an important factor in this site-specific colonization (Van de
Bovenkamp ef al., 2003). BabA is suggested to play a role in the virulence of H.
pylori, as the babA2 allele is strongly associated with peptic ulcer disease and
gastric adenocarcinoma (Gerhard et al., 1999). (2) OipA (HopH), a 34-kDa
OipA protein may play an adhesin role (Yamaoka et al., 2000). Expression of
OipA is strongly associated with increased IL-8 expression (Yamaoka et al.,
2602). (3) SabA (HopP) mediates binding to sialic acid-containing
glycoconjugates (Lu et al., 2002). H. pylori-induced gastric inflammation and
gastric carcinoma are associated with the replacement of nonsialylated Lewis
antigens by sialylated Le* and sialylated Le® (Mahdavi et al., 2002). Human
granulocytes also carry sialylated carbohydrates on their surface, and
consequently these cells are specifically recognized by SabA. In vitro, binding
granulocytes by H. pylori results in the nonopsonic activation of these cells
(Unemo et al., 2005), potentially allowing the bacterium to control these cells.
SabA is also involved in the binding of the extracellular matrix protein laminin to

damage the hostimmune surveillance and thus allows the bacterium to control
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the immune response through direct transfer of CagA, VacA, and other

virulence factors (Walz et al., 2005).

H. pylori also produces several other factors that are believed to be important
in its pathogenesis, including a protease, lipase, catalase, phospholipase and

oxidase (Thompson and Taylor, 2000).

1.1.4.3 Inmune response

Activation of the immune response: Toll-like receptors (TLRs) on epithelial
cells recognize and react to H. pylori products such as flagella (TLR5),
peptidoglycan (TLR2), CpG motifs (TLR9), and LPS (TLR4) (Hornef et al.,
2005). TLR2and TLRS, rather than TLR4, are likely to be the predominant
receptors for H. pylori antigen-induced NF-xB activation and chemokine
expression in the gastric mucosa cells (Ding et al., 2005). TLR-independent
mechanisms seenﬁ to predominate in the activation of the innate response
against H. pylori (Gobert et al., 2004). The intracellular peptidoglycan,
transferred from bacterium into the cytoplasm of the epithelial cells by cag
PAl-mediated contact may play a major activator of the innate response
agains"t H. pylori (Viala et al., 2004). This peptidoglycan from H. pylori is
recognized by Nod1 (Viala et al., 2604), and then Nod proteins act as
intracellular (Nod1) and extracellular (Nod2) receptors in epithelial cells

(Chamaillard et al., 2003).
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Immune modulation: H. pylori downregulates inflammation and control the
host's immune response through a wide range of virulence factors that are
involved in both provoking and maintaining a proinflammatory immune
response. H. pylori-induced pathology seems to be predominantly a
T-cell-mediated disease. This adaptive immune response is initiated and
maintained by monocytes and Th1 lymphocytes. The immunoregulatory and
proinflammatory cytokines e.g. interleukin-2 (IL-2) and INF-y induced in
mononuclear cells by H. pylori, influence the natural T-cell to divide helper T
(Th) cells to Th1 and Th2. fh1 promotes cell-mediated immunity by
producing interleukin-2 (IL-2) (Lindholm et al., 1998). Also, H. pylori infection
results in upregulation of MIP-3« gene expression in gastric epithelial cells,
thus inducing an influx of monocytic cells into the lamina propria of the gastric
mucosa (Nishi et al., 2003). These cells may be funcﬁonally impaired, as H.
pylori is capable of inhibiting phagocytosis by macrophages (Allen, 2001). This
not only results in reduced anti-H. pylori activity of the macrophages but more
importantly results in decreased and altered processing of H. pylori antigens by
activated macrophages (dendritic cells). Since the activation of B and T cells
are dependent on the presentation of H. pylori antigens by dendritic cells, this
is of crucial importance for the outcome of the immune response.
IL-10-producing T cells seem to be crucial in the control of H. pylori-induced

inflammation and enable the bacterium to persist in the gastric mucosa
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(Stromberg et al., 2003). Therefore, much of the pathology associated with H.
pylori infection results from the activities of the host immune system rather than

from direct bacterial activity.

Although it is now generally accepted that the development of H. pylori-induced
gastritis and/or pathology depends predominantly on Th1 cells and Th1
cytokines antibodies can effectively preventinfection and reduce colonization

in animal models (Marnila et al., 2003).

1.1.4.4 Cytokines: The characterization of local inflammation in H. pylori
infection is the increased production of several cytokines (Moss et al., 1994).
(1) INF-y: The increased levels of INF-y might contribute to gastric
inflammation by activating mononuclear phagocytes and neutrophils,
up-regulating the expression of major histocompatibility complex type I
molecules on epithelial cells, and decreasing the epithelfal bgrrier function
(Lindholm et al., 1998). (2) 1L-18: IL-1B is suggested to inhibit gastﬁc acid
secretion (Muller and Hunt, 1993). IL-1R, a subset of the IL-1 cytokine is a
potent proinflammatory cytokine and the most potent known inhibifor of acid
secretion (Calam, 1999). This subsequently leads to reduced acid output,
which is associated with corpus colonization by H. pylori, resulting in
pangastritis, formation of atrophic gastritis, and increased risk of gastric cancer

(El-Omar, 2001). (3) TNF-a (tumor necrosis factor alpha) is a proinflammatory
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cytqkine, and influences gastrin production and thus increased acid production
by gastric parietal cells (Suzuki et al., 2001). (4) Cytokine, IL-10, is associated
with an inflammatory response (El-Omar et al., 2003). (5) H. pylori increased
IL-8 and COX-2 in the antral mucosa, but did not influence COX-2 and local

cytokines in gastric ulcer (Wu et al., 2006). (6) The mucosal levels of cytokines

IL-1, IL-6, and TNF-a and of chemokines IL-8, GRO-a, and RANTES
(regulated on activation normal T expressed and secreted) were all
significantly decreased after the treatment of H. pylori (Hahm et al., 1998). (7)

The apoptotic index and iINOS score were significantly reduced after the

eradication of H. pylori (Hahm et al., 1998). (8) Cytokine interleukin-18 induces

production pf interferon- y by activated T lymphocytes and promotes a Th1
profile. It can enhance host chemokine response to H. pylori infection (Andrew

et al., 2004).

1.1.4.5 Infection process

H. pylori has special features to overcome host defence mechanisms and be
successful as a pathogen. Urease and motility are essential for the ability of H.
pylori to colonize the gastric mucus layer. The bacteria adhere to the gastric
epithelium via host cell glycan and glycoprofein receptors and the bacteria
proteins, BabA and the adhesion-associated lipoproteins (AlpA and Alpb), and
trigger cellular signaling events that lead to cytoskeletal rearrangements and

pedestal formation. VacA toxin and urease cause cytotoxic damage to the

42



gastric epithelium, and the bacteria stimulate nuclear factor kb (NFKB)
activation and the release of inflammatory mediators (Sebastian and Christine,
1999). H. pylori infection damages the mucosa through an inhibition of
mucus-bicarbonate secretion and gastric blood flow, breaking the mucosal
barrier and promoting acid back-diffusion with consecutive mucosal
infammation and cell injury (Konturek et al., 1999). By stimulating specific
local T and B cell response and a systemic antibody response, H. pylori
infection induces a local pro-inflammatory cytokine response. Interleukin-8
(IL-8), which is expressed and secreted by gastric epithelial cells, may be an
important host mediator inducing neutrophii migration and activation (Crabtree,

1996).

Tissue invasion and the elaboration of chemical mediators provoke an intense
polymorph response. The epithelium responds to infection by marked
degenerative changes including mucin depletion, cellular exfoliation and
syncytial regenerative changes. This histological picture is termed as acute

neutrophilic gastritis (Dixon, 1993).

The major features of H. pylori-associated chronic gastritis are the filtrate of
lymphocytes and plasma cells as mediators of the mucosal immune response,
surface epithelial degeneration indicating direct cytotoxic effects by bacterial

products, and continuing polymorph activity provoked by bacterial products,
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complement activation or cytokine release. Long-standing chronic gastritis is
characterized by the development of glandular atrophy and intestinal

metaplasia (Dixon, 1993).

H. pylori infection frequently causes gastritis, and this is an important condition
for initiating gastric ulcer and duodental ulcer. The genetics of the host plays
arole in the development of human ulcer disease. A greater-than-normal ability
to secrete acid may be one of the genetic host factors that may underlie
duodenal ulcer disease. Any factors that induce the duodenal acid overload
(e.g. smoking, which inhibits pancreatic bicarbonate secretion) could enhance

the ability of H. pylori to grow in the duodenal bulb (Graham et al., 1996).

1.1.5 Epidemiology

1.1.5.1 Prevalence aﬁd geographical distribution

H. pylori has infected 50% of the world’s population and the prevalence of H.
pylori infection varies widely by geographic area, age, race, and

socioeconomic status (Brown, 2000).

Rates appear to be higher in developing than in developed countries and they
seem to be decreasing with improvements in hygiene practices. Poor hygiene

and crowded conditions may facilitate transmission of infection among family
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members and cause institutional clustering of infections (Brown, 2000). The
infection rate of H._ pylori in Latin America is more than 90%, Eastern
Europeans > 50%, African Americans about 40-50%, UK >30%, Austria
around 20%, and Asia about 70-80% (Fig. 1-10) (Fennerty, 2005). In Western
countries, the epidemiology of H. pylori shows a consistent pattern. This
infection is uncommon in persons less than the‘age of 40 years old, but its
prevalence is rising to reach approximately 50% in elderly persons. Also the
prevalence of H. pylori has been decreasing with a 50% reduction in the past
25 years. This can all be explained by the concept of birth cohorts (Marshall;

1993).

Epidemiological studies for H. pylori showed acquisition in early childhood. In
the United States, H. pyloriis present in 10% to 15% of children under the age
of 12 years compared with 50% to 60% of persons greater than 60 years of
age (Richard and Peek, 2004). In developing countries, most of the population
is infected by the age of 10 years. Intra-familial transmission in young children
and H. pylori prevalence in the mothers is a crucial determinant for the child’s
risk of children being infected. In developed countries, the age-dependent
increase of seropositivity is mainly due to the decreasing rate of childhood
infection (Apostolopoulos et al., 2002; SelimoGlu et al., 2002; Malaty and

Nyrent, 2003).
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1.1.5.2 Transmission

The specific mode of transmission of H. pylori is not known. There has been
numerous suggestions as to its mechanisms among these. (1) Human to
human transmission: The most likely mode of transmission is from person to
person. Both faecal-oral and oral-;aral routes have been proposed (Allaker et
al., 2002). Persons who have greater contact with human faeces and
secretions have high infection rates (Parsonnet et al., 1999). H. pylori has been
detected in saliva, vomitus, gastric refluxate, and faeces (Ferguson et al.,
1999), (2) By family members: It is generally believed that acquisition
mostly occurs in early childhood, most likely from close family members (Kivi ef
al., 2003). Feeding by the parents is an uncertain risk factor for transmission of
H. pylori (Kurosawa et al., 2000). (3) In clinical trials: This orgénism has been
found from dental plaque (Song et al., 1999). Data obtained using techniques
for detection of H. pylori DNA indicate that both faeces and saliva/dental
plaque contain specific H. pylori gene fragments, which indicate the presence
of H. pylori cells or cell debris (Hazell, 1993). It appeared that there was no
clear increased risk for being a carrier of H. pylori among dentists,
gastroenterologists, nurses, partners of an H. pylori-positive spouse, or visitors
to a clinic for sexually transmitted dfseases (Mégraud, 1995). (4) By
environment: Waterborne transmission, probably due to the faecal
contamination, may be an important source of infection, especially in areas

where used untreated water is drunk. Recent studies in the UK have linked
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clinical H. pylori infection with the cells in contaminated well water (Enroth and
Engstrand, 1995). (5) By animals: H. pylori has rare occasions been isolated
from pet animals. Transmission via animals has also been suggested for this
infection, for instance via sheep and housefly (Selimoglu et al.,, 2002). The

presence of pets may be a risk factor for this infection.

1.1.6 Important H. pylori -associated diseases

1.1.6.1 Acute and chronic gastritis

Acute gastritis. Acute infection of stomach has been found in animal models,
when H. pylori was infected intentionally (GrahamA et al., 1988). Similarly, in
humans a challenge model for H. pylori infection resulted in acute gastritis was
observed (Graham ef al, 2004). This infection is often associated with
colonization of H. pylori and low stomach acid level in both the proximal and
distal stomach mucosa, which can last for months. The patients with acute H.
pylori infection always suffer from nonspecific dyspeptic symptoms, such as
fullness, nausea, and vomiting (Granstrom et al., 1997). It is unclear whether
this initial colonization can be followed by spontaneous clearance and

resolution of gastritis (Perez-Perez et al., 2003).

Chronic gastritis. When colonization does become persistent, the
development of gastritis relates to the bacterial colonization and the level of

acid secretion. The colonization is associated with an antrum-predominant
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gastritis and a corpus-predominant pangastritis (Kuipers et al, 1995).
Impairment of acid secretioﬁ improved this colonization to induce gastritis.
The reduction in acid secretion can be due to a loss of parietal cells as a result
of atrophic gastritis. Also, the local inflammatory factors such as cytokines,
including interleukin-1R (IL-1B), have a strong suppressive effect on parietal

cell function (EI-Omar et al., 1997).

1.1.6.2 Peptic ulcer disease (PUD)

Data on PUD indicate that 0.1 — 0.2% of the world population will develop an
ulcer annually, roughly 2-5% will have an ulcer at some time in their life and up
to 0.002% of them will die each year from perforation or bleeding (Kurata and
Haile, 1984; Shearman, 1989). In the UK, the prevalence of PUD on the
population is of 6-13% for men and 2-5% for women between the ages of 15
and 64 years. The mean annual incidence per 1000 inhabitants aged over 15
years for duodenal ulcer is 2.2%o for men and 0.6%. for women; for gastric ulcer,
the figures are 0.5%0 and 0.3%. respectively. The overall average incidence is

1.8 per 1000 inhabitants per year.

A study of 21,440 persons in the municipality of Tromsg in Norway (Johnsen et
al, 1992) gives detailed sex and age-related incidences over the age range
20-49 years. The overall incidence rates are similar, if slightly higher than

those above, and those data are summarized in Fig. 1-11.
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Fig. 1-11 Age and sex-related incidence of peptic ulcer

Gastric ulcers in men

Incidence per 1000 person years
n

Age range (years)

Duodenal ulcers in men

Incidence per 1000 person years

1 T I 1
24 29 34 B39 44 49 54

Age range (years)

Gastric vlcers in women

Age range (years)

Dupdenal vlcers in women

N
S

. T
24 29 B4 39 44 49 54

Age range (years)

Data are taken from Johnsen et al. (1992), describing the age and sex specific incidences of
duodenal and gastric ulcers censored for death and migration in a population of 21,440
persons aged between 20 and 54 years in the municipality of Tromseg. Insufficient data were

available for women aged over 49 years.
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PUD is considered as one of the gastre-duodenal diseases most strongly
linked to H. pylori infection (Parsonnet, 1998). In general, the prevalence of H.
pylori infection has been found in range from 80% to 100% in patients with
duodenal ulcers, and from 50% to 100% in gastric ulcers (Sugiyama et al.,
2001). In the United States, the percentage is 75% for both ulcers (Fennerty,
2005). In a report from China, 87.2% of PUD patients had histological evidence
of H. pylori infection, and after excluding the patients with anti-H. pylori
treatment, 98.9% of duodenal ulcers, 100% of gastric ulcers and 100% of the
coexistent ulcers had evidence of this infection (Hu et al., 1995). Kuipers (2006)
from the Netherlands reported that an individual infected with H. pylori has an
estimated lifetime risk of 10 - 20% for the development of PUD, and this
infection can be diagnosed in 90 —100% of duodenal and in 60 — 100% of
gastric ulcer patients. In North-West India, H. pylori presents in 76.09% of
duodenal ulcer and 50% of gastric ulcer (Romshoo et al., 1.999). In the UK, the
prevalence of PUD in patients with H. pylori infection was seven times greater

than that of those without this infection (Varia et al., 1994; Sobala et al., 1991).

H. pylori plays an important role in the pathogenesis of PUD. The following
hypotheses have been proposed to explain the association between the
bacteria. and PUD: (1) Leaking roof hypothesis: H. pylori though a non-invasive
organism damages the gastric mucosa by secreting various toxins and

enzymes, which cause local mucosal damage (Goodwin 1988); (2) Gastrin link
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hypothesis: the cells destruct antral D cells which are sources of somatostatin
(inhibitor for gastrin release). Inhibition of somatostatin causes increase in
géstrin release and hence increases gastric acidity, thereby leading to
gastrodudenal injury (Levis and Haddad, 1989); (3) Bacterial virulence factor
hypothesis: Specific bacterial virulence factors are considered to be importanf
in the development of peptic ulcer diseases. H. pylori colonizés gastric
metablastic epithelium, leading to Iocall inflammation and mucosal injury and
eventually to the ulcer formation (Konturek et al., 1999). Those bacterial
substances include ureasé, catalas.e, mucinase, lipase, hemolysins,
phospholipase A, leukotriene-B4, interleukin-1, 4, and 6 (Bruce, 1993). H. pylori
type A strains have been postulated to be more ulcerogenic. (4) The host
inflammatory response may be important for clarification of the pathogenesis
of H. pylori — positive PUD. Also Tatsuji et al. (2000) suggested that mucosal a

- andB-chemokines may be important to ulcerogenesis in PUD.

1.1.6.3 Gastric cancer

According to the International Agency for Research on Cancer, there are
900,000 people annually afflicted by gastric cancer worldwide and most of
whom will die of this disease. More than a decade ago the link between H.
pylori and gastric cancer was recognized, but recently this association has
been strengthened. There is sufficient evidence in humans for the

carcinogenicity of infection with H. pylori. Thus, infection with H. pylori is
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defined to be carcinogenic to humans (Group 1) (IARC, 1994). In Japan, H.
pylori is associated with a twofold to threefold higher rate of gastric cancer
among males (Yammagata et al., 2000). The most common type of cancer
linked to H. pylori infection is gastric adencarcinoma, which is the second most
common cause of cancer-related mortality worldwide and the 14" overall

cause of death (Parkin et al., 1988).

The evidence to support H. pylori as a causal factor in gastric cancer is as
follows. (1) Epidemiological data indicate a geographic association between
prevalence of H. pylori and prevalence of gastric cancer. Epidemiological trend
show declining incidence of gastric cancer in countries with falling rates of H.
pylori infection. Thé most significant evidence to date is the EUROGAST study
(1993). The conclusion was that a 100% infection rate with H. pylori conferred
about a six-fold risk of gastric cancer compared to a similar population with no
infection after examination of a total of 17 populations in 13 countries; (2)
Histopathological examination of gastric biopsy specimens showéd that H.
pylori infection was more common in patients with gastric cancer than in those
with no pathology symptoms. The Forman et al (1994) study indicated that
there was a higher rate of seropositivity and higher antibody concentrations in
cancers than in controls subjects (69% vs. 47 %; 90 pg/ml vs. 3.6 pg/mi); (3)
Inoculation of H. pylori into two humans resulted in chronic active gastritis, an

early precursor lesion for gastric cancer; (4) There is evidence that H. pylori
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Jinfection in animal models results in progression to atrophy and metaplasia,
which are accepted as preneoplastic lesions; (5) Animal ‘models, including
ferrets, gerbils, and ‘mice, show that gastric H. pylori infection can lead to
experimentally induced gastric cancer; (6) Eradication of H. pylori in animal
models and humans appears to lower the risk of developing gastric cancer

(Jeanmariie and Timothy, 2005).

. At the molecular level, this cancer risk has been attributed to mutations
associated with chronic inflammation, imbalance of epithelial proliferation and
apoptosis, and growth of bacteria producing carcinogenic nitrogen metabolites

(Mahmood ef al., 2001).

There is considerable controversy on the role of the bacterium in dyspepsia
and gastroesophageal refiux disease (GERD), and the effects of irradiation of

H. pylori infection on GERD symptoms (Sanders and Peura, 2002).

1.1.6.4 H. pylori and NSAIDs

H. pylori and NSAIDs are the major causes of gastroduodenal ulcer disease.
The relationship between H. pylori and NSAIDs in peptic ulcerogenesis is
complex. H. pylori and NSAIDs are independent risk factors for peptic ulcer
and peptic ulcer bleeding (Malfertheiner et al., 2002). Eradication of H. pyloriin

chronic NSAID users decreases the incidence of ulcer disease (Huang ef al.,
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2002). A report from Hong Kong showed that eradication of H. pylori infection
significantly reduced the risk of ulcers for patients starting long-term NSAID
treatment, but is insufficient to prevent ulcers and ulcer complications as a
gastroprotective measure in high-risk cases (Chan et al., 2002). In other
studies, H. pylori eradication by omeprazole treatment is useful for prevention
of recurrent NSAID-associated ulcer bleeding and healing of

NSAID-associated ulcers (Chan et al., 2001; Hawkey et al., 1998).

Conversely, other studies reported that NSAIDs have some partially protective
effects on the inflammation induced by H. pylori and H. pylori may overcome
the ulcerogenic effects of NSAIDs by stimulating prostaglandins (Rainsford,
2001). The two agents may undertake different mechanisms in mucosal injury.
Rainsford (2001) concluded the difference of pathways: (1) Producing
persistent ulcers and leukocyte infiltration with chemokine productions in H.
pylori infection; (2) predominant ischaemia-oxyradical mechanism by NSAIDs;
(3) Physico-chemical changes by NSAIDs in the impairment of mucosal

defences and cellular necrotic reactions.

1.1.7 Diagnosis
The available tests are generally divided into invasive tests and noninvasive

tests, which have specific advantages and disadvantages (Table 1-2)
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Table 1-2 Diagnosis of H. pylori

Diagnosis methods

Advantages and disadvantages

Gold standard. Requires expert pathologist.
Gold standard. Requires microbiologist.

Rapid and cheap. Requires add confirmation.

Gold standard. Requires expensive equipment. '

Simple. No reliable

Used for epidemiological study. No reliable for
ongoing infection.

Sensitivity
Invasive methods
Histology > 90%
Culture biopsy > 95%
'Rapid urease test > 90%
Noninvasive methods
Urea breath test > 95%
Fecal antigen test > 90%
Serology 80-90%
From Logan (1998).

56



(Logan, 19'98). The invasive tests are based on gastric specimens for histology,
culture, or other methods. The noninvasive tests based on peripheral samples,
such as blood, breath samples, stools, urine, or saliva for detection of
antibodies, bacterial antigens, or urease activity. The choice of a speciﬁc test
for an individual patient depends on local experience and the clinical setting.
Breath tests and serology are commonly used, due to them being quick and
simple. In research protocols, a combination of two methods is often applied.
For routine diagnostic purposes, histology, urea breath testing, and culture are
currently most often used, whereas the use of serology is most appropriate for
large epidemiological studies. In hospital-based care, many patients undergo
endoscopy, whichis then combined with an inyasive test for H. pylori. Faecal
antigen tests are always used in children without the need for endoscopy or

vena puncture (Vaira et al., 1999, Zagari et al., 1999).

1.1.8 Current treatment and their limitations

1.1.8.1 Current therapies for eradication of H. pylori

H. pylori infection is strongly associated with the diseases detailed above, and
appear to play an important role in their pathogenesis. Therefore, it is
reasonable to suggest that eradication of H. pylori infection may benefit
patients with those diseases and prevention of its infection may benefit

people’s health in many cases.

57



A number of agents with activity against H. pylori have been used, which
include bismuth compounds, marcrolides (clarithromycin), nitromidazoles
(metronidazole) penicillins  (amoxicillin),  tetracyclines  (tetracycline)
fluoroquinolones (ciprofloxacin), rifamycins (rifabutin), nitrofuran, and proton
pump inhibitor (omeprazole). Amoxicillin, clarithromycin and metronidazole are
the most commonly utilized antibiotics for the pharmacological treatment of H.
pylori infection (Gerrits et al., 2006). Their mechanisms of action against H.

pylori are shown in Table 1-3.

Regimens to eradicate H. pylori have been developed over the past 20 years,
initially starting with monotherapy and then dual therapy. None of the
antibiotics in monotherapy constitutes an effective treatment (Tytgat and
Noach, 2003). Dual treatments combining a prqton pump inhibitor with
amoxicillin / clarithromycin were popular two decade ago, as amoxicillin and
clarithromycin are acid-sensitive, and therefore gastric acid secretion must be
potently inhibited by use of PPI during the eradication therapy for these
antibiotics to be more stable and bio-available in the stomach (Mitsushige et al.,
2006). Their actions were readily explained and they were well tolerated. But
these combinations are now rarely used because of recognition of a lack of
efficacy long term and because there are more efficacious therapies available

(Boer and Tytgat, 2000).
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Table 1-3 Agents for eradication of H. pylori and active mechanisms

Antimicrobial commonly used compound Mechanisms
Penicillins amoxicillin Binding of B-lactam antibiotic to
pencillin-binding protein (PBP) inhibits cell division
Marcrolides clarithromycin Binds 23S rRNA ribosomal subunit, results in
erythromycin inhibition of protein synthesis.

Nitromidazoles

Tetracyclines

Fluoroquinolones

Rifamycins

Nitrofuran

Proton pump
inhibitor

Bismuth

metronidazole
tinidazole

tetracycline

ciprofloxacin

rifabutin

furazolidone

omeprazole

bismuth subcitrate

Reduction of prodrug by nitroreductases leads to
formation of nitro-anion radical and imidazole

intermediates and subsequent DNA damage

Binding to ribosomal prevents association with
aminoacyl-tRNA and subsequent protein synthesis.

Inhibition of DNA gyrase and topoisomerases,

interfering with DNA replication.

Binding to RNA polymerase, resulting in transcription

inhibition.
Reduction of prodrug by nitroreductases leads to
formation of nitro anion radicals and subsequent DNA

damage.

Inhibits the proton motive force of the bacterium, and

destabilises its site of colonization in the stomach.

Inhibits protein, ATP, and cell membrane synthesis.
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The current most frequent recommendations are triple or quadruple therapies,
since they are effective in 80-90% of cases (Blanchard et al., 2004). Clinical
trials have shown that the antibiotic combination of amoxicillin/clarithromycin
and amoxicillin /metronidazole together with a proton pump inhibitor (PPI) are
both effective in eradicating H. pylori infection. The specific dose regimens
used in many countries are shown in Table 1-4. Treatment should be a
package of first — and (if nyecessary) second — line eradication therapies
together. If there are failures in second line therapy, patients are referred to a

specialist (Fig. 1-12) (Malfertheiner ef al., 2002).

1.1.8.2 Vaccination

During the past decade, many studies have focused on the development of
alternative treatments for H. pylori, in particular, vaccination. A study during
the early 1990s provided evidence of vaccination (contained bacterial antigens)
against H. pylori infection. The main mechanism of protective immunity against
the bacteria occurred via stimulation of T-helper type phenotype cells, which
are induced by the production of interleukins 4 and 10, and not by antibody
production (Sutton, 2001). Another study reported that mucosal immunization
with a variety of antigens in combination with mucosal adjuvants such as
cholera toxin (AB5 toxin, CT), the heat-labile toxin of Escherichia coli, or
Freund adjuvants, which induce a Th2 response, prevents or cures an infection

by Helicobacter spp., while Th1 response-inducing adjuvants enhance
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Table 1-4 Regimens for treatment of H. pylori infection

Abbr  Drug Dosage Efficacy k Recommended Duration
ocC
Omeprazole 40 mg 60-80% 14 days
Clarithromycin 500 mg t.i.d.
RBC+C
Ranitidine bismuth citrate 400 mg b.id. 70-85% 14 days
Clarithromycin 500 mg t.i.d.
BTM +H> antagonist
Bismuth subsalicylate® 2 tabs q.id. 80-95% 14 days
Metronidazole 250 mg q.i.d.
Tetracycline HCI 500 mg q.i.d.
PPIAC
PPl bid 80-95% 10-14 days
Amoxicillin I.gm bii.d
Clarithromycin 500 mg b.i.d.
PPIMC
PPI bid 80-95% 10-14 days
Metronidazole - 500 mg b.i.d.
Clarithromycin 500 mg b.id.
BMT quadruple therapy
Bismuth 2 tablets q.i.d. 90-99% 14 days
Metronidazole 500 mg t.id.
Tetracycline 500 mg q.i.d.
PP1 b.i.d.
Furazolidone quadruple salvage therapy
Bismuth 2 tablets q.i.d. 90-99% 14 days
Furazolidone 100 mg t.id,
Tetracycline 500 mg q.i.d.
PPI ) b.i.d.

From Qureshi and Graham (2000).
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Fig. 1-12 Summary of recommended treatment strateqy for eradication of
H. pylori

First-line therapy

PPI(RBC) b.d. + clarithromycin 500 mg b.d. (C)* + amoxicillin 1000 mg b.d. (A) or

metronidazole R 500 mg b.d. (M)* for a minimum of* 7 days

*CA is preferred 1o CM as it may favour best results with second-linc PPI quadruple therapy

}

In case of failure

}

Seconddine therapy

PPI b.d. + bismuth subsalicylate/subcitrate 120 mg q.d.s. + metronidazole 500 myg t.d.s. =
tetracycline 500 mg q.d.s. for a minimum of 7 days

If bismuth is not available, PPI-based triple therapies should be used

}

Subsequent failurcs should be handled ona case-by-casc basis. Paticnts failing second-line

therapy in primary care should be referred

The management of H. pylori infection- The Maastricht 2 — 2000 consensus report. PPI: proton
pump inhibitor; RBC: ranitidine bismuth citrate; R: metronidazole 400 mg. From Malfertheiner
et al. (2002)
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inflammation rather than eliminating it (Ferrero et al, 1995). So, the
alternative treatment or prevention strategies such as vaccines may attract

attention in the future.

1.1.8.3 Limitations of current therapies

Although several meta-analyses of studies of H. pylori eradication regimens
have been published recently, the eradication rates vary in the different regions
and countries (Gisber ef al., 2000). Such therapeutic regimens may fail
because of increasing antimicrobial resistance of H. pylori and side-effects of
the therapies, poor compliance and high costs (Ann, 2003). Also individual
factors affect antimicrobial agents, which are the physical environment of the
stomach with its low pH, active secretion, and the thick mucus layer.
Antimicrobials may not penetrate this barrier, as well as frequent emptying of
stomach contents thus limiting the time for agents to act locally (Graham,

1993).

Antibiotic resistance is one of the most common reasons for treatment failure
and a growing problem in the world (Qureshi and Graham, 2000). Either
application of one-drug regimens or the widespread application of antimigrob_ial
regimens to treat H. pylori infection may magnify the problem of drug
resistance (Sharara et al., 2002; Branca et al., 2004; Ruggiero et al., 2004).

Many studies have been performed to determine the prevalence of H. pylori to
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antibiotics. Resiétance is vdescribed as either “primary inherent resistance™ or
“acquired developed resistance”. Mégraud (2004) concluded that worldwide
frequencies of primary resistance ranged from 1.7 to 25% to clarithromycin,
from 9 to 62.7% to metronidazole, up to 0.5% to tetracycline and up to 0.9% to

amoxicillin (Fig. 1-13).

Percentage indicates proportion of isolates that were resistant to the antibiotic.
Failure of treatment is also related to an organism having acquired resistance
during treatment. Resistance to commonly used antibiotics is significantly
more frequent in patientsA where a previous eradication treatment has failed.
Miyaji et al (1997) reported that metronidazole resistance was detected in 28%
of patients before eradication treatment and 66.7% after unsuccessful
treatment with this drug. Clarithromycin resistance increased from 32% before

treatment to 70.6% after unsuccessful treatment.

In H. pylori, antibiotic resistance mechanisms are mainly based on point
mutations located on the bacterial chromosome. Those are to reduce or
abolish activity of electron transport proteins (e. g. RdxA, FrxA, or FdxB), to
alternate in the penicillin-binding proteins PBP-D and PBP1A, to mutate in the
rRNA genes for 16S and 23S rRNA and to decrease outer membrane

permeability (Monique et al., 2006).
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Fig. 1-13 Primary resistance of H. pylori to the common_antibiotics in
different parts of the world

Country years No. of clarithromycin metronidazazole tetracycline amoxicillin
studied strains tested prevalence (%) prevalence (%) prevalence (%) prevalence(%)
Europe
Bulgaria 96-98 103 8.7 Not detemined ( ND) ND ND
Croatia 2001 196 8 33 ND 0
France 96-99 659 1.5 315 ND 0
Germany 95-00 1644 2.2 26.2 0 0
Germany  95-96 188 4 32 ND ND
Italy 98-02 406 23.4 36.7 ND 0
Italy 99 167 1.8 14.9 ND 0
Netherlands 97-98 231 1.7 21.2 0 0
Portugal 90-99 132 22 34.1 0 0
Spain 95-98 235 12.9 235 0.7 0
Sweden 97-98 203 29 26.1 ND 0
UK 94-99 1064 44 40.3 0.5 0
UK 95-98 843 3.9 . 36 ND 0.4
North America
Mexico 95-97 144 25 76.3 ND 0
USA 93-99 3439 10.6 21.6 ND 0.08
USA 98-99 422 12 ND ND 0
USA 00-01 106 12.2 33.9 ND ND
South America
Brazil 96-00 203 9.8 53 ND ND
Middle East
Iran 02 120 17 ND ND ND
Israel 00-01 110 8.2 38.2 0 0.9
Far East
Hong Kong  97-01 991 4.5 29 0.5 0.3
Japan 95-00 593 11 9 ND 0.3
Korea 94-99 456 5.9 40.6 53 . 0
Korea 96-00 224 5.4 41.9 ND ND
Singapore 93-96 459 ND 62.7 ND ND
Singapore 02 120 ND 31.7. ND ND
New Zealand 93-98 225 6.8 32 ND ND

Data from Mégraud (2004).
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Also, the increasing cost for these regimens is other problem on current
therapies. Bulletin (1994) has investigated the comparative costs of different
treatment in peptic ulcer disease (Moore, 1995). The cost of antibiotic
treatment with acid suppressing drugs is more expensive than general
eradication therapy. The maintenance therapy is the most expensive (Table
1-5). For the cost of prescriptions in England in 1991 —1993, spending on
histamine antagonists has remained statié at about £ 180 million, while
spending on omeprazole and other proton pump inhibitors has increased from

£20 million to £94 million in two years (Moore, 1995).

Fbr the vaccination treatment or prevention strategies, recent research has
been disappointing and at present there is no vaccine to prevent infection (Li et
al., 2003). Several issues remain in regard to development of a safe and
effective vaccine against H. pylori infection. Firstly, a safe mucosal adjuvant or
vector to stimulate an immune response must be identified. Secondly, the
optimal route of administration needs to be defined. Finally, different regimens
need to be developed to ensure complete sterilization of the gastric mﬁcosa

(Hardin and Wright, 2002).

1.1.9 Conclusion and relevance of this project

For more than 20 years, H. pylori, a spiral microaerophilic Gram-negative

bacterium, has been known to colonize the human gastric mucosa. The
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Table 1-5 Comparative costs of eradication therapy and other treatment

Treatment Cost (£)
Eradication therapy '
Standard triple therapy 22
Triple therapy with ranitidine, 4 weeks 47
Omeprazole & amoxycllin 40
Omeprazole & clarithromycin 101

Acid suppressing healing

Cimetidine, 8 week course 16
Ranitidine, 8 week course 51
Omeprazole, 4 week course 36

Maintenance therapy with acid suppressants

Cimetidine, 400mg od, 1 year 50
Ranitidine, 150mg od, 1 year 170
Ranitidine, 150mg bd, 1 year 340
Omeprazole, 20mg od, 1 year 474

From Moore, 1995.
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persistence of the colonization leads to the development of gastric diseases,
especially in PUD and gastric cancer. H. pylori has been classified as Class |
carcinogen. Thus, the eradication of H. pylori is critical to reduce the risk of
gastric diseases. Atriple therapy was recommended as a first-line choice for its
eradication, based on a combination treatment with anti-secretory drugs or

bismuth and two antibiotics for 1-2 weeks.

Despite this careful approach, the treatment regimens have serious drawbacks.
The high cost, length of treatment, harmful side effects and increasing drug
resistance frequently contribute to treatment failure. To overcome these
problems, efforts are being invested in the development of new medicines to
combat H. pylori infection. There have been a number of reports that natural
plants and foods such as garlic, honey, and capsicum can inhibit H. pylori in
vitro and each report has suggested that such ingredients could be used for
treatment of the infection (Graham et al., 1999). This study concentrated on
celery seed extracts, which were previously shown to have anti-H. pylori

activity (Rainsford and Liu, 2006), as a source of novel anti-H. pylori agents.
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1.2 Celery seed in medicine

1.2.1 History

Celery has been cultivated for the last 3000 years, notably in pharaonic Egypt,
and was known in China in the fifth century BC (Chevalier, 1998). Celery seed
(the seed of Apium graviolens) has been used as herbal medicine for various
conditions for thousands of years in the world (Usher, 1974). In the Middle
Ages, it was discovered that cultivation produced a much superior plant (ldrisi,
2005). At that time people began to use it more widely as a vegetable. It was
not until the 19™ century that the seeds were used in recipes, appearing first in
pickling recipes (Icbs-online, 2004). Medicinal preparations began to emerge
in the late 19™ century and these generally contained the juice of crushed
celery seed. It was recommended as a cure for rheufnatism, a tonic for asthma
and herbalists used to treat liver diseases such as hepatitis, bronchitis, fever
and flatulence. During encient times, India’'s Ayurvedic physicians (vaidvas)
prescribed celery seed as a diuretic and as a treatment for colds, flu, water
retention, indigestion, various types of rheumatism, and ailments of the liver

and spleen (Mdidea, 2006; Usher, 1974).

1.2.2 Character
The celery seed preparation is the dried seed of Apium graviolens, a biennial
of the parsley family. This is the same genus and species used for growing

table celery. It is very small, about 1.6 mm, an ovate, brown cremocarp (Fig
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1-14) and has a characteristic odor and a warm aromaﬁc taste (Papamichail et

al., 2000; Usher; 1974). The seed is collected when ripe in September.

1.2.3 Extraction and isolation

Grinding had a dramatic effect on the efficiency of release of solvent
extractable components from celery seed. The total weight of extract obtained
from ground seed is in the order of six times the yield from whole seed (Falzari

and Menary, 2005).

Many studies have been done on the 'extraction of the volatile and
water-soluble constituents of celery and its seed over the past decades (Brown
et al., 1988). There are three major extraction techniques, which are
supercritical fluid extraction (SFE), steam distillation and organic solvent

extraction (Catchpole and Grey, 1996).

Steam distillation is the most widely practiced and cheapest, but is limited to
essential oil production only and can sometimes cause chemical change

(Catchpole and Grey, 1996).

Organic solvent extraction is of relatively low costs in terms of capital and
operating cost (Catchpole and Grey, 1996). The two extracting solvents

compared are the polar solvent, chloroform and the non-polar solvent, hexane.
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The proportion of phthalides extracted with chloroform is greater than in the
hexane extracts. Although statistically different, the increased yield using
chloroform as opposed to hexane may not be enough to be economically worth
the extract complications of using a polar solvent. The costs are associated

with extract clean-up and solvent recovery (Falzari and Menary, 2005).

As the use of non-toxic and volatile solvents, such aslcog, SFE protecfs from
thermal degradation and solvent contamination (Papamichail ef al., 2000). In
1963, Gold and Wilson first reported the existence of four unique trace
branched-chain alkylidenephthalides of the volatile components of celery by

organic solvent extraction (Gold and Wilson, 1963).

In the early studies, some components of celery seed could not be
successfully separated by gas chromatography (GC) due to their instabilities in
GC columns (Kurobayéshi et al., 2006). In 1987, Uhlig successfully separated
3-n-butylphthalide,  3-n-butyl-4,5-dihydrophthalide  (sedanenolide) and
3-n-butyl-tetrahydro- phthalide (sedanolide) from celery by HPLC (Uhlig et al.,
1987). In. 2002, several phthalide and derivatives with antioxidant,
cyclooxygenase and topoisomerase inhibitory effects have been purified from
celery seed by using RP-HPLC, eluting with methanol and water (Momin and
Nail, 2002). Momin also reported that anti-mosquito and antibacterial

components were isolated and purified from the hexane extract of celery seed
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by using normal phase HPLC, eluting with hexane (Momin et al., 2000). From
the water-soluble portion of the methanol extract of celery seed, five
sesquiterpenoid glucosides, three phthalide glycosides, six aromatic
compound glycosides, two norcarotenoid glucosides and a lignan glucoside
were isolated by usiné general chromatography and HPLC (Kitajima et al.,

2003).

1.2.4 Composition

To summarize the literature sources, the principal constituents of celery seed
are 1.5-3% volatile oil; coumarins (seselin, osthenol, apigravin, celerin,
umbelliferone); furanocoumarins (including bergapten); flavonoids (apigenin,
apiin); phenolic compounds, choline, ascorbate, involatile oil, fatty acids and
unidentified alkaloids (Holistic-online, 2004). Major components are limonene,
selinene, phthalide, furocoumarins, and glucosides of}furocoumarins, and
flavonid (Kitajima ef al., 2003). A high proportion of the essential oil consists of
monoterpene hydrocarbons (46%) and phthalides (42.3%) (MaclLeod and

Ames, 1989).

In several literature reports, there are the identified chemical structures of the
phthalides and derivatives from celery seeds, including sedanolide
(3-butyltetrahydrophthalide), ‘sedanenolide(3-n-butyl 4,5-dihydrolphthalide),

senkyunolide-N, senkyunolide-J, 3-butylphthalide(3-n-butylphthalide), and
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3-hydroxymethyl-6-methoxy-2,3-dihydro-1H-indoi-2-ol, 7-[3-(3,4-dihydroxy
-4-hydroxymethyl-tetrahydro-furan-2-yloxy)-4,5-dihydroxy-6-hydroxymethyl-tet
rahydro-pyran-2-yloxyl]-5-hydroxy-2-(4-hydroxy-3-methoxy-phenyl)-chromen-4
-one (Fig. 1-15) (Kitajima ef al., 2003; Momin and Nair 2002; Macleod et al,

1988).

The ISO standard for celery seed oil defines the levels of the following five
components: f-pinene 0.5-2%, myrcene 0.3-1.4%, limonene 58-79%,

B-selinene 5-20% and sedanenolide 1.5-11% (Falzari and Menary, 2005).

1.2.5 Pharmacognosy of celery seeds

Celery seed isé mild diuretic and urinary antiseptic, and has been used in the
treatment of urinary calculi (Oiye and Muroki, 2002). It has a célming effect on
the gut, and can be used in the relief of flatulence and griping pains (Raffa,
2005). It can reduce visceral spasm, stimulate the smooth muscle of the womb
and bring on delayed menstruation. After childbirth it helps the uterus readjust
and encburages the flow of breast milk (Riddle, 2004). The phthalides are the
constituents that are responsible for the antispasmodic, sedative and diuretic

properties

Celery seed is beneficial in any oedematous condition that accompanies

arthritis, because of its direct action on the kidneys, increasing the elimination
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Fig. 1-15 Some of the known chemical components of celery seed

1. Sedanolide 2. Sedanenolide (V)

e

N\

OH

3. Senkyunolide-N 4. Senkyunolide-J
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of water and speeding up the clearance of accumulated toxins from the joints.
It.is often administered with Dandalion (Taraxa;:um radix) to increase the
efficiency of elimination by both the kidneys and liver (Cousin and Hartvig,
2004). A. graviolens also has the effect of reducing blood glucose
concentration combat therefore to be helpful in diabetes, in which it involves a
direct action by stimulating the pancreas to insulin secretion (Carper, 1993).
Clinical studies in China have revealed an anti-hypertensive action for tincture
of celery seed, accompanied by increased urine output (Tierra, 1998). The
flavonoid, apigenin, which is a component of celery seed, exhibits significant

anti-platelet activity in vitro (Mdides, 2006).

Researchers at the University of Chicago have discovered that a chemical in
celery called 3-butylphthalide reduces blood pressure in laboratory rats by
relaxing the smoqth muscle lining of blood vessels. Once relaxed, the vessels
dilate, allowing the blood to flow more freely throughout the body. When fed a
dose of phthalide equivalent to what is found in four stalks of celery a day, the
rats experienced a 13 percent drop in blood pressure and a 7 percent drop in
cholesterol (Mindell, 1994). Phthalides from celery seed appear to help lower
blood pressure by acting as a diuretic and vasodilator through impacting the
" production of prostaglandins, acﬁng in a similar manner as calcium — channel
blockers lowing blood cholesterol levels, reducing the formation of arterial

plaque, and effecting on areas and systems of the brain that control vascular
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resistance (Tsi and Tan, 1997; Le and Elliot, 1991, Mimura et al., 1995).

Celery seed extracts show anti-inﬂamrhatory activiﬁy in vivo and effects on
components of inflammation in vitro (Lewis et al., 1985; Hammer et al., 1999).
Celery contains a phytosterol with some anti-inflammatory activity but the
major anti-inflammatory effect is due to unidentified polar substances. Mannitol
from celery seed shows anti-inflammatory action in an adjuvant arthritic rat
model, but it does not reduce carrageenan-induced oedema in the rat (Lewis et
al., 1985). In xylene-induced ear oedema in mice (which is a model of acute,
exudative phase, inflammation) and in the cotton pellet granuloma tests in rats
(which is a model of chronic, glaucomatous, inflammation), ethanolic extréct of
celery seed showed an anti-inflammatory effect only against the chronic
inflammation model, indicating an anti-proliferative effect (Atta and Alkofahi,
1998; Butters et al.,, US Patent 6,352,728, 2002; Butters ef al., US Patent
6,761,913, 2004). In rats, the extracts are powerful nutraceuticals that amplify
the potency of salicylates and prednisone for treating pre-established chronic
inflammation (arthritis, fibrosis) and reduce the steroid’s gastrotoxic and
lymphopenic side effects (Whitehouse and BUtters, 2003). Popovic et al. (2006)
reported that in vitro the extracts of celery seed were good scavengers of
dexoxyribose (OH’) and 2, 2- diphenyl-1-picryhydrazyl (DPPH’) radicals and
reduce liposomal peroxidation (LPXx) intensity in liposome, which points to their

protective (antioxidant) activity. Also, in vivo the examined extracts showed a

78



certain protective effect on antioxidant systems (activities of glutathione
peroxidation, glutaththione reductase, peroxidation, catalase, xanthine oxidase,
reduced glutathione content and intensity of LPx) in liver homogenate and
blood of mice. In other study, polyacetylenes from celery seed were proved as
a pronounced toxicity against acute lymphoblastic leukaemia cell line (Zidorn

et al., 2005).

Momin (2001) reported the mosquitocidal, nematicidal and antifungal activities
of compounds of the methanolic extract of celery seed in vitro. Sendanolide,
senkyunolide-N and senkyunolide-J were extractéd from celery seed, which
produced 100% mortality at 25, 100, and 1000 pg/ml, respectively, on the
nematode, Panagrellus redivivus. Also, sendanolide gave 100% mortality at
50ug/ml on nematode, Caenorhabditis elegans and fourth-instar mosquito
lavage, and inhibited the growth of the fungal pathogens Candida parapsilasis
and Candida albicans. The five-membered lactone ring along with the butyl
side chain in phthalides from those extracts above may be important for the
observed biological activities. Another study suggested that celery seed
extracts were active against many bacteria including Staphylococcus aureus,
Staphylococcus albus, Shigella dysenteriae, Salmonella typhi, Streptococcus
faecalis, Streptococcus pyogenes and Pseudomonas solanacearum (Popovic
et al., 2006). Friedman (2002) showed that the extracts had bactericidal

activities against Campylobacter jejuni, Escherichia coli, Listeria
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monocytogenes and Salmonella enterica.

Celery seed extracts have been identified by the US National Cancer Institute
as possessing cancer-preventive properties (Cara’gay, 1992). There are
cancer chemprotective phytochemicals in celery seed, including coumarins,
phthalides, polyacetylens and terpenoids (Robbers ef al., 1994). These
benefical substances act as antioxidants and electrophilic scavengers,
stimulate the immune system, inhibit nitrosation and the formation of DNA
adducts with carcinogens, inhibit hormonal actions and metabolic pathways
associated with development of cancer, and induce phase | or |l detoxification
enzymes (Craig, 1999). Phthalides from celery seed inhibit tumor formation
by stimulating the protective phase Il enzyme, glutathione transferase.
Terpenoids (Limonene) from celery seed increase tumor latency and decrease
tumor multiplicity (Sauberlich et al., 1994). Also, the similar
chemopreventive activity of methanolic extract of celery seed has been found
in the Solt Farber protocol of induced hepatocacinogenesis, as well as in
oxidative stress and induction of positive foci of r-GT in the liver of Wistar rats

(Sultana, et al., 2005).

A significant hepatoprotective activity of the methanolic extract of the celery

seeds was observed in paracetamol and thioacetamide intoxications in rats.
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Stimulation of hepatic regeneration could be the explanation for the
hepatobrotective effect of celery seed extract (Singh and Handa, 1995). Also,
celery seed extract is potent against experimentally induced
hepatocarcinogenesis in Wistar rats. Prophylatic treatment with this extract
protected againsf diethylnitrosoamine (DEN) -, 2-acetylaminofluorine (AAF)-
and partial hepatectomy (PH) - induced hepatocarcinogensis and other related
events such as induction of y-glutamyl transepeptidase (y-GT) positive foci, in
a dose-dependent manner in vivo (Sultana et al., 2005; Anubha and Handa,

1995). \

The essential oil of celery has the cercaricidal effect against cercariae
Schistosoma mansoni, one of the stages in the life cycles of this parasite,

which causes schistosomiasis (Saleh et al., 1985).

1.2.6 Relevant patents of CSE

Celery seed extracts have been reported in patents (US Patent 6,761,913 and
6,352,728,) in anti-inflammatory function and treatment of gastrointestinal
irritation. These patents revealed that biologically active extracts of celery seed
were produced by various chemical methods and possessed activity for the
treatment and prevention of acute and chronic pain, inflammation and
gastrointestinal irritation in animal models. Celery seed extracts were found to

have marked inhibitory effects on PGE; production by porcine gastric mucosal
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explants in organ culture (Butters et al., 2004). The gastroprotective effects are
probably mediated through non-prostaglandin mechanisms (Whitehouse et al.,

2001).

Tani (2005) claimed that celery seed extracts provided an anti-inflammatory
agent exhibiting an anti-inflammatory function. This natural herb or
\ combination of other herbs is effective to relax and suppress symptoms of
allergy, particularly holistic symptoms of allergic rhinitis, without éausing any
substantive adverse effects. Also, inclusion of the agent into foods and drinks

is-useful (Tani, 2005, US Patent 5916565).

Rainsford and Liu (2001; US Patent 2006001396) suggested that celery seed

extracts had shown interesting antimicrobial éctivity against H. pylori.

Japanese patents JP57056416 and 587058327 refer to mouthwash

compositions containing an alcoholic extract of celery.

1.2.7 Available celery seed extracts

Celery seed oil is traded with increasing demand on world markets. The
phthalide components and selinene are the critical components imparting both
the typical celery flavor and fragrance and the therapeutic value. The market
for medical herbs and related commodities is growing. The 1999 market for

herbs in the US exceeded $ 2 billion (Craig, 1999). In 1984, an annual celery
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seed oil production was 25 tons and a celery herb oil production was 0.5 tones
(Lawrence, 1987). One current estimate of the annual consumption of celery
deed oil is 40 tones / annum, with some 50% of this produced in India (Falzari

and Menary, 2005).

Celery seed is available in the following forms: fresh‘ or dried seeds, tablets,
encapsulated oil or extracts to make tea, by pouring boiling water over crushed
seeds. Among the treatments recommended from Health stories are celery
seed oil capsules or tablets: One to two capsules or tablets three times a day,
as directed by your health care provider. Celery seed extract: 1/4 to 1/2 tsp
three times a day, or as directed by your health care provider. Whole celery
seeds: Prepare a tea by pouring boiling water over one teaspoon (1 to 3 g) of
freshly crushed seeds. Let it steep for 10 to 20 minutes before drinking. Drink
three times a day. Of the combinations, Apium combines well with menyénthes
and/or guaiacum in rheumatic disease. The therapeutic action of Apium is
potentiated by taraxacum. High blood pressure: either consume 8 ribs of celery
per day or take- a celery extract standardized to contain 85% 3-n butyl
phthalide and other celery phthalides at a dosage of 75 to 150 mg twice daily.
For the relief of join and muscle pain (including pain due to osteoarthritis,
rheumatoid arthritis, and fibromyalgia): one tablet two to three times daily. For

gout: two tablets twice daily.
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In Australia, more than 100,000 people have used the célery seed extract
Vstandardized at 85% phthalides without any reports of side effects. The
recommendations for joint and muscle diseases in the clinical experience are
to use a celery seed extract with standardized containing 85% 3n-butyl and

other phthalides (Aura hitech & health center — online, 2007).
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1.3 Relevant background and hypothesis for the present investigations

’Overall pre-clinical assessment of over the counter medications, including
herbal medicines, the treatments of infection of H. pylori still have many
drawbacks (detailed in section 1 - 2 of chapter 1). The current standard
treatment of H. pylori infections is antimicrobial schemes, Nevertheless,
antimicrobial eradication treatment success of H. pylori infections is
jeopardized by a couple of interfering factors, such as patients’ compliance,
the clinical course H. pylori-related diseases or microbial virulence factors
involved in the degree of inflammation and by host characteristics including
gastric pH, diabetes or smoking. Resistance to antimicrobials in use is
generally accepted as the most important jeopardizing factor (Wolle, 2007,
Byun et al., 2006). In the vaccine devélopment, the fact that the organism is
prevalent worldwide, is responsible for significant morbidity and mortality, and
is difficult and expensive to eradicate makes it a prime target for vaccine
therapy (Hardine and Wright, 2002). As emerging drug resistance continues to
plague efforts to eradicate H. pylori infection and developing vaccine therapy in
the future, new therapeutic regimens incorporating existing antibiotic agents

and newly developed compounds are essential.

A satisfactory solution would be a cheaper effective therapy, potential for safer
use especially where infections persist and therapies with special mechanisms

for attach on the bacteria as well as with avoidance of use of antibiotics that
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may cause alterations in Gl flora and contradicts resistance.

Plants have played a significant role in maintaining human health and
improving the quality of human life for thousands of years (Craig, 1999). The
World Health Organization estimated that 80% of the earth’s inhabitants rely
on traditional medicine for their primary health care needs, and} most of this
therapy involves the use of plant extracts or their active components. They are
always cheap, and may be effective with few side effects (fripathi et al., 2007).
In view of the variety of the effects exhibited by active components from celery
seed, it was of interest‘ to examine whether they might have an anti-H. pylori
effect. Earlier studies by Rainsford and Liu (2001; US Patent 2006001396)
suggested that celery seed extracts had shown interesting antimicrobial
activity against H. pylori. Five compounds have been purified which are partly
responsible for the antimicrobial properties. Those compounds had been
confirmed the chemical structures and quantiﬁed the inhibitory concentration
against H. pylori. But they are not responsible for the most anti-H. pylori activity,
the constituent(s) maybe reside in other fractions and sub-fractions. Also the

antibacterial mechanisms need to be investigated.

Hypothesis: Based on the above observations and review of current Iitérature,
it is postulated in this thesis that “* Component(s) of celery seed may inhibit the

growth and viability of H. pylori by novel mechanisms of action”.
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Aims and Objectives

Aims

1. To characterize fhe effects of celery seed extracts against Helicobacter
pylori.

2. To identify the active components from celery seed extracts.

3. To investigate the mechanism of action of celery seed extracts against H.
pylori.

4. To establish from these studies the potential of CSE to be a natural
treatment for clinical practice to act as a prophylactic or eradicate

Helicobacter pylori.

Objectives

o To determine the effects of the CSE components following their isolation
and chemically characterization on the growth and viability of H. pylbri
and to define the mechanisms of their inhibitory effects.

e The component fractions were obtained frém 3 sources, i.e.

a. The raw ethanolic extract obtained from Chennai, India (A-CSE).

b. The CO; critical fluid extract applied to the ethanolic extract above
(C-CSE).

c. Methyl ethyl ketone extracts of the abovementioned ethanolic
(ME-CSE) extract.

e As a known component of CSE fractions (sedanolide) was obtained
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commercially, it was investigated for potential anti-Helicobacter activity
and compared with that of the extracts some of which may contain
these components.

The mechanisms of inhibitory effects on the growth and viability of H.
pylori will be determined by initially examining the effects on protein and
nucleic acid synthesis and of viability using dye exclusion methods.
Further exploration of these effects was undertaken following on the
outcome from these initial studies and employs molecular biological

techniques.
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Chapter Il

Effects of Various Extracts of Celery Seed on the
Growth and Viability of H. pylori
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2.1 Introduction

In the search for a new agent to com'bat H. pylori infection, celery seed has
attracted much attention with regard to its anti-microbial activity (Popovic et al.,
2006; Friedmen, 2002, Rainsford and Liu 2006; US Patent 2006001396).
Celery seed (the seed of Apium graveolens) has been used as a herbal
medicine for thousands of years in India. In pharmacognosy, celery seed has
been reported to be useful for the treatment of urinary calculi, gut diseases, the
relief of flatulence and griping pains, reduction of visceral spasm, and
stimulation of the smooth muscle of womb. It also promotes hypoglycemia to
reduce blood glucose and may thus be useful in treating diabetes mellitus
(Mdides-online, 2006). Momin (2001) reported the antifungal, mosquitocidal
and nematicidal activities of compounds from the methanolic extract of celery
seed. Moreover, Friedmen (2002) showed that celery seed extracts have
bactericidal activities against Campylobacter jejuni, Esherichia coli, Listeria
monocytogenes and Salmonella enterica. Ethanolic extracts have also been
found to have anti-inflammatory and anti-ulcer activity in rodent models

(Butters et al., 2004).

The extracts of celery seed that have been investigated here are the raw
ethanolic extract of celery seed (A-CSE), CO, supercritical extract (C-CSE)
and methyl ethyl ketone extracts (ME-CSE). The microplate assay is basic and
effective to evaluate the bactericidal and bacteriostatic activity levels. Liquid

inhibitory assays in BB media were chosen. (Feresin et al, 2003). The extracts
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have been tested to identify their effects on the growth and viability of H. pylori.
Also, the bactericidal versus bacteristatic activity was distinguished by using

the same assay.

Both H. pylori strains were cultured with and without those known CSEs for 5 —
7 days. Then the optical density was measured to compare the growth of H.
pylori between untreated and treated samples. Minimal inhibitory concentration
(MIC) and minimal bactericidal concentration were derived. Therefore, the

effects of various CSEs against H. pylori were characterized.

2.2 Methods

2.2.1 Bacterial strains and culture condition

The strain 3339 of H. pylori employed in the present investigations was
isolated from é British patient with a peptic ulcer (duodenal Qlcer or gastritis).
Another strain 26695 was obtained from Prof. David Kelly (University of
Sheffield), and is one of the strains for which a full genome sequence is
available (Tomb et al., 1997). Their identities were confirmed by Gram stain,
urease reaction and 16S RNA gene sequence (see the identification section of

result part).

The bacteria were store at —80°C in aliquots of 1 ml of brucella broth (BBL,

USA) containing 15% [v/v] glycerol (Kitsos and Stadtlander, 1998) and cultured
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- on chocoléte agar plates (Biomerieux, Frence) for | 5 days under
microaerophilic conditions (10% CO,, 3%0; and 87% N,, at 37 °C). A liquid
culture of H. pylori was grown in brucella broth. For liquid culture media,
Brucella broth (BB) (28g) (Oxoid) was added to 1L of distilled water. The
mediurh was sterilized autoclaving at 120 °C for 15 min and allowed to cool.
Fetal bovine serum (FBS) (Invitrogen, UK) was added to 5% [v/v] immediately

before use (Morgan et al., 1987).

2.2.2 ldentification of H. pylori

2.2.2.1 Urease test

The CLO test (Campylobacter Like Organism) was the first commercial test
available developed by Prof. Barry Marshall (Marshall and Warren, 1984). This
test is performed in liquid media with urea and phenol red presence, a dye that
turns pink at a pH of 6.0 or greater. In the presence of H. pylori, the
Campylobacter-like organism, which converts urea to ammonia by way of its
urease activity, the pH will rise above 6.0 and the phenol red in the medium
changes from yellow to magenta. Here, the urease test was performed by
using suspended cells. A solution of urea (Sigma) (10%) and a solution of
phenol red (1%) were prepared. For the vlvo‘rking solution, two drops of phenol
red solution were mixed in 1 ml of the urea solution. The reagent is stable for 2
weeks at 4-8 °C. Each sample was added to 0.2 ml of the reagent and

incubated at room temperature (24 °C) for one minute. For positive result, the
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reagents changed from yellow to magenta (Finegold and Baron 1986).

2.2.2.2 16S rRNA gene sequence

For identification of H. pylori at the genome level, the QIAGEN genomic kits
(Qiagen, West Sussex, UK) were chosen for direct isolation of H, pylori DNA.
An internal fragment of the 16S rRNA gene was amplified using the following
primers; 5-AGAGTTTGATCMTGGCTCAG-3' (16S-1, 20-mer) and
5-TACGGYTACCTTGTTACGACTT-3' (16S2, 22-mer) (Song et al., 1999).
PCR amplification was carried out through 30 cycles consisting of a
denaturation step of 95 °C for 1 min, a primer-annealing step of 55 °C for | min
and an extension step at 72 °C for 2 min, with a single final extension step of
72°C for 10 mins (Clayton et al., 1992). The 1466 bp PCR product was purified
with the Wizard SV Gel and PCR Clean-up System. The purified product DNA
was sent to MWG-Biotech (London) for dye termination sequencing, using

same primers as well used for PCR.

2.2.3 CSE sources

CSE for antimicrobial tests was obtained from 3 sources. The raw ethanolic
extract of celery seed (A-CSE) was obtained from Chennai, India; the other
two sources of celery seed extracts were o‘btained from Prof. MW. Whitehouse,
Griffith  University and University of Queensland, Brisbane, Queensland,

Australia, which were the CO; super critical fluid extract (C-CSE) applied to the
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ethanolic extract above and methyl ethyl ketone extracts (ME-CSE) of the
same original ethanolic extract. All the CSE extracts were dark green highly
viscous liquids that were dissolved in dimethylsulphoxide (DMSO) to prepare

stock solutions.

2.2.4 Antimicrobial activity test
The liquid inhibitory method using BB broth plus FBS was performed using
24-well plates, including an uninhibited control, culture extract controls and

positive control samples (Xia et al., 1999).

For using in the testing, colonies of the bacteria were inoculated into the
Brucella broth (BB) plus FBS and adjusted to turbidity equivalent to a No.2
McFarland standard for broth dilution method (McFarland No. 2 Standard =
1x10” - 1x10 8 CFU/mI, 0.3 abs@560nm =.2.4x10 & CFU/ml) (Burger et al,

2000; Haim et al, 2004).

Each assay was performed in multiple wells and contaihed 0.1ml sample plus
1.0ml of early log phase H. pylori culture in Brﬁcella broth plus fetal bovine
serum. Samples comprising 1mg of various CSEs were dissolved in 10 pl of
solvent (DMSO) to get 100 mg/ml, and then diluted 100 fold into brucella broth
plus FBS to get 1mg/ml. Control assays using up.to 1% [v/v] of solvent

concentration used in the experimental inoculation showed that the solvents
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themselves did not have significant antimicrobial activity at the concentration
used. The serial dilutions of components of CSE were added to the column
well of the each plate. Next 0.1 ml of cell suspension was inoculated into each

well in each row.

After the plates were inoculated at 37°C under microaerophilic conditions,
bacterial growth was monitored by method of turbidometry, using a microplate
reader at 550nm (Wallac 1420, Perkinelmer, Finland). Turbidometry is the
process of measuring the amount of light that a solution absorbs. A
photoelectric cell collects the selected light which passes thréugh the cuvette.
A measurement is then given for the amount of absorbed light to find the
number of cells in a solution (Fiach and Dmitri, 2006). MICs were determined

by using a two fold dilution series of the samples in BB + FBS.

Bactericidal activity was determined as follows. H. pylori was cultured in the
liguid media with serial dilution of the extracts as detailed above in 24-well
plates under the same microaerophilic conditions for 5 days, including a
negative control. Then the aqueous cultures were centrifuged a‘t 16,000 x g for
5 min. After discarding the supernatants, the pellets were re-suspended in
fresh medium and inoculated for 3 days under the same conditions.

Bactericidal activity was concluded if the culture failed to re-grow in the fresh

95



medium.

2.3 Results

2.3.1 Initial cultivation of microorganisms

In Fig. 2-1, the growth of the H. pylori strain 26695 and 3339 were investigated
on chocolate agar plates. During the period of culture all the colonies had
similar morpho‘logy, which is consistent with the absence of contaminating

microorganisms.

Also the two strains of H. pylori were cultured in BB liquid media plus fetal
bovine serum. Both of strains grew very well in this medium. The growth of
strain 3339 (from 0.05 to 0.342 @ ODsso in 3 days) was different from that of
strain 26695 (from O..O49 to 0.088) under same conditions (Fig. 2-2). The

growth rate of strain 3339 was markedly greater than that of strain 26695.

2.3.2 Urease test (CLO)

In the urease test (Fig.2-3), in the presence of both of H. pylori strain 3339 and
strain 26695 the reagents changed from yellow to magenta, meanwhile the
colour did not change when the reagents were added into E-coli or the water
control. The presence of H. pylori converts urea to ammonia by way of its
urease activity, the pH rose above 6.0 and the phenol red in the medium

changed from yellow to magenta.
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2.3.3 16S rRNA gene sequence identification
Strain 26695, for which there is a completed genome sequence in the public

domain, was obtained from Professor David Kelly at University of Sheffield.

Strain 3339 is a less well characterized clinical isolate and so its identity as a
strain of H. pylori was confirmed by sequences of the 16S rRNA gene. The 16S
rRNA gene was amplified by using PCR from the universal eubacterial primers
5-AGAGTTTGATCMTGGCTCAG-3' and 5-TACGGYTACCTTGTTACGACTT-
3. Sequencing of the 1466 bp PCR product (Fig. 2-4). Both PCR primers gave
99.2% identity to the 16S rRNA gene of H. pylori over 238 aligned bases (Fig.

2-5, 2-6). Sequencing of the PCR product of strain 3339 from primers was

performed by MWG Biotech (Ebersbery, Germany).

2.3.4 Inhibitory effects of A-CSE against different strains of H. pylori

In the assays for inhibitory activity of A~CSE against H. pylori strain 3339 and
26695, A-CSE exhibited variable antimicrobial activity to the different strains
(Fig. 2-7). The concentrations of A-CSE were varied between 6.25 pg /ml and
500 pg /ml and the data were recorded each 24 hours over 7 days. The
minimum inhibitory concentration (MIC) of A-CSE against H. pylori strain 3339
was at 200 ug /ml, meanwhile it was at 300 pg /ml for strain 26695 at day 5

(Fig.2-7a). At 7 days, the values of MIC were 400 pug /ml for strain 3339 and >
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Fig. 2-5 16S rRNA sequence of H. pylori strains 3339

16S_H.pylori ACGCTGGCGGCGTGCCTAATACATGCAAGTCGAACGATGAAGCTTCTAGCTTGCTAGAAT 240

3339-seq_rxn = smmo s e CTAACTTGCTAGAAT 15

deodk ok dedk gk ok ok ok ok ok ke ok

16S_H.pylori GCTGATTAGTGGCGCACGGGTGAGTAACGCATAGGTTATGTGCCTCTTAGTTTGGGATAG 300

3339-seq_rxn GCTGATTAGTGGCGCACGGGTGAGTAACGCATAGGTCATGTGCCTCTTAGTTTGGGATAG 75

Fkdkkhkhkokhkkdkkhdhhhkhhkhdkhkhbhkhkdkokdkdkkh ko dkdkdk ok ko ko kb ks ok ook ok ks ok ok dkok ok ok

16S_H.pylori CCATTGGAAACGATGATTAATACCAGATACTCCCTACGGGGGAAAGATTTATCGCTAAGA 360

3339-seq_rxn CCATTGGAAACGATGATTAATACCAGATACTCCCTACGGGGGAAAGATTTATCGCTAAGA 135

hhkdkedkhkhkhkdkhhkdhkhhkkhhhkhkhkhhdkdkhhhkhhhhhbb bbb hhhbhb bk hhh bk bk dkhkhk

16s_H.pylori GATCAGCCTATGTCCTATCAGCTTGTTGGTAAGGTAATGGCTTACCAAGGCTATGACGGG 420

3339-seq_rxn GATCAGCCTATGTCCTATCAGCTTGTTGGTAAGGTAATGGCTTACCARGGCTATGACGGG 195

J ek sk kK K ke ek gk gk sk ok ok gk ke ke e de sk ok ok ok gk de sk ke ke ko ke ok ek ok gk ek ok ke ke ok ke ke ok

16S_H.pylori TATCCGGCCTGAGAGGGTGAACGGACACACTGGAACTGAGACACGGTCCAGACTCCTACG 480
3339-seq_rxn TATCCGGCCTGAGAGGGTGAACGGACACACTGGAACTGAGACAA~~--CGGGTTCC-—-~~ 247
 dem ko ke ko ok ko ko ko * ok dkkk

The alignment to H. pylori 16S rRNA sequence from database and sequences were 99.2%
identical.
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