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ABSTRACT

Pectins are the collective name for a group of hetero-
geneous, high molecular weight, branched polysac-
charides that are found in the cell walls of higher
plants. In this study, we intend to determine the anti-
bacterial activity of pectin against reference strains
and clinical isolates of Helicobacter pylori. The results
show that pectin produced antibacterial effects on all
the 16 clinical isolates and 2 reference strains of H.
pylori with the greatest antibacterial effect at a low
pH (5.0) versus higher pHs. The lowest Minimum
Inhibitory Concentration recorded was of 0.016 pg/ul.
Antibiotic resistance, therapy costs, and undesirable
side effects stress the need for new antimicrobials or
alternative therapies. The results from our study can
further our goal of future eradication of H. pylori in-
fection using new molecules.
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1. INTRODUCTION

Pectins are a class of complex polysaccharides found in
the cell walls of higher plants. They contribute to the
firmness and structure of plant tissue both as part of the
primary cell wall and as the main component in the mid-
dle lamella, which is responsible for cell-to-cell adhesion
[1]. Pectin is a water-soluble fiber. Chemically, pectin is
the collective name for a group of heterogeneous, high
molecular weight, branched polysaccharides. They are
composed of distinct structural domains linked together
in characteristic patterns. They compromise acidic poly-
saccharides including homogalacturonan, rhamnogalac-
turonan I, rhamnogalacturonan II and neutral oligosac-
charide chains such as galactans, arabinans, and arabi-
nogalactans [2]. The most common pectin is isolated
from citrus and is extensively branched.

An interest in this complex polysaccharide as a human
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dietary supplement has emerged due to its multiple
health benefits including the lowering of blood choles-
terol and serum glucose levels [3] and the potential inhi-
bition of cancer growth and metastasis [4]. Due to its
complex side-chains, pectin is a strong binding agent and
this might explain its cholesterol lowering and detoxifi-
cation properties. However due to pectins large size and
molecular weight its actions are limited to its activity in
the digestive tract.

Pectin is used in food as a gelling agent particularly in
jams and jellies. It is also used in fillings, sweets, as a
stabilizer in fruit juices and milk drinks and as a source
of dietary fibers. The amount, structure and chemical
composition of pectin differs between plants, within a
plant over time and in different parts of a plant. During
ripening, pectin is broken down by the enzymes pecti-
nase and pectin-esterase; in this process the fruit be-
comes softer as the middle lamella breaks down and cells
become separated from each other. Pectin is a natural
part of human diet, and it is nowadays considered as food
supplement. The daily intake of pectin from fruits and
vegetables can be estimated to be around 5 g in a normal
and balanced diet. In human digestion, pectin goes
through the small intestine more or less intact; it is thus a
soluble dietary fiber. Consumption of pectin has been
shown to reduce blood cholesterol levels [5]. The mech-
anism appears to be an increase of viscosity in the intes-
tinal tract, leading to a reduced absorption of cholesterol
from bile or food [5].

Helicobacter pylori, a Gram-negative comma-shaped
bacterium, is a common human pathogen and public
health problem that causes gastritis and peptic ulcers.
Infection with Helicobacter pylori has also been linked
pathologically to the development of gastric cancer [6].
Worldwide, the infection with H. pylori is highly preva-
lent; approximately 50% of the world population is in-
fected, with prevalence rates in countries ranging from
20% (Australia) to 80% (Mexico, central and south
America, and Africa) [7]. Actual infection rates vary
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from nation to nation; the developing world has much
higher infection rates than the West (Western Europe,
North America, Australasia), where rates are estimated to
be around 25% [7]. Infection with H. pylori may mani-
fest as a number of clinical disorders, primarily of the
gastro duodenal mucosa.

The antimicrobial activity of pectin was not exten-
sively addressed in literature; however, some studies
have shown that the consumption of plants and plant
products, such as green tea, and high-fiber diets were
associated with reduced risk for developing duodenal
ulcer and gastritis [8-10]. On the other hand, increased
consumption of allium vegetables has been suggested as
a protective factor for stomach cancer [11-13]. Several
studies have reported significantly reduced risk of H.
pylori infection with increased consumption of fruits
and/or vegetables, vitamin C, and beta-carotene [14-17].

In this study, we intend to determine the antibacterial
activity of pectin against reference strains and clinical
isolates of Helicobacter pylori. We believe this is impor-
tant for a better understanding of the pathogenicity of
this organism and of the environmental factors affecting
its virulence. To our knowledge, this present study con-
stitutes the first attempt to quantify the antibacterial ac-
tivity of pectin against Helicobacter pylori, investigating
therefore its potential role in the search for new mole-
cules with antimicrobial properties.

2. MATERIAL AND METHODS

Bacterial strains: A total of 16 clinical isolates and 2 ref-
erence strains of H. pylori were used in this study. The
reference strains were H. pylori ATCC 43,504 and H.
pylori ATCC 26,695. The clinical strains were isolated
from patients with documented duodenal or gastric ulcers
at the Saint George Hospital-University Medical Center,
Beirut between 2007 and 2010. After culturing the iso-
lates were stored at —80°C in Brucella broth (Becton
Dickinson) containing 10% DMSO and 10% horse serum
until used.

Antimicrobial activity of Pectin: Lyophilized Citrus
Pectin was kindly provided by Megazyme (high-meth-
oxyl pectin with Molecular weight of around 200,000
daltons). It was weighed and dissolved in sterile distilled
water. The solutions were filtered through 0.22 pum sterile
filter membranes and stored at 4°C for further use. The
concentration of the original solution of pectin was ad-
justed to 10° pg/ml. This was used as the stock solution
from which the Minimum Inhibitory Concentration (MIC)
series were prepared.

A micro broth dilution method was performed. Each
well of a 96-well microplate was coated with twofold
serial dilutions of the solution of pectin previously pre-
pared and air-dried. A saline suspension of test strain
equivalent to 2.0 McFarland standard (containing 1 x 10’
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to 1 x 10° c.fu. ml™"), was prepared from a 72 h-old
subculture of a blood agar plate. The suspension (0.5 ml)
was put into 9.5 ml cation-adjusted Mueller-Hinton broth
(Difco) supplemented with 5% horse serum to a density
of 5 x 10° - 5 x 10° CFU/ml. A 100 pl volume of the
suspension was added to each well, and the cultures were
incubated at 35°C for 3 days under a microaerophilic
atmosphere (O,, 10%; CO,, 5%). The MIC was defined
as the lowest concentration of a test antibiotic that com-
pletely inhibited visible bacterial growth. A routine bac-
terial count was performed in duplicates to verify the
bacterial concentration. Positive and negative control
wells were prepared in parallel. The negative control
well consisted of 100 pl of cation-adjusted Mueller-
Hinton broth supplemented with 5% horse serum; the
positive well consisted of 100 ul of the same medium to
which 100 pl of the above indicated bacterial suspension
were added. All experiments were done in duplicates and
when results were different within one dilution, the high-
est MIC was recorded. When results were different be-
yond one dilution, the experiment was repeated. With
every set of MIC determination, an additional control for
ampicillin and the tested strain of H. pylori was per-
formed. The Minimum Bactericidal Concentration (MBC)
was determined by sub-culturing samples from the tubes
with concentrations above the MIC on new plates of
Blood agar and incubated in microaerophillic conditions
for 72 hours. The MBC corresponded to the lowest con-
centration of the extract associated with no bacterial cul-
ture. All experiments were performed three independent
times in duplicate form. In cases where the MIC was
recorded in two different tubes and the difference is only
one dilution, the lowest concentration was recorded.
When the difference was more than one dilution, the
whole experiment was repeated. The MICy, was defined
as the Minimum Inhibitory Concentration below which
90% of the individual MICs were found, and the The
MBCy, was defined as the Minimum Inhibitory Concen-
tration below which 90% of the individual MBCs were
found.

3. RESULTS

As shown in Table 1, pectin produced obvious antibacte-
rial effects on all the strains of H. pylori including the
ATCC strains and clinical isolates. The MICs were in
general lower at pH 5.0 than at a higher pHs. The lowest
MIC was recorded at a concentration of 0.016 pg/ul with
2 clinical isolates at pH 5.0. Values as low as 0.062 pg/ul
were observed at pH 6.0 and 0.125 pg/ul at pH 7.0. The
MICy, was the lowest at pH 5.0 (0.162 pg/ul). However,
the difference in MIC values at different pHs fell within
one dilution, and subsequently a remarkable increase or
decrease in antibacterial activity cannot be attributed to
pH. An important point to highlight is that the MIC
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Table 1. Minimum inhibitory concentrations of pectin against
reference strains and clinical isolates of H. pylori.

Table 2. Minimum bactericidal concentrations of pectin aga-
inst reference strains and clinical isolates of H. pylori.

Minimum Bactericidal
Concentrations (pg/pl) of

Minimum Bactericidal
Concentrations (pg/pl) of

Pectin at Ampicillin at

pH5.0 pH6.0 pH 7.0 pH 7.0
H. pylori ATCC 43,504 0.125  0.250 0250  0.125x 107
H. pylori ATCC 26,695 0.063 0.125 0.250 0.250 x 107
H. pylori 1 0.063  0.250 0250  0.062x 107
H. pylori 2 0.125  0.125 0.125  0.125x 107
H. pylori 3 0.125  0.250 0250  0.125x 1077
H. pylori 4 0.250  0.250 0250  0.062 x 107
H. pylori 5 0.125  0.250 0250  0.062 x 107
H. pylori 6 0.125 0.125 0.125 0.125 x 107
H. pylori 7 0.250  0.250 0250  0.125x 107
H. pylori 8 0.031 0.062 0.125  0.125x 107
H. pylori 9 0.016  0.062 0.125  0.250x 10°°
H. pylori 10 0.016  0.062 0.062  0.125x 107
H. pylori 11 0.016  0.125 0.125  0.125x 107
H. pylori 12 0.125 0.125 0.125 0.062 x 107
H. pylori 13 0.063  0.125 0.125  0.125x 107
H. pylori 14 0.063  0.125 0.125  0.125x 107
H. pylori 15 0.125  0.125 0.125  0.125x 107
H. pylori 16 0.063  0.125 0.125  0.125x 107
MICy, 0.162  0.250 0250  0.162x 107

values were stable when the pHs varied between 5.0 and
7.0. These antibacterial activities could be roughly esti-
mated to 1000 fold less than ampicillin with all strains.
The MBC pattern was similar to that of MIC showing
better activity at lower pH. As expected, the MBC fell
within one or two dilutions higher than the MICs (Table
2).

4. DISCUSSION

There is a great need to increase our knowledge about
the pathogenicity and virulence of H. pylori. The factors
affecting the transmission of this organism and its occur-
rence, common in some people and not in others, are still
being researched. Hereditary susceptibility to H. pylori
infection has not been proven. However, studies do sug-
gest that members of certain ethnic and racial groups
including Hispanics and African-Americans have a
higher rate of infection than Caucasians [18]; these dif-
ferences however were not entirely explained by differ-
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Pectin at Ampicillin at

pH50 pH60  pH7.0 pH 7.0
H. pylori ATCC 43,504 0250  0.250 0250 0250 %107
H. pylori ATCC 26,695 0.125  0.125 0250 0250 %107
H. pylori 1 0.125  0.125 0250  0.125x 107
H. pylori 2 0250  0.250 0250  0.125x 107
H. pylori 3 0.500  0.500 0.500  0.125x 107
H. pylori 4 0.500  0.500 0.500  0.125x 107
H. pylori 5 0.125  0.125 0.500  0.125x 107
H. pylori 6 0250  0.250 0.500  0.250 x 107
H. pylori 7 0250  0.250 0.500 0250 x 107
H. pylori 8 0.125  0.125 0250  0.125x 107
H. pylori 9 0250  0.250 0250 0250 x 107
H. pylori 10 0.125  0.125 0.125  0.125x 107
H. pylori 11 0250  0.250 0.500  0.125x 107
H. pylori 12 0250  0.250 0250  0.125x 107
H. pylori 13 0.125  0.125 0.125  0.125x 107
H. pylori 14 0.063  0.063 0.125  0.125x 107
H. pylori 15 0.125  0.125 0.125  0.125x 107
H. pylori 16 0.063  0.063 0250  0.125x 107
MBCsy 0325 0325 0.500  0.250 x 107

ences in socioeconomic status. Person-to-person trans-
mission of H. pylori through either fecal/oral or oral/oral
exposure seems most likely and humans appear to be the
major reservoir of infection [19,20]. With the extent of
the burden of H. pylori infection in the present world it is
important to find a more natural and beneficial way to
reduce the infection burden.

This study involves understanding at two levels, at one
level it sheds light on the pathogenesis of Helicobacter
infections by bringing new data that might help under-
standing how the diet can influence the ability of this or-
ganism to survive in a medium already hostile, like the
stomach. In this context, our results suggest that pectin
contributes to H. pylori killing mostly when the pH is
more acidic (MICy of 0.162 pg/pl and MBCy, of 0.325
pg/ul). On the second level this study shows an obvious
antibacterial activity of pectin, suggesting possibly a po-
tential source of natural antimicrobial agents in an era of
increasing bacterial resistance and limited new discovery
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of antibacterial molecules. Previous studies have shown
a great deal of association between consumption of
natural substances such as plants and vegetables and the
prevention of H. pylori infection [8,12]. Pectin is one
such natural substance available in the different types of
food humans consume. One study has addressed the role
of pectin as an anti-adhesive agent for H. pylori [21],
adding therefore more evidence to the role of this mole-
cule in decreasing the virulence of H. pylori by interfere-
ence with its ability to colonize human tissues.

The aim of the present study was to investigate the an-
tibacterial activity of pectin against H. pylori. The me-
chanism by which pectin exhibits its antibacterial activity
needs more work and studies at a cellular, molecular, and
chemical levels. In addition, our study offers relatively
small data, however, enough to draw the attention to the
potential of this molecule widely found in nature. Similar
antimicrobial studies of pectin need to be conducted at a
larger scale in larger populations and with different bac-
teria. On the other hand, the emergence of antibiotic re-
sistant H. pylori strains has been increasing and the
problems for the chemotherapy have also been growing.
New and “safer” anti-H. pylori agents with high selective
toxicity are urgently needed. Our preliminary results
show that that pectin does not demonstrate significant
antibacterial activity against E. coli and K. pneumoniae,
organisms considered as representatives of the normal
human intestinal flora. This makes pectin a compound
with narrow antibacterial activity attacking specific or-
ganisms and avoiding therefore any secondary effect on
the intestinal flora that could lead to diarrhea.

Although the anti-H. pylori activity should not be
compared with the activity of ampicillin, this latter being
included as a positive antibiotic control, the anti-Heli-
cobacter activity is considerable in view of the low MICs
it yielded. In one of the previous studies showing the use
of T. Macroptera root extract against H. pylori infection
and comparing its use with other antibiotics, the MICy,
for 92% of the H. pylori strains ranged from 200 to 25
pg/ul in which the MIC value of 200 pg/pl was consid-
ered the cut-off for H. pylori strain susceptibility [22].
Our data show a significant lower MICy, of pectin (0.162
ng/ul) suggesting a potentially higher bactericidal effect.
In our study, we did not investigate the mechanism by
which pectin exhibits its antibacterial activity nor the
cytotoxic activity of this molecule on the human cells.
This is important to be considered for future research. It
will help in understanding whether pectin could have a
potential role as safe alternative for treatment of H. py-
lori becoming resistant to common antibiotic agents. In
previous works, it has been shown that the bactericidal
activity of pectin against Escherichia coli is related to its
ionization state in that inhibition of growth was observed
when the pH of the growth medium dropped below 5 [8].
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Similarly, studies on Sphagnum (isolated from Sphanum
moss, similar to pectin in its abundance of uronic acids)
showed antibacterial activity at low pH which was con-
tributed either to ionization or via cation-exchange ca-
pacity which may lead to its bactericidal effect [23,24].

Antibiotic resistance, therapy costs and undesirable
side effects stress the need for new antimicrobials or
alternative therapies. The significant results from our
study can further our goal of future eradication of H.
pylori infection. Pectin’s bactericidal activity against H.
pylori, to our knowledge, is reported here for the first
time and might be used further for standardization of
pharmaceutical preparations.
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