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In vitro antimicrobial activity of Douro wines against
clinical helicobacter pylori strains

Actividad antimicrobiana in vitro de los vinos del Duero sobre cepas clinicas
de helicobacter pylori
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Abstract

Aim. /n vitro antimicrobial activities of seven wines (5 reds and 2 whites) from the Douro
region (Iberian Peninsule) against eleven clinical strains of Helicobacter pylori were evalua-
ted. Methods. The disk diffusion method, using Columbia Agar supplemented with horse
blood (CAB), were used to determine the antimicrobial properties of some wine compo-
nents against H. pylori strains. Potential interactions of antioxidants contained in the wines
and two antimicrobials (amoxicillin and metronidazole) were studied by the disk diffusion
method. Results. All the tested strains showed growth in CAB supplemented with 9%
of the tested wines but none of them grew in media supplemented with 45% and 67.5%
of wine. Similarly, all the tested strains grew in media with the concentration of proan-
thocyanidins present in the different types of the studied wines. The Minimal Inhibitory
Concentration (MIC) values of the wine antioxidant components tested (benzoic acid,
catechin, quercetin, and resveratrol) indicate that resveratrol was the most powerful inhi-
bitory substance against H. pylori. An effect of potentiation between amoxicillin and me-
tronidazole and the antioxidants tested was also established. The interaction of amoxicillin
and resveratrol or metronidazole and catechin increased the antimicrobial activity against
H. pylori. Conclusions. The results obtained suggested a potential role of resveratrol as a
chemopreventive agent for H. pylori infection.
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Resumen

Objetivo. Se evalué las actividades antimicrobianas iz vitro de siete vinos (5 tintos y 2
blancos) de la regién del Duero (Peninsula Ibérica) frente a once cepas de Helicobacter
pylori de origen clinico. Métodos. Para determinar las propiedades antimicrobianas de
algunos componentes del vino sobre las cepas de H. pylori se utilizaron las técnicas de
difusién en disco en placas de agar Columbia suplementado con sangre de caballo (CAB).
La potential interaccién entre las sustancias antioxidantes presentes en los vinos y dos
antimicrobianos (amoxicilina y metronidazol) se determiné usando la técnica de difusién en
disco. Resultados. Todas las cepas ensayadas mostraron crecimiento en CAB suplementado
con el 9% de los vinos analizados, pero no se obtuvo crecimiento de ninguna de las cepas en
medios suplementados con el 45% y el 67,5% de vino. Asimismo, todas las cepas ensayadas
crecieron en medios con la concentracién de proantocianidinas presentes en los diferentes
tipos de vinos estudiados. Los valores de concentracién minima inhibitoria (CMI) de los
componentes antioxidantes de los vinos ensayados (dcido benzoico, catequina, quercetina
y resveratrol) indican que el resveratrol fue la sustancia mds potente en la inhibicién del
crecimiento de H. pylori. También se establecié un efecto de potenciacién entre amoxicilina
y metronidazol y los antioxidantes ensayados. Las interacciones amoxicilina + resveratrol
y metronidazol + catequina aumentaron la actividad antimicrobiana contra H. pylori.
Conclusiones. Los resultados obtenidos sugieren un papel potencial del resveratrol como
agente quimiopreventivo de la infeccién por H. pylori.

Palabras claves: helicobacter pylori, antioxidantes, actividad antimicrobiana, vinos del
Duero, resveratrol, proantocianidinas.

Introduction bacterial survival in the stomach lumen un-

til it enters the mucus layer by means of

Helicobacter pylori is accepted to be the cau-
sative agent of acute and chronic gastritis,
and a major predisposing factor for peptic
ulcer disease, gastric carcinoma, gastric lym-
phoma and mucosa-associated lymphoid
tissue (MALT) (1, 2). This microorganism
is a spiral-shaped Gram-negative bacterium
endowed with a very powerful urease acti-
vity and with polar flagella. Urease activity
buffers the pH at the cell surface, allowing

their flagella, which is a protective barrier
against the high proton concentration (3).
To colonize the host stomach, H. pylori ex-
presses several virulence factors that can
play a role in pathogenesis, being the most
important the vacuolating VacA, a cyto-
toxin associated with gene A (CagA), the
neutrophil-activating protein (NAP), and
the urease activity (4).
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Peptic ulcer disease and other H. pylori-as-
sociated disorders usually regress or even
heal completely after treatment with an-
timicrobials. The most effective and best
tolerated combinations consist of a triple
therapy which includes bismuth salts or
proton pump inhibitors with two antibio-
tics (clarithromycin and amoxicillin, clari-
thromycin and metronidazole, or amoxici-
llin and metronidazole), and a quadruple
therapy, including a proton pump inhibitor
plus a bismuth salt and the antibiotics me-
tronidazole and tetracycline (5, 6). Howe-
ver, the available antimicrobial therapies
for H. pylori infection have several shortco-
mings: (i) limited efficacy in vivo of the an-
timicrobials due to both inability of drugs
to achieve appropriate levels in the gastric
mucus layer, and/or inactivation of drugs
at low pH (7); and (ii) the development
of antimicrobial resistance for H. pylori
(8-10). Consequently, an optimal therapy
against H. pylori infection is not available
yet, therefore, novel approaches are needed,
including vaccine development (11), use of
antimicrobial peptides (12), and utilization
of naturally occurring compounds with an-
timicrobial activity, such as porphyrins, es-

sential oils and plant polyphenols (13-15).

Several epidemiological studies have de-
monstrated that the modest consumption of
alcoholic drinks may influence spontaneous
eradication of H. pylori (16, 17). Alcoholic
beverages, mainly wine, have a strong anti-
microbial activity, as has been shown both
in vitro and in vive (18, 19); however, other
conditions depending on the beverage type,

helicobacter pylori strains

dose, host physiological conditions, to
name a few, affect to the H. pylori mecha-
nisms of action and may explain the incon-
sistent results obtained by several authors
(19, 20). Marimon et al (21) carried out an
in vitro analysis of the bactericidal action of
red wine, HCl solution (pH 3.5), a solution
containing 12% ethanol, and 12% ethanol
at pH 3.5 on H. pylori. Red wine exerted
a higher bactericidal effect upon H. pylori
than that other observed for the other solu-
tions. However, no explanation was found
for the mechanisms by which wine exerts
an in vitro bactericidal effect independently
of its alcohol concentration, nor have the
substances responsible been identified to
date.

In the present study, the antibacterial effect
of different wines from the Douro region
(Iberian Peninsule) and their main com-
ponents (proanthocyanidins, pH, alcohol
content and four antioxidant compounds)
on H. pylori strains (isolated from gastric
biopsies) has been evaluated. In addition,
the potential interactions between amoxi-
cillin or metronidazole and the antioxidant
components of the wine have also been eva-
luated.

Materials and methods

Bacterial strains, culture and
identification

Eleven clinical strains of H. pylori isolated

from gastric biopsies and a reference stra-
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in (CCUG 15813) from the Culture Co-
llection of the University of Gothenburg
(Sweden) have been used in this study.
Strains were subcultured on Columbia
Agar (Oxoid, Hampshire, UK) supplemen-
ted with 10% of defibrinated horse blood
(Oxo0id) (CAB) and in CAB with Dent’s
supplement (SR 147, Oxoid). Subcultures
were incubated at 36 + 1°C under microae-
rophilic conditions using jars with Gas ge-
nerating kits for Campylobacter (Oxoid) for
48-72 h (22). All isolates were identified as
H. pylori using the phenotypic and bioche-
mical tests described previously (23). The
urease activity was performed using Urea

Broth Medium (Oxoid) with the SR20 20K
supplement (Oxoid).

Antibiotic susceptibility assays and
PCR-based genotyping

Disk diffusion testing was performed by
standard CLSI methods (24) using CBA for
the evaluation in vitro of the antibiotic sus-
ceptibility of H. pylori strains against the fo-
llowing antimicrobials, used frequently for
treatment of H. pylori infection, supplied
by Oxoid: metronidazole, clarithromycin,
erythromycin, amoxicillin, ciprofloxacin,
moxifloxacin, levofloxacin, rifabutin, fu-
razolidone, and tetracycline. Inocula were
prepared from two agar plates of a 2-day
fresh growth on CBA, which were scraped
and suspended in 5 ml of Columbia broth
(CB) (Oxoid) to achieve the turbidity equi-
valent to a McFarland standard of 3 to 4.
Serial dilutions of the bacterial suspensions

were performed to yield a colony count of
about 4 x 108 CFU/mL. After incubation
period (48-72 h) at 36 + 1°C under a mi-
croaerophilic atmosphere, inhibition zone
diameters (in mm) were read with the aid
of callipers. Bacterial isolates were classified
as resistant, sensitive or intermediate accor-
ding to the National Committee for Clini-
cal Laboratory Standards breakpoints (25).
Genomic DNA of H. pylori isolates was ex-
tracted as described by Oleastro et al (26).
Genotyping of the virulence factors vacuo-
lating gene (vacA) and cytotoxin-associa-
ted gene (cagA) was performed by PCR in
accordance to protocols and primers des-
cribed previously (27, 28).

Determination of the Minimal
Inhibitory Concentrations (MICs)

E-test strips supplied by AB Biodisk (Solna,
Sweden) were used to determine the MICs

CBA

plates were allowed to dry for 10 min and

of amoxicillin and metronidazole.

the strips were kept on the bench for 10-
15 min to attain room temperature. Colo-
nies from pure cultures of H. pylori were
transferred using a sterile loop into a sterile
tube containing 4.5 ml of CB and adjusted
to standard 2 of the MacFarland scale. The
solution was flooded over the plate (CBA)
and excess fluid was removed with a pipe-
tte. After drying for 15-20 min, an E-test
strip was placed on each plate and then in-
cubated under microaerophilic conditions
at 36 + 1°C for 48-72 h. Results from E-test
were interpreted by recording the point of
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intersection of the growth elliptic margin
zone with the MIC scale value on the E-test
strip. MIC breakpoints of >2 pg/ml and >8
pg/ml were used for amoxicillin and metro-
nidazole, respectively.

Susceptibility assays of the wines and
their components

Seven different wines of Douro region, 5
reds and 2 whites, were used to determi-
ne the susceptibility of H. pylori strains.
Four red wines were product of monocastes
each one named Touriga Nacional, Touriga
Brasileira, Tinta Roiz, and Tinta Barroca.
The fifth one was a mixture of castes Negra
mole, Castelao and Trincadeira. The wines
were previously filtered through membrane
filters of 0.45-um pore-size (Millipore Co.,
Belford, MA, USA), and several concentra-
tions of each filtered wine were added to
culture media in aseptic conditions. Four
different assay media were prepared; all of
them were composed of 39 g/L of CAB and
variable percentages of filtered wine (9%
for medium 1, 22.5% for medium 2, 45%
for medium 3, and 67.5% for medium 4).

To control the effect of alcohol graduation
in the growth of H. pylori, several compo-
sitions of CAB supplemented with ethanol
were performed. The final proportion of
alcohol in media tested were 12.69° (v/v),
13° (vlv), 14.55° (v/v) and 14.8° (v/v). In
addition, H. pylori was grown in CAB pla-
tes at low pH values (from 4.49 to 4.89) by
adding of lactic acid (10%).

helicobacter pylori strains

Proanthocyanidins were isolated from se-
veral red wine grapes originating from the
Douro region. The pips were carefully re-
moved from 150 frozen grapes and then
lyophilized. The dry extract was stored at
-20°C until use. Proanthocyanidins of the
extract were separated and identified by
HPLC following the protocol described by
Roggero et al (29). The detection of proan-
thocyanidins was performed by the mo-
nitorization of the absorbance detected at
535 nm in a DAD (Merck, Madrid, Spain).
The proanthocyanidin concentrations were
calculated attending to the calibration line
obtained by the use of maldivin as pattern.
Different concentrations of proanthocya-
nidins in distilled water according to the
values of HPLC of the tested wines (0.93
g/L for Touriga Nacional, 0.63 g/L for Tin-
ta Barroca, 0.50 g/L for Tinta Roriz, and
0.34 g/L for Touriga Brasileira) were added
to the CAB to achieve a concentration of
67.5% (v/v). Inoculated plates were incu-
bated at 36 + 1°C under a microaerophilic
atmosphere for 72 h.

Considering the total phenol index as the
equivalent to gallic acid units calculated
by the Folin-Cicocalten’s method. The to-
tal phenolic compounds of the wines were
determined by the absorbance values at
725 nm of different concentrations of ga-
llic acid. The agar dilution method (30)
was used to determine the MICs of the an-
tioxidant compounds present in the wines.
The antioxidants used were benzoic acid
(Sigma-Aldrich Quimica, S.A., Madrid,
Spain), catechin (Sigma-Aldrich), quercetin
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(Sigma-Aldrich) and resveratrol (Sigma-Al-
drich), and they were prepared in deioni-
sed water. Media consisted of CBA with the
antioxidant compounds tested at concen-
trations of 0.01 to 0.1 mg/mL in doubling
dilutions. Inocula of 10 pL of bacterial sus-
pension of each H. pylori strain (about 4 x
10® CFU/mL) were applied on the surface
of the growth medium. Plates were incu-
bated at 36 + 1°C under a microaerophilic
atmosphere for 72 h. The lowest concentra-
tion of antioxidant compound showing no
growth was recorded as the MIC. All the
susceptibility assays were three-times repli-
cated.

To determine the possible interaction be-
tween amoxicillin and/or metronidazole
and the wine antioxidants, 10 pg of each
antioxidant agent tested was added to each
aqueous antibiotic solution containing
amoxicillin (25 pg) or metronidazole (5
pg). Later, the antibiotic solutions supple-
mented with the antioxidants were tested
according to the broth microdilution me-
thod (25). A t-student test was applied to
determine the statistical differences of the
susceptibility of the bacterial strains to the
antimicrobials and to the interactions anti-

microbial-antioxidant agents.

Results

Characterization of the H. pylori
strains

All the isolates collected from endoscopic
biopsies were confirmed as H. pylori accor-
ding to 23 phenotypic features tested spe-
cified by Megrauf and Lee (23) (data not
shown). The molecular characterization of
the H. pylori isolates using a PCR-based
method allowed the discrimination of the
isolates in three groups on the basis of the
presence/absence of the virulence factors
CagA and VacA (Table 1). Group 1 (Cag
A +/Vac A sl/ml, urease +) composed to
7 strains; group 2 (Cag A +/Vac A s1/m2,
urease +), 3 strains; group 3 (Cag A -/Vac
A s2/m2, urease +), 2 strains. Overall, ten
strains (83.3%) presented the cytotoxin
CagA, whereas all the strains showed the
vacuolating factor VacA and the urease ac-
tivity (Table 1). Antibiotic susceptibility of
H. pylori showed that all the strains were
susceptible to 10 antimicrobials tested, but
only 4 strains were resistant to the concen-

tration tested (50 pg) of metronidazole (Ta-
ble 1).

Table 1. Distribution of Helicobacter pylori genotypes and antibiotic susceptibility using the disk diffusion method.

Strains | Genotypes Me C E AMO | Cp MO LE Rf F Te
E2 CagA +/VacAsl/m2 | Sa S S S S S S S S S
E4 CagA +/VacAsl/ml |S S S S S S S S S S
ES CagA +/VacAsl/m2 |S S S S S S S S S S
E9 CagA-/VacAs2/m2 | Rb S S S S S S S S S
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helicobacter pylori strains

Strains Genotypes Me C E AMO Cp MO 19 Rf F Te
E10 Cag A +/Vac A s1/m1 R S S S S N N S S S
E28 Cag A +/Vac A s1/m1 S S S S S N S S S S
E120 Cag A +/Vac A s1/m1 S S S S S N S S S S
E123 Cag A -/Vac A s2/m2 S S S S S S S S S S
E126 Cag A +/Vac A s1/m2 R S S S S S S S S S
E128 Cag A +/Vac A s1/m1 R S S S S S N S S S
E149 Cag A +/Vac A s1/m1 S S S S S S S S S S
CCUG Cag A +/Vac A s1/ml S S S S S S S S S S

Me: metronidazole; C: clarithromycin; E: erythromycin; AMO: amoxicllin; Cp: ciprofloxacin;

MO: moxifloxacin; LE: levofloxacin; Rf: rifatubin; F: furazolide; Te: tetracycline.

:S: sensitivity; °R: resistance

Source: Authors.

Effect of the types and concentrations
of wine, pH, alcohol concentration and
proanthocyanidins on H. pylori strains

All strains tested showed growth in medium
1 composed of CAB supplemented with 9%
of all the wines assayed. On the contrary,
none of the strains grew in media 3 and 4
(45% and 67.5% of wine, respectively). In
the case of the medium 2, variable results
were obtained depending on the type of
wine tested, for example, only 7 strains (E2,
E4,E8,E28,E123,E126 and E149) showed
growth at 22.5% of Siria white wine, and
3 strains (E120, E128 and CCUG 15813)
grew at 22.5% of Negra-Castalao red wine.

All H. pylori strains tested grew in media
without wine at pH values ranging 4.49 to
4.89. Similarly, all the strains showed an
optimal growth at the ethanol concentra-
tions tested (12.69°, 13°, 14.55° and 14.8"°
vlv).

Similarly, all the H. pylori strains showed
growth in CAB supplemented with the con-
centration of proanthocyanidins present in
the different types of wines (Table 2). Urea-
se test was used to study the changes of H.
pylori strains after growth with wine (9%)
and proanthocyanidins (Table 2). Only
the strain E126 loss the urease activity af-
ter grown in CAB supplemented with wine
or proanthocyanidins; on the contrary, E8
and E128 strains maintained their urease
activity for all the conditions assayed. An
inverse but significant relationship was ob-
tained between the response of the urease
activity and the total phenol index of the
red wine tested [y = -48 x + 33, 12 = 0.914,
p < 0.001, where y is the absorbance at 750
nm and x is the concentration (mg/mL) of

gallic acid].
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Table 2. Response of the urease test of the Helicobacter pylori strains growth in CBA supplemented with
9% red wine and proanthocyanidins (TPT).

Wine type E2 E4 E8 E9 E10 E28 E120 E123 E126 E128 E149 CCUG
T. Roriz + + + - + - - + - + - +
TPT (0.5¢/L) |- - + - - - - - . + - +
T. Nacional + - + + - - - - . + - ¥
TPT (0.93 g/L) | - - + - - - - - - + - -
T. Barroca + + + + - + + + - + + +
TPT (0.63g/L) |+ - + - - - - - - ¥ - _
T. Brasileira + - + + - + - - - + - +
TPT (0.34 g/L) | + - + - - + - - . ¥ - -

Source: Authors.

Effect of antioxidant agents on
H. pylori growth

The inhibitory activity exerted by the an-
tioxidant compounds tested on the H. pylo-
ri growth depending both of the strain and
the concentration of the antioxidants. The
benzoic acid did not demonstrate to possess
any effect on the tested strains at any as-
sayed concentrations. On the contrary, the

resveratrol showed the highest growth inhi-
bition rates for all the tested strains, even
at the lower concentration assayed (0.1 mg/
mL), and 91.7% of the strains possessed a
(MIC) lower than 50 pg (Table 3). On the
other hand, only 33.3% of the tested stra-
ins presented a MIC lower than 50 pg for
quercetin, and 58.3% of them have MIC
lower than 50 pg for catechin (Table 3).

Table 3. MIC values (ug/mL) determined by the dilution agar test of several antioxidant compounds present
in red wine on H. pylori strains.

Antioxidants E2 E4 E8 E9 E10 E28 E120 E123 E126 E128 E149 CCUG

Benzoic acid >100 >100 >100 >100 >100 >100 >100 >100 >100 >100 >100 >100

Catechin 10-50 >100 10-50 >100 50-100 | 10-50 >100 10-50 10-50 10-50 >100 10-50
Quercetin >100 >100 >100 >100 10-50 10-50 >100 >100 >100 <10 >100 10-50
Resveratrol 10-50 <10 10-50 10-50 10-50 10-50 <10 <10 <10 10-50 50-100 | <10

Source: Authors.
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Interaction between antimicrobial
agents and antioxidants tested

Amoxicillin and metronidazole were choose
to perform the interaction effects with an-
tioxidant compounds on the basis of their
susceptibility patterns on H. pylori strains
tested (Table 1). Table 4 presents the results
of potentiation or antagonism that produ-
ced the combination of antimicrobials and
the antioxidant agents. The results obtai-
ned were very variable, depending both of
the combination and the strains tested.

In the case of amoxicillin, resveratrol was the
antioxidant that provoked a higher number
of potentiation of the antimicrobial agent,
since 50% of the H. pylori strains (E4, ES,
E10, E120, E126 and CCUQG) increased

helicobacter pylori strains

their susceptibility with the combination
antimicrobial-antioxidant. However, two
strains (E28 and E149) decrease their sen-
sitivity with the combination compared to
the effect of the antimicrobial alone. For
metronidazole, the antibiotic-resistant stra-
ins E9, E10, E126 and E128 showed sus-
ceptibility to the antibiotic supplemented
with catechin or benzoic acid. For the other
strains tested, the combination metronida-
zole and antioxidant compounds only pro-
voke potentiation effect in strains E120 and
E123 with the combinations metronidazo-
le-catechin, metronidazole-quercetin and
metronidazole-resveratrol. On the contrary,
in the strains E§, E28, E149 and CCUG an
antagonism effect was recorded with all the
combinations tested (Table 4).

Table 4. Interactions between antimicrobials and wine antioxidants on the susceptibility of H. pylori strains.

Combinations

Amoxi.cillir.l + NS P NS Ac NS NS NS NS P P A P
Benzoic acid

Amoxl(.jlllln + NS P NS A NS A NS NS P P NS P
Catechin

Amoxici.llin + NS P NS A NS A NS P P NS A P
Quercetin

Amoxicillin + NS P P NS P A P NS P NS A P
Resveratrol

Metro.nida.zolc “1a NS A P NS A A NS NS NS A A
Benzoic acid

Metron.idazole I Ns NS A NS P A P P P P A A
Catechin

Metroni.dazolc I Ns NS A NS NS A NS P NS NS A A
Quercetin

Metronidazole + NS NS A NS NS A P P NS NS A A
Resveratrol

“NS: No significant effect; *P: Potentiation (significant at p<0.05 level, t-student test);

°A: Antagonism (significant at p<0.05 level, t-student test)

Source: Authors.
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Discussion

The frequent used of a limited number of
antibiotics for anti-H. pylori therapy has
resulted in the development of resistance
mechanisms in H. pylori strains (1, 8, 31).
Therefore, it is necessary to study other
approaches to control the H. pylori-related
chronic inflammatory processes and media-
tors responsible for carcinogenesis. Phyto-
ceuticals is a term for plant products that
are active on biological systems. Some of
them, present in red ginseng, green tea, or
red wine, are known to inhibit H. pylori
colonization, decrease gastric inflammation
by inhibiting cytokine and chemokine re-
lease, and repress precancerous changes by
inhibiting nuclear factor-kappa B DNA
binding, inducing profuse levels of apopto-
sis and inhibiting mutagenesis (31, 32).

The results obtained in the present study
show that red wines from the Douro region,
at concentration of 22.5%, inhibited the
in vitro growth of all the H. pylori strains
tested. However, the two white wines tes-
ted allowed the growth of some H. pylori
strains at this concentration (22.5%) (data
not shown). The inhibitory effect of wines
on the growth of several enteropathogens,
including to H. pylori, has been previously
described (33-35). Marimon et al (21) de-
monstrated that red wine exerted a marked
bactericidal effect upon H. pylori, and this
effect could not be attributed to the acid
pH of wine or at its alcohol concentration.
Similar results have been obtained in our

study, since none of the strains tested were
inhibited by the four ethanol concentra-
tion tested (from 12.69° to 14.8° v/v) and
for the pH range (from 4.49 to 4.89). Our
results suggested that the viability of the
H. pylori strains grown in wine might de-
pend on the antioxidant and other pheno-
lic components of the wine. A relationship
between the phenotypic characteristics and
virulence factors of the strains might be es-
tablished with the susceptibility to 22.5%
of wine. However, no convincing explana-
tion has yet been found for the mechanism
by which wine exerts and in vitro bacterici-
dal effect independently of its alcohol con-
centration. /n vivo mechanisms that could
contribute to the protective effect of wine
might be the rise in acid secretion, and the
increase in intestinal motility (18).

Polyphenols are plant secondary metabo-
lites, which have. Wine, particularly red,
contains a variety of polyphenols derived
from the skin of the grape, including fla-
vonols (quercetin), stylbenes (resveratrol),
flavanols (catechin), gallic acid, condensed
tannins (catechin polymers), and polyme-
ric anthocyanins (36). These polyphenolic
compounds potential health benefits on the
human organism, mainly as antioxidants,
anti-allergics, anti-inflammatories, anticar-
cinogenics, decrease platelet aggregation
and endothelial adhesion, and decrease the
level of high-density lipoprotein cholesterol
(37-39). Several authors have demonstrated
that the main active phenolic compound
present in the red wine against H. pylori
is the resveratrol (33, 40, 41). Resveratrol
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exhibits a number of biological activities,
including anti-inflammatory, antioxidant,
platelet antiaggregatory and anticarcinoge-
nic properties, and modulation of lipopro-
tein metabolism (42). The results obtained
in the present study for resveratrol assays
showed higher inhibitory effects on H. pylo-
ri strains tested that those obtained for the
other phenolic compounds tested, catechin
and quercetin (Table 3). Similar results
have been reported by Mahady et al (43),
who obtained a MIC of 12.5 pug/mL (range
of 6.25-25 pg/mL) for H. pylori VacA and
CagA +. However, in our study a no sig-
nificant difference on the resveratrol effect
on the sensitivity of H. pylori CagA + and
CagA — strains was obtained. The mecha-
nisms of action of resveratrol are very wide
(44), and related to H. pylori, Tombola et
al (15) suggested that this phenolic com-
pound potently inhibit the VacA, a cytoto-
xin that plays an important role in the H.
pylori colonization and survival in the sto-
mach, and, in addition, it causes epithelial

damage (45, 40).

H. pylori is susceptible to many antibio-
tics in vitro, although only a few of them
can be used in vivo to treat the microbial
infection. Several authors have suggested
that several phytoceutical substances can
be used either as monotherapy or in com-
bination with antimicrobials (8, 12). In the
present work, we have studied the potential
interaction between two antimicrobials fre-
quently used in the H. pylori therapy and
the antioxidants present in red wine. The
combination of amoxicillin with resveratrol

helicobacter pylori strains

showed the higher inhibitory effect; on the
contrary, for metrodizadole only a signi-
ficant effect was obtained in the resistant
strains for the catechin. Similar potentia-
tion effects between antioxidants and anti-
biotics have been reported previuosly (47,
48). However, alcoholic drinks cannot be
consumed under metronidazole treatment
because of a disulfiram-like reaction.

In short, the results obtained in this study
demonstrate that red wine and resveratrol
inhibit the growth of H. pylori strains in
vitro and may support their role as chemo-
preventive agents of the bacterial infection
or the insurgence in H. pylori infected indi-
viduals. However, due to the clinical guide-
lines for the treatment of dyspepsia recom-
mend the stopping of ingestion of alcoholic
beverages, further studies based on the
effect of the ingestion of antioxidant subs-
tances, such as resveratrol, which has shown
an inhibitory effect on in vitro growth of
H. pylori strains, could be necessary for the
development of clinical treatments using
resveratrol as chemopreventive agent.
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