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Helicobacter pylori is considered one of the major risk factors underlying the development of gastritis and
gastric and duodenal ulcers. Moreover, 50% of the population carries this bacterium, and consequently, when
it is detected, eradication of H. pylori is strongly recommended. Regarding the use of probiotics as functional
agents, several studies have shown that there is a direct relationship between the addition of certain probiotic
bacteria and in vitro inhibition of H. pylori; however, in vivo studies showing bifidobacterial activity against H.
pylori remain scarce. In this study, a Bifidobacterium bifidum strain which proved active in vitro against H. pylori
has been isolated, with inhibition levels reaching 81.94% in the case of the supernatant and even 94.77%
inhibition for supernatant purified by cationic exchange followed by an inverse phase. In vivo studies using a
BALB/c mouse model have proved that this strain partially relieves damage to gastric tissues caused by the
pathogen and also decreases the H. pylori pathogenicity ratio. This novel strain fulfills the main properties
required of a probiotic (resistance to gastrointestinal juices, biliary salts, NaCl, and low pH; adhesion to
intestinal mucus; and sensitivity to antibiotics). Furthermore, the absence of undesirable metabolites has been
demonstrated, and its food safety status has been confirmed by acute ingestion studies in mice. In summary,
the results presented here demonstrate that Bifidobacterium bifidum CECT 7366 can be considered a probiotic

able to inhibit H. pylori both ir vitro and in vivo.

Helicobacter pylori is a Gram-negative, spiral to pleomor-
phic, rod bacterium that is considered one of the major risk
factors underlying the development of gastritis and gastric and
duodenal ulcers (20), gastric cancer (15, 23), and gastric mu-
cosa-associated lymphoid tissue lymphomas (41) and associ-
ated with gastric diffuse large B cell lymphomas (DLBCL)
(52). In fact, in 1994 the International Agency for Research on
Cancer declared H. pylori a class I carcinogen (24). The erad-
ication of H. pylori is recognized to be a valuable treatment
against the aforementioned diseases (5, 37, 48, 53).

H. pylori is typically acquired via the fecal-oral or gastro-
intestinal-oral route within families, normally during early
childhood, and persists thereafter (44), although transmis-
sion mechanisms remain unclear (11, 12, 31, 32). H. pylori is
able to colonize and persists in a unique biological niche within
the gastric lumen, causing gastric inflammation, disruption of
the gastric mucosal barrier, and alteration of gastric physiology
(12). Regarding the prevalence of this bacterium, it is widely
accepted that 50% of the population carries H. pylori and that
developing countries have the highest prevalence rates, reach-
ing up to 80% (47). Consequently, when it is detected, eradi-
cation of H. pylori is strongly recommended (20).

Currently, antibiotic-based treatment of H. pylori infection is
neither sufficient nor satisfactory, with the most successful
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treatments reaching 75 to 90% eradication rates (51). Im-
proved treatments are still needed, and therapies alternative or
complementary to antibiotic therapy are being assessed. In this
respect, the use of probiotics is a potentially promising tool to
prevent H. pylori infections.

According to an expert consultation conducted by the Food
and Agriculture Organization (FAO) and the World Health
Organization (WHO), probiotics are “live microorganisms which
when administered in adequate amounts confer a health ben-
efit on the host” (18). The regular intake of probiotic micro-
organisms has been demonstrated to prevent several infec-
tious, allergic disorders, diarrhea, and inflammatory diseases
such as inflammatory bowel disease (36). Moreover, probiotics
or their metabolites have been suggested to play an important
role in the formation or establishment of a well-balanced, indig-
enous, intestinal microbiota in newborn children and adults (22,
45). Among probiotics, Bifidobacterium is one of the favorite
genera in studies focused on the prevention of gastrointestinal
infection and is often used in fermented dairy products or food
supplements.

Several studies have demonstrated that a direct relationship
exists between the addition of potential probiotic strains and
the in vitro inhibition of H. pylori growth. Lactobacillus aci-
dophilus (2, 3, 30), Lactobacillus casei strain Shirota (46), Ba-
cillus subtilis (42), and even Weissella confusa (38) have ren-
dered an antagonistic effect against the bacterium. Some in
vitro studies showing bifidobacterial activity against H. pylori
have been reported, with different levels of success (34, 35), but
they remain scarce. Regarding the metabolites involved in
growth inhibition, lactic acid and other organic acids are con-
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sidered to play a major role (2, 35). However, other studies
have pointed to the existence of other metabolites that may
exert an antagonistic effect. Accordingly, in a study on L. aci-
dophilus supernatant, Coconnier et al. (6) observed an in vitro
and in vivo reduction in H. pylori viability and urease activity,
independent of pH and lactic acid levels.

Bacteriocins with anti-H. pylori activity have chiefly been
studied in probiotic strains of Bacillus subtilis (42), Enterococ-
cus faecium (49), and Bifidobacterium (7); and other probiotic
metabolites such as lysines have been proposed to have an
antagonistic effect (30). Moreover, in vitro studies based on
competition for cell-binding sites have demonstrated that there
is a decrease in interleukin-8 secretion when lactobacilli are
added to the medium (27, 50).

Positive results showing the inhibitory activity of probiotic
bacteria in vitro have been ratified with preclinical studies,
using germfree mice, for Lactobacillus salivarius (1), Lactoba-
cillus gasseri OLL2716 (50), L. casei (46), and a mixture of L.
acidophilus R0052 and Lactobacillus rhamnosus R0011 (26).
Furthermore, in clinical trials with human volunteers, the in-
cidence of gastrointestinal disorders declined after ingestion of
lactobacilli, and in some cases, H. pylori levels decreased, al-
though H. pylori infection was hardly ever fully eradicated (3).
With respect to Bifidobacterium, Miki et al. (35) reported that
ingestion of B. bifidum in fermented milk by H. pylori-positive
subjects affected their urea breath test values, serum pepsino-
gen levels, and upper gastrointestinal symptoms. The afore-
mentioned results indicate that even though positive results
have been obtained with probiotics pertaining to the genus
Lactobacillus, few studies have focused on Bifidobacterium ac-
tivity against H. pylori. Furthermore, the mechanisms underly-
ing the activity against this bacterium are strain dependent,
and most of them remain unknown.

Hence, the aim of this study was to select a potential probi-
otic strain that hampers H. pylori growth in vitro and then go on
to identify the nature of the metabolites responsible for this
inhibitory activity. Furthermore, we report an in vivo demon-
stration of its capacity using a murine model as well as further
toxicological assays to ensure that the selected strain is innoc-
uous.

MATERIALS AND METHODS

Isolation of Bifidobacterium strains and growth conditions. Feces of breast-fed
infants (1 g) were dissolved in phosphate-buffered saline buffer (phosphate
buffer, pH 7.0) and homogenized for 3 min in a stomacher (Bagmixer 400P;
Interscience Worldwide, Saint Nom la Breteche, France). After homogenization,
1 ml was incubated in commercial de Man, Rogosa, and Sharpe (MRS) broth
medium (Oxoid, Basingstoke, United Kingdom) supplemented with 0.05% (wt/
vol) cysteine (Sigma-Aldrich, St. Louis, MO) (MRS-C medium) and Bifidobac-
terium sp. medium (casein peptone, 10 g/liter; meat extract, 5 g/liter; yeast
extract, 5 g/liter; glucose, 10 g/liter; K,HPO,, 3 g/liter; Tween 80, 1 ml/liter;
filtered-sterilized sodium ascorbate, 10 g/liter; cysteine, 0.5 g/liter; pH 6.8) for
17 h at 37°C in an anaerobic atmosphere generated by means of an AnaeroGen
system (Oxoid). Aliquot of 100 wl of these preincubated homogenates and
dilutions were spread on plates of MRS-C broth medium and Bifidobacterium sp.
medium, and the plates were incubated anaerobically at 37°C for 36 to 72 h.
Thirty Gram-positive, catalase-negative colonies with typical bifidobacterial or
lactobacillus cell morphology were stored at —80°C in glycerol for further anal-
yses. Six Bifidobacterium sp. strains (numbered CP1 to CP6) were randomly
selected for further assays of activity against Helicobacter pylori. The B. bifidum
strain selected in this study was deposited at the Spanish Type Culture Collection
(CECT; Burjassot, Spain) under accession number CECT 7366.
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Bacterial strains and growth conditions. Bifidobacterium isolates CP1 to CP6
were grown on MRS medium supplemented with 0.05% (wt/vol) cysteine and
incubated anaerobically at 37°C for 36 to 72 h. The reference bacterial strain
used in this study, L. rhamnosus GG ATCC 53103 (referred to here as L.
rhamnosus GG), was supplied by the American Type Culture Collection
(ATCC). Strain L. rhamnosus GG, was grown on MRS medium and incubated
anaerobically at 37°C for 17 to 24 h.

Identification and taxonomic characterization of isolates by sequencing. In
order to identify the bacterial strains, an almost full sequence of the 16S rRNA
was amplified and sequenced using an ABI Prism BigDye Terminator cycle
sequencing ready reaction kit (Applied Biosystems Inc., Foster City, CA). DNA
from pure culture was extracted using a High Pure PCR kit (Roche), spectro-
photometrically quantified, and adjusted to a final concentration of 40 ng/ul in
ultrapure water (Sigma-Aldrich). The DNA was checked for purity, using stan-
dard methods. DNA templates were amplified by PCR on a thermocycler TC-
5000 instrument (Bibby Scientific, Stone, United Kingdom), using universal
primers amplifying a 1,500-bp region of the 16S rRNA gene: primer 616V
(5'-AGAGTTTGATYMTGGCTCAG-3') and primer 630R (5'-CAKAAAGGA
GGTGATCC-3"). The amplification mixture (100 wl) comprised 2 ul (50 pmol/
wl) each of primers 616V and 630R (Thermo Fisher Scientific, Waltham, MA);
0.5 pl (2 U/ul) of Tag DNA polymerase (Finnzymes, Espoo, Finland); 10 ul of
10X reaction buffer (Finnzymes); 10 pl of a deoxynucleoside triphosphate mix-
ture containing 1 mM (each) dATP, dGTP, dCTP, and dTTP (Roche Diagnos-
tics GmbH, Penzberg, Germany); 70 pl of sterile filtered water (Milli-Q purifi-
cation system; Millipore, Billerica, MA); and 5.5 pl of DNA template. The DNA
template was amplified by initial denaturation at 94°C for 10 min, followed by 40
cycles of denaturation at 94°C for 1 min, annealing at 55°C for 1 min, and
extension at 72°C for 1 min and a final extension at 72°C for 10 min. Controls
devoid of DNA were simultaneously included in the amplification process. The
integrity of the PCR products was assayed by detection of single bands following
electrophoresis for 1 h at 100 V in 2% (wt/vol) agarose gels in Tris-borate-EDTA
buffer. Amplicons were purified using a commercial kit, the QIAquick PCR
purification kit (Qiagen Inc., Valencia, CA), and subsequent sequencing reac-
tions were performed using the Big Dye Terminator (version 3.1) cycle sequenc-
ing kit (Applied Biosystems) in a premixed format. The resulting sequences were
automatically aligned and inspected by eye and compared by use of the online
tool BLAST (http://blast.ncbi.nlm.nih.gov/Blast.cgi). The strain was identified on
the basis of highest scores.

Assays of activity against H. pylori. Six bifidobacteria (strains CP1 to CP6)
were randomly selected for assays of inhibition of eight H. pylori strains (refer-
ence strains NCTC 11637 and NCTC 11638 and human isolates Al to A6).
Inhibition was tested by both agar diffusion assays and broth inhibition assays. In
both cases, in order to obtain supernatants of bifidobacteria, strains CP1 to CP6
were grown anaerobically at 37°C in MRS-C medium. Supernatants were ob-
tained by centrifugation at 12,000 X g for 10 min, neutralized to pH 6.5 with
NaOH (1 N), and 10X concentrated by freeze-drying. Supernatants were steril-
ized by filtering through a 0.22-wm-pore-size filter (Minisart hydrophilic syringe
filter; Sartorius Stedim Biotech GmbH, Goettingen, Germany) and storage at
—20°C until use.

(i) Well diffusion agar assays. Strains of H. pylori were grown in brain heart
infusion (BHI) broth (Oxoid) supplemented with 5% (vol/vol) horse blood
(Oxoid) in a microaerobic environment by means of a CampyGen system
(Oxoid) at 37°C for 3 days. Cultures were centrifuged at 4,000 X g for 10 min,
and cells were washed and suspended in saline solution (0.09%, wt/vol). Con-
centrated H. pylori solutions were spread onto the surface of BHI agar supple-
mented with 10% (vol/vol) horse blood. Wells (diameter, 5 mm) were made in
the agar, and 50 pl of neutralized supernatant was loaded into the wells. The
inhibition zones were read after incubation at 37°C for 3 days. As a control,
MRS-C medium adjusted to pH 6.5 was included. Assays were performed in two
independent experiments.

(ii) Broth liquid growth inhibition assays. Concentrated H. pylori cell solutions
were obtained as explained above. Assays were carried out in polystyrene 96-well
(volume, 200 pl/well) multiwell plates (Maxisorp; Nunc, Roskilde, Denmark).
Brain heart infusion broth supplemented with 10% (vol/vol) fetal bovine serum
(FBS; Gibco Invitrogen, Paisley, United Kingdom) was inoculated with 1%
(vol/vol) concentrated H. pylori cell solution, and 25 wl neutralized supernatant
was added. Plates were incubated for 3 to 4 days at 37°C microaerobically, and
the final optical density (OD) at 600 nm (ODg,,) was measured in order to
obtain the H. pylori inhibition percentage for each supernatant. Assays were
performed in three independent experiments.

Inhibition of H. pylori adhesion to intestinal mucus by site competition. Pig
type III mucin (Sigma-Aldrich) was used at a concentration of 0.5 mg/ml in
bacterial adhesion assays. The mucus was dissolved in HEPES-HanKs buffer
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TABLE 1. Results obtained in mice during the acute ingestion study”

Body wt gain (g)”

Organ wt (g)

Dose (no. of

Group Immunosuppressed CFU/mouse) Days Days Spleent Li Mesenteric lymph
—4to1 1to6 pleen fver nodes

A No Placebo 0.1 = 0.6 0.4 0.6 0.10 = 0.04 C 1.22 =0.23 0.0010 = 0.0005

B No 1 % 10° 0.2 =0.6 02*04 0.09 £0.05D 1.20 £ 0.15 0.0020 = 0.0007

C Yes Placebo 0.0 = 1.0 0.6 = 0.6 0.23 = 0.09 C 1.29 = 0.24 0.0020 = 0.0005

D Yes 1 % 10° 0.6 = 0.8 0.4 0.6 0.20 = 0.07D 1.22 +£0.20 0.0020 = 0.0007

“ Data are the means * standard deviations of the means (n = 12).
® Body weight gain is expressed as final weight minus initial weight.

¢ Values sharing the letter C are significantly different at a P value of <0.01; those sharing the letter D are significantly different at a P value of <0.001.

(HH; 10 mM HEPES, pH 7.4) at the desired concentration and immobilized in
polystyrene multiwell plates (Maxisorp; Nunc, Roskilde, Denmark), adding 100
pl of this solution to each well and incubating the plates at 4°C overnight. The
nonimmobilized mucus was removed by two successive washings with 200 wl of
HH buffer. After the last washing, 100 pl of HH buffer was added to each well.
H. pylori strains were grown in BHI broth (Oxoid) supplemented with 5%
(vol/vol) horse blood (Oxoid) microaerobically at 37°C for 3 days. Cultures were
centrifuged at 4,000 X g for 10 min, and cells were washed and suspended in HH
buffer. Cells were adjusted to an OD of 0.25, fluorescently labeled by adding to
the culture medium 10 pl/ml of carboxyfluorescein diacetate (CFDA; 100 mM;
Calbiochem, Merck KGaA, Darmstadt, Germany), and incubated at 37°C for 45
min in darkness. Subsequently, 100 pl of nonlabeled bifidobacteria was added to
wells with immobilized mucus and the plates were incubated at 37°C for 1 h.
Nonadhered bifidobacteria were removed by two successive washings with 200 .l
of HH buffer, 100 ul of CFDA-labeled H. pylori cells was added to each well, and
the plates were incubated at 37°C for 1 h. Nonadhered H. pylori cells were
removed by two successive washings with 200 pl of HH buffer. Adhered bacteria
were released by means of scraping the immobilized mucus in each well and were
later lysed with 1% (wt/vol) SDS in 0.1 N NaOH (200 pl per well), incubating the
plates at 60°C for 1 h. The level of fluorescence liberated was measured at an
excitation \ of 485 nm and an emission \ of 518 nm in a Fluoreskan Ascent FL
apparatus (Thermo Fisher Scientific). Differences between adhesion values with
and without bifidobacteria were considered the inhibition of adhesion percent-
age obtained with each bifidobacterium. Assays were performed in three inde-
pendent experiments.

Characterization as potential probiotic. (i) Resistance to gastrointestinal
juices. The two-stage assay for resistance to gastrointestinal juices emulated the
conditions and time of exposure to which bacteria are subjected during their
passage through the gastrointestinal tract. In the first stage, gastric and pancre-
atic juices were prepared immediately before use. Pepsin of pig stomach mucous
membrane (3 g/liter; Sigma-Aldrich) and pancreatin of pig pancreas (1 g/liter;
Sigma-Aldrich) were resuspended in sterile saline solution (0.5%, wt/vol), and
the pHs were adjusted to 3.0 and 8.0, respectively. After 24 h of growth at 37°C
under anaerobic conditions, cells were washed twice in saline solution (0.09%,
wt/vol) and brought to an inoculum of 108 to 10° CFU/ml.

In order to simulate passage through the gastric tract, an inoculum of 1%
(vol/vol) bacteria was added to 10 ml of pepsin solution and the mixture was
incubated at 37°C under anaerobic conditions for 2 h. To simulate passage
through the intestinal tract, cells were neutralized by washing with phosphate
buffer at pH 7.0 and were then resuspended in pancreatin solution and incubated
at 37°C under anaerobic conditions for 4 h. Counts in samples taken at 0, 90, and
120 min in the first stage and at 0, 60, and 240 min in the second were done. To
monitor viability, throughout the process the strain was inoculated in saline
solution (0.09%, wt/vol) and incubated under the same conditions; aliquots were
taken at the beginning, after 120 min, and at the end of the assay. Assays were
performed in three independent experiments.

(ii) Sensitivity to antibiotics. Strain sensitivity to antibiotics, expressed as the
MIC, was determined according to European Food Safety Authority (EFSA)
recommendations (16), following the method for broth dilution antimicrobial
susceptibility test established by the Clinical and Laboratory Standards Institute.
The MIC values of 20 antimicrobial agents were determined using the standard-
ized LSM broth formulation previously described, which consists of a mixture of
IST broth (90%, vol/vol) and Bifidobacterium sp. broth (10%, vol/vol) adjusted to
pH 6.7 (28). The antibiotics were tested over a concentration range of 0.125 to
256 mg/liter. Assays were performed in three independent experiments.

(iii) Resistance to biliary salts, NaCl, and low pH. Resistance to different
concentrations of biliary salts (oxgall), NaCl, and pH was evaluated by monitor-

ing bacterial growth on 96-well plates. To each well, 175 ul of Bifidobacterium sp.
medium supplemented with 0.5%, 1%, 2%, and 3% (wt/vol) oxgall, Bifidobacte-
rium sp. medium supplemented with 2%, 3%, 6%, 8%, and 10% NaCl (wt/vol),
or Bifidobacterium sp. medium at pH 3.0, pH 2.0, and pH 1.5 was inoculated with
100 pl of an inoculum at an ODyg, of 1 unit. Growth was analyzed at 600 nm in
a Multiskan microplate reader (Thermo Fischer Scientific) after 24 h of incuba-
tion at 37°C under anaerobic conditions. The resistance percentage was calcu-
lated in each case by comparing the final ODy, in the supplemented medium
with that of the control growth in Bifidobacterium sp. medium. Assays were
performed in three independent experiments.

(iv) Adhesion to intestinal mucus. Assays of adhesion to intestinal mucus were
performed as described above for assays of inhibition of adhesion of H. pylori to
intestinal mucus. In this case, 17-h cultures of strains CP5 and Lactobacillus GG
were assayed in Bifidobacterium sp. medium and MRS medium, respectively.
Assays were performed in three independent experiments.

Toxicological study. (i) Nondesired metabolite production. (a) Lactic acid
production. Lactic acid production was determined by using supernatant from a
24-h culture of each bacterial strain. Strain CECT 7366 was grown anaerobically
at 37°C in Bifidobacterium sp. medium, and L. rhamnosus GG was grown in MRS
medium. Supernatant was obtained by centrifugation at 12,000 X g for 10 min.
Lactic acid isomers were quantified using a commercial kit (p-lactic acid/L-lactic
acid; Roche Diagnostics, Manheim, Germany), following the manufacturer’s
instructions. Assays were performed in three independent experiments.

(b) Deconjugation of biliary salts. A bile salt hydrolase (BSH) activity assay was
performed with glycocholate and taurocholate as substrates, following the tech-
nique of Kumar and coworkers (29). Assays were performed in three indepen-
dent experiments.

(¢) Formation of biogenic amines. The formation of biogenic amines (cadav-
erine, histamine, putrescine, and tyramine) was determined in Bifidobacterium
sp. medium (CECT 7366) or MRS medium (L. rhamnosus GG) cell-free super-
natant of 24-h cultures at 37°C anaerobically. Amine formation was determined
following the chromatographic method described by Eerola and coworkers (13).
Assays were performed in three independent experiments.

(ii) Acute ingestion study in mice. All the procedures involving animal exper-
iments were conducted in accordance with the regulations established by the
European Community Council on the protection of animals with experimental
and scientific applications (regulation 86/609/EEC).

For acute ingestion assays, a culture of the bifidobacteria growing anaerobi-
cally in 2 liters of Bifidobacterium sp. medium for 17 h at 37°C was obtained. Cells
were recovered by centrifugation at 12,000 X g for 15 min and washed twice in
saline solution (0.09%, wt/vol). Cells were resuspended in 200 ml of skim milk
with 5% (wt/vol) sucrose, frozen at —80°C, and freeze-dried. Aliquots of 10°
CFU per 100 pl of Ringer’s solution were prepared as the inoculum.

Assays were carried out with 7-week-old pathogen-free male BALB/c mice.
The mice had free access to water and standard rodent laboratory chow. Five
days before the assay was started, animals were randomly assigned to the differ-
ent experimental groups. All animals in each cage were administered the same
dose. Table 1 summarizes the distribution of the experimental groups. Due to the
special immunological characteristics of immune-deficient mice, the animals
were maintained from the time of their arrival inside containment units provided
with positive pressure. Immunosuppression was achieved by intraperitoneal ad-
ministration of cyclophosphamide (150 mg/kg of body weight) 3 days before the
first bifidobacterial administration and of another dose of 100 mg/kg 1 day
before. Inoculum and placebo (lyophilized skim milk with sucrose [5%, wt/vol])
were administered by oral gavage for 6 days at a volume of 400 pl. Mortality and
morbidity were noted twice a day throughout the study. Body weight was re-
corded daily. On day 7 of the study, the corresponding mice were killed, accord-
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TABLE 2. Activities of supernatants against H. pylori strains in well diffusion agar®

Diam of H. pylori inhibition (mm)

Strain NCTC NCTC
637 s Al A2 A3 A4 AS A6

CP1 1.00 = 0.23 5.50 = 1.10 5.20 = 0.69 6.70 = 2.01 2.50 =042 5.70 = 1.08 270 = 0.71 450 = 0.37
CP2 7.25 +0.12 5.00 = 0.63 6.00 = 1.14 6.50 = 0.34 450 = 1.21 5.00 = 0.98 6.20 = 1.32 5.50 = 0.68
CP3 7.25 = 1.20 6.00 = 0.52 6.60 = 1.22 6.30 = 0.79 5.00 = 0.13 5.00 = 0.62 5.00 = 1.05 450 = 0.22
CP4 6.25 = 1.54 7.50 = 1.14 6.00 = 0.28 6.00 = 1.05 470 = 0.36 6.00 = 1.17 6.00 = 0.85 6.00 = 0.33
CP5 7.25 = 0.61 7.00 = 0.87 6.70 = 0.76 7.80 = 0.52 5.00 = 0.47 5.80 = 1.66 6.70 = 0.41 6.50 = 0.54
CPo6 6.00 = 0.45 5.25 +0.15 5.00 = 1.78 7.20 = 1.33 2.50 =149 5.00 = 0.92 6.00 = 0.29 4.00 = 0.91

“ Data are the means * standard deviations of the means (n = 2).

ing to humane endpoints, with pentobarbital sodium salt (200 mg/kg) by intra-
peritoneal injection. Immediately after the mice were killed, the carcasses were
disinfected by immersion in Virkon S disinfectant (DuPont Animal Health
Solutions, Sudbury, United Kingdom) and dried with a gauze swab. The
cardiac blood was taken with a 25-gauge needle coupled to a 1-ml syringe and
collected in EDTA-coated tubes. Organs such as the liver, spleen, mesenteric
lymph nodes, ileum, jejunum, cecum, and colon were extracted and weighed.
The jejunum, cecum, and colon were processed for histopathological evaluation.
Blood, liver, spleen, and mesenteric lymph nodes were homogenized in BFM
medium (40) with a Potter-Elvehjem tissue grinder, and homogenates were
stored at —80°C in 25% (vol/vol) glycerol. Bacterial counts were obtained by
plate count in BFM medium. For histopathological evaluation, on the day of
killing, the jejunum, cecum, and colon were collected and preserved in neutral
buffered formaldehyde solution (4%, wt/wt; pH 7) for subsequent analysis. Or-
gans collected from all animals were fixed, dehydrated, and embedded in paraf-
fin. Sections were cut using a microtome, and slices were stained with hematox-
ylin-eosin and mounted. In order to investigate the mice for possible adverse
effects, histopathological analyses included semiquantitative parameters such as
the determination of the height of epithelial cells, the depth of crypts, and the
thickness of mucosa.

Reversion effects of B. bifidum after challenge with H. pylori in mice. Assays of
reversion effects were carried out with 7-week-old pathogen-free male BALB/c
mice under the same conditions used in the acute ingestion study. As in the acute
ingestion assays, all the procedures involving animals were conducted in accor-
dance with the regulations established by the European Community Council on
the protection of animals with experimental and scientific applications (regula-
tion 86/609/EEC).

In all cases, H. pylori was quantified by real-time PCR as described by Nayak
and Rose (39). H. pylori was grown in BHI medium supplemented with 5%
(volvol) FBS under microaerobic conditions at 37°C for 3 days. Cultures were
centrifuged at 4,000 X g for 10 min. Cells were washed, suspended in saline
solution (0.09%, wt/vol), and quantified by real-time PCR. Aliquots of 4 X 10°
copies of H. pylori DNA per 100 pl Ringer’s buffer were prepared and conserved
at —20°C until administration. Two groups of 10 mice each were randomly
formed. In experimental groups A and B, 100 ul of a suspension of H. pylori
containing 4 X 10° copies of DNA was administered for three consecutive days
from day 1 onwards. In group B, 400 ul of a suspension containing 5.6 X 10®
CFU of strain CP5 was administered orally for 11 and 18 days after infection. In
group A, 400 ul of a placebo (lyophilized skim milk with sucrose [5%, wt/vol])
was administered. On day 14, five mice from each group were killed and ana-
lyzed, and on day 21, the remaining five mice from each group were killed and
analyzed.

Animal mortality was checked daily throughout the study. From the first study
day on, body weight was recorded every 2 days and the mice were examined for
clinical signs. On days 14 and 21, mice were killed as described above, followed
by macroscopic necropsy. On the day of killing, the main organs were examined
macroscopically, taking special note of the presence and quantification of gastric
ulcers. Furthermore, the stomach was extracted, weighed, and homogenized in
BHI medium using a Potter-Elvehjem tissue grinder at a ratio of 0.1 g/ml. The
homogenized stomach sample was then used for quantitative PCR to obtain the
number of copies of H. pylori DNA, and the results were corrected according to
stomach weight in order to calculate the total number of DNA copies per
stomach.

Purification of the substance(s) of interest by cationic-exchange chromatog-
raphy followed by inverse-phase chromatography. Supernatant was obtained by
centrifugation at 12,000 X g for 15 min under refrigerated conditions of a 10-liter
culture of strain CP5 in Bifidobacterium sp. medium under the standard condi-

tions described above. Supernatant was stored at —20°C until use. An aliquot of
200 ml was added to 250 ml sodium phosphate buffer (20 mM, pH 5.8) and
applied to a cationic-exchange column (HiPrep 16/10 SP FF; GE Healthcare) by
means of a chromatography system (AKTA Explorer; Amersham Pharmacia
Biotech). All those proteins of a cationic nature which were adsorbed to the resin
of the column were eluted with sodium phosphate buffer (20 mM, pH 5.8)
equilibrated with NaCl (1 M) without a gradient. The final peak fractions and all
solutions that could contain the target protein were eluted simultaneously in a
few fractions and in a minimum volume (10 ml) in order to concentrate the
substance of interest. Each fraction collected by cationic exchange was subjected
to an ultrafiltration process using 5,000-Da-molecular-mass-cutoff filters (Ex-
treme Amicon; Millipore). Thus, the filtered volume contained those proteins
with a molecular mass below 5,000 Da, and the retained volume kept those
proteins with a higher molecular mass. The filtered volumes obtained from
cationic exchange were subjected to another stage of inverse-phase chromatog-
raphy to purify the substance(s) responsible for the inhibition of H. pylori. For the
inverse-phase chromatography, a Resource RPC 3-ml column (GE Healthcare)
was used, working in gradient with eluent A (5% 2-propanol, 0.1% trifluoroacetic
acid [TFA] in Milli-Q-filtered water) and eluent B (0.1% TFA in 2-propanol).
This chromatography gave rise to 2-ml fractions. An aliquot of these 2-ml
fractions was taken to dryness to eliminate the dissolvent, and the product was
stored at —20°C until it was screened for H. pylori inhibition. Throughout the
purification process, several parameters, including UV absorbance (280, 254, and
214 nm), pressure, flow rate, pH, and ionic strength, were monitored.

Statistical analysis. The results obtained were analyzed using Statgraphics
plus (version 5.1) software (Manugistiscs, Rockville, MD). Mouse and organ
weights were compared between the groups using Tukey’s multiple-comparison
test. The other data were subjected to a one-way and a multifactor analysis of
variance (ANOVA). The least-significant-difference test was used for compari-
son of means.

Nucleotide sequence accession number. The 16S rRNA sequence of B. bifidum
CECT 7366 has been deposited in the GenBank nucleotide sequence database
under accession number HM590860.

RESULTS

Activities of isolates against H. pylori. Agar well diffusion
assays were performed with two reference strains and six H.
pylori isolates (Table 2). The results indicated that all super-
natants exerted inhibitory activity against H. pylori. The great-
est inhibition values corresponded to isolates CP4 and CP5,
with average inhibition diameters of 6.05 and 6.59 mm, respec-
tively. Regarding liquid broth growth inhibition assays of H.
pylori NCTC 11637, strain CP5 rendered the highest growth
inhibition (81.94%). The other strains rendered lower inhibi-
tion values (about 70%).

Inhibition of H. pylori adhesion to intestinal mucus by site
competition. Reference strain NCTC 11637 and human iso-
lates Al and A2 were included in the adhesion to intestinal
mucus assays. Results are summarized in Table 3. CP5 was the
only strain that hindered the adhesion to intestinal mucus of all
the H. pylori strains tested. In some cases, the presence of
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TABLE 3. Inhibition of adhesion of H. pylori to intestinal mucus .« =~ a
by site competition” 5O : q .
Inhibition of adhesion of H. pylori to intestinal mucus (%) z E § § g
Strain a1 g3 =}
Al A2 NCTC 11637 §~’ = a
CP1 4.00 = 0.38 2.11 £ 0.99 —0.52 = 1.65 C:D 2 ©
CP2 —3.66 = 0.47 6.72 = 0.23 4.71 £ 1.85 EE|Lsle
CP3 —4.00 = 5.61 3.80 = 1.15 4.84 = 0.54 Enlogl 8
CP4 —6.83 = 1.62 1.74 = 1.87 497 £0.76 sa |+t g
CP5 5.42 +5.48 3.59 +0.75 8.17 = 2.60 -] 2% |E
CP6 3.89 = 4.82 1.27 = 6.07 —7.46 = 0.08 g 2
“ Data are the means * standard deviations of the means (n = 3). = 5 E § -
NE|ZF S
25| o0 |é >
US| 3R | &l =
2= (20 5] |
Bifidobacterium strains increased H. pylori adhesion (repre- & s |88 < s
sented as negative values in Table 3). Thus, taking inhibition § £ 3% 3|5 a
and adhesion results into account, strain CP5 was selected for g ,§ Ltﬁ & g
further studies. £ |58 £ e
Identification of CECT 7366 strain. Using primers 616V and i e é
630R, a 1,412-bp genomic DNA fragment from strain CP5 was S %% o §'
obtained by PCR. On the basis of the sequence obtained, strain i) a f =
CP5 was identified as Bifidobacterium bifidum by comparing its gg’ g2 | & 5
sequence with the sequences included in the GenBank data- = aa = %
base, an annotated collection of all publicly available DNA & _ %
sequences, using the online tool BLAST (http://blast.ncbi.nlm § §§ g
.nih.gov/Blast.cgi). I Il B a
Characterization of strain CECT 7366 as a potential probi- < e 3
otic. All experiments characterizing strain CECT 7366 as a < - E
potential probiotic were done using well-characterized com- g |83 ~
mercial probiotic strain L. rhamnosus GG as a control. The in £, 2| =
vitro resistance of the CP5 and L. rhamnosus GG strains to 4 EE s < 3
gastrointestinal juices was calculated as the relationship be- & 83 2 §
tween the number of viable cells obtained at each stage of the é 2z é g
assay and the number of viable cells at time zero. The viabil- = =9 - = 8
ities of both strains after the exposure to pepsin treatment . Eg ]| £ 2
were similar (9%), while for pancreatin treatment, strain CP5 2 38 9 E
displayed the highest survival rates (7% versus 2.9% for CECT = == ;
7366). Resistance to oxgall, NaCl, and low pH values was also _‘é E’E =3
assayed, and the results are shown in Table 4. Taking into § ljr'ljr‘ - E
account resistance to biliary salts, results showed that both the E; &2 S 2
CP5 and L. rhamnosus GG strains were able to grow in the ’ So z
presence of biliary salts, although CP5 was slightly more resis- _ z
tant. When resistance to different NaCl concentrations is con- ;; a
sidered (Table 4), both strains tolerated 6% (wt/vol) NaCl in I+ 1+ % g
MRS-C medium. At higher concentrations (8 to 10% NaCl), 22 ° ;
growth was apparently inhibited. With respect to commercial @ @ Z
strain L. rhamnosus GG, it was able to continue growing in = %
MRS-C medium containing 8% NaCl. Results obtained by S&
growing the two strains in the respective media at different pH AR
values (Table 4) showed that the L. rhamnosus GG strain was k=
less resistant to low pH values. Nevertheless, in subsequent oo
assays, strain CP5 showed 84.67% survival in Bifidobacterium =0
sp. medium at pH 4 and 100% survival in Bifidobacterium sp. S| L=
medium at pH 7 (data not shown). Concerning sensitivities to gg =
antibiotics (Table 5), CECT 7366 did not show MIC values 53
higher than the EFSA breakpoints. Finally, taking into con- =5
sideration results for adhesion to the intestinal mucus, strain ER|
CP5 showed 12% adhesion, whereas L. rhamnosus GG ';,g <
showed 10% adhesion. 23
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TABLE 5. Sensitivities to antibiotics of strain CECT 7366 and
commercial probiotic strain L. rhamnosus GG

MIC (pg/ml)
Antibiotic
CECT 7366 L. rhamnosus GG
Amoxicillin 2 4
Ampicillin 2 4
Carbenicillin 16 16
Clarithromycin 16 16
Clindamycin <0.125 1
Chloramphenicol 4 16
Erythromycin 2 2
Gentamicin 32 16
Kanamycin 256 64
Metronidazole 4 >256
Nalidixic acid >256 >256
Oxytetracycline 2 4
Penicillin 0.25 1
Polymyxin B 64 >256
Rifampin 0.25 1
Streptomycin 64 32
Sulfonamide >256 >256
Tetracycline 8 4
Trimethoprim >256 >256
Vancomycin 0.5 >256

Purification of substance(s) of interest by cationic-exchange
chromatography followed by inverse-phase chromatography.
The fractions with larger amounts of protein obtained by cat-
ionic exchange (fractions 3, 4, and 5) were tested for activity
against H. pylori NCTC 11637 by means of liquid broth growth
assays. Fractions 3, 4, and 5 rendered 50.32%, 81.29%, and
1.90% inhibition, respectively. Thus, cationic-exchange frac-
tion 4 was selected for ultrafiltration through a 5,000-Da-mo-
lecular-mass-cutoff filter and further purification. From frac-
tion 4 of cationic exchange, 28 fractions of inverse phase were
obtained, and of these, fraction 4.11 rendered the highest in-
hibition value in liquid broth growth assays with strain H. pylori
NCTC 11637 (94.77%).

Ex vivo toxicological studies. The results obtained in lactic
acid production assays are shown in Fig. 1A. Compared with
strain L. rhamnosus GG, results for strain CECT 7366 show
lower levels of lactic acid in the supernatant for both p- and
L-lactic acid. There was no BSH activity in supernatants from
24-h cultures in either taurocholate or glycocholate, and in the
case of L. rhamnosus GG, activity was obtained only with
glycocholate (Fig. 1B). Figure 1C shows the results obtained
for cadaverine, histamine, putrescine, and tyramine quantifi-
cation in cell-free supernatants of strains CECT 7366 and L.
rhamnosus GG strains grown for 24 h. Putrescine was not
detected in any case. For the other amines, values ranged from
0.25 to 321.00 for CECT 7366 and 560.00 to 2,900.00 for L.
rhamnosus GG. In all the analyzed amines, the values ob-
tained for the strain L. rhamnosus GG supernatant were
always higher than those obtained for the CECT 7366 super-
natant.

In vivo toxicological studies. Neither mortality nor clinical
signs were observed during the study. Regarding body weight
gain (Table 1), immunosuppressed mice lost weight after the
immunosuppressor was administered but recovered it after
ingestion of both probiotic and vehicle. In all cases, there were
no statistically significant differences between groups. Taking
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into account organ weights, differences in spleen weight were
statistically significant between immunosuppressed and immu-
nocompetent mice in the groups administered bifidobacteria
(P < 0.001) and vehicle (P < 0.01), being heavier in immuno-
suppressed mice (Table 1). In the case of microbiological
counts, bifidobacterial loads were not found in blood or in
liver, spleen, or mesenteric lymph nodes, under the present
study conditions.

Results obtained in this analysis showed no biologically sig-
nificant intergroup differences between immune-competent
and immune-deficient mice, with or without bifidobacterial
administration (data not shown).
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FIG. 1. Nondesired metabolite detection in supernatant obtained
for strains CECT 7366 (solid bars) and L. rhamnosus GG (shaded
bars). (A) Lactic acid; (B) BSH activity; (C) biogenic amines. Data are
the means * standard deviations of the means (n = 3). *, #*, and s,
significant at P < 0.05, P < 0.01, and P < 0.001, respectively.
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TABLE 6. Results obtained in reversion study”
No. of animals with increase
in following characteristic/
. animals : - H. pylori
Dose (no. of Study N ,  total no. animals per group No. of DNA copies of Total no. of "
Group CFU/mouse)  day Wt gain (g) Stomach wt (g) Mesenteric H. pylori/stomach? ulcers/stomach pathogeg ,ljcny
Peyer’s  Spleen lion ratio
patches wt ganwgt
A Placebo 14 —-090=*=0.60 0.174 =0.035D  4/5 1/5 1/5 21X10°+19 X 10°F 1.00+0.71 0.85*090H
21 0.06 =045 0.132*x0.032D 5/5 0/5 1/5 3.6 X107 +6.0x 10"F  0.60 +0.89 0.02+0.03H
B 1x10° 14 —0.36 £0.76 0.166 = 0.038 E 2/5 0/5 0/5 44 X10°+35%x10°G  0.60 =0.55 0.13*0.141
21 —0.20=x0.37 0.132*0.013E 2/5 0/5 0/5 49 %107 3.0 x 10’G 0.00 = 0.00 0.00 = 0.001

“ Data are the means * standard deviations of the means (n = 5).
® Body weight gain is expressed as final weight minus initial weight.

¢ H. pylori pathogenicity ratio is expressed as total number of ulcers per million copies of H. pylori DNA in the stomach.
9 Pairs of values sharing the same capital letter are significantly different (P < 0.05).

Reversion effects of B. bifidum after challenge with H. pylori
in mice. During the study, neither mortality nor relevantly
altered clinical signs were observed in any group. Regarding
body weight, no significant differences were observed between
groups (Table 6). Stomach weight did not show significant
differences between vehicle and bifidobacterial treatments on
day 14 and on day 21. However, a significant decrease (P <
0.05, two-way ANOVA) in stomach weight was found for an-
imals killed on day 21 compared with those for mice killed on
day 14. These results indicate that there is a direct relationship
between H. pylori infection and stomach weight. Taking into
account the results obtained in the histomorphology analysis
(Table 6), differences were observed between groups treated
with bifidobacteria and vehicle at 14 and 21 days. An increase
in Peyer’s patches was recorded in 90% of the animals treated
with vehicle and in 40% of mice treated with bifidobacteria.
Signs of infection did not appear in the spleen or mesenteric
ganglion in the bifidobacteria-treated group, whereas some
animals treated with vehicle showed increased spleen (10%) or
mesenteric ganglion (20%). Results obtained for the stomach
are summarized in Table 6. Higher numbers of ulcers appeared
in the vehicle-treated group than in the bifidobacteria-treated
group, with larger differences being found for animals killed on
day 21 of the study. Regarding the number of copies of H.
pylori DNA in stomach homogenates, average results ranged
from 2.1 X 10° to 4.9 X 10”. The two-way ANOVA analysis
showed significant differences between the group killed on day
21 of the study and the one killed on day 14 (P < 0.05),
whereas no statistically significant differences were found when
the results for the bifidobacteria-treated and vehicle-treated
groups were compared. However, when the pathogenicity ratio
of H. pylori was evaluated, results for animals killed on day 14
were significantly higher (P < 0.05, two-way ANOVA) than
those for mice killed on day 21. Moreover, treatment with
bifidobacteria also gave rise to a decrease in the H. pylori
pathogenicity ratio in comparison with that for mice treated
with the vehicle alone, although statistical significance was not
found.

DISCUSSION

Nowadays, H. pylori is considered the major cause of gastric
and duodenal ulcers as well as a carcinogenic agent in humans,

and it is currently one of the most widely studied bacterial
pathogens affecting humans (21). Within this context, studies
suggest that gastroduodenal microbiota like lactobacilli may
act as an active protector against this bacterium (14, 25). Fol-
lowing these observations, the use of probiotics as agents active
against H. pylori has been evaluated in numerous preclinical
and clinical studies with different degrees of success. The ma-
jority of published studies focus on in vitro and in vivo activities
of probiotics; however, they do not shed light on which com-
pounds produced by probiotics are directly related to inhibi-
tion or the underlying mechanisms involved. On the basis of
these considerations, the present work has focused on the
selection of a probiotic Bifidobacterium strain that shows in-
hibitory activity against H. pylori both in vitro and in vivo. To
achieve this goal, an extensive study has been carried out and
includes in vitro and in vivo analyses of the activity against H.
pylori, as well as a detailed analysis of the potential use of the
selected strain as a probiotic.

As a result of preliminary antimicrobial screening in both
agar and liquid growth media using six Bifidobacterium isolates,
strain CP5 (identified as Bifidobacterium bifidum) obtained
promising H. pylori inhibition (81.94%) and decreased adhe-
sion of the pathogen to intestinal mucus by site competition.
Therefore, this strain was selected for further assays in vivo.

Some in vivo studies have demonstrated the positive effects
of probiotics against H. pylori in animal models (26) and hu-
mans; however, specific studies focusing on the in vivo activity
of bifidobacteria against H. pylori are still very scarce and are
normally associated with other probiotics. In our study, once
strain B. bifidum CECT 7366 had demonstrated its antagonistic
activity against H. pylori in vitro, an in vivo reversion test was
carried out using a murine model. Results indicated there were
no signs of infection in spleen or in the mesenteric ganglion of
those mice treated with strain B. bifidum CECT 7366. Further-
more, the group treated with vehicle developed more ulcers
than the group treated with the probiotic. These results, to-
gether with the diminished H. pylori pathogenicity ratio in
animals treated with bifidobacteria, indicate that strain B. bi-
fidum CECT 7366 is a potential probiotic, exerting in vivo
antagonistic activity against H. pylori. Furthermore, in vivo
assays have demonstrated that it partially relieves damage to
gastric tissues caused by the pathogen.

In order to identify the mechanism underlying strain CP5
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inhibition of H. pylori, a purification based on cationic-ex-
change chromatography followed by inverse-phase chromatog-
raphy was performed. This purified fraction containing those
proteins with a molecular mass below 5,000 Da and the find-
ings of in vitro functional assays pointed to the peptidic nature
of the strain CP5 metabolites linked to H. pylori inhibition. In
this respect, diverse studies have focused on the metabolites
underlying the antagonistic activities of probiotics against hu-
man pathogens, including H. pylori. Organic acids, such as
lactic acid, are the most-documented kind of metabolites di-
rectly related to the activity of lactic acid bacteria against H.
pylori (46); however, there are also reports of antimicrobial
compounds of proteinaceous nature with antagonistic activity
against H. pylori. Of these, peptides produced by bifidobacteria
with activity against H. pylori (7) have been reported but are as
yet uncharacterized. In fact, to our knowledge, there is only
one characterized bacteriocin from bifidobacteria (bifidocin B
from B. bifidum NCFB 1454 [54]). Our study ruled out the
potential inhibitory effect of pH against H. pylori because as-
says were carried out with neutralized extracts. Moreover, pu-
rification by cationic exchange followed by inverse phase in-
creased the inhibition level, reaching up to 94.77%. Taken
together, these results suggest that the antagonistic compounds
underlying the inhibitory activity of strain B. bifidum CECT
7366 against H. pylori are of a proteinaceous nature.

The overall results confirmed strain CECT 7366 to be a
potential probiotic bacterium; therefore, a screening for strain-
specific probiotic properties was performed. Extensive analyses
included its characterization as a potential probiotic and ex
vivo and in vivo toxicological assays. Within this context, resis-
tance to gastric conditions must be assessed. Assays evaluating
survival after treatment with gastrointestinal juices, biliary
salts, large amounts of NaCl, and low pH values were carried
out. In all cases, results were very similar to those obtained for
the well-established commercial probiotic L. rhamnosus GG.
Regarding resistance to simulated gastric and pancreatic con-
ditions, both strains exhibited limited tolerance, with less than
10% survival occurring in the presence of pepsin and pancre-
atin. Similar to our results, Charteris et al. (4) reported a
1-log-unit decrease in B. bifidum and L. rhamnosus GG viabil-
ity after 90- and 180-min treatments with pancreatin, whereas
in our case, no reduction in survival after 4 h of treatment with
pancreatin appeared, even with L. rhamnosus GG and by fol-
lowing a very similar methodology. In the case of biliary salts,
our results coincide with others previously reported for B.
bifidum strains (10, 33, 34). Media with large amounts of NaCl,
above 8% (wt/vol) NaCl, caused a drastic decrease in survival,
as previously reported for bifidobacteria (8). Regarding pH
resistance, strain CP5 showed higher survival values than those
obtained for L. rhamnosus GG, reaching 11% survival at the
lowest pH value tested (pH 1.5). However, differences between
gastrointestinal conditions simulated in vivo and in vitro should
be considered. Particularly, the low-pH transit through the
stomach normally takes less than 2 h, but probiotics are in-
gested together with other compounds which buffer the effect
of the low gastric pH (43). Finally, the capacity to adhere to
intestinal mucus is considered a critical property of probiotics
(25), and thus, it was assessed in the present study. Results
have shown that strain CP5 has a capacity to adhere to intes-
tinal mucus similar to that of L. rhamnosus GG and that the
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adherence capacity is comparable to that obtained for other
bifidobacteria (25).

Once the functionality and probiotic characterization of B.
bifidum CECT 7366 were demonstrated, it must be assessed
for safety. Accordingly, although the B. bifidum species is in-
cluded in the list of taxonomic units proposed for qualified
presumption of safety (QPS) status (17) and is thus considered
safe, in order to ensure strain safety, a detailed toxicological
study was performed following the FAO/WHO recommenda-
tions (19). Results obtained for resistance to antibiotics were
similar to those previously reported for other bifidobacteria (9,
10), and strain CECT 7366 did not show any MIC values above
those recommended by EFSA (16). Regarding the production
of undesired metabolites, such as lactic acid isomers, products
of BSH activity, and biogenic amines, results showed that the
level of production of both p- and L-lactic acid isomers was
very low in comparison with that by strain L. rhamnosus GG.
Concerning BSH activity, strain CECT 7366 did not display
this activity with either taurocholate or glycocholate. Taking
into account the biogenic amine levels obtained in superna-
tants, putrescine was not detected in any case, and cadaverine,
histamine, and tyramine levels were very low in comparison
with those for strain L. rhamnosus GG. Results obtained in the
in vivo acute ingestion study showed neither mortality nor
morbidity, even in immunosuppressed mice. Moreover, pro-
biotic administration did not lead to bifidobacterial loads in
organs or changes in histomorphology. Taking these results as
a whole, strain B. bifidum CECT 7366 can be considered safe
for human consumption.

In summary, the results presented here confer to strain B.
bifidum CECT 7366 the status of a probiotic bacterium with
functional activity against H. pylori in vitro and even in vivo in
murine models. In this study, a fraction containing peptides
with molecular masses below 5,000 Da underlying its function-
ality has been purified, and further studies will be carried out
to identify the peptides directly related to the antagonistic
activity and to study in greater depth the molecular basis of the
capacity of probiotic strain B. bifidum CECT 7366 to inhibit H.
pylori growth. Human clinical trials must be performed before
commercialization of this strain can be approved.
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