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Abstract We recently isolated a novel probiotic strain,
Lactobacillus fermentum PL9005 (KCCM-10250), from infant
feces and showed that it had a potential immunoenhancing
effect. In the present study, a safety assessment of the bacteria
was performed using a BALB/c mouse model. Mice were
administered with L. fermentum PL900S daily for 28 days.
There were no detectable changes in body weight, feed intake,
or clinical signs, and no significant difference in hematological
parameters or blood biochemistry between the L. fermentum
PL9005-fed and control groups. Bacterial translocation was
detected in the mesenteric lymph nodes, liver, and spleen of
some mice with and without L. fermentum PL9005 feeding,
however, the organisms were not related to ingestion of L.
Jfermentum PL9005; this was confirmed by PCR using a
species-specific primer. No gross lesions were detected in the
liver, spleen, or intestine of L. fermentum PL9005-fed or
control mice. Mucosal thickness in the ileum, cecum, and
colon of L. fermentum P1L9005-fed mice was not significantly
different from that of corresponding organs in control mice.
No inflammation or epithelial cell degeneration in the intestines
was observed in any mice. These results indicate that ingestion
of L. fermentum PL9005 is safe in mice and can be applied in
the functional food market.
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Lactic acid bacteria (LAB), such as lactobacilli and
bifidobacteria, are normal components of healthy human
intestinal microflora and are commonly used for the
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fermentation of certain foods. It is well-known that some
LABs have health-promoting attributes, including antimicrobial
properties [13, 19, 20, 21, 29, 30], immunomodulation [12, 25,
26], lactose intolerance alleviation [9], antitumor properties [18,
26], and hypocholesterolemic effects [5, 8]. These findings have
caught the attention of nutrition, health, and food scientists.
Consequently, new LABs with these health-promoting
properties have been identified and successfully introduced
into the food and pharmaceutical markets [22, 27].

Several studies have revealed that LABs are associated
with clinically pathological conditions such as bacteremia
[2], and they are occasionally associated with endocarditis
and abscess as well [1, 11]. However, it is unlikely that
LAB was the causative agent in these cases [11, 16].
Taking this into account, safety assessment is regarded as
the first and most important step before these strains are
incorporated into food products [4, 17].

We recently isolated a novel probiotic strain, Lactobacillus
SJermentum PLI005 (KCCM-10250), from infant feces and
showed that its dietary intake suppresses type 2 helper T
cell production in antigen-primed mice splenocyte [23]
and had a potential immunoenhancing effect [28]. In the
present study, the safety on long-term ingestion of L. fermentum
PL9005 was assessed in a BALB/c mouse model with
some modifications of methods used previously [37].

MATERIALS AND METHODS

Bacterial Preparation

L. fermentum PL9005 (KCCM-10250), previously isolated
from infant feces, was used in this study. The bacteria were
inoculated on MRS agar (Difco, Sparks, MD, U.S.A.) and
incubated at 37°C for 36—48 h. A single colony was
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inoculated in 10 ml of MRS broth (Difco) and incubated
overnight at 37°C. Bacterial cells were collected by
centrifugation at 2,700 xg for 10 min and washed twice

- with sterile phosphate-buffered saline (PBS, pH 7.2). The cells
were resuspended in PBS at three different concentrations
(2x107, 2x10°, and 2x10" CFU/ml), based on the OD value
(at 600 nm) evaluated preliminarily.

Animals

Five-week-old specific pathogen-free (SPF) BALB/c female
mice (Biogenomics, Seoul, Korea) were used after one week
of acclimation. Mice were housed in individual cages at
2242°C under a 14/10 h light/dark cycle. Food and water
were provided ad libitum and removed from the cages five
hours prior to inoculation of L. fermentum P1.9005. All
animal experiments were performed in accordance with
laboratory animal guidelines of Seoul National University.

Experimental Design :

This study consisted of four groups containing nine mice
each; three groups were allocated as experimental groups
while one group served as control. The mice in the
experimental groups were administered intragastrically with
0.5 ml of different concentrations (107, 10, and 10" CFU/
0.5 ml) of L. fermentum PL9005, once a day for 28 days,
and control mice were treated similarly with PBS. Body
weights were measured weekly, and feed intake was
measured daily. Clinical signs, such as diarrhea, ruffled fur,
and lethargy, were checked twice a day.

Hematology

Blood samples were obtained by cardiac puncture and
collected in heparin-treated tubes. White blood cells (WBC),
red blood cells (RBC), hemoglobin concentration (HGB),
hematocrit (HCT), mean corpuscular volume (MCV), mean
corpuscular hemoglobin (MCH), and mean corpuscular
hemoglobin concentration (MCHC) were determined.

Blood Biochemistry

Blood samples (400 ul) were separately collected in new
1.5-ml microtubes and centrifuged at 3,000 rpm for 20 min
in a microcentrifuge. The plasma layer was collected, and
amounts of total protein, albumin, total cholesterol, and
glucose were analyzed using a serum chemistry analyzer
(Hitachi Ltd., Tokyo, Japan).

Bacterial Translocation

The spleen, liver, and mesenteric lymph nodes were aseptically
removed, weighed, and electrically homogenized (Ultraturrax
T8, IKA, Heidelberg, Germany) in PBS (1 ml/0.01 g tissue).
The homogenates were serially diluted ten-fold with PBS
and inoculated onto MRS agar. The plates were then
incubated anaerobically at 37°C for 48 h. To perform the
PCR assay to identify organisms detected in tissue samples,

each colony was separately inoculated and cultured in
MRS broth. Total genomic DNA of each culture was
prepared by a method described previously [34]. The
primer set used (F; 5-GCCGCCTAAGGTGGGACAGAT-
3", R; 5-CTGATCGTAGATCAGTCAAG-3') was specific
to L. fermentum, as it was designed from the 16S-23S
ribosomal RNA intergenic spacer region of L. fermentum
[34]. PCR conditions were as follows: 3 min of denaturation
at 95°C followed by 35 cycles consisting of 30 sec of
denaturation at 95°C, 30 sec of annealing at 53°C, and 1 min
of extension at 72°C before a final 7 min of extension at -
72°C. The PCR product was detected by the electrophoresis
of 9 ul of reaction solution in 1.5% agarose gel at 100 V
in 1x Tris-Acetate-EDTA buffer for 30 min, followed by
staining with ethidium bromide. The PCR product bands
were visualized on a UV transilluminator.

Positive bands were confirmed by sequencing. A pGEM"-
T Easy Vector System (Promega, Madison, WI, U.S.A.)
was used to clone the PCR products. The PCR products
were purified using a QLAquick™ Gel Extraction Kit (Qiagen,
Hilden, Germany) according to the manufacturer’s instructions.
Purified PCR product was ligated with 50 ng of pGEM®-T
Easy vector overnight at 4°C and transferred into JM109-
competent Escherichia coli cells (Promega) by heat shock
at 42°C for 30 sec. Luria-Bertani agar plates containing
ampicillin (100 pg/ml) were coated with 0.5 mM IPTG
(isopropyl-BD-thiogalactopyranoside) and 80 pg/ml X-gal
(5-bromo-4-chloro-3-indolyl-beta-D-galactopyranoside), dried
at 37°C for 30 min, and used to select clones. Plasmid DNA
was isolated from E. coli using a QlAprep Spin Miniprep
Kit (Qiagen). Nucleotide sequencing of the PCR product
was performed by a DNA sequencing service center (Geno
Tech Corp., Taejon, Korea) with a DNA sequencer (model;
Applied Biosystems 3730x] DNA Analyzer, Applied
BioSystems, Inc., Foster City, CA, U.S.A.). The sequence
analysis was resolved with ABI BigDye terminator (Perkin-
Elmer, Foster City, CA, U.S.A.).

Histology

The gross lesions of visceral organs in each mouse were
checked and recorded. Spleen weight index was expressed
as the actual spleen weight (mg) divided by body weight
(2). Intestine samples were fixed in 10% buffered formalin
for over 24 h. The ileum, cecum, and colon were trimmed,
dehydrated in alcohol-xylene series, and embedded in paraffin
wax. From each paraffin block, 2 um thickness sections
were prepared and stained with hematoxylin and eosin.
Histological observations, including mucosal thickness,
inflammation, and epithelial degeneration or necrosis, were
carried out.

Statistical Analysis
Significant differences between the experimental and control
groups were determined using Duncan’s Multiple Range



Test (SAS ver. 8.1, SAS Institute Inc., Cary, NC, U.S.A.).
Values of p<0.05 were considered significant.

RESULTS AND DISCUSSION

We previously reported that L. fermentum PL9005, isolated
from infant feces, had a potential immunoenhancing effect.
Feeding with L. fermentum PL9Y005 led to increases
of IgA” B cells in the small intestine, CD4+ T lymphocytes
in peripheral blood, and lymphocyte proliferation response
to stimulation of mitogens (concanavalin A and
lipopolysaccharide). Before a novel probiotic strain is
introduced into the market, however, the clarification of its
safety is needed. Several standards on safety assessment of
probiotic strains have recently been recommended [6, 33,
35,37, 38]. In the present study, based on the protocol of
Zhou et al. study [37], the safety of L. fermentum PL9005
was assessed using a mouse model.

Appetite, activity, and weight gain are the most general
indicators of health status for animals. In the present study,
no significant difference was detected in body weight
(p<0.05, Fig. 1) or feed intake between L. fermentum
PL9005-fed groups and the control group. Throughout the
experimental periods, there was no noticeable change in
clinical signs, such as diarrhea, ruffled fur, and lethargy, in
any of the groups of mice.

Biochemical assays can be used for detecting a deficiency
of nutrients or an imbalance in nutrient metabolism [31].
To detect adverse effects of L. fermentum PLI005 feeding,
arange of hematological and blood biochemical parameters
was monitored (Table 1). All hematological parameters,
including WBC, RBC, HGB, HCT, MCV, MCH, and
MCHC, in mice of L. fermentum PL9005-fed groups did
not significantly differ from those in mice of the control
group (p<0.05). The levels of total protein, albumin, glucose,
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Fig. 1. Body weight of mice intragastrically administered with
L. fermentum PL9005 at three doses (10" [-@-], 10° [-O-], 10"
[-0-] CFUO.5 ml) or PBS (control [-M-]) for 28 days.

There was no significant difference in body weight between the groups
(p<0.05).

and total cholesterol in the plasma samples of the mice
were also measured, however, there was no significant
difference in the blood biochemistry profiles between the
L. fermentum PL9005-fed and control mice (p<0.05). This
suggests that administration with L. fermentum PL9005 for
a 4-week period has no adverse effect on hematology and
blood biochemistry in mice. Similar to these results, several
studies also showed that administration of LAB had
no effect on plasma glucose, total protein, and albumin
[32, 38].

For probiotic safety assessment, it is strongly recommended
that bacterial translocation is examined because it is a
prerequisite in the pathogenicity of most opportunistic gut
pathogens [7]. In the present study, positive translocation
tissue was defined by the presence of any microorganism
morphologically similar to L. fermentum PL9005 on MRS
plate. The incidence of translocation of bacteria from
each visceral organ is shown in Table 2. To differentiate
suspected organisms from L. fermentum PL9005, a PCR

Table 1. Hematology and blood biochemistry measurements’ of mice*.

L. fermentum-fed groups (CFU)

Control o e o
WBC (10°/ul) 6.78+2.68 5.62+£2.19 7.64+2.98 6.54+2.21
RBC (10%ul) 7.57+0.29 7.05+£0.40 7.49+0.30 7.66+0.64
HGB (g/dl) 12.840.51 12.58+0.53 12.76£0.48 12.8440.90
HCT (%) 37.56x2.04 37.14+0.86 37.14£1.71 36.98+2.05
MCYV (f) 47.78+1.59 47.22+0.52 47.74=1.25 46.58+£1.13
MCH (pg) 16.92+0.46 16.80+0.39 17.04+0.29 16.78+0.22
MCHC (g/d}) 34.10£1.39 34.22+1.18 34.38+0.86 34.48+0.44
Total plasma protein (g/dl) 3.52+0.19 3.62+0.22 3.43+0.36 3.42+0.16
Albumin (g/dl) 1.28+0.07 1.31+0.08 1.24+0.10 1.244+0.07
Glucose (mg/dl) 68.87+8.90 70.93+8.02 69.40+10.88 71.37+£5.21

Total plasma cholesterol (mg/dl) 508.00+96.73

523.56+71.04

595.78+90.25 560.22+86.08

*Meanzstandard deviation.

*The mice were administered with PBS (control) or suspensions of L. fermentum PL9005 intragastrically for 28 days.
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Table 2. Incidence of bacterial translocation in different tissue
sites of mice administered with PBS (control) or L. fermentum
PL9005 for 28 days.

L. fermentum-fed groups

Control (CFU)
10’ 10° 10"
Spleen 0/9 1/9 0/9 0/9
Liver 0/9 1/9 0/9 0/9

Mesenteric lymph nodes ~ 3/9 3/9 0/9 1/9

assay was performed using a species-specific primer set.
Two major PCR products were produced in the DNA
sample of L. fermentum PL9005 (Fig. 2). Each fragment
was cloned and sequenced. One amplified gene (total
471 bp) corresponded partially to the 16S, 23S rRNA gene
and 16S-23S rRNA intergenic spacer region of L. fermentum
(GenBank database accession no. AF080099) with 98.9%
homology (271/274; subjected sequence nos. 119-267 and
270-394). The other gene of 277 bp, which was expected
to be amplified by PCR using the species-specific primer in
this study, also corresponded with 99.3% homology (275/
277). However, no detectable fragment was produced in
DNA samples of suspected organisms. This means that the
suspected organisms were not L. fermentum P1L900S5, and
that feeding of L. fermentum P1.9005 (10, 10°, 10" CUF/
day) for 28 days did not result in bacterial translocation from
the gut to other visceral organs in the mice. The translocation
of normal indigenous intestinal bacteria in healthy mice
has been reported by several groups [3, 15, 24]. In addition,
Gordon et al. [14] reported that 50% of normal mice
contained bacteria or even occasionally bacteremia, in
their mesenteric lymph nodes, liver, or spleen.
Macroscopic  examinations revealed enlargement,
inflammation, and necrosis of the liver, spleen, and

intestine. Specifically, splenomegaly and hepatomegaly

are indirect indicators of infection. However, in the present
study, no gross lesions were observed in the organs of L.

+«— 277 bp

Fig. 2. Agarose gel electrophoresis of PCR products amplified
with a species-specific primer [34].
M, 100 bp DNA ladder; lanes 1 and 6, DNA of L. fermentum PL9005;
lanes 2—5; DNA of suspected organisms.

Spleen weight index

107 109

1010
L. fermentum PL9005 (CFU)
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Fig. 3. Spleen weight index (SWI) of mice intragastricall;/
administered with L. fermentum PL9005 at three doses (107, 107,
10" CFU/0.5 ml) or PBS (control) for 28 days.

SWI was expressed as the actual spleen weight (mg) divided by body
weight (g). There was no significant difference in SWI between the groups
(p<0.05).

fermentum PL9005-fed and control mice. There was no
significant difference in spleen weight index between L.
fermentum PL9005-fed and control mice (p<0.05, Fig 3).
Moreover, microscopic examination revealed no inflammation
or epithelial cell degeneration in any mice (data not shown),
thus indicating that administration with L. fermentum PL9005
for 4 weeks does not lead to infections in any organs of
mice.

Integrity of the gut mucosa is important in host defense
[10]. The ability to disturb this mechanical barrier is an
indicator of potential pathogenicity for most facultative
pathogens. Ma ef al. [24] demonstrated the association in
mucosal structure and high translocation rate of L. murinus
in mice. However, in the present study, the mucosal
thickness of the ileum, cecum, and colon of L. fermentum
PL9005-fed mice was not significantly different from that
of corresponding organs of control mice (Table 3), suggesting
that L. fermentum PL9005 has no harmful effect on the gut
mucosa of mice.

In conclusion, twenty-eight days of feeding with three
different doses (10, 10°, and 10" CFU/animal) of L. fermentum
P1.9005 did not influence body weight, feed intake, clinical
signs, or gross and histopathological findings in mice.
Hematological parameters (WBC, RBC, HGB, HCT, MCV,
MCH, and MCHC) and blood biochemistry (total plasma
protein, albumin, glucose, and cholesterol) were also not
significantly different between L. fermentum PL9005-fed
and control mice. Based on these results, long-term
ingestion of L. fermentum PL9005 in mice appears to be
safe, and can be applied in the functional food market.
Furthermore, the methods described in this study can be
used as a guideline for safety assessment on newly
introduced probiotic strains.



SAFETY ASSESSMENT OF L. FERMENTUM PL9005 607

Table 3. Mucosal thickness* of the ileum, cecum, and colon of mice administered with PBS (Control) or L. fermentum PL900S5 for 28

days.
L. fermentum-fed groups (CFU)
Control
10 10° 10"
[leum 260.30+12.71 266.58+19.43 264.42+11.79 267.63+£13.70
Cecum 99.15+£7.24 103.25+10.26 101.58+9.08 102.00+8.37
Colon 193.92+10.70 197.08+12.13 197.50+13.34 197.50+12.03

*The thickness (mm) was measured from ten randomly-selected mucosal layers of each sample and expressed as mean=standard deviation.
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