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The safety of Lactobacillus paracasei subsp. paracasei LC-01
was evaluated for its use as a potential probiotic. In our in
vitro study, the antibiotic resistance and the ability to pro-
duce biogenic amine were determined. The results showed
that the strain was sensitive to all tested antibiotics and did
not produce biogenic amine except for tyramine. The oral
toxicity of this strain was evaluated in Balb/C mice. One
hundred mice were d1v1ded 1nto 10 ,Broups. Four groups
were administered 0, 10%, 10°, or 10'* CFU/mouse per day
dissolved in saline solutlon respectlvely, for 28 days. Three
groups were injected intraperitoneally with 10° CFU/mouse
dissolved in saline solution, and were killed 2, 5, and 10 days
after injection. The last 3 groups were injected with the vehicle
as controls respectively. The results showed that oral admini-
stration of the strain had no adverse effects on mouse body
weight and that there was no treatment-associated bacterial
translocation. Intraperitoneal administration caused a signi-
ficant translocation to liver, spleen and kidney. However,
this translocation did not cause illness or death throughout
the experiment. The results suggest that L. paracasei subsp.
paracasei LC-01 is likely to be safe for human consumption.

Keywords: safety evaluation, antibiotic resistance, biogenic
amine, oral toxicity, bacterial translocation

Introduction

Lactic acid bacteria (LAB) are classified as generally recog-
nized as safe (GRAS) for human consumption (Donohue and
Salminen, 1996), since they have been consumed in fermented
foods for several centuries without any obvious adverse effects
(Fuller, 1992). With the increasing interest in the use of these
bacteria for nutritional and medical applications, many health-
promoting properties of LAB have been researched, inclu-
ding properties of anti-infection (Isolauri et al., 1991), in-
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testinal anti-inflammation (Peran et al., 2005), immuno-
modulatory activity (Olivares et al., 2006) and prevention of
allergic diseases (Furrie, 2005). Thus, a high number of new
LAB strains with probiotic characteristics are incorporated
into food and pharmaceutical products. These new LAB
strains do not necessarily share the GRAS status of tradi-
tional LAB strains, and some of them are reported to be as-
sociated with clinical pathological conditions, such as bac-
teraemia, endocarditis or liver abscess (Bayer et al., 1978;
Aguirre and Collins, 1993; Gasser, 1994; Rautio et al., 1999).
Therefore, the safety assessment of potential probiotics that
are aimed at being incorporated into food products is
strongly recommended (Conway, 1996; Saxelin, 1997).

Lactobacillus paracasei subsp. paracasei LC-01 (LC-01)
presents good technological properties for use in functional
foods. The strain adhered to human Caco-2 cell line and is
resistant to simulated gastrointestinal stress (Fernandez de
Palencia et al., 2008). LC-01 also shows the remarkable fer-
rous iron chelating activity and high antioxidant activity
(Kim et al., 2005). Moreover, milk fermented by LC-01 is
able to inhibit the growth of MCF7 breast cancer cell line
(Biffi et al., 1997). The exopolysaccharides and cell fractions
of the strain are able to reduce the cytotoxicity of 4-nitro-
quinoline 1-oxide (Liu et al., 2011). Therefore, we decided
to evaluate the safety of LC-01 for human consumption.
Although, up to now, there are no general guidelines on this
issue, acute oral toxicity has been proposed as a fundamental
test for the assessment of probiotic safety (Stine and Brown,
1996). Moreover, in the report by the Joint FAO/WHO
Working Group (2002) (FAO/WHO, 2002), it is stated that
Lactobacilli, although generally considered safe, may theo-
retically be responsible for a number of side effects, and thus,
safety assessments in terms of antibiotic susceptibility and
virulence properties are recommended. Therefore, in the
present study, we analyzed the antibiotic resistance and bio-
genic amine production of the strain. In vivo study, mice
were orally administered with different doses of the strain.
Oral toxicity, blood haematological and biochemistry pa-
rameters, and bacterial translocation was analyzed. To pre-
clude toxicity even in the extreme case of potential trans-
location, groups of mice were injected intraperitoneally with
the strain and the adverse effects of bacterial translocation
to different tissues was evaluated.

Materials and Methods

Bacterial strains

LC-01 is supplied in lyophilized powder form by Chr Hansen
(Horsholm, Denmark). The strain grew for 24 h at 37°Cin
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Man Rogosa and Sharpe broth (MRS; Beijing Land Bridge
Technology Co., Ltd, China) and was serially transferred at
least three times prior to use in this study.

Sensitivity to antibiotics

Antibiotic susceptibility of LC-01 was determined using anti-
biotic discs (Tiantan Biological Products Co. Ltd., China).
Staphylococcus aureus ATCC 25923 was obtained from China
General Microbiological Culture Collection Center (Beijing,
China) and was used as a quality control organism. LC-01
and Staphylococcus aureus ATCC 25923 were incubated on
MRS Agar and Mueller Hinton Agar (Beijing Land Bridge
Technology Co., Ltd, China) respectively. After drying the
surface, antibiotic discs were placed on the agar plate. Zone
diameters were recorded after 24 h incubation at 37°C.

Biogenic amine production

Biogenic amine is mainly generated by decarboxylation of
amino acid through substrate-specific enzymes of bacteria.
For promoting enzyme induction before the test, LC-01 was
subcultured 5 times in MRS broth, which contained 0.1%
(wt/v) of each precursor amino acid-tyrosine, histidine, or-
nithine, arginine and 0.005% (wt/v) of pyridoxal-5-phosphate
(Sigma-Aldrich Inc., USA). Then the strains were inoculated
at 0.1% (wt/v) into a decarboxylase broth (Bover-Cid and
Holzapfel, 1999). After incubating at 37°C for 4 days, 5 ml
of fermenting broth was extracted with an equal volume of
10% (v/v) trichloroacetic acid for 1 h and was centrifuged at
1,900xg for 10 min. Five standard biogenic amines-putre-
scine, histamine, tyramine, spermidine, spermine (Sigma-
Aldrich Inc.) were prepared (Shukla et al., 2010), and deri-
vatization was carried out by the method described by Li et
al. (2011). Quantitative analyses of biogenic amines were
carried out using a HPLC (SPD-20AT, Shimadzu, Japan) unit
consisting of two pumps and a UV/VIS detector. Separation
was achieved using a Kromasil C8 column (150 mm x 4.6 mm,
5 um; Akzo Nobel, Sweden). The mobile phase was water/
acetonitrile at a flow rate of 1 ml/min with a gradient elu-
tion program for 28 min (Li et al., 2011). The sample was
injected (20 pl) and was monitored at 254 nm (Bover-Cid
and Holzapfel, 1999).

Animals and experimental design

One hundred female Balb/C mice (Vital River Lab Animal
Technology Co. Ltd., China) aged 6-8 weeks, were housed
in a plastic cage under standard conditions (temperature
22+42°C, humidity 55%+2%) with a 12 h light/dark cycle.
The animals were fed with a basal diet (Rodent Chow Product,
Ke Ao Xie Li feeds Co. Ltd., China) and had free access to
deionized water. The animals were cared for in accordance
with the Guide for the Care and Use of Laboratory Animals
and the protocol was approved by the Animal Ethics Com-
mittee of China Agricultural University.

After 7 days of acclimation, mice were randomly assigned
to 10 groups (n = 10 per group): 3 groups were orally admi-
nistered with 10% 10°, or 10" CFU/mouse per day (in saline
solution), over a period of 28 days. One additional group
received the vehicle alone and was used as control. A fur-
ther 3 groups were injected intraperitoneally with 10° CFU/

mouse dissolved in saline solution and were killed at day 2,
day 5, and day 10 after intraperitoneal injection. The last 3
groups were injected intraperitoneally with the vehicle, and
were used as controls. Throughout the experiment, the ani-
mal’s activity, behaviour and hair lustre of each mouse was
observed daily. Body weight (BW) and food intake were re-
corded weekly. At the end of the experiment, blood was
collected from the heart under anaesthesia. After gross ob-
servation for abnormalities in all organs and tissues, the
liver, spleen, and kidney were collected in sterile conditions
and were weighed.

Haematology and blood biochemistry

Red blood cell (RBC), platelet counts, haematocrit (HCT),
mean corpuscular volume (MCV), mean corpuscular haemo-
globin (MCH), hemoglobin, and mean corpuscular hemo-
globin concentration (MCHC) of blood were determined by
an automatic haematology counter (Hitachi, Japan).

After the haematology assays, plasma was separated from
blood samples. The levels of glutamic-oxalacetic transaminase
(GOT), glutamic-pyruvic transaminase (GPT) activity, total
protein (TP), albumin, glucose (GLU), cholesterol and were
determined with an automated biochemical analyzer (Hitachi)
of plasma samples.

Bacterial translocation

Bacterial translocation was analyzed in blood, liver, spleen
and kidney. 50 pl of blood were directly inoculated onto the
surface of MRS and brain heart infusion (BHI) agar plates.
The plates were incubated at 37°C during 48 h anaerobi-
cally for MRS and aerobically for BHI. Tissue samples were
homogenized in buffered saline solution (1 g/ml) and 100 ul
of the resulting homogenates were cultured in MRS and
BHI agar, as described above. After 48 h, the colonies were

Table 1. Antibiotic susceptibility of tested strain LC-01

Antibiotic Diameter (mm) Susceptibility

Penicillin G 33.40+1.82 S
Ampicillin 29.52+0.67 S
Amoxicillin 29.26+0.67 S
Piperacillin 31.88+0.42 S
Ampicillin/Sulbactam 27.59+0.54 S
Amoxycillin/Clavulanate Potassium 30.37+0.74 S
Cefalotin 23.21%1.78 S
Cefoperazone 28.44+0.84 S
Cefazolin 18.80+1.11 S
Cefuroxime Sodium 27.19+1.43 S
Meropenem 20.89+0.69 S
Azithromycin 22.29+0.84 S
Clarithromycin 33.87+0.46 S
Erythromycin 31.09+0.46 S
Doxycycline 33.68+2.07 S
Tetracycline 28.81+0.88 S
Clindamycin 33.72+0.96 S
Chloramphenicol 29.45+0.65 S
Rifampicin 28.10+0.35 S

Data are presented as Mean+SD (n=3). S, sensitive to antibiotics.
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Table 2. Body and tissue weights of mice treated orally with different doses of LC-01

Dose (CFU/mouse/d)
Items Control 7 5 T
1x10 1x10 1x10
Initial body weight (g) 17.21+0.67 17.13£0.93 17.21£0.94 17.27+0.79
Final body weight (g) 18.98+0.56 18.84+0.95 18.98+1.19 18.96+0.97
Food intake (g/mouse/d) 2.82+0.18 2.82+0.16 2.84+0.14 2.92+0.12
Liver weight (mg) 880.3+26.8 871.2+57.1 882.2+67.3 863.2+57.7
Kidney weight (mg) 240.4+14.9 226.9£20.5 225.2+11.4 234.4+15.1
Spleen weight (mg) 81.7+9.7 73.8+11.3 76.2+8.7 79.248.4

Data are presented as Mean+SD (n=10).

counted and the results were expressed as incidence of trans-
location (number of mice where colonies were detected/total
number of mice). Positive growth on agar plates was defined
by the presence of one or more colonies.

Identification of LC-01

A randomly amplified polymorphic DNA (RAPD) finger-
printing method was used to identify organisms detected in
tissue samples. Total genomic DNA was extracted directly
from MRS agar colonies using a DNA extraction kit (Tiangen,
China). The DNA fragments were then amplified using the
RAPD method with the following primer: GCGGAAATAG.
The RAPD patterns of suspected strains were compared with
the test strain.

Statistical analysis

All results were expressed as the Mean+SD. Differences be-
tween means were tested for statistical significance using one-
way analysis of variance and post hoc least significance tests.
The differences between proportions (bacterial translocation
incidence) were analysed with the chi-squared test. All stat-
istical analyses were carried out using SPSS Statistics 17.0
software, with statistical significance set at P<0.05.

Results and Discussion

Sensitivity to antibiotics and biogenic amine production

LC-01 was tested with 19 different antibiotics using the disc
test method, antibiotic susceptibility levels for the strain were
reported as resistant (R), intermediate-resistant (I) or sen-
sitive (S) (Wikler, 2009). According to the zone diameter,
LC-01 was sensitive to all tested antibiotics (Table 1), inclu-
ding B-lactam antibiotics (penicillin G and cefoperazone),
macrolides (erythromycin), tetracyclines (tetracycline), and
other broad-spectrum antibiotics (chloramphenicol and ri-
fampicin), the results suggest that LC-01 is not able to trans-
fer antibiotic resistance to other bacteria.

The capacity of LC-01 to decarboxylate amino acids in-
volved in generating biogenic amines was investigated. For
the HPLC analysis, putrescine, histamine, spermidine, and
spermine were not detected, while that tyramine was found
to be 8.99 mg/L (Supplementary data Table S1). In food, low
levels of biogenic amines are not considered a serious risk,
but when consumed in excessive amounts, they may cause
distinctive pharmacological, physiological and toxic effects
(Tassoni et al., 2004). Histamine and tyramine are the most
studied biogenic amines due to their toxicological effects,
and other BA, such as the diamines and putrescine, may boost

Table 3. Hematological and biochemical parameters data in mice treated orally with different doses of LC-01

Dose (CFU/mouse/d)
Items Control 7 5 T
1x10 1x10 1x10
RBC count (10'%/L) 10.220.6 10.620.4 10.740.8 10.340.6
Platelet count (109/ L) 15541274 1497+192 1405296 1360191
Haemoglobin (g/L) 162.5+6.3 170.4+5.8 167.9+9.1 163.5+£9.0
HCT (%) 53.5+3.3 55.9+2.1 56.1+3.4 54.1+£3.7
MCV (fl) 52.3+0.7 52.8+0.6 52.4+1.1 52.4+0.9
MCH (pg) 15.6£0.7 16.1+£0.5 15.7£0.4 16.0£0.9
MCHC (g/L) 298.4 £14.2 305+10 299.2+7.2 304.9£17.5
GPT (U/L) 43.2+11.1 40.2+7.9 48.1+12.1 45.2+7.4
GOT (U/L) 150.4+21.1 164.5+34.8 159.1+24.7 155.1+24.2
TP (g/L) 50.1+£2.7 54.5+4.2 51.5+£3.6 53.7+£3.0
Albumin (g/L) 34.4+0.7 35.6t£1.7 34.1£1.6 35.6x1.5
GLU (mmol/L) 6.5+0.5 5.9£0.5 6.0x1.1 6.0£0.5
Cholesterol (mmol/L) 2.1+£0.2 2.2+0.2 2.1+0.2 2.2+0.2
Ca (mmol/L) 2.310.1 2.31£0.1 2.310.1 2.310.1

Data are presented as Mean+SD (n=10).
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Table 4. Incidence of bacterial translocation to blood, liver, kidney, and
spleen in mice orally treated with different doses of LC-01

Dose (CFU/mouse/d)

Items Control

1x10° 1x10° 1x10"

Blood

MRS 0/10 0/10 0/10 0/10

BHI 0/10 0/10 0/10 0/10
Liver

MRS 1/10 1/10 1/10 0/10

BHI 1/10 1/10 2/10 1/10
Kidney

MRS 1/10 0/10 1/10 0/10

BHI 1/10 0/10 1/10 1/10
Spleen

MRS 0/10 1/10 0/10 0/10

BHI 1/10 1/10 0/10 0/10

the toxicity of the above amines (Bover-Cid and Holzapfel,
1999; Ozdestan and Uren, 2010). Both histamine- and tyra-
mine-forming capacity of LAB isolated from different sources
are reported (Priyadarshani and Rakshit, 2011). In the present
study, tyramine was found to be 8.99 mg/L, which is below
the toxic level of 1080 mg/L stipulated by Good Manufacturing
Practice (Shalaby, 1996).

Oral administration of different doses of LC-01

During the experimental period, no noticeable activity or
behavioural changes were observed in the mice, and no treat-
ment-related illness or death occurred. There was no differ-
ence in the animals’ aspect between treatment and control
groups.

Likewise, there were no significant differences in food in-
take, BW gain, and organ weights between the control and
oral-treatment groups (P>0.05, Table 2), indicating that the
strain does not exhibit gross oral toxicity effects on the ani-
mals’ health status, growth and development. In agreement
with the absence of clinical symptoms in mice, the haema-
tological and biochemical parameters measured in blood
samples did not show statistically significant difference be-
tween control and strain-treated group (P>0.05, Table 3).

Hematological parameters are usually used to represent the
deleterious effects of test substances on the blood (Lee et al.,
2010), and biochemical assays can be used to detect moderate
to mild deficiency of nutrients or an imbalance in nutrient
metabolism, and are usually apparent before any clinical
symptoms or changes in body weight (Zhou et al., 2000).
Our findings suggest that LC-01 do not have adverse effect
on murine haematology or blood biochemistry.

Bacterial translocation is an important indicator of pro-
biotic toxicity, since it is the first step in the pathogenesis
process for many opportunistic indigenous lumen strains
(Steffen and Berg, 1983). As shown in Table 4, no bacteremia
was observed in any of the groups, and there were no sig-
nificant differences in the incidence of translocation to the
liver, spleen or kidney between the control and oral-treated
groups at any of the tested doses, implying that translocation
was not associated with treatment. In addition, colonies found
on agar plates were checked by RAPD using specific primer,
and no RAPD pattern from the tissue samples matched with
the administered strain LC-01 (data not shown). It has been
demonstrated in many studies that indigenous gut micro-
flora has the ability to translocate into extra-intestinal tissues
(Hale and Hill, 1973; Berg and Garlington, 1979; Swank and
Deitch, 1996), and thus, the isolated microorganisms reco-
vered from the tissues may come from the indigenous gut
flora rather than from oral intake.

Intraperitoneal administration of LC-01

Although the above data have indicated that LC-01 was not
able to translocate from gut to other tissues, we decided to
induce this translocation by intraperitoneal administration
of LC-01 to preclude adverse effects even in this case. As
shown in Table 5, intraperitoneal administration caused a
significant translocation of LC-01 to the liver, spleen and
kidney at day 2. This increase was probably caused by a tran-
sient inflammatory process, and it could be lower over time,
since the presence of bacteria in the tissues was lower at day
5 and day 10 after intraperitoneal injection. No bacteremia
was shown in any of the mice injected intraperitoneally
with LC-01. The presence of bacteria in the spleen was ac-

Table 5. Incidence of bacterial translocation in mice intraperitoneally administered LC-01

Day 2 (CFU/mouse/d)

Day 5 (CFU/mouse/d)

Day 10 (CFU/mouse/d)

Items

Control 1x10° Control 1x10° Control 1x10°

Blood

MRS 0/10 0/10 0/10 0/10 0/10 0/10

BHI 0/10 0/10 0/10 0/10 0/10 0/10
Liver

MRS 2/10 8/10° 3/10 8/10° 2/10 6/10"

BHI 2/10 10/10* 2/10 8/10° 2/10 6/10"
Kidney

MRS 1/10 10/10* 2/10 7/10* 2/10 2/10°

BHI 1/10 10/10* 2/10 7/10* 2/10 3/10°
Spleen

MRS 1/10 10/10* 2/10 10/10* 2/10 3/10°

BHI 2/10 10/10* 2/10 10/10* 2/10 3/10°

Data are presented as Mean+SD (n=10). “ P<0.05 vs. control, ® P<0.05 vs. day 2.
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Table 6. Body and tissue weights of mice intraperitoneally injected with LC-01

ltems Day 2 (CFU/mouse/d) Day 5 (CFU/mouse/d) Day 10 (CFU/mouse/d)
Control 1x10° Control 1x10° Control 1x10°
Initial body weight (g) 19.09+0.58 18.85+1.05 17.99+0.74 18.85+£1.27 19.02+1.39 18.82+0.93
Final body weight (g) 19.11+£0.69 18.88+0.89 18.53+£0.47 18.99+1.20 19.75£1.50 19.57+0.78
Liver weight (mg) 925.6+87.7 975.1+£95.7 916.9+65.3 964.4+69.7 905.4+87.6 956.1+82.1
Kidney weight (mg) 236.8+17.3 248.1+25.2 227.6%15.1 228.8+19.1 241.2+25.8 246.8+15.1
Spleen weight (mg) 77.2£7.0 115.7+12.7° 86.216.2 133.1£11.2*° 86.714.6 109.1+9.8"

Data are presented as Mean+SD (n=10). * P<0.05 vs. control, ® P<0.05 vs. day 2.

companied by a significant increase in spleen weight at day
2, day 5 and day 10 (Table 6), whereas the weight of the liver
and kidney did not change. In addition, the platelet count was
significantly decreased at day 2, and was then increased to
be normal at day 5 (Supplementary data Table S2). In spite
of the bacterial translocation to the liver, kidney, and spleen
and the increase in spleen weights, no noticeable behavioral
and BW changes were observed (Table 6) and there was no
illness or death related to LC-01 administration, while in-
traperitoneal administration of the same dose of other
pathogenic microorganisms has been reported to be lethal
for mice at day 2 after inoculation (Gras et al., 2006).

Conclusion

In summary, LC-01 was determined to be sensitive to all the
antibiotics tested, and were not associated with biogenic
amine production other than tyramine (8.99 mg/L). Feeding
mice with the potential probiotic strain LC-01 at high doses
for 28 days had no deleterious effects on general health status,
growth, blood haematology or biochemistry, as examined
in this study. The test strain did not cause infection and
translocation after feeding for 28 days. Even in the extreme
case of translocation, toxicity of the test strain seemed to be
negligible. Therefore, it can be concluded that LC-01 is likely
to be non-pathogenic and safe for human consumption.
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