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Lactobacillus paracasei KW3110 is a strain which has been reported to possess a strong anti-
allergic activity. Since many lactic acid bacteria have shown to be useful as the probiotics, the
possibility of this strain for use as a probiotic was studied. An in vitro test showed that this strain
is strong enough to survive in the gastric juice. In addition, this strain showed exceptionally
strong adherence to human intestinal epithelial cells, Caco-2 and HT29 compared to normal L.
paracasei strains. Human oral administration testing of L. paracasei KW3110 showed that this
strain survived in the human gut and increased the number of bifidobacteria and lactobacilli in
the fecal samples of the subjects. In addition, KW 3110 was detected in 50% of the subjects up
to 1 week after the end of the administration test. These results showed that L. paracasei KW3110
has a strong ability to survive in and colonize the human gut and improve the human intestinal

microflora.
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Introduction

From the time of birth, humans have more than 100
trillion microorganisms residing in their intestines. This
gut community is composed of more than 100 differ-
ent species and has been designated intestinal flora
for a decade. Recently, it has been proven that the in-
testinal flora is profoundly involved in host health con-
ditions. Thus, attention has focused on the consump-
tion of probiotics and prebiotics which can improve
the conditions of the intestinal flora.

“Probiotics” were initially defined in 1989 as live mi-
crobes that can provide host animals with beneficial
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effects on their health conditions by improving the bal-
ance of intestinal flora (Fuller, 1989). Then, probiotics
were redefined as food products that contain live mi-
crobes that can beneficially affect the host health con-
ditions (Salminen et al., 1998). On the other hand,
“prebiotics” are defined as indigestible food contents
that can provide the host animals with beneficial im-
pact and improve the host health conditions by selec-
tively influencing the proliferation and activity of certain
bacteria in the large intestine (Gibson and Roberfroid,
1995).

There are many reports that demonstrate the im-
proving effects of probiotics on intestinal flora. For ex-
ample, it has been reported that an oral intake of pro-
biotics can improve the balance of intestinal flora
through an increase in the number of bifidobacteria
and lactobacilli, beneficial bacteria to the host, and a
decrease in the number of non-beneficial bacteria,
such as bacteroides, Clostridium perfringens, and en-
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terobacteriaceae in the intestinal flora (Matsumoto et
al., 2006; Ogata et al., 1997; Yaeshima et al., 1997).
There are also some reports that oral intake of probiot-
ics can improve bowel movement disturbance such as
diarrhea (Gismondo et al., 1999) and coprostasis (Fu-
kushima et al., 2004; Yaeshima et al., 1997). In addi-
tion, probiotics have been reported to have a prophy-
lactic effect against infectious diseases (Namba et al.,
2003) and an ameliorating effect on inflammatory bow-
el diseases (Fukushima et al., 2004; Gionchetti et al.,
2000).

Whereas the main mechanism of action of the probi-
otics is to improve the conditions of intestinal flora as
described above, when bacteria by themselves or
substances produced by bacteria directly affect the
host, this is defined as “biogenics.” A representative of
the biogenics is a dipeptide derived from Lactobacillus
helveticus that has an improving effect on blood pres-
sure (Aihara et al., 2005). In recent reports, the biogen-
ics have been shown to alleviate various diseases in
non-digestive organs; the effects include immune
modulatory effects such as anti-allergic activity and
immune stimulation (Bjorkstén et al., 1999; Kalliomaki
et al., 2001), improvement effects on hyperpiesia and
hyperlipidemia which are classified into lifestyle-relat-
ed diseases (Nakajima et al., 1995; Schaafsma et al.,
1998), and anti-tumor effects (Roos and Katan, 2000).

Lactobacillus paracasei KW3110 is a strain that was
found to possess such biogenic activities in our labo-
ratory (Fujiwara et al., 2004). A screening of lactic acid
bacteria for anti-allergic activity was performed based
on the activity suppressing a Th2-polarized response
of Th1/Th2 balance in an in vitro culture of mouse sple-
nocytes. We found that the anti-allergic activity of these
100 lactic acid bacteria was dependent on the strains
but not the species of lactic acid bacteria and that Lac-
tobacillus paracasei KW3110 is the most effective
among more than 100 strains. Oral administration of L.
paracasei KW3110 to ovalbumin-sensitized BALB/c
mice resulted in induction of IL-12 secretion as a Th1
parameter and repression of IL-4 secretion as a Th2
parameter from splenocytes, and suppression of se-
rum IgE elevation, compared with control animals that
did not receive the cells of L. paracasei KW3110 (Fuiji-
wara et al., 2004). In addition, administration of L. pa-
racasei KW3110 to patients with allergic symptoms to
cedar pollen appeared to improve their Th1/Th2 bal-
ance and suppress ECP elevation (Fujiwara et al.,
2005). Furthermore, it has been suggested that oral
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intake of L. paracasei KW3110 suppressed the symp-
toms of dermatitis and production of IgE in atopic der-
matitis model animals induced by applying picryl chlo-
ride onto the skin of NC/Ng mice (Wakabayashi et al.,
2007). Since heat-killed cells of L. paracasei KW3110
were used in these studies, it was suggested that cell
components of this strain acted directly on the hosts
as biogenics.

On the other hand, several reports suggested the
involvement of intestinal flora in allergic responses.
Bjorksten et al. reported that the conditions of intesti-
nal flora of children with allergies were different from
those of healthy ones (Bjorkstén et al., 1999). Wickens
et al. suggested that the use of antibiotics in infants
was a risk factor in the later development of allergic
diseases and speculated that the diseases were
caused by the changes in the conditions of intestinal
flora due to the use of antibiotics (Wickens et al., 1999).
Taken together, it is suggested that the intestinal flora
are related to allergies and thereby probiotics which
can improve the conditions of the intestinal flora have
the ability to alleviate allergies. In addition, it has been
reported that probiotics could suppress the apoptosis
of intestinal epithelial cells caused by inflammatory
bowel ranging behavior or diarrhea and that killed
bacterial cells did not have such suppressive effects
(Yan and Polk, 2002). Thus, if L. paracasei KW3110
strain possesses activities as a probiotic, it is expected
that the strain can exert anti-allergic activities not only
as a biogenic but also through improvement of the
conditions of intestinal flora.

In the present study, we tried to address the mecha-
nisms of the anti-allergic effect of L. paracasei KW3110
by examining whether the strain can improve the intes-
tinal flora as a probiotic. We firstly examined acid and
bile acid resistance, and adherence property to gut
epithelial cells of L. paracasei KW3110. Then, we car-
ried out an oral administration study of L. paracasei
KW3110 in healthy Japanese adult volunteers; by ana-
lyzing intestinal flora with time, we have studied the in
vivo disposition of L. paracasei KW3110 in the gastro-
intestinal tract and the effect of the KW3110-intake on
the conditions of intestinal flora.

Materials and Methods
Bacterial strains. Twenty strains of Lactobacillus

paracasei and 7 strains of L. acidophilus, 4 strains of
L. jonsonii, 3 strains of L. gaserri, and 1 strain each of
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L. delbrueckii subsp. bulgaricus, L. casei, L. brevis, L.
helveticus, L. hilgardii, L. plantarum, Leuconostoc
mesenteroides, and Streptococcus thermophilus were
collected from our own laboratory collection. The lac-
tic acid bacteria were grown in de Man, Rogosa, and
Sharpe (MRS) broth (Oxoid, Adelaide, Austraria) at 30
or 37°C.

Survival of lactic acid bacteria at low pH. Cultures
were grown by measuring optical density at 600 nm
(ODgy) to logarithmic phase (ODgy,=0.5-1.0) and
were harvested by centrifugation. The harvested cells
were adjusted to ODg,,=0.5 with phosphate-saline-
buffer (PBS, pH 6.5). Cell suspension was diluted 10
times with acidic MRS medium which was adjusted to
pH 3.0 with HCI. The mixtures were incubated at 37°C
for 3 h. pH tolerance of the cells was determined by
counting the viable cells enumerated on MRS medium
agar plates after 48 h incubation.

Tolerance against bile. Pre cultures were grown
overnight in MRS media, then inoculated to 10° cells/
ml to the new MRS media containing 2.0% bile salts
(Oxoid No. L55, Oxoid). The inoculated cultures were
grown for 24 h and cell growth was monitored with
Bioplotter (Oriental Instrument, Tokyo) by measuring
optical density at 630 nm (ODgy,) every 1 h. Tolerance
to the bile acids was determined according to the final
ODeso-

Adherence to intestinal cells. Enterocyte-like Caco-
2 cell line was cultured as previously described (Co-
connier et al., 2000). Briefly, cells were seeded on the
slide glass in the 6-well plates at the concentration of
1.4 X 10* cells/cm?, and grown in Dulbecco’s modified
Eagle’s medium (DMEM, 25 mm glucose) supplement-
ed with 20% (Caco-2) or 10% (HT29) inactivated fetal
calf serum, and 1% nonessential amino acids. Cells
were maintained at 37°C in a 10% CO,-90% air atmos-
phere.

The adherence assay of bacteria to Caco-2 cells
was examined as followings. Caco-2 cells were washed
three times with the DMEM medium. Bacteria cells
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were cultivated for 48 h and washed with phosphate-
buffered saline (PBS, without Ca) and suspended into
the same buffer at the concentration of ODg,,=0.7.
This suspension (2 ml) was added to each well of the
tissue culture plate, and the plates were incubated at
37°C in 10% CO,-90% air. After 1 h of incubation, the
layers were washed three times with DMEM media,
fixed with methanol at 4°C for 30 min, and stained with
Gram stain. The number of adherent bacteria was
counted in four independent areas.

Human oral administration test of L. paracasei
KW3110. The following human oral administration
test L. paracasei KW3110 was conducted in accord-
ance with the Declaration of Helsinki and was ap-
proved by Ethics Committee of Kirin Brewery Co., Ltd.
and the Ethics Committee of Showa Women’s Univer-
sity.

The yogurt-style test food (KW-yogurt) was manu-
factured so as to contain 90.1 kcal energy, 3.5 g pro-
tein, 3.1 g lipid, 12.2 g carbohydrate, 51.0 mg sodium,
and 1096 cells of L. paracasei KW3110 strain per 100
g KW-yogurt.

Nine healthy subjects (2 male and 7 female, mean
age 27.1£6.8 years, mean BMI 21.6+1.9) participat-
ed in this study. The inclusion criterion was general
good health. Exclusion criteria were treatment with a
prescribed medicine, intolerance of milk products,
heavy constipation, and diarrhea.

The experimental design is illustrated in Fig. 1. The
total test period was 28 days and the subjects were
prohibited to take other dairy foods, oligosaccharides,
and dietary fibers during the test period. After a 1-week
observation period (from Day —7 to —1), subjects start-
ed to consume 100 g KW-yogurt every day for a week
(100 g-intake period, from Day 0 to 6). Subjects were
then asked to stop taking KW-yogurt for a week (Rest
period, from Day 7 to Day 13) and restarted the 10 g
yogurt intake every day for a further week (10 g-intake
period, from Day 14 to 20). A daily questionnaire on
the following matters was used to monitor the condi-

YVYV VVYY

Day -7-6-5-4-3-2-101 234567 8 91011121314151617181920

Observation period 100g—intake perm Rest period

10g—intake period

<

»

food intake, health status and fecal condition record

Fig. 1.

Experimental procedure of oral administration test of L. paracasei KW3110.

Each period is indicated by an arrow. Filled triangles indicate the day of sampling.
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tion of the subjects: their daily diet, the frequency and
the amount of defecation, the need for clinical medi-
cine, and their general health conditions. All subjects
had a clinical interview before and after the test. No
subject failed to finish the test schedule and no harm-
ful effects were observed during the test period.

Microflora analysis. All subjects underwent fecal
sampling once a day, if they were able to produce a
sample. Fecal samples were anaerobically stored us-
ing Anaero Packs (Mitsubishi Gas Chemical Co., To-
kyo) at 4°C, and subjected to microflora analysis within
24 h according to the previously described method
(Nakamura et al., 2001) with the following modifica-
tion.

Fecal samples were thoroughly mixed and sus-
pended in saline containing 0.09% agar. Samples were
stepwise diluted and plated onto the plates. EG agar
plates and BL agar plates were used for enumerating
total anaerobic bacteria. TS agar plates, TOS-propi-
onate agar plates, and LBS agar plates were used for
enumerating total aerobic bacteria, bifidobacteria, and
lactobacilli. The enumerated colonies after 48 h culti-
vation were counted and were represented in colony
forming units (cfu). The number of total bacteria was
indicated as the sum of total anaerobic bacteria and
total aerobic bacteria. The presence of a L. paracasei
colony on an LBS plate was firstly determined by the
colony morphology and was confirmed by sequenc-
ing the 16S rRNA gene.

DNA extraction and quantitative PCR analysis. Fecal
samples were suspended in 2 ml extraction buffer (100
mm Tris-HCI, 50 mm EDTA, pH 9.0) and washed three
times with this buffer. DNA extraction was performed
using a Fast DNA SPIN Kit for soil (Qbiogen, California,
USA) according to the manufacturer’s instructions.
The purified DNA samples were subjected to quantita-
tive PCR analysis (Qt-PCR) to determine the number of
bacteria using a Light Cycler (Roche Diagnostics, Ba-
sel, Switzerland). Amplifications of the 16S rRNA gene
were performed with the SYBR Premix Ex Tag™ (Ta-
KaRa, Tokyo) containing 0.2 um of each primer and 0.1
ug/ul BSA.

For bifidobacteria quantification, g-Bifid-F: 5’-CTC-
CTGGAAACGGGTGG-3’ and g-Bifid-R: 5’-GGTGT-
TCTTCCCGAATCTAA-3" (Matsuki et al., 2002) were
used as primers and Bifidobacterium longum JCM1217
was used as the standard strain. For lactobacilli quan-
tification, LactoF: 5’-TGGAAACAGRTGCTAATACCG-3’
and LactoR: 5’-CCATTGTGGAAGATTCCC-3’ (Jack-
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son et al., 2002) were used as primers and L. gasseri
JCM1131 was used as the standard strain. For L. para-
casei quantification, PARA: 5-CACCGAGATTCAA-
CATGG-3’ and Y2: 5'-CCCACTGCTGCCTCCCGTAG-
GAGT-3" (Ward and Timmins, 1999) were used as
primers and L. paracasei KW3110 was used as the
standard strain. The standard strains were cultivated
to the stationary phase and harvested. Cells were
washed twice with PBS. The cell-mixtures were stained
with DAPI to determine the cell numbers by micro-
scopic observation. Chromosomal DNA extracted from
the dilution series of the standard strains were used to
quantify the number of cells in fecal samples.

Statistical analysis. The number of total bacteria,
total anaeroba, total aeroba, bifidobacteria, lactoba-
cilli, L. paracasei, the counts of defecation, and the
amount of defecation level were statistically analyzed.
All the data during the 100 g-intake period and 10 g-
intake period were respectively compared to those of
observation period (Day —1) and that of rest period
(Day 13) using the Wilcoxon Matched-Pairs Signed-
Ranks Test. p<0.05 was considered to be significant
in all tests.

Results

In vitro evaluation of resistance property of KW3110 to
acid and bile acid

We performed in vitro experiments to evaluate pro-
biotic activities of L. paracasei KW3110. Previous re-
ports have described in vitro studies of probiotics (Ja-
cobsen et al., 1999; Liong and Shah, 2005; Prasad et
al., 1998). Figure 2 shows the results of acid resistance
test of the L. paracasei KW3110 and 14 type strains of
lactic acid bacteria. The most acid-resistant strain (L.
paracasei) showed a viability of more than 85% after 3
h exposure. The L. paracasei KW3110 also showed
high viability (approximately 70%). In contrast, the vi-
ability at 3 h was less than 0.01% for bacterial species
such as L. delbrueckii subs. bulgaricus and Strepto-
coccus thermophilus which are regularly used in mak-
ing dairy products.

Then, we evaluated the resistance to 2.0% bile acid
of the L. paracasei KW3110, a further 17 strains of L.
paracasei, 6 strains of L. acidophilus, 4 strains of L.
Jjonsonii, and 3 strains of L. gasseri (Fig. 3). Among 17
strains of L. paracasei tested in the present study, 13
strains were able to grow during 24 h incubation
(ODgs0>>0.1) in the presence of bile acid, and 6 strains
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showed bile acid resistance equal or superior to lactic
acid bacteria such as L. gasseri, L. jonsonii, and L.
acidophilus which can be found in the intestine in high
numbers. Among the bile acid-resistant lactic acid
bacteria, the L. paracasei KW3110 was one of the most
resistant strains to bile acid. This suggested that this
strain was highly capable of growing in the enteric en-
vironment.

L.paracasei
L.brevis
L.hilgardi
L.jonsonii
L.gasseri
KW3110
L.casei
L.acidophilus
L.plantarum
L.helveticus
L.delbrueckii
L.meseteroides
L.delb.bulgaricus.
S.thermophilus

80 100 120
Survival ratio (%)

0 20 40 60

Fig. 2. Acid tolerance of type strain of lactic acid bacteria
and L. paracasei KW3110.

Thirteen type-strains of lactic acid bacteria and L. paraca-
sei KW3110 were subjected to an acid tolerance test. Cells
were suspended in MRS medium adjusted to pH 3.0 and
were incubated at 37°C for 3 h. Tolerance to pH was deter-

mined by counting the viable cells enumerated on MRS agar
plates after 48 h incubation.
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To further study the survival properties of L. paraca-
sei KW3110 under conditions similar to the gastroin-
testinal tract, we examined whether the strain was via-
ble in sequential exposure to artificial stomach fluid
and artificial intestinal fluid (data not shown). MRS me-
dium (pH 3.0 and 2.5) containing 0.04% pepsin was
used as artificial stomach fluid. L. paracasei KW3110
was highly viable in the artificial stomach fluid of pH
3.0. In contrast, the number of the bacteria decreased
to a level of 10* cells in the artificial stomach fluid at pH
2.5. Thus, L. paracasei KW3110 that was treated with
the artificial stomach fluid at pH 3.0 for 2 h was inocu-
lated to artificial intestinal fluid containing 0.01%
trypsin, 0.01% pancreatin, and then cultivated in MRS
medium containing 0.1-2.0% bile acid to monitor the
growth. As a result, the L. paracasei KW3110 strain
was viable in the fluid at any tested concentration of
bile acid. This further suggests that L. paracasei
KW3110 is viable in the enteric environment.

In vitro adherence activity of L. paracasei KW3110 to
the intestinal epithelial cells

Table 1 shows the results of adhesion studies of the
L. paracasei KW3110, L. acidophilus, L. gasseri, L.
jonsonii, and L. paracasei onto human large intestine-
derived cell lines, Caco-2 and HT-29. It has been sug-
gested that the adhesive activity to the epithelial cells
may help bacterial colonization in the gut. Our results
showed that the average of adhesive activity of enteric
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Fig. 3. Bile tolerance of lactic acid bacteria.

Sixteen L. paracasei strains (solid columns), 7 L. acidophilus strains (hatched
columns), 4 L. jonsonii strains (dotted columns), and 3 L. gasseri strains (horizon-
tal lined columns) were subjected to the bile tolerance test. Cells were cultured in
MRS medium containing 2.0% oxygall (Oxoid). The tolerance was determined by
measuring ODg;, after 24 h cultivation. *L. paracasei KW3110.
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lactic acid bacteria such as L. acidophilus, L. gasseri,
and L. jonsonii to Caco-2 was higher than that of L.
paracasei. However, considerable variation was ob-
served among the strains in the same species. Some
strains of L. acidophilus and L. jonsonii showed very
high adhesive activities to Caco-2 cells (>1,000 cells/
50 Caco-2 cells), but some showed low adhesive ac-
tivities (<100 cells/50 Caco-2 cells). Interestingly, L.
paracasei KW3110 showed exceptionally higher adhe-
sive property (193 cells/50 Caco-2 cells) than the other
strain of L. paracasei tested (15+10 cells/50 Caco-2
cells). We also performed an additional experiment us-
ing HT29 to compare the adhesive activity of the
KW3110 strain and 8 other strains of L. paracasei.
Again, L. paracasei KW3110 showed higher adhesive
activity (208 cells/50 HT29 cells) than the other strains
of L. paracasei tested (57£35 cells/50 HT29 cells).
These results suggested that L. paracasei KW3110
would be able to strongly adhere to the epithelial cells
and colonize for a longer period than the other L. pa-
racasei strains.

Oral administration of L. paracasei KW3110 to human
subjects

The results of the in vitro studies suggested that L.
paracasei KW3110 can pass through the upper gas-
trointestinal tract and reach the lower gastrointestinal
tract where it can colonize. It was also suggested that
the strain had higher adhesive property to epithelial
cells in the lower gastrointestinal tract than the other
strains of L. paracasei tested. To confirm these find-
ings, we performed an oral administration study of L.
paracasei KW3110 on human subjects according to
the scheme shown in Fig. 1. Table 2 shows the aver-
age number of L. paracasei in the fecal samples of the
subjects, which was determined by the cultivation
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method. Figure 4 shows the number of bacteria in
each subject, which was determined by the Qt-PCR
method. The cultivation method was applied to all the
9 subjects, and the Qt-PCR method was applied to
only 6 subjects.

Initial number of L. paracasei in the subjects was
determined on the day previous to L. paracasei
KW3110 administration (Day —1); only one subject out
of 9 was detected with L. paracasei while the level was
very low (102 cfu/g feces). Six subjects who had not
been detected with L. paracasei were further exam-
ined by the Qt-PCR method; nevertheless, the number
of the bacteria was below the detection limit (<108
cells/g feces).

Upon starting intake of 100 g of KW-yogurt, L. para-
casei became detectable in the feces as early as on
the first day of administration in 7 subjects out of 9.
Throughout the 100 g-intake period, the level of L. pa-
racasei stayed very high (106767 cfu/g and 1080791
cells/g based on the cultivation method and the Qt-
PCR method, respectively).

After 6 days of the 100 g-intake period, the subjects
stopped taking yogurt (rest period) to wash out the L.
paracasei KW3110. At the end of rest period (Day 13),
the number of residual L. paracasei was determined
by the cultivation and Qt-PCR methods. The cultivation
method showed that the L. paracasei was washed out
to a level less than 10% cfu/g in 8 subjects out of 9,
while there were still 103 cfu/g detected in one sub-
ject (data not shown). This result was also supported
by the Qt-PCR method. L. paracasei was washed out
to a level below the detection limit in 3 subjects out of
6, while there was still 10*4753 cells/g detected in the
other 3 subjects (Fig. 4). These results suggest that L.
paracasei KW3110 can colonize stably in the human
intestine for a week.

Table 1. Adhesion properties of lactobacilli to Caco-2 cells.
) No. of tested  Average? )

Strains strains (st djv.) Max? Min@
L. acidophilus 8 564 (728) 1,868 36
L. gasseri 9 590 (271) 1,138 229
L. jonsonii 6 274 (163) 430 128
L. paracasei 19 15 (10) 39 3
L. paracaseib 8 57 (35) 125 19
KW3110 193
KW3110° 1 208

@Number of adhering lactobacilli to 50 epithelial cells.

badhesion properties to HT29 cells.
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Table 2. Enumeration of bacteria during the oral-administration test periods.

Day -1 0 2 3 4 5
Total Bacteria 10.49+0.24 10.52+0.24 10.67+0.13 10.67+0.22 10.49+0.26 10.47+0.39
Total Anaerobes 10.48+0.24 10.52+0.24 10.67+0.13 10.67+0.22 10.48+0.26 10.46+0.39
Total Aerobes 7.71%+0.83 7.98+0.68 4.81+5.39 7.65+0.93 5.95+3.15 7.62+0.58
Bifidobacteria 9.81+0.31 9.82+0.36 10.28+0.09 10.06+0.26" 9.88+0.36 9.90+0.52
Lactobacilli 4.83+1.44 6.44+1.32" 6.80+0.28 6.74+1.11" 6.57+0.89" 6.62+0.92"
L. paracasei 0.29+0.87 4.63+3.50" 3.96+3.74" 6.74+1.11" 6.00+2.45" 6.46+1.37"

Day 13 14 15 17 18 19
Total Bacteria 10.53+0.25 10.63+0.29 10.68+0.21 10.62+0.32 10.44+0.32 10.50+0.25
Total Anaerobes 10.52+0.25 10.58+0.31 10.67+0.22 10.60+0.35 10.47+0.29 10.49+0.25
Total Aerobes 8.26+0.73 8.07+0.61 7.88+0.88 8.07+0.71 7.88+1.00 7.91+1.03
Bifidobacteria 9.80+0.37 9.86+0.36 10.11%0.23 9.93+0.51 9.90+0.24 9.93+0.11
Lactobacilli 4.09+0.99 5.33+1.08" 5.63+1.13 584+1.85"  6.10+1.16" 5.42+0.68
L. paracasei 0.34+0.38 1.07£1.19 3.36+3.84 3.11+2.68 3.78+4.20"  355+4.14

*Significantly different compared with Day —1 (p<0.05).
**Significantly different compared with Day 13 (p<0.05).

1

(-]

Log10 cells/g feces
-l

(3]

-101 2345678 91011121314151617 1819
Day

Fig. 4. Enumeration of L. paracasei KW3110 in fecal sam-
ples during the oral-administration test period.

Fecal samples from 6 subjects were subjected to Qt-PCR to
determine the number of cells of L. paracasei KW3110. Subject
1: (open diamonds), subject 2: (filled squares), subject 3: (filled
triangles), subject 4: (open circles), subject 5: (filled circles),
subject 6: (open squares). The detection limit of the Qt-PCR
method was 3.0 log,, cells/g feces.

Upon restarting the administration of 10 g of KW-
yogurt, L. paracasei KW3110 was able to be detected
in 8 out of 9 subjects again, though the level varied
quite widely among the individual (10%%777 cfu/g). By
the Qt-PCR methods, 109587 cells/g of bacteria was
detected in all 6 subjects, during 10 g-intake period.
Interestingly, the number of L. paracasei KW3110 of
subject 3 was 10 times less than those of the other
subjects. It is likely that the number of the L. paracasei
KW3110 in the gut was dependent on host-related fac-
tors as well as the amount of intake.

The effect of L. paracasei KW 3110 on the profiles gut
flora

Table 2 shows the profiles of the average numbers
of total bacteria, total anaerobes, total aerobes, bifido-
bacteria, and lactobacilli, which were determined by
the cultivation method. Figure 5 also shows the time
courses of the average numbers of bifidobacteria and
lactobacilli, which were determined by the cultivation
method and the Qt-PCR method using 16S rRNA-tar-
geted primers. There were no substantial changes in
the numbers of total bacteria or total anaerobes
throughout the experimental period. The cultivation
method showed that the average number of bifidobac-
teria was 1098+03 cfu/g before administration (Day —1
and Day 13). It was elevated to 1099%93 cfu/g during
the 100 g-intake period (Day 0 to Day 5). Significant
difference was observed between the number of bifi-
dobacteria on Day 3 or Day 5 of the 100 g-intake peri-
od and that on Day —1. The number of bifidobacteria
also increased to 10%9%93 cfu/g cells during the 10 g-
intake period (Day 14 to Day 19); however, no signifi-
cant difference was observed during this period. The
results obtained with the Qt-PCR method were almost
the same as those obtained with the cultivation meth-
od (Fig. 5A).

The cultivation method also showed that the aver-
age number of lactobacilli was greatly increased by
the intake of KW-yogurt. It was 10*8*"4 cfu/g in the
observation period and was elevated to around
1086+1.0 ¢fu/g during the 100 g-intake period. The sta-
tistical analysis suggested that the number of lactoba-
cilli on Day 0, Day 3, Day 4, and Day 5 of the 100 g-
intake period were significantly different from that on
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Day —1. Then, the average number plunged to 1041*1.0
cfu/g in the rest period followed by re-elevation to
around 10%4*15 cfu/g during the subsequent 10 g-in-
take period. Again, the number of lactobacilli on Day
14, Day 17, and Day 18 was significantly increased
compared to Day 13.

These results were also supported by the Qt-PCR
method. Significant increase of lactobacilli was ob-
served on Day 0, Day 3, and Day 5 of the 100 g-intake
period and on the Day 18 of 10 g-intake period (Fig.
5B). Surprisingly, the number of lactobacilli measured
by Qt-PCR was much higher than that measured by
the cultivation method throughout the experimental
period. The greatest differences between the results of
the two methods were observed on Day —1 and Day
13 (>100-fold) and the difference during the KW-in-
take period was smaller (almost 10-fold).

These data suggested that most lactobacilli detect-
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Fig. 5. Enumeration of bifidobacteria and lactobacilli in fecal
samples during the oral-administration test period.

(A) Enumeration of bifidobacteria. (B) Enumeration of lacto-
bacilli. Open circles indicate the data obtained by the cultivation
method from 9 subjects (log,, cfu/g feces). Open rectangles
indicate the data obtained by the Qt-PCR method from 7 sub-
jects (logy, cells/g feces). The detection limits of the Qt-PCR
method and cultivation method were 3.0 log,, cells/g feces.
Data are shown as the mean*+S.D. *p<0.05 compared with
Day —1. **p<0.05 compared with Day 13.
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ed by Qt-PCR on Day —1 and Day 13 were not able to
form a colony on an LBS plate. It is likely that most of
the lactobacilli got damaged or died in the gut and
were unable to form a colony on an acidic LBS plate
(pH 5.5). Some reports have shown that the mem-
brane-ATPase activity is important for bacteria to sur-
vive under acidic conditions, and is easily damaged by
some chemical treatments (Bender and Marquis, 1987;
Sturr and Marquis, 1992). Our data strongly suggested
that the number of the undamaged lactobacilli in the
gut was significantly increased by the intake of 10 g of
KW-yogurt.

Discussion

As shown above, the present study revealed that L.
paracasei KW3110 has potential as a probiotic to im-
prove the microflora. The results of in vitro studies in-
dicated that L. paracasei KW3110 was resistant to acid
and that it was able to grow in the presence of bile
acid. Our in vivo study using human subjects strongly
suggested that L. paracasei KW3110 was resistant to
gastric juice in the upper gut-intestinal tract and
reached the lower gut-intestinal tract alive. The num-
ber of undamaged lactobacilli and bifidobacteria mea-
sured by the cultivation method was significantly in-
creased after the KW3110-intake. In addition, according
to the results of the questionnaire for the participants
of this study, there was a tendency, not significant for
the frequency of daily defecation and the fecal amount
to increase (data not shown). Taken together, con-
sumption of L. paracasei KW3110 is likely to improve
bowel movements through stimulating the growth and
activity of bifidobacteria and lactobacilli as was report-
ed in the studies with other strains of lactic acid bacte-
ria (Tuohy et al., 2007; Yamano et al., 2006).

It is very interesting that L. paracasei KW3110
showed a high adhesive activity to the human epithe-
lial cell line Caco-2, and HT29 as a strain of L. paraca-
sei. There are many in vitro studies of bacterial adhe-
sion to the intestinal tract. In these reports, several cell
surface proteins such as MapA protein of L. reuteri
(Miyoshi et al., 2006), CbsA protein of L. crispatus (Sil-
lanpaa et al., 2000) and EF-Tu of L. jonsonii (Granato
et al., 2004) were found as important factors that were
involved in adhesion to the intestinal tract. The genom-
ic sequences of L. casei ATCC334 strain, which have
been found recently, contain the sequence of the EF-
Tu factor. However, another report has demonstrated
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that cell surface-associated lipoteichoic acid (LTA) is
the determinant of the adhesive property of L. jonsonii
to Caco-2 cells (Granato et al., 1999). Further studies
using microarray and/or deletion mutant of those
genes would elucidate whether the adhesive property
of L. paracasei KW3110 to the intestinal tract is medi-
ated by protein factors such as EF-Tu or by LTA.

In the study using human subjects, we showed that
L. paracasei KW3110 stayed in the intestinal tract even
1 week after the termination of intake (Fig. 4). Further-
more, in our preliminary study of oral administration of
L. paracasei KW3110 to rats, we found that this strain
stayed in the intestinal tract for a longer period than
did other strains of L. paracasei (data not shown) after
the termination of the administration. Schultz has re-
ported that, following oral administration of L. rhamno-
sus GG strain to pregnant women, the strain was elim-
inated from the maternal feces within 1 week whereas
a stable inhabitation was observed in the babies over
several months (Schuliz et al., 2004). Taken together, it
is likely that the L. paracasei KW3110 strain can stay in
the intestine for a similar or longer period than L. rham-
nosus GG. Though more studies are necessary to ad-
dress the anti-allergic mechanism, it is likely that this
good-colonizing property of L. paracasei KW3110 in
the human gut may positively affect the anti-allergic
effect of this strain in vivo. It has been reported that the
administration of the L. rhamnosus GG strain to preg-
nant women resulted in reduction of the incidence of
allergy development in the newborn babies (Kallioma-
ki et al., 2001, 2007). In the future, administration tests
of L. paracasei KW3110 to pregnant woman might be
interesting to determine whether this strain is useful to
alleviate the development of allergic diseases such as
dermatoid in newborn babies.
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