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Lactobacillus pentosus S-PT84 and Rubus
suavissimus leaf extract suppress
lipopolysaccharide-induced gut
permeability and egg allergen uptake
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Abstract

Increased gut permeability facilitates the uptake of food allergens into the bloodstream and triggers allergenic
reactions. The present study aimed to evaluate the effect of Lactobacillus pentosus S-PT84 (S-PT84) and Rubus
suavissimus leaf extract (RSLE) against egg ovomucoid (OVM)-uptake in lipopolysaccharide (LPS)-induced increased
gut-permeability mice model of food allergy. Six-eight weeks old, female C57BL6 mice were continuously fed with
LPS (300 μg/kg BW), for 3 months to increase gut permeability. Reduction in the expression of sealing claudin-4,
increase in the expression of pore-forming claudin-2, and increase in D-mannitol absorption into the blood plasma
in the LPS treated groups suggested the increase in gut permeability after LPS treatment. The oral administration of
major egg allergen, OVM, after LPS intervention, significantly increased the plasma mast cell protease-1 and OVM-
specific IgE compared to the negative control group. These results indicated that continuous LPS intervention
developed OVM-induced food allergy. However, both the treatment of S-PT84 and RSLE suppressed the claudin-2
expression and the gut permeability induced by LPS. Furthermore, S-PT84 and RSLE treatment also reduced the
plasma mast cell protease-1 and OVM-specific IgE, indicating the potential beneficial effect against LPS intervention
developed OVM-induced food allergy. These findings suggest that S-PT84 and RSLE ameliorated LPS induced gut
permeability and food allergic reactions.
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Introduction
Intestinal epithelial cells tightly bind to the neighboring
cells and forms tight junctions (TJs), TJs primarily acts as
a barrier between the luminal environment of the gastro-
intestinal tract, and the internal environment of the body,
the bloodstream (Furuse 2010). TJs also selectively absorbs
and secretes nutrients, solutes, and water-soluble mole-
cules across the barrier. The TJs in the intestinal surface
also acts as a protective barrier for pathogens, toxins, and
allergens. Proteins (claudins (Cld), ZO proteins, occludin,
and tricellulin) present in the TJs have dynamic structure
and actively remodeled during a variety of conditions of

the intestine (Furuse 2010; Garcia-Hernandez et al. 2017).
Cld-1, -2, -3, -4, -5, -8, -9, -10, -11, -12, -13, -14, -15, -17,
and -18 are detected in mouse intestine using reverse
transcriptase PCR. Among of them, Cld-2, 3, 7, and 15 are
highly expressed in the intestine. Almost all Clds serves
sealing, while Cld-2 and -15 make channels for ion and
water transport. Therefore, increase of leaky Cld-2 and
-15 in tight junction elevates intestinal permeability. Dis-
turbance of the expression of tight junction related protein
causes leaky gut condition.
It has been reported that various factors such as stresses,

diet, dysbiosis, and drugs increase gut permeability (Ukena
et al. 2007; Zhang et al. 2011; Singh et al. 2017; Cho & Song
2018). There is a possibility that a significant increase in the
intestinal permeability occurs without any subjective symp-
toms. Increasing intestinal permeability, toxins, antigens,
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and bacteria could enter the bloodstream (Mu et al. 2017).
These molecules are generally blocked by the intestinal bar-
rier to enter the bloodstream. If these molecules enter the
bloodstream, they become antigens resulting in an allergic
response. Increased gut permeability could be one of the
risk factors of possible food allergy.
Lipopolysaccharide (LPS) is a major inflammatory mol-

ecule exist in Gram-negative bacterium. LPS binds to toll
like receptor-4 (TLR-4) and activates signaling pathway of
inflammation (Lu et al. 2008), inhibiting proliferation, and
inducing apoptosis Lgr5+ intestinal stem cell (Neal et al.
2012). Recently, Wassenaar and Zimmermann summa-
rized about LPS in food, food supplements, and probiotics
(Wassenaar & Zimmermann 2018). Large number of Gram-
negative bacteria exists in colon and produces LPS. Their es-
timate amount of LPS is between 2 and 50mg in human
colon. However, the colonic LPS is not harmful, as it does
not reach cell surface due to the presence of mucus layer.
Orally administrated LPS seems to be also nontoxic, because
the amount is too small compared to that derived from bac-
teria in the colon.
Since abnormal intestinal inflammation is a key event of

the gut barrier disturbance, anti-inflammatory molecule
could prevent the impaired barrier function. It has been
reported that different food-derived phytochemicals sup-
press inflammatory responses via modulating the Nuclear
Factor kappa B (NF-κB) signaling pathway and inhibiting
the production of pro-inflammatory cytokines (Andrade
& Valentão 2018). Among the phytochemicals, tea-
polyphenols such as catechin and the derivatives are rec-
ognized for their anti-inflammatory activity. Excess pro-
duction of reactive oxygen species also promotes
inflammation through increased production of pro-
inflammatory cytokines. Anti-oxidative effects of phyto-
chemicals are also expected to exhibit anti-inflammatory
effects. Catechin could exhibit potent anti-oxidative effect
and regulate vital signaling pathways of inflammation (Oz
2017). Trilobatin identified in Rubus suavissimus leaf ex-
tract (RSLE) is one of the flavonoids and attenuates LPS-
mediated inflammatory response via suppression of NF-κB
signaling pathway in RAW 264.7 macrophage (Fan et al.
2015). Moreover, it is well known that the dysbiosis of gut
microbiota is closely related to chronic inflammation-
related diseases (Tsai et al. 2019). Earlier studies have dem-
onstrated that intervention of probiotics and prebiotics
could also provide health beneficial effect against chronic
inflammation-related diseases by improving the bacterial
dysbiosis or by producing short chain fatty acids (Ríos-
Covián et al. 2016; Liu et al. 2018). Maekawa et al. (2016)
reported that heat killed Lactobacillus pentosus S-PT84 (S-
PT84) suppresses gastric inflammation in a murine gastro-
intestinal candidiasis model.
Therefore, in the present study, we evaluated the effect

of continuous oral administration of LPS in modulating

gut permeability, and the potential risk of increase in al-
lergen uptake, resulting in food allergy. The effects of S-
PT84 and RSLE on the intestinal barrier disturbance and
prevent allergic reaction were examined.

Material and methods
Chemicals and reagents
LPS isolated from Escherichia coli (E. coli) O111: B4 was
purchased from Sigma (Oakville, ON, Canada). Ovomu-
coid (78%) was purchased from Neova Technologies (Ab-
botsford BC, Canada). Stock LPS solution (150 μg/mL) was
prepared in autoclaved water and kept at − 20 °C for fur-
ther usage. D-mannitol was purchased from Sigma. RSLE
and S-PT84 were provided from Marugen Pharmacy (Oka-
yama, Japan) and Suntory Wellness Ltd. (Kyoto, Japan) re-
spectively. S-PT84 was cultivated in a medium containing
glucose and yeast extract (AromildTM, SK yeast extract
Hi-K) at 37 °C for 24 h. Cultured bacteria were collected by
centrifugation at 9190 x g for 5min, washed twice with
sterile saline and once with distilled water, and heat-killed
at 95 °C for 5min. S-PT84 was lyophilized and then used
in this study. Experimental foods containing S-PT84 were
prepared by ENVIGO (Madison, WI). Low dose (0.06% w/
w) and high dose (0.6% w/w) were supplemented as show
in Additional file 1: Table S1. The RSLE used in the
present study contains 30.1% polyphenol and 7.0% glucose
oxidase type polyphenol. Through the chromatography
analysis, the gallic acid (GA) (peak1) (1659.0 ± 142.5mg/
100 g DW), ellagic acid (EGA) (peak2) (4622.7 ± 142.0mg/
100 g DW), and rubusoside (RUB) (peak3) (333.0 ± 67.7
mg/100 g DW) were mainly identified in RSLE as shown in
Additional file 2: Figure S1. Low dose-(0.5%) and high
dose-RSLE (1.0%) containing drinking water were fleshly
prepared every day during the study.

Animal experiment
Seventy-two female C57BL6 mice (6–8 weeks, 18–20 g)
were purchased from Charles River Laboratories (Montreal,
QC). Mice were housed on a 12 h light/dark cycle and per-
mitted ad libitum access to water and normal chew or ex-
perimental diet. Summary of animal experiment was
shown in Fig. 1 and diet formulation for PT-84 was shown
in Additional file 1: Table S1. Mice were randomly divided
into 6 groups (n = 12 mice/group). Mice were treated with
experimental diets for 2 weeks before LPS feeding. LPS
(1.5 μg/mL) containing water was prepared using stock
LPS solution. The water changed twice every week. Com-
bination of drinking water and food was as follow: water
and control diet in negative control group (NC); LPS water
and control diet in LPS group (LPS); LPS water and 0.06%
S-PT84 in LPS-probiotic low dose group (LPS-BL); LPS
water and 0.6% S-PT84 in LPS-probiotic high dose group
(LPS-BH); LPS-0.5% RSLE water and control diet in LPS-
tea extract low dose group (LPS-TL); LPS-1.0% RSLE water
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and control diet in LPS-tea extract high dose group (LPS-
TH). Mice in each group were divided into two following
subgroups OVM treat-subgroup and D-mannitol treat-
subgroup. In OVM treat-subgroup, mice were gavaged
with 0.2mL OVM solution (adjusted to 2.5mg/mouse) at
8, 9, 10 and 11 weeks. Then, at 13 weeks, mice were
gavaged with 0.2mL OVM solution (adjusted to 10mg/
mouse) and after 2 h, mice were sacrificed. In D-mannitol
treat-group, all mice were gavaged with 0.15mL D-
mannitol solution (0.6 g/kg BW D-mannitol) at 13 weeks,
and at 2 h after gavage, mice were sacrificed. All mice were
sacrificed in CO2 filled box, and blood was immediately
collected via cardiac puncture. The blood was transferred
into EDTA-tube and then centrifuged to obtain plasma.
Ileum was collected and transferred the tubes filled with
RNAlater Stabilization Solution (Thermo Fisher Scientific,
Mississauga, ON, Canada). The animal study was approved
by the University of Guelph Animal Care Committee and
was performed in accordance with the Guide to the Care
and Use of Experimental Animals from the Canadian
Council on Animal Care (Olfert et al. 2017). The Animal
Utilization Protocol (AUP) number for the animal study is
AUP e3502. The mice were housed in the Central Animal
Facility (CAF) at the University of Guelph (Guelph, ON) for
the duration of study.

Gut permeability
FITC-labelled OVM was prepared using NHS-
Fluorescein (Thermo Fisher Scientific) according to the
manufacturer’s instructions. Briefly, 78 mg NHS-FITC
dissolved in 78 μL DMSO added to 15mL OVM (20mg/
mL), 4.5 mL borate buffer (0.1 M, pH 8.5), and 2.2 mL
water and incubated for 2 h on ice. Then, the FITC-
labelled OVM was dialyzed in water (2 L) using dialysis

tube (Fisher brand Regenerated Cellulose Dialysis Tub-
ing, MWCO 6000–8000, Thermo Fisher Scientific) for
12 days in dark cold room, water changed twice every
day. The concentration of FITC-labelled OVM was mea-
sured using BCA Protein Assay (Thermo Fisher Scien-
tific). The protein concentration was 13mg/mL.
Absorbance of 280 nm and 493 nm were measured. La-
beling efficiency was calculated as follow: Labeling effi-
ciency = A493/εfluor x Abs280-(A493 x correction factor)
/ εprotein. Correction factor = 0.3, εfluor = 70,000, εprotein =
OVM extinction coefficients (10,065M− 1 cm− 1). As a
result, the labeling efficiency was 81.9%. At 8 and 11
weeks, 6 mice in all group were force fed 0.2 mL the
FITC-labelled OVM (adjusted to 2.5 mg/ mouse) instead
of non-labeled OVM. After 2 h, blood was collected
from saphenous vein and collected into EDTA tube to
prepare plasma sample. Fifty μL saturated ammonium
sulfate was added to 50 μL plasma and the sample was
stood for 20 min at room temperature. Pellet after cen-
trifuge (10,000 g for 5 min) was rinsed well in 50% am-
monium sulfate. The sample were centrifuged again (10,
000 g for 5 min), then the pellet was dissolved in 50 μL
water. Fluorescent intensity was measured using Synagy
HTX (excitation, 494 nm; emission, 518 nm; BioTek, Wi-
nooski, VT, USA). To make standard curve of plasma
OVM concentration, the fluorescent intensity was mea-
sured 50 μL FITC-labelled OVM (1.3, 13, 130, and 1300
ng/mL in mouse plasma) precipitated with 50% ammo-
nium sulfate as same method and measured the fluores-
cent intensity.
At the end point, 6 mice excepting OVM fed mice

were force fed 0.2 mL D-mannitol solution (adjusted to
14mg/mouse). After 2 h, blood was collected and plasma
was prepared to measure D-mannitol concentration

Fig. 1 Outline of the animal experiment design. Mice were divided into 6 groups (n = 12 mice/group). Mice were fed S-PT84 or RSLE for 13
weeks. LPS containing water (1.5 μg/mL) fed for 13 weeks excepting negative control group. The half of each group (n = 6) was fed ovomucoid
(OVM) 4 times at 8, 9, 10, and 11 weeks except negative group, respectively. At 13 weeks, the mice were challenged orally with OVM (10mg/
mouse). Two hour later mice were sacrificed for collection of blood. The other half of mice were (n = 6) fed D-mannitol at 8, 11 and 13 weeks,
and 2 h later of end point, mice were sacrificed for collection of blood and intestine
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using commercial kit (D-mannitol Colorimetric Assay
kit, Sigma-Aldrich, St. Louis, MO, USA).

Real time-PCR
Total RNA was extracted and purified using Aurum total
RNA Mini Kit (Bio-Rad, Mississauga, ON, Canada). Total
RNA concentration was determined using a NanoDrop
8000 (Thermo Fisher Scientific). Total RNA was reverse-
transcribed using Maxima First Strand cDNA Synthesis
Kit for RT-qPCR, with dsDNase (Thermo Fisher Scien-
tific). RT-PCR was done using MyiQ Real-Time PCR De-
tection Systems (Bio-Rad). A list of primer sequence was
shown in Additional file 3: Table S2. Relative gene expres-
sion was calculated using the 2-ΔΔCt method (Bookout &
Mangelsdorf 2003) using GAPDH as the reference gene.

ELISA
Plasma MCPT-1 concentration was measured using eBios-
cienc Mouse MCPT-1 (mMCP-1) ELISA Ready-SET-Go
Kit (Fisher Scientific) according to the manufacturer’s in-
structions. Total IgE and specific IgE in plasma was carried
out as previously described (Rupa & Mine 2012).

Statistical analysis
The data were expressed as mean ± SEM. Statistical ana-
lysis were done using JMP ver. 14 (SAS Institute Inc.,
Cary, NC). Significant difference was evaluated by un-
paired Student’s t-test. Differences were considered sig-
nificant if p-value< 0.05.

Results
Body weight gain and food consumption during the
experiment period
LPS feeding slightly reduced the body weight, however,
did not achieve statistical differences (Table 1). The end
point of body weight of LPS-BL and LPS-BH groups
were significantly high compared to LPS group. Food ef-
ficiency of LPS group was lower than that of NC group,
but there was no significant difference. LPS-BL, LPS-BH,
LPS-TL, LPS-TH, and LPS-BL group showed high food
efficiency compared to LPS group.

Measurements of gut permeability
We evaluated the uptake of OVM into the blood stream at
8 and 11weeks after LPS intervention. The detection limit
of a commercial ELISA kit (3.12–100 μg/mL) for OVM is
not sensitive enough to measure the OVM in the blood,
thus, we directly measured FITC-labelled OVM. In each
period, after 2 h FITC-labelled OVM (0.1mg/g of body
weight) gavage, blood was collected. Plasma OVM concen-
tration did not change among group at 8 weeks (Fig. 2a). At
11 weeks, maximum OVM concentration in NC group was
69 ng/mL, and the average of that was 29.6 ± 11.0 ng/mL
(Fig. 2b). The averages of OVM were 80.6 ± 44.5, 66.9 ±
25.8, 31.1 ± 14.0, 31.6 ± 19.6, and 38.9 ± 17.2 ng/mL in LPS,
LPS-BL, LPS-BH, LPS-TL, LPS-TH, and LPS-BL group, re-
spectively. There were significant differences in NC, LPS-
BH, LPS-TL, and LPS-TH versus LPS group. LPS feeding
seemed to increase gut permeability and RSLE and S-PT84
treatment suppressed its uptake. However, there were big
differences of OVM concentration in the same group. We
did not conclude LPS feeding for 11 weeks disturbed clearly
barrier integrity. At the end point of the experiment (13
week), the plasma D-mannitol concentration was measured
after 2 h oral gavage of D-mannitol (0.6mg/g of body
weight, Fig. 3). Each plasma D-mannitol concentration was
2.25 ± 0.21, 3.83 ± 0.44, 3.08 ± 0.48, 2.61 ± 0.24, 3.21 ± 0.17,
and 2.92 ± 0.12 μM in NC, LPS, LPS-BL, LPS-BH, LPS-TL,
LPS-TH, and LPS-BL group, respectively. LPS feeding sig-
nificantly increased plasma D-mannitol concentration by
1.7 times compared to NC group. Both RSLE and S-PT84
supplementation significantly reduced plasma D-mannitol
concentration in dose-dependent manner.

Expression of tight junction related genes and MCPT-1
gene
Owing to clear the mechanism of the effect of long term
LPS feeding on gut barrier function, we measured various
kind of Tj related genes in jejunum from mice that treated
with LPS or not (Additional file 4: Table S3). It’s seemed
that the only Cld-4 expression level was significantly re-
duced by LPS. The expression was reduced by 35% in LPS
group. Therefore, we focused the Cld-4 expression among
all groups (Fig. 4, n = 6). Decreasing expression of Cld-4
by LPS feeding was also found. The relative expression

Table 1 Body weights and food consumptions

Group (n) Initial BW (g) End point BW (g) Food consumption/day Food efficiencya

NC (12) 17.4 ± 0.2 23.4 ± 0.2 2.77 ± 0.15 23.9 ± 0.9

LPS (12) 17.3 ± 0.3 22.6 ± 0.3 2.82 ± 0.24 20.6 ± 1.6

LPS-BL (12) 16.7 ± 0.3 24.7 ± 0.6* 3.15 ± 0.15 29.5 ± 1.8*

LPS-BH (12) 16.5 ± 0.3 24.5 ± 0.6* 3.81 ± 0.27 23.0 ± 1.6

LPS-TL (12) 16.7 ± 0.4 22.7 ± 0.3 2.83 ± 0.03 23.5 ± 1.5

LPS-TH (12) 17.1 ± 0.4 23.3 ± 0.6 3.03 ± 0.15 22.6 ± 1.4

Data were presented as mean ± SEM; *p < 0.05, vs LPS); aincrease BW (μg) / food consumption (g)
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level was 0.49 ± 0.23. Only LPS-BL group (0.78 ± 0.12)
showed increase of the expression, but, LPS-BH (0.62 ±
0.06), LPS-TL (0.44 ± 0.15) and LPS-TH (0.28 ± 0.11)
group did not increase compared to LPS group. We also
compared Cld-2 expression among groups, which is typ-
ical of increasing gut permeability. As a result, the value of
NC and LPS group were 1.00 ± 019 and 1.97 ± 0.58, re-
spectively. LPS feeding slightly increased the Cld-2 expres-
sion by 2 times and the increase was significantly
suppressed in LPS-BL (0.58 ± 0.08), LPS-BH (0.63 ± 0.08),
LPS-TL (0.55 ± 0.11) and LPS-TH (0.55 ± 0.26) groups.

Allergic reactions
Total IgE concentration and relative specific IgE level
against OVM were measured using ELISA (Fig. 5a). Both
of them were increased by 1.6-fold in LPS group com-
pared to NC group. Total IgE concentration of each
group was 5.00 ± 1.16, 7.97 ± 0.71, 5.20 ± 0.35, 3.12 ±
1.44, 8.38 ± 1.28, and 5.42 ± 1.07 μg/mL in NC, LPS,
LPS-BL, LPS-BH, LPS-TL, LPS-TH, and LPS-BL group,
respectively. Specific IgE level of each group was 1.00 ±
0.03, 1.54 ± 0.20, 0.99 ± 0.03, 0.99 ± 0.02, 1.23 ± 0.15, and
1.09 ± 0.14 in NC, LPS, LPS-BL, LPS-BH, LPS-TL, LPS-
TH, and LPS-BL group, respectively. Total and specific
IgE increased in LPS group. There was significant differ-
ence between NC and LPS group in specific IgE. S-PT84
supplementation completely suppressed specific IgE pro-
duction. RSLE also suppressed specific IgE production in
dose-dependent manner. Evaluating allergic reaction by
OVM under the LPS feeding, we also measured blood
MCPT-1 level using ELISA (Fig. 5b). LPS feeding dra-
matically increased MCPT-1 concentration by 4.0-fold.
The increase was completely suppressed in LPS-BL and
LPS-BH. LPS-TL and LPS also suppressed the increase
by LPS, and the effect was dose-dependent.

Discussion
In the present study, we evaluated whether oral LPS
feeding increased gut permeability and triggered an al-
lergic reaction after oral OVM challenge. Wassenaar and
Zimmermann (2018) reported that ingested LPS is not
toxic because the LPS does not enter the bloodstream.
However, our results showed that oral administration of
LPS increased gut permeability, and triggered egg aller-
gic reaction by oral challenge of OVM.
We evaluated the gut permeability at 8 weeks and 11

weeks after starting LPS feeding. Eight weeks was not
enough to increase permeability in the present conditions.

Fig. 2 Detection of plasma OVM after OVM gavage. Mice in OVM group were force fed 0.2 mL the FITC-labelled OVM (adjusted to 2.5 mg/
mouse), 2 h later blood was collected from saphenous vein at 8 weeks (a) and 11 weeks (b) (n = 6). FITC-labelled OVM in plasma was precipitated
in 50% ammonium sulfate and redissolved in water. Fluorescent intensity of sample was measured using fluorescence microplate reader.
Differences between groups were considered significantly different when p < 0.05. *p < 0.05, relative to the LPS group

Fig. 3 Plasma D-mannitol concentration after D-mannitol gavage.
Mice in D-mannitol group were force fed 0.2 mL the D-mannitol
(adjusted to 10 mg/ mouse), 2 h later blood was collected from
heart at 13 weeks. The concentration of D-mannitol was determined
by a commercially kit. Differences between groups were considered
significantly different when p* < 0.05 and **p < 0.01, relative to the
LPS group
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After 11 weeks, LPS treatment increase the plasma OVM
concentration after oral challenge, but the results were
not identical for all the animals in the same group. At 13
weeks, orally gavage of D-mannitol was significantly high
as detected in the blood plasma. We concluded that dis-
turbance of the gut barrier integrity by LPS started after
11th week of treatment and atleast 13 the week of LPS
feeding may be required for the apparent increase of gut
permeability. Both S-PT84 and RSLE suppressed the in-
crease level of D-mannitol in a dose-dependent manner.
Thus, it was suggested that both the S-PT84 and RSLE
contributed in maintaining the gut barrier integrity at the
presence of LPS.
Craudin-4 is dominantly expressed in the ileum and be-

longs as sealing Cld (Garcia-Hernandez et al. 2017). It was
suggested that the decrease of Cld-4 by LPS was related to
the elevated intestinal permeability. S-PT84 seemed to
ameliorate the decrease of Cld-4 by LPS, but the differences
were not significant and did not show dose-dependency.
Moreover, RSLE also prevented impaired barrier function,
but Cld-4 expression was not influenced in LPS-TL and
LPS-TH groups. These results suggest that other molecules
cause the prevention of barrier disturbance by S-PT84 and
RSLE instead of Cld-4. It has been reported that Cld-2 is
highly expressed in leaky epithelia of gastrointestinal in-
flammation (Luettig et al. 2015). Craudin-2 forms channel
for cation and water within TJs (Garcia-Hernandez et al.
2017). Although Cld-2 cannot transport uncharged oligo-
mers such as D-mannitol and LPS, increase of Cld-2 in
tight junction could affect the pattern of tight junction
strand, resulting in barrier disturbance (Luettig et al. 2015;
Liu et al. 2013). Therefore, we also compared the Cld-2 ex-
pression among all groups. As a result, LPS slightly in-
creased Cld-2 expression and both S-PT84 and RSLE
suppressed the Cld-2 expression. We suspected that the in-
creasing of Cld-2 also related to barrier disturbance but also
decreasing of Cld-4. S-PT84 and RSLE may ameliorated the

increase of gut permeability via Cld-2 suppression. The
underlying protective mechanisms behind the beneficial ef-
fect of S-PT84 and RSLE not been fully explored in the
present study. However, the beneficial role may be observed
due to the impending anti-inflammatory activity of S-PT84
and RSLE or the potential role of S-PT84 and RSLE in
modulating the gut microbial community. Therefore, more
detailed experiment including protein level evaluations and
visualizing of close apposition of membranes using an elec-
tron microscope is required (Furuse 2010).
We hypothesized that the increase of gut permeability

triggered the allergic response. Specific IgE against OVM
and plasma MCPT-1 were significantly increased in LPS
feeding group. Plasma MCPT-1 level increase in intestinal
immune responses (Miller & Pemberton 2002). MCPT-1
is predominantly expressed in intestinal mucosal mast
cells, and the expression is induced and secreted in the in-
testinal allergic reaction (Newlands et al. 1987). Therefore,
the present results suggested LPS feeding had a potential
risk of food allergic reaction. S-PT84 and RSLE decreased
the specific IgE and MCPT-1 levels via suppressing of gut
permeability. Heat killed S-PT84 induces T helper type
1dominant state, and regulatory T cell activity in ovalbu-
min and alum administrated mice (Nonaka et al. 2008).
These results suggest S-PT84 suppresses Th2 effect re-
lated to IgE production. RSLE is also suspected of having
a suppressive effect of IgE production via NF-κB suppres-
sion (Fan et al. 2015). Therefore, we noted that the effect
of S-PT84 and RSLE on IgE production might be caused
by not only amelioration of gut inflammation but also
anti-allergic reactions.
We suggested that chronic oral LPS feeding increases

gut permeability and therefore increases the risk of food
allergy. These results were recognized in spite of using
the healthy and young mouse that is housed in experi-
mentally controlled environments. It has been reported
that gut permeability is increased by alcohol intake
(Schaffert et al. 2009; Cho & Song 2018) and high fat
diet (Singh et al. 2017). Gut permeability is also in-
creased in diabetes (Bosi et al. 2006; Cani et al. 2007).
These results indicate that increase gut permeability is
shown in many people. These people may be exposed by
risk of LPS. Recently, it has been reported that gut per-
meability is related to Alzheimer’s disease, systemic
lupus erythematosus, and allergic asthma (Obrenovich
2018; Costa et al. 2016; Mu et al. 2015; Farshchi et al.
2017). Therefore, reducing intestinal hyper permeability
could ameliorate not only food allergy but also other dis-
eases. Our research suggests that S-PT84 or RSLE could
have benefit for health as nutraceuticals.

Conclusions
Gut inflammation caused by LPS derived from Escheri-
chia coli increased gut permeability and the uptake of

Fig. 4 Semi-quantification of Cld-4 and Cld-2 expression in ileum.
Ileum was collected from D-mannitol group (n = 6). Cld-4 and Cld-2
expression were evaluated using 2-ΔΔCt method. The mean Ct value
of target genes in the experimental group was normalized to the Ct
value of GAPDH to give a ΔCt value, which was further normalized
to NC group to obtain ΔΔCt. Bars represented the 2-ΔΔCt and RQ
min/max values. RQ values are derived using standard deviation.
Differences between groups were considered significantly different
when p* < 0.05, **p < 0.01 and ***p < 0.001 relative to the LPS group
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major egg allergen, OVM and resulting in OVM-
induced food allergy. However, both the treatment of S-
PT84 and RSLE suppressed the gut permeability and
both treatments also reduced the plasma mast cell
protease-1 and OVM-specific IgE, indicating the poten-
tial beneficial effect against LPS intervention developed
OVM-induced food allergy.
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