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Anti-stress effect of the Lactobacillus pentosus strain
S-PT84 in mice
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We investigated if the orally administered Lactobacillus pentosus strain S-PT84 (S-PT84) might show anti-stress activity
and ameliorate stress-induced immune suppression in mice. Stress of mice induced an increase in serum corticosterone
and a decrease in splenic natural killer activity and in the number of splenocytes versus control mice. However, these
changes were not observed in stressed mice that had been administered S-PT84. Furthermore, interleukin (IL)-12 and
IL-10 production, which was downregulated in lipopolysaccharide-activated macrophages from stressed mice, was
maintained at control levels in the macrophages of stressed mice that had been fed S-PT84. Interferon-y production,
which was downregulated in concanavalin A-activated splenocytes from stressed mice, tended to be maintained at
control levels in stressed mice that had been fed S-PT84, although IL-4 production by these cells was not influenced
by S-PT84 administration. Additionally, reduced glutathione (GSH) levels were decreased in serum and peritoneal
macrophages from stressed mice versus controls, but these GSH levels were significantly higher in stressed animals
that had been administered S-PT84 compared with those that had not. These results suggest that S-PT84 exerts anti-

stress activity through immune modulation and/or antioxidative activity.
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INTRODUCTION

In modern society, people can be exposed to stress
throughout their lifetime. Much research over recent
decades has suggested that stress may be associated
with the onset, course, and outcome of physical illness
[1-3]. Furthermore, many studies have suggested that
stress-induced immune suppression increases the risk
of infections. Of note, Japan is becoming a super-aged
society more rapidly compared with other countries,
which is forcing many elderly people to work in spite of
the fact that their immunity is compromised due to their
age [4, 5]. In this situation, many people may be exposed
to stress.

In general, it is well known that stress affects the
immune system. Immune functions such as natural killer
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(NK) activity, phagocytosis [6], and NK T activity [7] are
reported to be suppressed by restraint stress. Furthermore,
skewing of the T helper type 1 (Thl)/Th2 balance
towards Th2-dominant immunity has been reported to be
induced by stress [8]. These physiological responses are
induced by the release of corticosteroid hormones via the
hypothalamic-pituitary-adrenal axis, and high levels of
glucocorticoid cause apoptosis and necrosis in immature
T and B cells [9, 10].

Stress also induces redox imbalance associated with
reactive oxygen spices (ROS) production via numerous
cellular cascades [11-13]. Gostner et al. [14] reviewed
the key functions that ROS and other redox-active
molecules fulfill in immunity. Stress is now considered
as an important modulator of the immune system [15—17]
and a major cause of increased risk for immune-related
diseases, such as inflammatory diseases, infection, and
cancer [18-20]. It is therefore important to prevent
immune suppression or disturbance caused by stress.

The intake of functional foods over many years
does not cure a disease but can maintain human health,
and there will be a greater demand for such foods in
the future. Some ingredients or components derived
from food materials that show anti-stress activity have
been reported. Kumquat pericarp improves both the
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suppressed plasma interferon (IFN)-y and NK activity
per splenocyte in stressed mice, and the active compound
is considered to be PB-cryptoxanthin [21]. Myricetin,
which is a flavonol that is widely present in daily food,
attenuates the depressant-like behaviors observed in mice
exposed to repeated stress [22]. The probiotic bacterial
strain Lactobacillus rhamnosus Ler35 produces an anti-
hypersensitivity activity in a restraint stress model [23].
As described above, the anti-stress effect of some food
ingredients or components such as lactic acid bacteria
(LAB) are becoming clear; however, it is remains unclear
whether LAB can ameliorate immunological activity that
is suppressed by stress.

Some LAB that are ingredients of functional foods
can modulate immune responses. The mechanism by
which LAB regulate immune responses is becoming
increasingly clear due to the large number of studies on
this subject, and application of LAB to improve human
health has also been shown [24-26]. We previously
found that the Lactobacillus pentosus strain S-PT84
(S-PT84) has the strongest interleukin (IL)-12-inducing
activity among a variety of LAB isolated from Kyoto
pickles [27]. Heat-killed S-PT84 modulates the Th1/Th2
balance toward Thl dominance, exerts an anti-allergy
effect [27], activates NK and NK T (NKT) cells via Toll-
like receptor 2/4 pathways [28], and exerts an anti-viral
infection effect through induction of IL-12, IFN-y, and
IFN-a production [29, 30].

In this study, we tested the hypothesis that S-PT84,
which has potent immunomodulatory activity, might
be effective for ameliorating stress-induced immune
depression. The stress used in this study was restraint
stress of mice, which was used as a physical stress.
Corticosterone levels in serum were measured as a
marker of stress. Splenic NK activity, IL-12 and IL-
10 production by macrophages, and IFN-y and IL-4
production by splenocytes were measured as parameters
of immune activity. Reduced glutathione (GSH) levels in
serum and macrophages were also measured as indicators
of oxidative damage. We found that S-PT84 has an anti-
stress activity through an immune modulating and/or
antioxidative activity.

MATERIALS AND METHODS

Preparation of heat-killed LAB

The L. pentosus strain S-PT84 was cultured in deMan,
Rogosa and Sharpe (MRS) broth (Difco Laboratories,
Detroit, MI, USA) at 35°C for 48 hr. Cultured bacteria
were collected by centrifugation, washed twice with
sterile saline, and heat killed at 95°C for 5 min. Heat-

killed bacteria were washed with distilled water, freeze-
dried, and used in the following experiments.

Animals and treatments

Male C57BL/6 mice (7 weeks of age) were purchased
from Charles River Laboratories Japan, Inc. (Shizuoka,
Japan). These animals were housed at a temperature
of 25 + 1°C and humidity of 60 + 5% under a 12 hr
light-dark cycle and were provided with a commercial
diet (CE-2) and tap water ad libitum for 1 week before
experimentation. S-PT84 (final dose: 0.075%) was
added to an AIN-93 M diet (maintenance formulation)
(Oriental Yeast Co., Ltd., Tokyo, Japan), which was
then given to these mice. The control group was given
the AIN-93 M diet alone. Mice were fed the AIN-93 M
diet with or without 0.075% S-PT84 for 1 week and
were then restrained for 17 hr according to the methods
of Iwakabe ef al. [8]. The control mice were left in a
cage for 17 hr without food or water. Two milliliters
of 4.05% thioglycollate medium (Difco) were injected
intraperitoneally into mice at the time of peritoneal
macrophage collection 4 days before in vitro assay. All
experiments were approved by the Animal Care and Use
Committee of Suntory Holdings, Ltd. (Osaka, Japan),
and the Guidelines for Animal Care and Use of Suntory
Holdings, Ltd., were followed. The procedures were such
that the animals did not suffer unnecessarily.

Measurement of corticosterone

The serum corticosterone level was determined using
a Corticosterone ELISA Kit for Rats and Mice (MP
Biomedicals, Santa Ana, CA, USA) according to the
manufacturer’s instructions.

Measurement of NK activity [27]

Yac-1 cells, which are target cells of NK cells, were
maintained in RPMI-1640 (Nacalai Tesque, Kyoto,
Japan). For assay, the cells were suspended in phosphate-
buffered saline (PBS, Nissui Pharmaceutical Co.,
Tokyo, Japan) (1 x 10° cells/ml) containing 40 pg/ml
of 3, 3'- dioctadecyloxacarbocyanine perchlorate (DiO;
Sigma, St. Louis, MO, USA) and were incubated at 37°C
for 10 min. The stained cells were then washed with
RPMI-1640 and resuspended in 10% fetal bovine serum
(FBS)-containing RPMI 1640 (5 x 10* cells/ml). The
DiO-stained target cells (100 pl), splenocytes at various
concentrations (100 pl),and 25 pg/ml ofpropidiumiodide
(PI; Molecular Probes, Eugene, OR, USA) were added to
96-well round-bottomed microplates (BD Biosciences,
Franklin Lakes, NJ, USA) that were then centrifuged at
200 x g and cultured at 37°C in 5% CO, for 4 hr. The rate
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of spontaneous cell death was determined by culturing
the target cells alone without adding effector cells. After
the reaction, the DIO"PI* cells (dead target cells) were
counted by using an Epics XL flow cytometer (Beckman
Coulter). NK activity was calculated according to the
following formula:

NK activity (%) = (DiO*PI") / (DiO*PI" + DiO*PI") x
100 — rate of spontaneous cell death (%).

Ex vivo assessment of cytokines

Peritoneal macrophages (2 x 10° cells/ml) that were
collected as described above and splenocytes (5 x 10°
cells/ml) were each cultured in RPMI-1640 medium
(Nacalai Tesque, Kyoto, Japan) containing 10% FBS
in 24-well microplates (BD Biosciences). Macrophages
were cultured with lipopolysaccharide (LPS, from
Escherichia coli 055; 100 ng/ml; Wako Pure Chemical
industries, Osaka, Japan) for 48 hr, and splenocytes
were cultured with Concanavalin A (Con A; 2.5 pg/
ml, Wako) for 24 hr at 37°C. The culture supernatant
was collected, and IL-12 (p70) and IL-10 production
by macrophages and IFN-y and IL-4 production by
splenocytes were measured by using an OptEIA ELISA
kit (BD Pharmingen, San Diego, CA, USA).

Measurement of reduced GSH level

Serum samples to be used for GSH measurement were
prepared by adding 5-sulfosalicylic acid (5%) to them
and then centrifuging them at 8,000 x g for 10 min; their
supernatants were used for analysis. For measurement
of the GSH level of peritoneal macrophages, 80 pl
of 10 mM HCI were added to the macrophages (1 X
10 cells), which were then frozen and defrosted three
times. Subsequently, 20 pl of 5% 5-sulfosalicylic acid
were added, and the supernatants were collected after
centrifugation of the samples (8,000 X g for 10 min).
Serum and macrophage GSH levels were measured by
using a total Glutathione Quantification Kit (Dojindo
Laboratories, Kumamoto, Japan).

Statistical analysis

Data are presented as means+ SE. The significance of
differences in values was tested by one-way ANOVA,
followed by Tukey’s test as a post hoc test. Values of
p<0.05 were considered to be statistically significant.

RESULTS
Anti-stress effect of the L. pentosus strain S-PT84

Serum corticosterone levels were measured as an
indicator of the stress levels of the mice. The serum
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Fig. 1. Effect of oral administration of the L. pentosus strain
S-PT84 on stress-induced changes in corticosterone in
C57BL/6 mice.

Corticosterone levels in the sera of mice that were fed an
AIN-93 M diet with or without S-PT84 for 1 week and then
restrained were measured as described in MATERIALS
AND METHODS. Data are presented as the mean + standard
error (SE) of five mice. Different letters (a and b) indicate
significant differences between groups (p<0.05).

corticosterone level was increased by restrain stress,
and S-PT84 administration significantly ameliorated this
stress-induced increase in corticosterone (Fig. 1).

Effect of S-PT84 administration on stress-induced
immune suppression

The effect of S-PT84 administration on restraint stress-
induced effects on splenic immune function was then
investigated by assay of the number of splenocytes, of
splenic NK activity, and of splenocyte Con A-induced
IFN-y and IL-4 production levels. The number of
splenocytes was reduced by stress, but this reduction was
not as great in stressed mice that had been fed S-PT84
(Fig. 2A). Splenic NK activity against Yac-1 target
cells was significantly downregulated by stress, but this
downregulation was ameliorated by S-PT84 feeding (Fig.
2B). IFN-y production from Con A-activated splenocytes
was reduced in stressed mice versus controls, but this
reduction was not as great in stressed mice that had been
fed S-PT84 (Fig. 2C). S-PT84 administration did not
significantly change the stress-induced reduction in Con
A-induced splenocyte IL-4 production (Fig. 2D).

To investigate the effect of S-PT84 administration
on stress-induced effects on innate immune activity,
we investigated 1L-12 and IL-10 production by LPS-
activated peritoneal macrophages isolated from these
mice. Both IL-12 and IL-10 production by LPS-activated
macrophages were downregulated by stress, and the
decrease in IL-12 production was much greater than that
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Effect of oral administration of the L. pentosus strain S-PT84 on stress-induced immune

Splenocytes were collected from mice that were fed an AIN-93 M diet with or without S-PT84 for 1
week and then restrained. The number of splenocytes (A), splenic NK activity against target YAC-1
cells (effector:target ratio = 80:1, 40:1, and 20:1) (B), and IFN-y (C) and IL-4 (D) production levels in
splenocytes cultured with Con A (2.5 pg/ml) for 24 hr were measured as described in MATERIALS
AND METHODS. Data are presented as the mean + SE of five mice. Different letters (a, b and ¢)
indicate significant differences between groups (p<0.05).

in IL-10 production (Fig. 3A and B, respectively). In the
S-PT84-fed mice, there was no stress-induced decrease
in cytokine production by activated macrophages, and
cytokine production was maintained at control levels.

Effect of S-PT84 feeding on stress-induced changes in
GSH levels in serum and macrophages

To determine the oxidative stress induced by stress,
GSH levels in serum and macrophages were measured.
The serum GSH level was decreased by stress, but this
decrease was not as great in stressed S-PT84-fed mice
compared with mice that had not been fed S-PT84 (Fig.
4A). The GSH level in peritoneal macrophages was also
significantly decreased by restraint stress; however, in
the S-PT84-fed group, instead of decreasing with stress,

the GSH level was higher than the control level (Fig. 4B).
DISCUSSION

Stress is a modern social problem for people, and it
is therefore important to control both the mind and the
body in order to overcome stress. One of the problems
caused by stress is immune suppression [15-17]. In
the present study, we examined if oral administration
of S-PT84, which has been shown to have immune
function-enhancing activity, particularly activity that
enhances Th1 immunity [27-30], could ameliorate stress-
induced immune suppression. Administration of S-PT84
administration to mice suppressed restraint stress-induced
corticosterone elevation (Fig. 1). We consider that this
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Effect of oral administration of the L. pentosus strain S-PT84 on IL-12 and IL-10 production

Macrophages were collected from mice that were fed an AIN-93 M diet with or without S-PT84 for
1 week and then restrained. The cells were then cultured with LPS (100 ng/ml) for 48 hr. IL-12 (p70)
(A) and IL-10 (B) levels in the collected culture supernatants were measured. Data are presented as
the mean =+ SE of five mice. Different letters (a and b) indicate significant differences between groups

(p<0.05).
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Effect of oral administration of the L. pentosus strain S-PT84 on stress-induced down

regulation of GSH in serum and peritoneal macrophages of the mice.

Serum and peritoneal macrophages were collected from mice that were fed an AIN-93 M diet with
or without S-PT84 for 1 week and then restrained. The GSH level in serum (A) and macrophages (B)
was measured as described in MATERIALS AND METHODS. Data are presented as the mean + SE
of five mice. Different letters (a, b and ¢) indicate significant differences between groups (p<0.05).

effect of S-PT84 is due to immune modulating (Figs. 2 and
3) and antioxidative (Fig. 4) activities. Oral administration
of S-PT84 ameliorated the stress-induced decrease in
splenic NK activity (Fig. 2B), and we consider that this
effect of S-PT84 is due to the higher splenic IFN-y/IL-4
ratio in S-PT84-administered stressed mice than that in
stressed non-S-PT84-fed mice (Fig. 2C and 2D).

The stressutilized in this paper was applied according

to the design described in a previous report by Iwakabe
et al. [8]. That previous report indicated thatapplication
of restraint stress to mice significantly decreased Thl
immunity but did not significantly change Th2 immunity.
Our results differed from those of this previous report in
that we found that such stress decreased both Th1 (IFN-y)
and Th2 (IL-4) cytokine production by Con A-activated
splenocytes by more than 50% (Fig. 2C and 2D).
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However, although the reasons for the different results
between our study and that previous study are unclear,
we consider that our results suggest that the stress model
that we established is a working model that can be used
for examination of stress-induced immune suppression.
In the present study, S-PT84 feeding ameliorated all
parameters of stress-induced immune suppression that
were measured in this stress model, except for the stress-
induced decrease in production of IL-4, a Th2 cytokine.
S-PT84 is a LAB that was identified in a screening in
which the intensity of IL-12 induction in macrophages
and some immunomodulating effects in vivo were
confirmed [27]. Therefore, IL-12-inducing activity might
be one of the mechanisms by which S-PT84 ameliorated
stress-induced immune suppression.

Many studies have demonstrated that the Th1/Th2
balance is closely related to the reduced GSH level
within antigen-presenting cells such as macrophages
and that a GSH regulates IL-12 production [31-34].
Stress induces oxidative stress and decreases the GSH
level in some organisms and cells, which causes damage
to cells such as leukocytes [35] and hepatocytes [36],
as well as skin damage [37]. Therefore, the much
larger decrease in the production of IL-12 induced by
stress (Fig. 3) as compared with that in IL-10 in LPS-
activated macrophages might be caused by a restraint
stress-induced GSH decrease. Maintenance of the
IL-12-producing ability of macrophages in stressed
mice by feeding them S-PT84 was partially mediated
by S-PT84-induced negation of the stress-induced
GSH decrease (Fig. 4). Goyal ef al. reported that orally
administered L. rhamnosus GG increased the levels of
endogenous antioxidants (e.g., GSH) against oxidative
stress caused by Giardia intestinalis in the intestine [38].
L. salivarius increased the amount of GSH in the liver
of an LPS-treated mouse [39]. In addition, liver damage
induced in a chronic alcohol-fed mouse was prevented
by L. rhamnosus through an effect on endogenous
antioxidants such as GSH and superoxide dismutase
[40]. These reports support the notion that S-PT84
negated the stress-induced GSH decrease; however, the
exact mechanism by which LAB increase GSH remains
to be elucidated. As far as we know, there has been
only one report regarding this mechanism, in which L.
plantarum, a member of the same genus as L. pentosus,
was reported to increase plasma GSH levels by activating
the protein kinase C pathway [41]. However, little is
known regarding how LAB affect not only plasma GSH
but also immunocompetent cells in the body after their
oral intake. These mechanisms as well as absorption and/
or distribution of LAB should be further investigated to

elucidate the immunomodulatory effects of LAB.

The stress response is very complicated. In general,
stress enhances sympathetic nerve activity and induces
glucocorticoid production. Increased sympathetic nerve
activity decreases NK activity [42, 43]. We recently
demonstrated that oral administration of S-PT84
suppresses sympathetic nerve activity in the mouse spleen
[44]. We therefore consider that one of the mechanisms
behind the immunomodulatory effects of S-PT84, such
as enhancement of NK activity, involves sympathetic
nerve activity. On the other hand, glucocorticoids also
lower immune functions [9, 10, 45]. Several reports
concluded that restraint stress-induced changes in
immune functions were caused by an increased blood
glucocorticoid level [46]. A recent study showed that
induction of corticosterone production under stress is due
to c-FOS induction [47], which is followed by oxidative
damage as shown by the presence of reactive oxygen
species, lipid peroxidation, and a decrease in the GSH/
GSSG ratio [48]. Tran et al. also reported that exposure
to far-infrared rays protects against a stress-induced
increase in c¢-FOS induction, oxidative burdens, and
serum corticosterone level via induction of glutathione
peroxidase [48]. However, in the present study, despite
the fact that the corticosterone level was suppressed
(Fig. 1) and NK activity (Fig. 2B) and IFN-y inducible
activity (Fig. 2C) were kept at control levels by S-PT84,
the number of splenocytes was increased and was not
kept at the control level (Fig. 2A). Thus, although it is
considered that one mechanism of S-PT84 amelioration
of stress-induced immune suppression might be by
S-PT84 induction of the cellular redox system, the
existence of another mechanism is implied by our data.
To the best of our knowledge, no report has suggested
that LAB directly regulate glucocorticoid production.
In the present study, S-PT84 ameliorated restraint
stress-induced corticosterone elevation and immune
suppression, supporting the above potential mechanism
of S-PT84 effects. Details regarding such a mechanism
should be clarified in future studies.

In conclusion, L. pentosus strain S-PT84 showed anti-
restraint stress activity and, in particular, ameliorated
stress-induced suppression of the immune system. The
mechanism of amelioration mechanism involved may
be associated with S-PT84 induction of GSH in serum
and macrophages. The detailed mechanisms by which
LAB affect cellular redox or autonomic nerves and by
which LAB compromise the immune system need to be
examined in future studies.



10.

11.

12.

13.

ANTI-STRESS EFFECT OF THE LACTOBACILLUS PENTOSUS S-PT84 127

REFERENCES

. Jacobson L, Sapolsky R. 1991. The role of the

hippocampus in feedback regulation of the
hypothalamic-pituitary-adrenocortical ~axis. Endocr
Rev 12: 118-134. [Medline] [CrossRef]

Dugué B, Leppianen EA, Teppo AM, Fyhrquist F,
Grisbeck R. 1993. Effects of psychological stress on
plasma interleukins-1 beta and 6, C-reactive protein,
tumour necrosis factor alpha, anti-diuretic hormone and
serum cortisol. Scand J Clin Lab Invest 53: 555-561.
[Medline] [CrossRef]

Kiecolt-Glaser JK, Preacher KJ, MacCallum RC,
Atkinson C, Malarkey WB, Glaser R. 2003. Chronic
stress and age-related increases in the proinflammatory
cytokine IL-6. Proc Natl Acad Sci USA 100: 9090—
9095. [Medline] [CrossRef]

Shaw AC, Joshi S, Greenwood H, Panda A, Lord JM.
2010. Aging of the innate immune system. Curr Opin
Immunol 22: 507-513. [Medline] [CrossRef]

. Camous X, Pera A, Solana R, Larbi A. 2012. NK cells

in healthy aging and age-associated diseases. J Biomed
Biotechnol 2012: 195956. [Medline] [CrossRef]
Okimura T, Ogawa M, Yamauchi T. 1986. Stress and
immune responses. III. Effect of restraint stress on
delayed type hypersensitivity (DTH) response, natural
killer (NK) activity and phagocytosis in mice. Jpn J
Pharmacol 41: 229-235. [Medline] [CrossRef]

Oya H, Kawamura T, Shimizu T, Bannai M, Kawamura
H, Minagawa M, Watanabe H, Hatakeyama K, Abo T.
2000. The differential effect of stress on natural killer T
(NKT) and NK cell function. Clin Exp Immunol 121:
384-390. [Medline] [CrossRef]

Iwakabe K, Shimada M, Ohta A, Yahata T, Ohmi Y,
Habu S, Nishimura T. 1998. The restraint stress drives
a shift in Th1/Th2 balance toward Th2-dominant
immunity in mice. Immunol Lett 62: 39-43. [Medline]
[CrossRef]

Ramirez F, Fowell DJ, Puklavec M, Simmonds S,
Mason D. 1996. Glucocorticoids promote a TH2
cytokine response by CD4+ T cells in vitro. J Immunol
156: 2406-2412. [Medline]

Pedersen BK, Hoffman-Goetz L. 2000. Exercise and the
immune system: regulation, integration, and adaptation.
Physiol Rev 80: 1055-1081. [Medline]

Gilgun-Sherki Y, Melamed E, Offen D. 2001. Oxidative
stress  induced-neurodegenerative  diseases:  the
need for antioxidants that penetrate the blood brain
barrier. Neuropharmacology 40: 959-975. [Medline]
[CrossRef]

Liu J, Wang X, Mori A. 1994. Immobilization stress-
induced antioxidant defense changes in rat plasma:
effect of treatment with reduced glutathione. Int J
Biochem 26: 511-517. [Medline] [CrossRef]

Liu J, Wang X, Shigenaga MK, Yeo HC, Mori A, Ames
BN. 1996. Immobilization stress causes oxidative

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

damage to lipid, protein, and DNA in the brain of rats.
FASEB J 10: 1532-1538. [Medline]

Gostner JM, Becker K, Fuchs D, Sucher R. 2013.
Redox regulation of the immune response. Redox Rep
18: 88-94. [Medline] [CrossRef]

Khansari DN, Murgo AJ, Faith RE. 1990. Effects
of stress on the immune system. Immunol Today 11:
170-175. [Medline] [CrossRef]

Agarwal SK, Marshall GD Jr. 2001. Stress effects on
immunity and its application to clinical immunology.
Clin Exp Allergy 31: 25-31. [Medline] [CrossRef]
Moynihan JA. 2003. Mechanisms of stress-induced
modulation of immunity. Brain Behav Immun 17 Suppl
1: S11-S16. [Medline] [CrossRef]

Rodriguez-Galan MC, Correa SG, Cejas H, Sotomayor
CE. 2001. Impaired activity of phagocytic cells in
Candida albicans infection after exposure to chronic
varied stress. Neuroimmunomodulation 9: 193-202.
[Medline] [CrossRef]

Bonneau RH, Sheridan JF, Feng N, Glaser R. 1993.
Stress-induced modulation of the primary cellular
immune response to herpes simplex virus infection is
mediated by both adrenal-dependent and independent
mechanisms. J Neuroimmunol 42: 167-176. [Medline]
[CrossRef]

Forsén A. 1991. Psychosocial stress as a risk for breast
cancer. Psychother Psychosom 55: 176-185. [Medline]
[CrossRef]

Nagahama K, Eto N, Shimojo T, Kondoh T, Nakahara
K, Sakakibara Y, Fukui K, Suiko M. 2015. Effect of
kumquat (Fortunella crassifolia) pericarp on natural
killer cell activity in vitro and in vivo. Biosci Biotechnol
Biochem 79: 1327-1336. [Medline] [CrossRef]

Ma Z, Wang G, Cui L, Wang Q. 2015. Myricetin
attenuates depressant-like behavior in mice subjected to
repeated restraint stress. Int ] Mol Sci 16: 28377-28385.
[Medline] [CrossRef]

Darbaky Y, Evrard B, Patrier S, Falenta J, Garcin S,
Tridon A, Dapoigny M, Silberberg C, Nivoliez A, Diop
L. 2017. Oral probiotic treatment of Lactobacillus
rhamnosus Lcr35® prevents visceral hypersensitivity
to a colonic inflammation and an acute psychological
stress. J Appl Microbiol 122: 188-200. [Medline]
[CrossRef]

Tsai YT, Cheng PC, Pan TM. 2012. The
immunomodulatory effects of lactic acid bacteria
for improving immune functions and benefits.
Appl Microbiol Biotechnol 96: 853-862. [Medline]
[CrossRef]

Meijerink M, Mercenier A, Wells JM. 2013. Challenges
in translational research on probiotic lactobacilli: from
in vitro assays to clinical trials. Benef Microbes 4:
83-100. [Medline] [CrossRef]

van Baarlen P, Wells JM, Kleerebezem M. 2013.
Regulation of intestinal homeostasis and immunity with
probiotic lactobacilli. Trends Immunol 34: 208-215.


http://www.ncbi.nlm.nih.gov/pubmed/2070776?dopt=Abstract
http://dx.doi.org/10.1210/edrv-12-2-118
http://www.ncbi.nlm.nih.gov/pubmed/8266000?dopt=Abstract
http://dx.doi.org/10.3109/00365519309092553
http://www.ncbi.nlm.nih.gov/pubmed/12840146?dopt=Abstract
http://dx.doi.org/10.1073/pnas.1531903100
http://www.ncbi.nlm.nih.gov/pubmed/20667703?dopt=Abstract
http://dx.doi.org/10.1016/j.coi.2010.05.003
http://www.ncbi.nlm.nih.gov/pubmed/23251076?dopt=Abstract
http://dx.doi.org/10.1155/2012/195956
http://www.ncbi.nlm.nih.gov/pubmed/3747268?dopt=Abstract
http://dx.doi.org/10.1254/jjp.41.229
http://www.ncbi.nlm.nih.gov/pubmed/10931157?dopt=Abstract
http://dx.doi.org/10.1046/j.1365-2249.2000.01310.x
http://www.ncbi.nlm.nih.gov/pubmed/9672146?dopt=Abstract
http://dx.doi.org/10.1016/S0165-2478(98)00021-2
http://www.ncbi.nlm.nih.gov/pubmed/8786298?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10893431?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11406187?dopt=Abstract
http://dx.doi.org/10.1016/S0028-3908(01)00019-3
http://www.ncbi.nlm.nih.gov/pubmed/8013736?dopt=Abstract
http://dx.doi.org/10.1016/0020-711X(94)90008-6
http://www.ncbi.nlm.nih.gov/pubmed/8940299?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23601165?dopt=Abstract
http://dx.doi.org/10.1179/1351000213Y.0000000044
http://www.ncbi.nlm.nih.gov/pubmed/2186751?dopt=Abstract
http://dx.doi.org/10.1016/0167-5699(90)90069-L
http://www.ncbi.nlm.nih.gov/pubmed/11167947?dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2222.2001.01005.x
http://www.ncbi.nlm.nih.gov/pubmed/12615181?dopt=Abstract
http://dx.doi.org/10.1016/S0889-1591(02)00060-0
http://www.ncbi.nlm.nih.gov/pubmed/11847481?dopt=Abstract
http://dx.doi.org/10.1159/000049026
http://www.ncbi.nlm.nih.gov/pubmed/8429102?dopt=Abstract
http://dx.doi.org/10.1016/0165-5728(93)90007-L
http://www.ncbi.nlm.nih.gov/pubmed/1891566?dopt=Abstract
http://dx.doi.org/10.1159/000288427
http://www.ncbi.nlm.nih.gov/pubmed/25849817?dopt=Abstract
http://dx.doi.org/10.1080/09168451.2015.1025033
http://www.ncbi.nlm.nih.gov/pubmed/26633366?dopt=Abstract
http://dx.doi.org/10.3390/ijms161226102
http://www.ncbi.nlm.nih.gov/pubmed/27718511?dopt=Abstract
http://dx.doi.org/10.1111/jam.13320
http://www.ncbi.nlm.nih.gov/pubmed/23001058?dopt=Abstract
http://dx.doi.org/10.1007/s00253-012-4407-3
http://www.ncbi.nlm.nih.gov/pubmed/23434949?dopt=Abstract
http://dx.doi.org/10.3920/BM2012.0035

128

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Y. NONAKA, et al.

[Medline] [CrossRef]

Nonaka Y, Izumo T, Izumi F, Mackawa T, Shibata H,
Nakano A, Kishi A, Akatani K, Kiso Y. 2008. Antiallergic
effects of Lactobacillus pentosus strain S-PT84
mediated by modulation of Th1/Th2 immunobalance
and induction of IL-10 production. Int Arch Allergy
Immunol 145: 249-257. [Medline] [CrossRef]
Koizumi S, Wakita D, Sato T, Mitamura R, Izumo T,
Shibata H, Kiso Y, Chamoto K, Togashi Y, Kitamura
H, Nishimura T. 2008. Essential role of Toll-like
receptors for dendritic cell and NK1.1* cell-dependent
activation of type 1 immunity by Lactobacillus pentosus
strain S-PT84. Immunol Lett 120: 14-19. [Medline]
[CrossRef]

Izumo T, Maekawa T, Ida M, Noguchi A, Kitagawa Y,
Shibata H, Yasui H, Kiso Y. 2010. Effect of intranasal
administration of Lactobacillus pentosus S-PT84 on
influenza virus infection in mice. Int Immunopharmacol
10: 1101-1106. [Medline] [CrossRef]

Izumo T, Maekawa T, Ida M, Kishi A, Akatani K,
Kitagawa Y, Kiso Y. 2011. Effect of Lactobacillus
pentosus S-PT84 ingestion on IFN-a production from
plasmacytoid dendritic cells by virus stimulation. Biosci
Biotechnol Biochem 75: 370-372. [Medline] [CrossRef]
Dobashi K, Aihara M, Araki T, Shimizu Y, Utsugi M,
lizuka K, Murata Y, Hamuro J, Nakazawa T, Mori M.
2001. Regulation of LPS induced IL-12 production by
IFN-gamma and IL-4 through intracellular glutathione
status in human alveolar macrophages. Clin Exp
Immunol 124: 290-296. [Medline] [CrossRef]

Murata Y, Shimamura T, Hamuro J. 2002. The
polarization of T(h)1/T(h)2 balance is dependent on the
intracellular thiol redox status of macrophages due to
the distinctive cytokine production. Int Immunol 14:
201-212. [Medline] [CrossRef]

Murata Y, Amao M, Yoneda J, Hamuro J. 2002.
Intracellular thiol redox status of macrophages directs
the Thl skewing in thioredoxin transgenic mice during
aging. Mol Immunol 38: 747-757. [Medline] [CrossRef]
Koike Y, Hisada T, Utsugi M, Ishizuka T, Shimizu Y,
Ono A, Murata Y, Hamuro J, Mori M, Dobashi K. 2007.
Glutathioneredox regulates airway hyperresponsiveness
and airway inflammation in mice. Am J Respir Cell Mol
Biol 37: 322-329. [Medline] [CrossRef]

Novio S, Nufiez MJ, Amigo G, Freire-Garabal M. 2011.
Effects of fluoxetine on the oxidative status of peripheral
blood leucocytes of restraint-stressed mice. Basic Clin
Pharmacol Toxicol 109: 365-371. [Medline] [CrossRef]
Kim HG, Lee JS, Lee JS, Han JM, Son CG. 2012.
Hepatoprotective and antioxidant effects of Myelophil
on restraint stress-induced liver injury in BALB/c mice.
J Ethnopharmacol 142: 113—120. [Medline] [CrossRef]
Ali F, Sultana S. 2012. Repeated short-term stress
synergizes the ROS signalling through up regulation of
NFkB and iNOS expression induced due to combined
exposure of trichloroethylene and UVB rays. Mol Cell

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Biochem 360: 133—-145. [Medline] [CrossRef]

Goyal N, Rishi P, Shukla G. 2013. Lactobacillus
rhamnosus GG antagonizes Giardia intestinalis
induced oxidative stress and intestinal disaccharidases:
an experimental study. World J Microbiol Biotechnol
29: 1049-1057. [Medline] [CrossRef]

Arribas B, Garrido-Mesa N, Peran L, Camuesco D,
Comalada M, Bailén E, Olivares M, Xaus J, Kruidenier
L, Sanderson IR, Zarzuelo A, Rodriguez-Cabezas ME,
Galvez J. 2012. The immunomodulatory properties
of viable Lactobacillus salivarius ssp. salivarius
CECTS5713 are not restricted to the large intestine. Eur
J Nutr 51: 365-374. [Medline] [CrossRef]

Tian F, Chi F, Wang G, Liu X, Zhang Q, Chen Y, Zhang
H, Chen W. 2015. Lactobacillus rhamnosus CCFM1107
treatment ameliorates alcohol-induced liver injury in a
mouse model of chronic alcohol feeding. J Microbiol
53: 856-863. [Medline] [CrossRef]

Zhou YK, Qin HL, Zhang M, Shen TY, Chen HQ,
Ma YL, Chu ZX, Zhang P, Liu ZH. 2012. Effects
of Lactobacillus plantarum on gut barrier function
in experimental obstructive jaundice. World J
Gastroenterol 18: 3977-3991. [Medline] [CrossRef]
Kimura A, Nagai N, Sato A. 1994. Somatic afferent
regulation of cytotoxic activity of splenic natural killer
cells in anesthetized rats. Jpn J Physiol 44: 651-664.
[Medline] [CrossRef]

Katafuchi T, Take S, Hori T. 1993. Roles of sympathetic
nervous system in the suppression of cytotoxicity of
splenic natural killer cells in the rat. J Physiol 465:
343-357. [Medline] [CrossRef]

Izumo T, Maekawa T, Horii Y, Fujisaki Y, Ida M,
Furukawa Y, Ono Y, Kiso Y, Kitagawa Y, Shibata H,
Nagai K. 2013. The effect of the sympathetic nervous
system on splenic natural killer cell activity in mice
administered the Lactobacillus pentosus strain S-PT84.
Neuroreport 24: 988-991. [Medline] [CrossRef]
Glaser R, Kiecolt-Glaser JK. 2005. Stress-induced
immune dysfunction: implications for health. Nat Rev
Immunol 5: 243-251. [Medline] [CrossRef]

Sheridan JF, Dobbs C, Jung J, Chu X, Konstantinos
A, Padgett D, Glaser R. 1998. Stress-induced
neuroendocrine modulation of viral pathogenesis and
immunity. Ann N 'Y Acad Sci 840: 803—808. [Medline]
[CrossRef]

Tan Z, Nagata S. 2002. PVN c-fos expression, HPA axis
response and immune cell distribution during restraint
stress. J UOEH 24: 131-149. [Medline] [CrossRef]
Tran TH, Mai HN, Shin EJ, Nam Y, Nguyen BT, Lee
YJ, Jeong JH, Tran HY, Cho EH, Nah SY, Lei XG,
Nabeshima T, Kim NH, Kim HC. 2016. Repeated
exposure to far infrared ray attenuates acute restraint
stress in mice via inhibition of JAK2/STAT3 signaling
pathway by induction of glutathione peroxidase-1.
Neurochem Int 94: 9-22. [Medline] [CrossRef]


http://www.ncbi.nlm.nih.gov/pubmed/23485516?dopt=Abstract
http://dx.doi.org/10.1016/j.it.2013.01.005
http://www.ncbi.nlm.nih.gov/pubmed/17914277?dopt=Abstract
http://dx.doi.org/10.1159/000109294
http://www.ncbi.nlm.nih.gov/pubmed/18620001?dopt=Abstract
http://dx.doi.org/10.1016/j.imlet.2008.06.003
http://www.ncbi.nlm.nih.gov/pubmed/20601181?dopt=Abstract
http://dx.doi.org/10.1016/j.intimp.2010.06.012
http://www.ncbi.nlm.nih.gov/pubmed/21307585?dopt=Abstract
http://dx.doi.org/10.1271/bbb.100696
http://www.ncbi.nlm.nih.gov/pubmed/11422207?dopt=Abstract
http://dx.doi.org/10.1046/j.1365-2249.2001.01535.x
http://www.ncbi.nlm.nih.gov/pubmed/11809739?dopt=Abstract
http://dx.doi.org/10.1093/intimm/14.2.201
http://www.ncbi.nlm.nih.gov/pubmed/11841834?dopt=Abstract
http://dx.doi.org/10.1016/S0161-5890(01)00111-0
http://www.ncbi.nlm.nih.gov/pubmed/17507665?dopt=Abstract
http://dx.doi.org/10.1165/rcmb.2006-0423OC
http://www.ncbi.nlm.nih.gov/pubmed/21624059?dopt=Abstract
http://dx.doi.org/10.1111/j.1742-7843.2011.00736.x
http://www.ncbi.nlm.nih.gov/pubmed/22543172?dopt=Abstract
http://dx.doi.org/10.1016/j.jep.2012.04.023
http://www.ncbi.nlm.nih.gov/pubmed/21947658?dopt=Abstract
http://dx.doi.org/10.1007/s11010-011-1051-7
http://www.ncbi.nlm.nih.gov/pubmed/23361971?dopt=Abstract
http://dx.doi.org/10.1007/s11274-013-1268-6
http://www.ncbi.nlm.nih.gov/pubmed/21688122?dopt=Abstract
http://dx.doi.org/10.1007/s00394-011-0221-4
http://www.ncbi.nlm.nih.gov/pubmed/26626356?dopt=Abstract
http://dx.doi.org/10.1007/s12275-015-5239-5
http://www.ncbi.nlm.nih.gov/pubmed/22912548?dopt=Abstract
http://dx.doi.org/10.3748/wjg.v18.i30.3977
http://www.ncbi.nlm.nih.gov/pubmed/7760520?dopt=Abstract
http://dx.doi.org/10.2170/jjphysiol.44.651
http://www.ncbi.nlm.nih.gov/pubmed/8229839?dopt=Abstract
http://dx.doi.org/10.1113/jphysiol.1993.sp019680
http://www.ncbi.nlm.nih.gov/pubmed/24165047?dopt=Abstract
http://dx.doi.org/10.1097/WNR.0000000000000036
http://www.ncbi.nlm.nih.gov/pubmed/15738954?dopt=Abstract
http://dx.doi.org/10.1038/nri1571
http://www.ncbi.nlm.nih.gov/pubmed/9629306?dopt=Abstract
http://dx.doi.org/10.1111/j.1749-6632.1998.tb09618.x
http://www.ncbi.nlm.nih.gov/pubmed/12066582?dopt=Abstract
http://dx.doi.org/10.7888/juoeh.24.131
http://www.ncbi.nlm.nih.gov/pubmed/26850477?dopt=Abstract
http://dx.doi.org/10.1016/j.neuint.2016.02.001

