J. Microbiol. Biotechnol. (2019), 29(9), 1369–1374
https://doi.org/10.4014/jmb.1907.07044

Review

Research Article

jmb

Lactobacillus mucosae and Bifidobacterium longum Synergistically
Alleviate Immobilization Stress-Induced Anxiety/Depression in Mice
by Suppressing Gut Dysbiosis S
Sang-Kap Han and Dong-Hyun Kim*
Neurobiota Research Center, Department of Life and Nanopharmaceutical Sciences, College of Pharmacy, Kyung Hee University, Seoul
02447, Republic of Korea
Received: July 21, 2019
Revised: August 13, 2019
Accepted: August 15, 2019
First published online
August 21, 2019
*Corresponding author
Phone: +82-2-961-0374;
Fax: +82-2-957-5030;
E-mail: dhkim@khu.ac.kr

S upplementary data for this
paper are available on-line only at
http://jmb.or.kr.
pISSN 1017-7825, eISSN 1738-8872
Copyright © 2019 by
The Korean Society for Microbiology
and Biotechnology

We isolated Lactobacillus mucosae NK41 and Bifidobacterium longum NK46 from human feces,
which induced BDNF expression in corticosterone-stimulated SH-SY5Y cells, and examined
their anti-depressive effects in mice. NK41, NK46, and their (1:1) mixture significantly
mitigated immobilization stress (IS)-induced anxiety-like/depressive behaviors, hippocampal
NF-κB activation, BDNF expression, Iba1+ cell population, and blood corticosterone, TNF-α, IL6, and lipopolysaccharide levels. Furthermore, they inhibited colitis marker NF-κB activation,
and TNF-α expression in mice with IS-induced anxiety/depression. They additionally
suppressed gut Proteobacteria and Bacteroidetes populations and bacterial lipopolysaccharide
production. These findings suggest that NK41 and NK46 may alleviate anxiety/depression
and colitis by suppressing gut dysbiosis.
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Anxiety disorders are the most commonly reported
mental disorders [1]. If not treated, patients with chronic
anxiety disorders progress toward depression [2]. In mice,
anxiety/depression can be induced by stressors such as
immobilization, forced swimming, and antibiotics [3].
Exposure to immobilization stress (IS) stimulates the
secretion of adrenal hormones such as glucocorticoids and
proinflammatory cytokines such as interleukin (IL)-6 and
gut dysbiosis via the activation of the hypothalamopituitary-adrenal (HPA) axis, while brain-derived neurotrophic factor (BDNF) expression is suppressed [4, 5].
However, gut dysbiosis causes gastrointestinal inflammation
and increases anxiety/depression via the activation of the
microbiota-gut-brain (MGB) axis [6].
Gut microbiota in humans and animals consist of > 1,000
bacterial species [7]. Gut bacterial composition fluctuates
by endogenous and exogenous factors such as diet, drugs,
stressors, and hormones [7, 8]. Exposure to IS causes gut
dysbiosis, including increased Proteobacteria population,
and psychiatric disorders in mice [7, 8]. However, some

bifidobacteria and lactobacilli alleviated psychiatric
disorders. Lactobacillus reuteri, Lactobacillus plantarum, and
Bifidobacterium adolescentis IM38, and Bifidobacterium
adolescentis NK98 alleviate anxiety in animals [9-12].
Nevertheless, the effects of gut bacteria on anxiety/
depression still remain unclear.
Therefore, in the present study, we selected BDNF
expression-inducing NK41 and NK46 in the gut bacteria
collection isolated from human feces using corticosteronestimulated SH-SY5Y cells and examined their effects on ISinduced anxiety/depression in mice.
NK41 and NK46 were cultured in general media for
probiotics such as MRS broth (BD, USA), collected by
centrifugation (5,000 g, 20 min), and suspended in phosphatebuffered saline (for in vitro study) or 1% dextrose (for in
vivo study) according to the method of Jang et al. [10]. SHSY5Y cells were cultured according to the method of Lee, et
al. [13].
All animal experiments were approved by the
Institutional Animal Care and Use Committee of the
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University (IACC No KUASP(SE)-18-045) and thereafter
carried out according to the NIH and University Guide for
Laboratory Animal Care and Usage. Male C57BL/6 mice
(age, 6 weeks old; weight, 19-21 g) were supplied by
Samtako Inc. (Korea). The mice were kept in the conditions
of a controlled temperature of 20 ± 2°C, humidity of 50 ±
10%, and light-dark cycle of 12 h. The mice were fed
standard laboratory chow with tap water ad libitum.
Anxiety/depression was induced by exposure to IS and
anxiety-like and depressive behaviors were measured with
elevated plus maze (EPM), forced swimming (FS), and tail
suspension (TS) tasks according to the method of Jang et al.
[10].
Mice were randomly divided into six groups (Cs, Is, IsL,
IsB, IsM, and IsF). Each group consisted of eight mice.
Briefly, mice except the Cs group were exposed to IS for
12 h once a day for 2 days in a cylindrical instrument (2.5 ×
7.5 cm) with a hole (0.25 cm in diameter) on the center of
the top surface according to the method of Jang et al. [9].
The Cs group was not treated with IS. Test agents (Cs, 1%
dextrose; Is, 1% dextrose; IsL, 1 × 109 colony-forming units
[CFU] of NK41/mouse/day; IsB, 1 × 109 CFU of NK46/
mouse/day; IsM, 1 × 109 CFU of NK41 and NK46 (1:1, BL)
mix/mouse/day; IsF, 12 mg of fluoxetine/kg/day) were
given orally for five days from 24 h after the final IS
treatment.
Immunobloting, enzyme-immunosorbent assay, myeloperoxidase activity, LPS concentration assay, and quantiative
real-time polymerase chain reaction for gut bacteria analysis
are described in Supplement.
Experimental data are indicated as mean ± standard
deviation (SD). The significant difference was analyzed by
one-way analysis of variance followed by a Duncan multiple
range test (p < 0.05).
We assayed the BDNF expression-inducing activities of
gut bacteria isolated from human feces in corticosteronestimulated SH-SY5Y cells. The stimulation of corticosterone
suppressed BDNF expression and cAMP response elementbinding protein (CREB) phosphorylation. Of the tested
bacteria, NK41 and NK46 potently increased corticosteronesuppressed BDNF expression (Fig. 1). They were identified
as Lactobacillus mucosae and Bifidobacterium longum based on
the results of Gram staining, a sugar utilization test (API 50
CHL Kit), and 16S rDNA sequencing, respectively.
Next, we orally gavaged NK41, NK46, or their (1:1) mix
in mice with IS-induced anxiety/depression and measured
their anxiety-like and depressive behaviors in the EPM, TS,
and FS tasks (Fig. 2). Exposure to IS significantly decreased
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Fig. 1. Effects of Lactobacillus mucosae NK41 and Bifidobacterium
longum NK46 on the BDNF expression and CREB phosphorylation in corticosterone-stimulated SH-SY5Y cells.
Cells (1 × 106) were treated with corticosterone (CORT, 300 μM) with
or without NK41 or NK46 (1 × 103 or 1 × 105 CFU/ml) for 24 h. BDNF,
CREB, p-CREB and β-actin were measured by immunoblotting.

time spent in the open arms (OT) and open arm entries (OE)
in the EPM task compared to those of the control group,
respectively. However, treatment with NK41 or NK46
significantly increased IS-suppressed OT and OE. NK41 or
NK46 treatment also decreased IS-induced immobility in
the FS and TS tasks. Furthermore, treatment with their (1:1)
mixture also synergistically or additively suppressed ISinduced, anxiety-like and depressive behaviors in EPM, TS,
and FS tasks.
NK41, NK46, and BL mix suppressed IS-induced NF-κB
activation in the hippocampus and increased IS-suppressed
BDNF expression. Furthermore, they suppressed IS-induced
infiltration of Iba1+ cells (microglia) into the hippocampal
CA1 and CA3 regions (Figs. 2E and S1). Treatment with
NK41, NK46, or BL mix decreased IS-induced corticosterone,
IL-6, tumor necrosis factor (TNF)-α, and LPS levels in the
blood.
Next, we examined the anti-colitis effects of NK41, NK46,
and BL mix in mice with IS-induced anxiety/depression
(Fig. 3). Exposure to IS significantly induced colitis: it
induced colon shortening, myeloperoxidase activity, NF-κB
activation, TNF-α and IL-6 expression, and CD11b+/CD45
populations (DCs and macrophages). However, treatment
with NK41, NK46, or BL mix significantly suppressed ISinduced colitis markers including colon NF-κB activation,
and CD11b+/CD45+ cell population in the colon.
IS exposure increased fecal Bacteroidetes and Proteobacteria populations and reduced the fecal Firmicutes
population (Fig. 4). However, their treatment suppressed
IS-induced Bacteroidetes and Proteobacteria populations
and increased the IS-suppressed Firmicutes population.
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Fig. 2. Effects of Lactobacillus mucosae NK41 and Bifidobacterium longum NK46 on the IS-induced anxiety-like and depressive
behaviors and hippocampal inflammation in mice.
Effects on anxiety-like behaviors in the EPM (A: a, OT; b, OE), TST (B), and FST (C) tasks. (D) Effects on NF-κB activation and BDNF expression,
in the hippocampus. (E) Effects on the infiltration of Iba1+ cells into the CA3 region of hippocampus. Effects on corticoterone (CORT, F), IL-6 (G),
TNF-α (H), and LPS levels (I) in the blood. Mice except control group (Cs) were exposed to IS and test agents (Cs, vehicle [1% dextrose]; Is,
vehicle; IsL, 1 × 109 CFU/mouse/day of NK41; IsB, 1 × 109 CFU/mouse/day of NK46; IsM, 1 × 109 CFU/mouse/day of the (1:1) mixture of NK41
and NK46 (BL mix)]; and IsF, 12 mg/kg/day of fluoxetine) were gavaged orally once a day for 5 days. p65, p-p65, BDNF, and β-actin were
measured by immunoblotting. Blood corticosterone, IL-6, TNF-α, and LPS were assayed by ELISA kits. Iba1+ cells were observed by a confocal
microscope. All data were expressed as mean ± SD (n = 8). #p < 0.05 vs. Cs group. *p < 0.05 vs. IS-treated control (IS) group.

They also suppressed the IS-induced gut bacterial LPS
production.
Gut microbiota are closely associated with the occurrence
of psychiatric disorders such as Alzheimer’s disease and
anxiety/depression [7, 14, 15]. Germ-free or antibioticstreated mice exhibit exaggerated anxiety-like behaviors more
than conventional mice [16]. These behaviors are alleviated

by fecal transplantation from conventional mice. Exposure
to stressors such as IS and 2,4,6-trinitrobenzenesulfonic
acid causes gut inflammation and membrane permeability
[6, 17].
In the present study, exposure to IS induced anxiety/
depression, NF-κB activation in the hippocampus and
colon, and gut Proteobacteria population and bacterial LPS
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Fig. 3. Effects of Lactobacillus mucosae NK41 and Bifidobacterium longum NK46 on the colitis in mice with IS-induced anxiety/
depression.
Effects on colon length (A), myeloperoxidase (MPO) activity, IL-6 (C) and TNF-α expression (D). Effects on CD11b+/CD45+ cell population (E) and
NF-κB activation (F). Mice except control group (Cs) were exposed to IS and test agents (Cs, vehicle [1% dextrose]; Is, vehicle; IsL, 1 × 109 CFU/
mouse/day of NK41; IsB, 1 × 109 CFU/mouse/day of NK46; IsM, 1 × 109 CFU/mouse/day of the (1:1) mixture of NK41 and NK46 (BL mix)]; and
IsF, 12 mg/kg/day of fluoxetine) were gavaged orally once a day for 5 days. p65, p-p65, and β-actin were measured by immunoblotting. IL-6 and
TNF-α expression were assayed by ELISA kits. CD11b+/CD45+ cells were observed by a confocal microscope. All data were expressed as mean ±
SD (n = 8). #p < 0.05 vs. Cs group. *p < 0.05 vs. IS-treated control (IS) group.

production, as previously reported [6, 9]. Oral administration
of NK41, NK46, or BL mix significantly alleviated ISinduced anxiety/depression, NF-κB activation, and gut
dysbiosis. In particular, they suppressed IS-induced gut
bacterial LPS production and endotoxemia. LPS causes
systemic inflammation and psychiatric disorders such as
memory impairment and depression and suppresses BDNF
and tight junction protein expression in vitro and in vivo
[6, 11]. These findings suggest that NK41 and NK46 can
alleviate anxiety/depression by inhibiting gut inflammation
through the inhibition of gut bacterial LPS production.
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Lactobacillus johnsonii and Lactobacillus plantarum alleviate
anxiety in mice and zebrafish, respectively [6, 11].
Bifidobacterium longum NCC3001 mitigated dextran sodium
sulfate-induced anxiety in rats [19]. Bifidobacterium infantis
suppresses depression in the brainstems of rats [18]. Antiinflammatory Lactobacillus reuteri NK33 and Bifidobacterium
adolescentis NK98 attenuated IS-induced depression and
colitis by inhibiting NF-κB activation.
These findings suggest that probiotics NK41 and NK46
may alleviate anxiety/depression and colitis by suppressing
gut dysbiosis.
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Fig. 4. Effects of Lactobacillus mucosae NK41 and Bifidobacterium longum NK46 on the gut bacteria and LPS production in mice with
IS-induced anxiety/depression.
Gut bacteria Proteobacteria (A), Firmicutes (B), and Bacteroidetes populations (C) were assayed by qPCR. Bacterial LPS was measured by ELISA.
(D) Effects on the fecal LPS level. Mice except control group (Cs) were exposed to IS and test agents (Cs, vehicle [1% dextrose]; Is, vehicle; IsL, 1 ×
109 CFU/mouse/day of NK41; IsB, 1 × 109 CFU/mouse/day of NK46; IsM, 1 × 109 CFU/mouse/day of the (1:1) mixture of NK41 and NK46 (BL
mix)]; and IsF, 12 mg/kg/day of fluoxetine) were gavaged orally once a day for 5 days. All data were expressed as mean ± SD (n = 8). #p < 0.05 vs.
Cs group. *p < 0.05 vs. IS-treated control (IS) group.
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