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Lactobacillus kefiranofaciens 1207 alleviates anxiety and
depression-like behavior in CUMS mice

CHENG Xinyi, SHAO Zhen, ZHOU Yuting, LIANG Jiaqi, HOU Yaqin, MU Xinyu,

LIU Xiang, WANG Yanping, GENG Weitao~

Key Laboratory of Food Quality and Health of Tianjin, College of Food Science and Engineering, Tianjin University
of Science and Technology, Tianjin 300457, China

Abstract: [Objective] Increasing studies have proved that probiotics can regulate the central nervous
system through the microbiome-gut-brain axis and affect the occurrence and development of mental
disorders. Therefore, the development of probiotics resources related to mental health is of great
significance. We employed the mouse model of chronic unpredictable mild stress (CUMS) to study the
alleviating effects of Lactobacillus kefiranofaciens 1207 isolated from Tibet Kefir grains on the anxiety
and depression behavior in mice. [Methods] The CUMS model was constructed and intragastrically
administrated with L. kefiranofaciens 1207 (10° CFU/d) for two weeks. The effects of the strain on the
anxiety-like and depression-like behaviors of mice were evaluated by open field test, tail suspension
test, and forced swimming test. The regulatory effects of the strain on tryptophan metabolism,
hypothalamus-pituitary-adrenal axis, and inflammatory cytokines were evaluated based on the content
of biomarkers in hypothalamus, serum, and spleen. [Results] Compared with the control, L.
kefiranofaciens 1207 prolonged the retention time in the central region in the open field test (P<0.05),
as well as the stationary time in the tail suspension test (P<0.01) and forced swimming test (P<0.05).
Additionally, it improved the tryptophan metabolism of hypothalamus by reducing
5-hydroxyindoleacetic acid/5-hydroxytryptamine in mice and regulated the balance of hypothalamus-
pituitary-adrenal axis by lowering the serum level of corticosterone. By up-regulating the relative
expression of anti-inflammatory cytokine (inflammatory cytokines-10, IL-10) in mouse spleen
(P<0.05), L. kefiranofaciens 1207 inhibited the occurrence of inflammation. [Conclusion] Two weeks
of oral administration of L. kefiranofaciens 1207 can effectively regulate the biomarkers related to the
gut-brain axis and alleviate the anxiety and depression-like behavior of mice. Our study provides new
probiotic intervention strategies for the prevention and treatment of psychiatric disorders.

Keywords: Lactobacillus kefiranofaciens; gut-brain axis; anxiety-like behavior; depression-like behavior;
biomarker
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AL, #EFh Tk B MRS Wik 3: 5, 37 °C
RS 48 h, &H.
1.3.2 R4
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HAETE BN AT BRI T, R T A AR AR A
A2 AR A i SR FH A A8 P AS AT R 3
FEAHE: (1) 25K 24 h, (2) MIRIEGE 45°

x1 DPLBEFERLESE

Table 1 Grouping and treatment of animal experiment

Group treatment Method Intragastric cycle  Experimental cycle  Quantity

Control Intragastric administration of 0.85% sterile 2 weeks 9 weeks 8
normal saline

CUMS Intragastric administration of 0.85% sterile 2 weeks 9 weeks 8
normal saline

1207 Intragastric administration of 10° CFU/d 2 weeks 9 weeks 8
probiotics

FLU Intragastric administration of 2.5 mg/(kg-d) 2 weeks 9 weeks 8
Fluoxetine

<l actamicro@im.ac.cn, & 010-64807516



BURKIGSE | AR, 2022, 62(8)

3113

12 h,(3) #R%E% 10 min, (4) 22 1 min, (5) 2%
£ 24h, (6) BIRHEL 24 h, (7) B 24 h, (8)
48 12 h, (9) WOKWEK 15 min. £ RFEHLEA T
1 R, L2 2 d AN THIFE, Rk 6 .
BT IR A5 R FRA T R S e A TP A
1.7 {TAEXE

11 R2E LA 7k 2% Liu 4. Cryan
SRR T,

s, K AN b E, LA
FFERTFE RS, W 6 min J515 1E S5,
SPIET, A NN R, AUETE R
Y RE KR, LAV RR ka4 i iof5 Bk
JMIE SR, 305 6 min /N EUE ST IREL, B
¥ B ] Etho Vision HXH MU T8 74k
38T, TR/ INETER S 0 IX S B A R] 40
EE : (37 DX Sl f2 B8 s 1]/ 5 W IR 8] ) < 100%

SRAAWEIKSLIR T, B KR AT K 15 em
FE K, KB ER . 7EIER LK T 24 h,
£ HUNBRIS AT 10 min B93E PR DK DI, 1F
KR, A /NPT 6 min Wk,
FH Etho Vision #AE XA EA T 507 o0 Hr, 11
S/NE 2-6 min BRAAYR S [A] CGAE AR i
AN B s AUS B G2 3

R, KRR 1 om &b E
E—5 55 em. % 60 cm WK TR E F T
75, R B A ERME LA A e R, IR LSk
PREA T I ES AT 20-5 cm., %305 6 min,
{fi F§ Etho Vision #{45rHr B J5 £ 2-6 min 1)
TR Bl i s8] GBI E bR o S Bl W 5 3 Bl
L, MFRERHRE).
1.8 MK T EERAFRALIE?

CUMS /)N FRBRE Y i Ji — R AT R 24 e 2%
1 24 h Ab%E, FHIRERHELM, 4 °C. 3 000 r/min
B0 15 min JF BRI, KRR B9 v IR AR
2 G AEETE-80 CCHEM A . Wk BuUlk, K

BRI v == X s B ol [ I 1 B R R A
Il B A VR Z 5 A E-80 °C L. ZE /i,
1.9 MERADDRGIREREIENE

e FH R S 43 At ELISA 35 &%) K Fo ik
R R AR (5-HT) . FL 05| s 2 2 (5-HIAA)
DA 8 S R (TRP, 032 60 JHe A i A 5 A 0 5 o

it FFI BB 28 43 B ELISA 7 & LA F e
i - A B 1 B AR DG 2R bR ) i AR A [l R
i S R(CORT) . Fe o 42 B B 3 3 R
¥ (CRH)].

fdi FH i 166 H0 % 40 7 ELISA 3R 5 & b 4%
CUMS H AU/ BRI E A 48 4 R F~(IL-6) . Ptk
ML F(IL-10), vy THERAFN-y)AXS Rk G

A€ N RS OL) S R R AW vy
SR I Ty BRI S v A R bR VR
1.10 HEGIT R

SRR FH - B £95% B A5 X ) s, R
H one-way ANOVA L 2 5 it oA /B
¥ H GraphPad Prism #{#1 Etho Vision {5
W WEMERRER N P<0.05; ZEKGK PE
HRAE 95% B AH X AT IE .

2 HR5WH

2.1 SIEHATE 1207/ NERBERE
SR RER

S TG , AR E N R R 7517
HE SIS EE RS, /N RUE A, I AR
T s THENERS AL, JF A A1/ BRUA T
FERRFE R 225 . S5 R 1 fige 2 FoR.

R, A/ D RIEE R, KE
JeFET, REIEH . BRa Ax g, &4
N T M A 5 R 4 1) TG B 3 T 25 55 (P>0.05)
(& 1); BREGFLUYAHSL, 5 ME#S 5T i AE 41
¥IE B F 22 R (P>0.05) (% 2)., 45HEW TE
WREFLAT B 1207 X5/ BB BIAE

http://journals.im.ac.cn/actamicrocn



3114

Cheng Xinyi et al. | Acta Microbiologica Sinica, 2022, 62(8)

-# Control
301 = cums
| & 1207

¥ FLU

(o]
n

Body weight/g
(S
S

15

0 7 14 21 28 35 42 49 56 63 70
td

1 Bk 1207 3/ RIARZ R0
Figure 1 Effects of strain 1207 on body weight of

mice. * represents the significant difference in
comparison between blank (control) group and
model (CUMS) group. P<0.05.

2.2 SIBEHIATE 1207 5/ EEEK BT
RN
EEBE R JURRGE S &AW 2 )

F2 EHH 1207 SHEPERRENE

Table 2  Effects of strain 1207 on the quality of organs

iF %t Control 2, CUMS 41 . #E 15 25 4= i 41 FfH
PEXT RS ZH HEA TR KA 372 000 2 o K/ )N BB
FERCE VAT 12 h B2 WK, 4 /NS E 2%
(WIV) REREZK (200 mL/AfR)A14l5 7K (200 mL/f)
24 h TR R AT 5. AR RRAE B
FEINARAE PSR = () BERRAE BT IR F K
TR R EAR /N B PR

il 2 Al L AR, CUMS 4 | 1207
241 FLU ZHA7K i f7-# 5 Control HAHIL BT
R (P<0.001); FEEEBIIUFIR(EH #52E 5T 2 JH)
iF, CUMS 4 MK s 2%(%) 8 &K F Control
41(P<0.01); CUMS #E7 /N 5 2542 14 1207 A
FPUTT (2.5 mg/kg)m BRI Hh AR il Ay Pk
=,

Organ index

The experimental group

Heart Liver Spleen Kidney Testis
Control 5.58+0.04 46.87+0.09 2.53+0.30 12.56+0.17 6.48+0.03
CUMS 5.26+0.17 45.01+0.04 2.18+0.20 12.734+0.04 7.11£0.06
1207 5.81£0.04 46.15+0.08 2.32+0.13 13.59+0.02 7.35+0.09
FLU 6.35+0.04 46.51+0.05 2.02+0.05 13.234+0.04 6.58+0.03
Organ index=organ mass/body weight x1 000.
(A) (B)
90 100

80
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60

50

Sucrose preference/%
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il

Sucrose preference/%

oS
o
QQ&

S 4%
Q&“‘ > QVO

2 tARAMABARB)E LN REKBEF R ZH D RIERRFER

Figure 2 Preference rate of sugar water of mice in each group at the end of the seventh week (A) and the
ninth week (B). * and # indicate significant difference, P<0.05; ** and ## indicate significant difference,
P<0.01; *** and ### indicate very significant difference, P<0.001. *, ** and *** represent the comparison
between blank (Control) group and model (CUMS) group; #, ## and ### represent the comparison between

1207 and FLU group and model group (CUMS).
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> 4
&0 (}Sé\% \"\,Q Q\}‘)
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Figure 3 At the end of the seventh week, in the open field, the movement track, the time in the central
region, the upright times and the translatable times of mice in each group. A: movement path of mice; B:
residence times in central region of mice; C: times of mice standing upright; D: times of mice straddling.
* indicate significant difference, P<0.05; ** indicate significant difference, P<0.01; *** indicate very
significant difference, P<0.001. *, ** and *** represent the comparison between blank (Control) group and
model (CUMS) group.
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Figure 4 At the end of the ninth week, in the open field, the movement track, the times in the central region,
the upright times and the translatable times of mice in each group. A: movement path of mice; B: residence
time in central region of mice; C: times of mice standing upright; D: times of mice straddling. * and #
indicate significant difference, P<0.05; ** and ## indicate significant difference, P<0.01; *** and ###
indicate very significant difference, P<0.001. *, ** and *** represent the comparison between blank (Control)
group and model (CUMS) group; #, ## and ### represent the comparison between 1207 and FLU group and

model group (CUMS).
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FAL, AHEE CUMS 41, 1207 A/hRFEE RS AEEAERCRARL, 1207 B HA AR XD
HOR B ) B3 T B (P<0.01), SEER45 Y AR T NMGERIIRE. LiRg RN, SRl
Control 41}t FLU HTEH R 25 . SN ZUFFE 1207 M F 50T UG R85/ AR EET T
gk th B AR A RRAE D FLFF I MA2 55 3 bkzs O, IF HAERIRCRIE T 254 FLU T

(A) (B)
200 150 - ok wok 2k
& ok * ki
2150 | @
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£ 5o e 1
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0 0
> S & N > s Q& N
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B 5 tRRZENRERENKSEE LR DA s E

Figure 5 At the end of the seventh week, the immobility time of mice in forced swimming and tail
suspension tests. A: the immobility time of mice in the forced swimming experiment; B: the immobility time
of mice in the suspended tail experiment. * indicate significant difference, P<0.05; ** indicate significant
difference, P<0.01; *** indicate very significant difference, P<0.001. *, ** and *** represent the comparison
between blank (Control) group and model (CUMS) group.
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Figure 6 At the end of the ninth week, the immobility time of mice in forced swimming and tail suspension
tests. A: the immobility time of mice in the forced swimming experiment; B: the immobility time of mice in
the suspended tail experiment. * and # indicate significant difference, P<0.05; ** and ## indicate significant
difference, P<0.01; *** and ### indicate very significant difference, P<0.001. *, ** and *** represent the
comparison between blank (Control) group and model (CUMS) group; #, ## and ### represent the
comparison between 1207 and FLU group and model group (CUMS).
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Figure 7 At the end of the seventh week, effects of strain 1207 on tryptophan metabolism in mouse
hypothalamus. A: 5-HT concentration; B: 5-HIAA to 5-HT ratio; C: 5-HT to tryptophan ratio. * indicate
significant difference, P<0.05; ** indicate significant difference, P<0.01; *** indicate very significant
difference, P<0.001. *, ** and *** represent the comparison between blank (Control) group and model
(CUMS) group.
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Figure 8 At the end of the ninth week, effects of strain 1207 on tryptophan metabolism in mouse
hypothalamus. A: 5-HT concentration; B: 5-HIAA to 5-HT ratio; C: 5-HT to tryptophan ratio. * and #
indicate significant difference, P<0.05; ** and ## indicate significant difference; P<0.01; *** and ###
indicate very significant difference, P<0.001. *, ** and *** represent the comparison between blank (Control)
group and model (CUMS) group; #, ## and ### represent the comparison between 1207 and FLU group and

model group (CUMS).

H & 10A-B Al 1, 7EREHR 1207 #EH T 2 8
7, 5 CUMS A EL, 1207 278 BRUIL3E H 0 B2
Jo R T [ (P<0.05) MK 52 ) T 1IE B HPA
ol 7 R e B AKSF L T R B S £
WA AR . IXRIATERE 1207 AT LR
I B O Y HPA il 2 S A 1 i, SRR
HPA %) 1E % TAE . DLl FE LA/ 1207 i
T 240 R SR R R R 3 B 1 R Y R Y R R )

(A)
400 -
%ok

ok ok

350 -

300

¢(CORT)/(ng/mL)

250

200

5
&
QG

)
& v

&9 +tREFXE 1207 37/ HPA dHE91{E B

4

RE. DRSS 2 A e g A EL A Y, Sl e i
N7 IR A X B Jo B i A TR Y . A JLAR R
AP TTRHIESE TN W RS SRR A
K, e R A BB 23 AMATRAE S8 2 VR N B9 HPA il
AT BORAS . BFFERM, i AR n] RLid i R
W Ji 357 I 00 E P10 T R 140 45 A S Wi AL A 4
WO R GE , FETITE AEXF HPA il )52 e o 98 15
//tli ﬂ‘j [22,29-30] .

(B)

ok *

ook

250 1
3200 -
150
100
50

¢(CRH)/(pg/m

Figure 9 At the end of the seventh week, effects of strain 1207 on HPA axis in mice. A: serum concentration

of corticosterone secreted by the adrenal glands;

B:

serum concentration of corticosterone. * indicate

significant difference, P<0.05; ** indicate significant difference, P<0.01; *** indicate very significant
difference, P<0.001. *  ** and *** represent the comparison between blank (Control) group and model

(CUMS) group.
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Figure 10 At the end of the ninth week, effects of strain 1207 on HPA axis in mice. A: serum concentration
of corticosterone secreted by the adrenal glands; B: serum concentration of corticosterone. * and # indicate
significant difference, P<0.05; ** and ## indicate significant difference, P<0.01; *** and ### indicate very
significant difference, P<0.001. *, ** and *** represent the comparison between blank (Control) group and
model (CUMS) group; #, ## and ### represent the comparison between 1207 and FLU group and model

group (CUMS).
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Figure 11 At the end of the seventh week, effects of strain 1207 on HPA axis in mice. A: IL-6 concentration

in the spleen; B: IL-10 concentration in the spleen; C: IFN-y concentration in the spleen. * indicate
significant difference, P<0.05; ** indicate significant difference, P<0.01; *** indicate very significant
difference, P<0.001. *, ** and *** represent the comparison between blank (Control) group and model
(CUMS) group.
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Figure 12 At the end of the ninth week, effects of strain 1207 on HPA axis in mice. A: IL-6 concentration in
the spleen; B: IL-10 concentration in the spleen; C: IFN-y concentration in the spleen. * and # indicate
significant difference, P<0.05; ** and ## indicate significant difference, P<0.01; *** and ### indicate very
significant difference, P<0.001. *, ** and *** represent the comparison between blank (Control) group and
model (CUMS) group; #, ## and ### represent the comparison between 1207 and FLU group and model

group (CUMS).
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