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W OE: [88] KR FFRKIAFEH CCTCC M 2016546 2t 1% P4 & F= & ¥ 0 4= AL 4 (chronic
unpredictable mild stress, CUMS) #8937 AR AL AL K R 89 S AR 2R AL AuH] . [ 0%]) 45 60 R Ak
M SD K RIS A = & LA (n=8). A (n=43). M LUMn=9). BR=TEHMI, EAKIFIEZ
3AP R R, KR T4 B ERTERTFKIAE CCTCC M 2016546 (1x10° CFU/).
4 B )5, BT RRERE . RAFK K. TR PE R BIPARE, RBP4 R
HERR T 0 KR AU A AR 20 (n=8). A HITLL(2.1 mg/kg AT, n=8). ¥F (2.1 mgkg A
7T+1x10° CFU/d ¥ 47 K $LAF & CCTCC M 2016546, n=9). & 7 &4 (5x10° CFU/d ¥ # K SLAT &
CCTCC M 2016546, n=9). {&7| & 41 (1x10° CFU/d ¥ £ K ILHF # CCTCC M 2016546, n=9). %21
XKRBREZ 1V RAWET, HE 4 8. BRE\FITAHFNRK, ARFFKIFEH CCTCCM
2016546 x+ 4 ARAE R K R AT A F 89 Fom . R A B&IK £ J& % (enzyme-linked immunosorbent assay,
ELISA)# M K R & L 2042 F 5-% & & (5-hydroxytryptamine, 5-HT) & o 7 o 42 B £ I K R &
(adrenocorticotropic hormone, ACTH). & Jf B (cortisol, CORT) ¢4 4% ; & A & & ¥P i& /% (Western
blotting) M| & fizi 20 £2 F i /& A 22 72 #x B -F (brain-derived neurotrophic factor, BDNF). B & BL i B %
1k B (tyrosine kinase receptor B, TrkB). 4 & # 5 B (protein kinase B, AKT). 4% Ji§ Bt ILES 3- i B
(phosphatidylinisitol 3-kinase, PI3K). %& iz 5 8 7 i B4 (extracellular signal-regulated kinase, ERK).
AR B T cAMP R UM 4 4% @ (cAMP-response element binding protein, CREB) #9 & & & iA .
[£R] A®T. HRLHAFTFRKIAFE CCTCC M 2016546 ¥ it 2 & 2 &I AR K R 4947 A &
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I, T3 A HE K AREF(P<0.01, P<0.001), R & BR8] (P<0.01, P<0.05), & &HK-FEZ)EIES
BoF S R 34T B AT 1A (P<0.01, P<0.05). sk, A\ ITHAFFKIAFE CCTCC M 2016546 iF £tk
4 CUMS 3| #2¢9 5-HT. CORT #= ACTH K-+ E AL (P<0.01, P<0.05). & & k& F &, AHITH
FathFl 40423 T BDNF. PI3K. CREB. TrkB. Akt. ERK #j & ik (P<0.01, P<0.05), £+ H#H &%
K 3LAF B CCTCC M 2016546 <T 3% hn AKT. BDNF. CREB. PI3K #%& & /K-F(P<0.01, P<0.05),
M AKF MR & T AKT 4= BDNF K -F(P<0.01), TREF M4 2% £ 2% E T TrkB 49 & £ (P<0.05).
[4£] F#RIAFH CCTCC M 2016546 *F 4 ARAEAL X R LA o AR 20R, M AT fbd 18 5
T £ - 4R - B _E B (hypothalamic-pituitary-adrenal, HPA)4# %) #& 4= PI3K/AKT/CREB/BDNF 1z 5 i 5
KEER .

XHiF: T KILAFEH CCTCC M 2016546; CUMS; Ak, 4TH%; &éa ks

Effects of Lactobacillus reuteri CCTCC M 2016546 on behaviors of
depressed rats and mechanistic exploration

MA Ting'#, ZHANG Jiahui'”, WANG Rong', JIA Hai®

1 School of Pharmacy, Ningxia Medical University, Yinchuan, Ningxia, China

2 Department of Pharmacy, Gansu Provincial Hospital, Lanzhou, Gansu, China

Abstract: [Objective] To investigate the effect of Lactobacillus reuteri CCTCC M 2016546 on
chronic unpredictable mild stress (CUMS) -induced depression in rats and explore its potential
mechanism. [Methods] Sixty male Sprague-Dawley (SD) rats were initially randomized into three
groups: blank control (#=8), CUMS model (n=43), and prevention (#=9). The other groups except
the blank control group received three CUMS stimuli daily. The prevention group was
administrated with the L. reuteri CCTCC M 2016546 suspension (1x10° CFU/d) via oral gavage
prior to daily stress induction. After 4 weeks, depressive behaviors were assessed by sucrose
preference, forced swimming, and open field tests. Successfully modeled rats (n=43) were
re-randomized into five groups: model control (n=8), fluoxetine (2.1 mg/kg, n=8), combined
therapy (2.1 mg/kg fluoxetine+1x10° CFU/d CCTCC M 2016546, n=9), high-dose CCTCC M
2016546 (5x10° CFU/d L. reuteri CCTCC M 2016546, n=9), and low-dose CCTCC M 2016546
(1x10° CFU/d CCTCC M 2016546, n=9). Rats were administrated with corresponding agents daily
for 4 weeks and then subjected to behavioral tests again. The levels of 5-hydroxytryptamine (5-HT)
in the hippocampus and adrenocorticotropic hormone (ACTH) and cortisol (CORT) in the serum
were quantified via ELISA. Western blotting was performed to determine the protein levels of
brain-derived neurotrophic factor (BDNF), tyrosine kinase receptor B (TrkB), protein kinase B
(Akt), phosphatidylinisitol 3-kinase (PI3K), extracellular signal-regulated kinase (ERK), and
cAMP-response element binding protein (CREB) in the brain tissue. [Results] Compared with the
model control group, all treatment modalities (fluoxetine, combined therapy, and CCTCC M
2016546) alleviated depressive behaviors: increasing sucrose preference (P<0.01, P<0.001),
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reducing immobility time in suspension (P<0.01, P<0.05), and enhancing horizontal locomotion
distance/central zone exploration (P<0.01, P<0.05). Biochemical analyses revealed that treatments
reversed the CUMS-induced alterations in 5-HT, CORT, and ACTH levels (P<0.01, P<0.05).
Western blotting demonstrated upregulated protein levels of BDNF, PI3K, CREB, TrkB, Akt, and
ERK in the fluoxetine and combined therapy groups (P<0.01, P<0.05). High-dose CCTCC M
2016546 elevated Akt, BDNF, CREB, and PI3K levels (P<0.01, P<0.05), while low-dose CCTCC
M 2016546 raised Akt and BDNF levels (P<0.01). Prophylactic CCTCC M 2016546
administration primarily enhanced TrkB expression (P<0.05).[Conclusion] L. reuteri CCTCC M
2016546 ameliorates CUMS-induced depression in rats, potentially by modulating the
hypothalamic-pituitary-adrenal axis hyperactivity and activating the PI3K/Akt/CREB/BDNF
signaling pathway.

Keywords: Lactobacillus reuteri CCTCC M 2016546; CUMS; depression; behavioristics; protein

expression

PIARIE & — B E AN 25 b, 2 A
Pl P B8R 1 o it P B A, 2 R BRI  T 4 )
FEFEN, BAT, SBRMAE R E X 3512
N, T EAREE B RN 2.1%, AEBREE
ik 6.8%, A2 AWARAE 52 i i N HE S B IE & A0
KBS e R 23 TR e = B0, H AT
FHRHTINAR 24 32 2 R e B 5-5% €0 e P4 U dl
il %] (serotonin-selective reuptake inhibitor, SSRI)
a2 R 3R P48 U ) 5 (norepinephrine
reuptake inhibitor, NRI)Z:fb 22259 . SR, X4k
UAFAEAN ROV 2 . T 25 PE B . phdk
AR, BRI T HASHIR Y. ik, ek
ZWS . MR, R AEWPUMAR 25 YR TT AR AE
BN Y55 2 &b,

TR A /9 A8 W) 2% I 3 A0 46 2 Fh i 28 5
ik =, Wl £ B OE (dopamine, DA) . &
B | iF 2 (norepinephrine, NE) #1 5-¥% {4, i
(5-hydroxytryptamine, 5-HT). It4h, #ABLE i
5 N B i - AR - B I B (hypothalamic-pituitary-
adrenal, HPA) il (1) 2 1 4% V) 41 50, 784y 7 )2
Mo, R M M2 E FF I F (brain-derived
neurotrophic factor, BDNF) J& — Flt ¢ £ & 11 Jii ,
TR 28 A RN S T B DGR T R ST
W] BDNF /KL T 5 AR 4 A4 BoA s AH OC
PV, BDNF a5 5 55 A0 7 ) e S P 32 AR i

>4 actamicro@im.ac.cn, 7 010-64807516

TIRILEGFZ 1K B (tyrosine kinase receptor B, TrkB)
SEETOE T — R IG5 T H X S B
ARG XA T AER . 5. Y
REFEIR LA N 5 M 2 i 403 e SR TS,

Bl E A DRI 6, 2 A TR CY it
JE i B A AR 25 0T SO ) AE A BhR T
TABAE 5 1 2% 52 S el SE Ak, I BRI
KW s AW A BRI A RGP M . Tian
AU, A ZEAAT B CCFM1025 381 15
TE ol AR P 20 R HL A I A D A A AR i ) i R
TP, — TR IR R —FR A
g A2 TR 7 (B0 75 R 2R FE T I CCFMIL025
KEZFIF R CCFM687 MIFRZLIE IR CCFM6432)
R A PTIARROCR , fE W R DU R
PR & 2% (Hamilton depression rating scale) 2 41])
BRPEAN T HA45 4, IR T 4 2F TA 7E o AR
FERTT T BI T 7o g A TR R £ 2E JC XA AE 79
Ty &0 C A R DR A0 AF 5% A DR 3 56 45 2]
LR S

B ECFLFT B (Lactobacillus reuteri) & — F
HA 5 (24682 IR W 8L = Bk,
FE R T 9 A [R) AT R 8ione 3 AR S R B
FAFEZE S, MR B AN [R] A9 38 I M i) 1 IR
AW, )T T 2R EL S Y H R
LG R  WPRE . HAIESE, H 1962 SEHIK



T A | BRI, 2025, 65(11)

5011

BT s Lk, PRI ERCEZ N EY
SFR R 2R I . RS R,
B LT B 19 4 22 TR AE YR 97 AN 101 B A 46 7=
JOFL T ALRE A 9 R Rz bR B e A 22 i v
K V2 T EAE FT AR f R AU 4 v B A
FESE, HOCT B RFLAT I -5 M ARAE 2Z 18] AT
RS CHE H ATHF AR D

A 5T K FH 18 P R RS AT 5 K07 38 (chronic
unpredictable mild stress, CUMS )72 3 57 AR K Bl
BRL, SRR BRI CCTCC M 2016546 1
GZF A M I T T | RS AR AR AT R T TR T
I it — IRV A BT AR AL S, DU %
PHERFLFTFE CCTCC M 2016546 1F K5 AU AR
25T B S LAl

1A

1.1 S

B TGP IE: SD KR, B 6-8 Jil,
5T 1 (180+20) g, WA I H i A8 B FF L AE D RLE.
HIRAA, sShiFrIES . 91620123MA71Q7
XU77. KBRS TE/MAA 12 h, IREQR25+]) °C,
FIXHREE 55%-65% HIALEH

ABIF5E Bh ) S B 5 H A A N R B B R 2y
e B Z B2, 450 2021-013,
1.2 Btk

B IRFLFFH CCTCC M 2016546, BRIGA
FKAEYBHEA R A
1.3 FEXFIFLEE

FIETTRCEE, ALRIINHIZG AR F]; BDNF
ok . wh AR BEALEE 3- 4 % (phosphatidylinisitol
3-kinase, PBK) HL 1A . #% §% Sk I+ cAMP )i
JC 14 45 4 2 11 (cAMP-response element binding
protein, CREB)¥i{4 . TrkB ik . 400 sMeE 54
17 B4 i (extracellular signal-regulated kinase, ERK)
Bk . I B (protein kinase B, AKT)Hi 1A,
Affinity Bioscience 2y H] ;& Jii[ilil(CORT) ELISA
R & (2 LIRS R (ACTH) ELISA 1]

& . 5-FR0 i (5-HT) ELISA i # &, 1175
ERHE A RAE; BCA BEAERIRNE, 110
IR AR A R A F]

BEFRAL, TR AR (L) ARA R B
WAL, e —EWRHE A RA R bkt
WAL RS, MR A RA R, SHEA
R B0, Scilogex A H] s WFESY, I
AR AR A BR A
1.4 A RAIE

SD Mt R BUZE SE BRI by MR 5 1,
B PEAT 0 BN 1% MoK etk 6 . 1 8
Ja . B K ERBENL S 8 25 4 (n=8). A 4
(n=43) M BG4 (n=9). Bi2s F4lsh, HAKRK
2 B8 SCRIR[16] 1182 M 2R ] TR FV #(CUMS)
Jr R ALY KRR R LI AZ LAF
3 FIANFEIR RO 25 24 h, 25K 24 h,
FE 2 min, ZEHGE . REMR 45° 24 h, BK
Wi, B 1 min, SRR, WHREEL 24 h,
4 °CY KUK . 45 CCHUKIETK . K453 FUE
20 min, JEFBHLT 10's, 3 Bl ORI FE LAY
H2d Wil ARES, F5ek 4 5. HipidaiR
LT H IS RERTA 98 1x10° CFU/d B CFLAT I
CCTCC M 2016546,

WA 4 JJE, AT AR (R R K
U . A GRS . W) PR P AR
R BB 2 b AR AR TR R S R ) A K R B AL
53 CUMS #(n=8). #PUTT41(2.1 mg/kg FPUIT,
n=8). MH[E4(2.1 mg/kg FIETT+1x10° CFU/ %
PEFLFF B CCTCC M 2016546, n=9). &
41 (5x10° CFU/d % ft [C FL #F @ CCTCC M
2016546, n=9), fKFIE 4 (1x10° CFU/d Z %
FLFFE CCTCC M 2016546, n=9), ZJ&, &K
PR, RS 4 L s A AT R 4y
B 1 mL A HER K. MR AT A I K R
[CFLITFE CCTCC M 2016546 HYZiX &, b
TTHHEHA S 2% SCIR[17]. 259 T HiE, BRes
F 2 AP AR AR BR R 2452 B ORI, =5 H
R FRAE TR . G R/ RS OGRS T

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



5012

MA Ting et al. | Acta Microbiologica Sinica, 2025, 65(11)

i H R ERECE YRR . 25T g s G
FTAT R

VE S AT, K RO G T o A A R
KSR, TR
1.5 1THREFEN
1.5.1  # 7K i# #£ M K (sucrose preference
test, SPT)!"®!

WE 7K AE U T 3P4k R By PRt 2R R
Ao IEKEGEN 1% BEFRRW, 7R NEMIE
2 MEERA TR 24 h, SR 1O o 2l
K, YRECE 24 h, HAIRE 12 h H 1 O
FIALE . AEEARIK 24 h 5Bk LA AR 37 76 5
Frf, (I R BRE 2 4 B3 100 mL 1%
JERE O 100 mL ik . M2 2h A
THAE Y TR R DA K B, e (R R ) B 4 — R KO
PEE . BRI RIA AR FTR.

WK - 2R =T W o/ R T FE e+

Al K IHFERD) < 100% (1)
1.5.2 5EiB;fk 5L 38 (forced swimming test,

FST)!"!

S 38 K SEER FH T R R EBR AT
AT RN o KR BRI E T BHAR 25 em, &%
60 cm H.he A 7K 117 B RIAE AR N KR 25 °C . 7K
% 40 cm), 185 6 min N5 5 min A9 &L & 1k B
[0 o A RIWbR AR, (BRI
B SIERR A o AR IR 45 o5 T 545 (R4 Y A
K, HEMET KERKERE, REHEEE TN
T,

1.5.3 B 17558 (open field test, OFT)

B3 5255 F VR4 R RAE B A5 i i A &
BTGB ARRAT R o K B A b A —
A~ 100 emx 100 emx35 em B RCAS o e, 1R
% 5 min, FAAHHLIC %% 3h H kR0, I
Smart v3.0 ZH¥AT 2200 REHEAT b . BRIK
WERJGH WS G, DOE BT — 2
WY TR R, AULERTTHEIT OFT
(TSR PPk ge Z A T 371 ) . DATH R

>4 actamicro@im.ac.cn, 7 010-64807516

F18hBE 1R 5 | R B T A
1.6 #ARE

KEAT R 2E LI ZE R G A5 A8K 12 h, iR
M fe AR BRI, =R ERE 1 h I, T
4°C. 3000 t/min .0 15 min J5, B R
FETF-80 °C. SR SERUFASEAR R, M AEVK -
WO, A TIRAY, MR ZE-80 °C
vKAR
1.7 ELISA {8 54047 5-HT K& ME
KREI. ACTH &S

iz B ELISA 330500 & d B 13 28 BRAR Ok 354
et FH A (SRS D W O B A, B T 5 B o A K
SR ZH 2 5-HT Mg B2 il . ACTH 7K.
1.8 Western blotting | X ff /& 5 2R 210
¢ BDNF. PI3K. CREB. TrkB. ERK.,
Akt EHFTRIA

FREL 20 mg Z2 A1 Th2H 40, A 200 pL 4
FRRGIATAIH, T 4°C. 12000 r/min 250> 10 min
JE BRI, MR BCA 8 A @ SR &k i 4
e MR R E . #17 SDS-PAGE J5, ¥&HEH
%% % PVDF I, 7E 5% Wiig 4 05 == iR & 1A
1 h, #HBIFRBE—P, 4°CHFLIR. M
0.05% TBST #IRVERE 3 W5, AR B 5 i —
P, FWME | he FHRVEREESH ECL WA ki
Jinfe PVDF i I e, fd ] Imaged 2x 5 AF 2 Hr
BT K EEE
1.9 SitEoHh

K H SPSS 23.0 #4741 #r, A4 EHES
L meantSD IR o X EHE HEAT IE M KO 25 5%
PERC IS, 2 4B (] 1 HL R B R 3 22
38T, P<0.05 h2EREA IR .

2 BRE5M

21 RAEBMAAMEMNMK
(CUMS) /7722 KR INARR R
L4 G, RRRBET T — R 54T



Sl 25 | BUEYSAAR, 2025, 65(11) 5013

AR AT AR AR 8 b R A R B IR FL FEsRaa ek Se i rp, IR | T2 BT R
FFE CCTCC M 2016546 XHMARJE 5 HA TERL  AS Sk a) W 5 3% i1 (P<0.01, P<0.05); 7EW 5L
o AR, SEEAAE, BRA . B b, BRI R UK S 0 8 R e X R
B 2 K BB K D 4 2 B 8 R IR(P<<0.05, P<0.01); 5 BA R[] B B B AIK(P<0.01), THUR 4K FRUK P32

A 120p B 200
180 F i *

21601
K3 % _*f_ T 140f

120 -
100 |
80 r
60 -
40
20

—

[l

(=}
T

(o]
(e}
T

IS
S

Sucrose preference (%)
D
(=)
Immobility tim

[\
(=]
T

L L ) 1 1 )

0
Control Model Prevention Control Model Prevention

C 30 D 3500

25t 3000

- + ok s 2500+ .

2000 %
1500

Time spent (s)
O

1000 -

Total distance (mm)

500 -

1 1 J 0 L 1 J
Control Model Prevention Control Model Prevention

E F G

El1l 1EMARAITERAEZE(CUMS)HFEMEXBRAMMERMNITAZER. A: FHKRLGFE; B: sRiBf
VKABImSE] ;. C: W iscs rp s KEUE R I s D: W 3ekK- iz sh BIER ;. E-G: &SHAH . BRI
BB s sis sl s IR . 5AEAMIL, *: P<0.05; **: P<0.01; ***:. P<0.001.

Figure 1 Behavioral results of the chronic unpredictable mild stress (CUMS) method for constructing a rat
model of depression. A: Sucrose preference rate; B: Immobility time in the forced swimming test; C: Time spent
in the open field test; D: Total distance in the open field test; E—G: Representative figure of rats’ tracks after
modeling (E: Control; F: Model; G: Prevention). *P<0.05, **P<0.01, ***P<0.001 vs. control.
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Figure 2  Effect of Lactobacillus reuteri CCTCC M 2016546 on the sucrose preference rate (A) and the
immobility time in the forced swimming test (B) in CUMS depressed rats. *P<0.05, ***P<0.001 vs. control;

#HH#P<0.001,##P<0.01,#P<0.05 vs. CUMS.
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Figure 3  Effect of Lactobacillus reuteri CCTCC M 2016546 on total horizontal movement distance (A) and
central region residence time in the open field experiment (B) in CUMS depressed rats, and representative figure
of rats’ tracks after drug intervention (C-I). C: Control; D: CUMS; E: FLT; F: FLT+L. reuteri; G: L. reuteri-HD,;
H: L. reuteri-LD; I: Prevention. **P<0.01 vs. control; ##P<0.01, #P<0.05 vs. CUMS.
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Figure 4 The regulatory effect of Lactobacillus
reuteri CCTCC M 2016546 on neurotransmitters in
CUMS depressed rats. A: Serum 5-HT levels; B: Serum
CORT levels; C: Serum ACTH levels. ***P<(0.001 vs.
control; ###P<0.001, ##P<0.01, #P<0.05 vs. CUMS.
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Figure 5 Effect of Lactobacillus reuteri CCTCC M 2016546 on protein expression of BDNF, PI3K, CREB,
TrkB, ERK, and Akt in hippocampal tissues of CUMS depressed rats. A: Electrophoresis gel images of protein
expression detected by Western blotting; B: Expression level of Akt protein in hippocampal tissues; C:
Expression level of BDNF protein in hippocampal tissues; D: Expression level of CREB protein in hippocampal
tissues; E: Expression level of ERK protein in hippocampal tissues; F: Expression level of PI3K protein in
hippocampal tissues; G: Expression level of TrkB protein in hippocampal tissues. **P<0.01, ***P<0.001 vs.
control; ##P<0.01, #P<0.05 vs. CUMS.
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