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recent years, the application of lactic acid bacteria as a therapy for depression has garnered great
attention. A growing body of animal and human studies has confirmed the antidepressive
efficacy of lactic acid bacteria. Studies have revealed that lactic acid bacteria can mitigate the
intestinal flora imbalance induced by depression, thereby modulating the behaviors and moods
of the host. This review summarized the effects and mechanisms of lactic acid bacteria on
depression and discusses the sources of lactic acid bacteria isolated for treating depression,
aiming to offer novel perspectives for research on the antidepressive properties of lactic acid

bacteria.

Keywords: depression; lactic acid bacteria; intestinal flora; research progress

FABAE S — B UL AN . A7 A B
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Mk, JRHEMSE W TR TAERANE, &Y
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(World Health Organization, WHO)4t i1, 5 [
KA 3 ACIERRERFED, HAT E R IERE A
B 9 500 J7W . 2019 4E 57 B eb IR 1595 1
RULATHY S BT SR T AR s 48, i 4 kA
HRAE BRI T 27.6%5), % WHO i, |
2030 4F, FARAE K A tHE FLER — KRR
Il R b A] B HTAR 24 R Il — 3o FR 2 4
It HAE R 25 0 JL A4 BLIF A 98l JAR AT 1) F8 0
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Figure 1

Intestinal flora-mediated relationship between lactic acid bacteria and depression.
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HRK A2 R GEsE 0 B TR EES A AL . FSE
KB, RN 7 B A F e 79%)FRE
I'J(Firmicutes). 17%#UfF ] (Bacteroidota) .
3% it 2k B 1] (Actinomycetota) . 0.9% 75 & & 1]
(Proteobacteria)Fl 0.1%JE#Fs](Merrucomicrobiota)
R, RO R M, MARAE B i T
BELE TR ACE B R AT 38 0kAs , AHAS TRl
NHE, SRR 85 i hASTE TR 1] AT T
AEXTFERERG 0, JEERE G T B AR X E BN, )R
Kb, FEBRTEEJE (Coprococeus) . i 24T &
(Faecalibacterium) . & ] 1] 17 4% [# J& (Dialister)
FIBE 55 G B J& (Sutterella) 1 A1 X 32 JiF i 35 %
IRU17, BE AR AE AR 1 1 R AR A R oY
AR 1,

J¥70 T TR REE P9 26 i 2 A R R Bk R T
FEXG I 1 BRI o SV E T . Li %)
37 K ST i 5 5 A At B T 1 208 A= 1y IX.
FBAEF IO (germ free, GF)/NRAAN, 4515
flt FE S A= 4 /N BRAH L, SRR AL /)N BR 5 38 i ik
I AR R I A SRR F L, gk
By s e B, R IAREEA T
o b, AT gE A e AT DAE I i 1E

*1 PESREMEERTL

IFFLH AL, SR 2/ £ JRAAAR A T 2, — I
WG AL, ISR A ZUBHE L S A 25 TR 40 BB
FF TR A AR X = B8 K 7 18 %4 5% i i 12 (short-chain
fatty acid, SCFA) A ZK - | A i A 22 366 Jot 1 5 1l
o AT L R 12 AR A4t R 1) v B A R AR A i
W T A2 TAREER T, i H, ATTE A
PR b & 25 BT IAR D 24t 5 1 1B T R ) 2 4
PEFIZL A 5 ; Zhao SEROMRIE , FIRIKE T
18 P A AT T80 3 RN R 3 (chronic  unpredictable
mild stress, CUMS)If5 3 IYMAR/NEL, 4521 %
Bl, RIKZRIGIT W& TMAREE T, JFA
P 1 38 A 0 AR RN T SRR A A
1y 4 BRIk 45 500 H R B (2023 4E ) )

(http://www.nhc.gov.cn/caiwusi/s7786k/202309/45
dd0435bd254b1bb98a9e¢22836b44a4.shtml, i H

gt KPH3M401), fEME RS A T =
JYMRSS I E , hiGTT W iE v R R i 5 30 2 R
J 18 95 CANAMVABALE | 9 5 1 0 9 5 ) B 48 17 5 A
JIW) P, XL R] U B 1 R AR S TR TR
i EAT R EEE

2 BE 5 WA

FLIR T 2 — JERE A T n] K et oK AL 5 907
AREFLRI MR I ZNR . ENRAATE, 18

Table 1 Intestinal flora alterations of depression patients

[fiizdia BH LR
Changes in intestinal flora Reference
Proteobacteria, Escherichia, Gammaproteobacteria, Enterobacterales, Enterobacteriaceaet [18]
Prevotellaceae, Prevotella, Lachnospiraceae, Agathobacter, Clostridium]

Alistipes, Blautia, Bacteroides, Parabacteroides, Roseburia, Oscillibacter, Clostridium, [19]
Phascolarctobacteriumt

Prevotellaceae, Prevotella, Dialister, Faecalibacterium, Bacteroidota, Coprococcus|

Bifidobacterium, Escherichia coli, Lactobacillus, Bacteroides| [20]
Bacteroidaceae, Desulfovibrionaceae, and Enterococcaceaet [21]
Firmicutes, Streptococcus, Clostridiaceae unclassified, Blautia, Lachnospiraceae unclassified|

Ruthenibacterium, Escherichiat [22]

Faecalibacterium, Roseburia, Lachnospira]
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HRA ATz, Padil, BIIFEET A
AP, GG 58 K L
R, Bk, BmiEsE, BAFEEHNYR 2
PR W R 2s, FLRR T FE AL AE R RE
PR TR T . TEJERER ], FLREE T
40 74 H 18 R 39 ANE s MITEE T T+,
FURWR T 2 M4 2 H 348 12 Mg, |
RIS AL A I 2 R F 2L TP TEFLA S |
MBS 8 | BEBK I 8 (Streptococeus) . BBk &
(Enterococcus) . F|EKT# J& (Lactococcus) . FERTE &
(Pediococcus)FlH £ 2 14 & (Leuconostoc) 52
AR ZE R LB, MACT R REZ, AR
iE S8 I RUBE AT T LA R B b, FLIER TR
BTN KAL) B L I 1 5 AT
KRRV, LR e EEm
ABAEIR YT WA BN, A R ] T Fh al 22
WAk R FEFLIR A M PTmARERCY. Barg
227 KA T 3R B LR TR0 A RE A7 A E
— AR MNE A RE [ EEILATE
(Lactobacillus rhamnosus) GMNL-74 . Fg & FLAT

*2 TEMBEILRENIERNSEER

(Lactobacillus acidophilus) GMNL-185 FIHEFLAT
i (Lactobacillus plantarum) GMNL-141]F i &
NH R RS TIIARE N, 2PRRIE G
B8 TG YT HA BUIM AR 07, AT B 8 1ok 5
ERAYIREA AL . BRI SAE B 1K F . 9
5 SCFA 7K Bl AR F A A DG AR 3 42 1)
mRNA K3k KB R 5-HT K5 Aeok
SLPY L G Ah, R[] — s A [ TR AR LR
HPITARSCR AP R B E W E S, s A
1230 N T A N 7| <3 R L S e N o )
(Lactobacillus reuteri) L3, BERE{E JEHT 2 1 40 iy
R IL-10, 1R PEAH MR 7 IL-6, X i IR
BIESFERENR B EIE T A R,
1153 15 3 NE /N BRUUR AP R 45 40 1) 29 4R FR LA
B L10, X/ A =36 s 7o oA il vE R,
UL, fR AR WA SRR, S SR T A
BT K AP B X 0 TR AR 2R AT b R TR 2 A
¥, 3B R 2 1) 1) A a5t A% 1A 1R OC 3R K bR
FAPRetE 22 F 5 . % 2 BI85 T AH
ol e >k U 1) LR TR A e AT A F

Table 2 The improvement effect of different species and genus of lactic acid bacteria on depression

J& i [LkS FFExT 5 AR
Genus Species Strain Research object Improvement effect
FLAT R B OHRFIRFLITI 8008033 MV C57BL/6 Wl NE RIS AE 5 4 /) B IARAEA T, 2
Lactobacillus  Lactobacillus /NER S 1 T B 3 0 DA AR R R
reuteri Male C57BL/6  Alleviate depressive-like behaviors and improve
mice intestinal tight junctions as well as dysbiosis in

Lactiplantibacillus R6-3034

HEPE C57BL/6T

obesity and depression comorbid mice

19 i 3 AR AL AN S RE , fE M 1 SCFA 1Y

plantarum /NER A3, BT B Al 28 TR 7 A, 0] HPA
Male C57BL/6J %l ¥ 1o Ji£ 1 R
mice Regulates the composition and function of the
intestinal microbiota, promotes the secretion of
intestinal SCFA, and activates the production of
monoamine neurotransmitters, inhibits the
overactivity of the HPA axis
A WE LT T 2z-113] HEtE CSTBL/6 82 CUMS 75 S B FIVARAE I 4 35 o7 85 = 9 A=
Lactobacillus N PRI, (L4G HPA i BEIRER | #2256 BTk =
rhamnosus Al BDNF-TrkB {5 5 1% S84

GEa)
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J& 44 44 (SRS IETRIE S S
Genus Species Strain Research object Improvement effect
Male C57BL/6  Alleviate CUMS-induced depression and
mice ameliorate stress-induced physiological problems,
including HPA axis overactivity, neurotransmitter
deficiency, and BDNF-TrkB signaling impairment
KA BFLAT CCFM12290¢1  ifiE CSTBL/6T Ul /I B P 48 1 0 38 5 S O I A T Ok A e 282
Lactobacillus /NER A, T G I 2R BDNF YR, A
paracasei Male C57BL/6J  IiLi5 K7 Joi i e & 45
mice Alleviate depressive behaviors and neurological
changes in mice induced by chronic stress,
significantly increase the concentration of brain
serotonin and BDNF, and decrease the
concentration of serum corticosteron
Fiit 1 FLAT T R0052037] MDD &# 55 4 JRIULEE B 155 IR PRE IR 19 25 3, 5 8 A
Lactobacillus MDD patients X4 2] 3= 0 A IR I £ 1) b 2 0
helveticus Significant improvements in affective clinical
symptoms were observed by the 4th week, and
significant improvements in subjective sleep
quality were observed by the 8th week
FLERT & FLRRFLER A WHH2078081 Mtk BALB/c  JBU 8 4 /N B FVAB R £ SEAE A 7 L K
Lactococcus Lactococcus lactis N SRGSE, BE AR K B K, IR
Male BALB/c T 5-HT. 5-F23L 8% 2 (5-hydroxytryptophan,
mice 5-HTP)F#1 BDNF /K-, 3% CUMS M MiE
[pERyPS|
Alleviate depression and anxiety-like behaviors
and neurological abnormalities in chronically
stressed mice, significantly reduce serum
corticosterone levels, and restore 5-HT, 5-HTP and
BDNF levels, and ameliorate CUMS-induced gut
microbial dysbiosis
XUEFT 3 ) el UL FF P CCFM102589 MDD ## R F R AR AE IR, I i TE A P 2 A (5 B R

Bifidobacterium

FEPRTA I
Coprococcus

Bifidobacterium
breve

BB T
Bifidobacterium
longum

LA IE N

Faecalibacterium

prausnitzii

RO17567

ATCC27766[4"]

MDD patients

MDD
MDD patients

THErE SD KB
Male SD rats

R

Significantly reduced depressive symptoms and
altered tryptophan metabolism in the gut
microbiome

55 4 JA LSS B I I RAE IR B4 18 2 s , 45 8
WL 3] = SO0 A FIRJ5T 2 1) i 2 o5

Significant improvements in affective clinical
symptoms were observed by the 4th week, and
significant improvements in subjective sleep
quality were observed by the 8th week

PR BB R B A ARREAT R, B h SCFA
KLU S A 210 (IL-10)7KF- T
Alleviate anxiety and depression-like behaviors in
rats, with elevated levels of SCFA in the cecum
and IL-10 levels in plasma
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3 FLBRE T AACE ¥ Ak B AL

3.1 &REMRIEA

BT KB U2 AR IE i AR AL 2 —
AR JRAE N S B AR AE & A e Jre (1) 5 it [
o R ZEAE M XHMABAE 58 5E b 25 PR W T
HEAT THESE, X SERF SR R T ARE B A
M C [ &M . IL-6, IL-12, IL-1p Kz Jide
RFEIH F-a (tumor necrosis factor-o, TNF-a)#f¢
FEXGIN, PrRYEMMIA - IL-10 J IL-4 WREZE R
FEF A BRI T AR AE SO M AT E &
W RIBL , V7 20585 AE NLRP3 48RE/MA )
PG | Toll FERZAAR 4 X ZET0 AR AE A5 M LA R w5
IR i -2, 3- U AUt 11 ) B ek S T . M-
PRt R W] T INARAE PR A S, R
R 0B AR 7 A G SN, RAE AR 5 il Y
PEREAAIE, 51EBHIEZAL,

St &, DOIRD PR RFLFFE Lo
R REO% 38 2T ] TNF-o F1 IL-6 335, A &k
0 98 RE P W 0 26 TR AL AR5 3 A IR /) R A 1
ABAH AT A AOY, — T o i S (EL 405 3 v B R
AR 2 BRI BRIF Y 3R B, R AR FLAF
PR HEAL9 4 J& AT DLSCAR £ o7 S 00 1] 7 bz 98 e
N FED B RAEAR & AR, M
W e = 51 A I ABAE 55 W 18 1A P O i AN
I i SN (T N A =/ N AN
(Prevotella histicola) DSM19854 RE %[5 A% 4 JiF
[N B g ik fE [ F--1 | TL-6, IL-8 Fl TNF-a
ST, S s O SR IR /N R IR AR T
S8 SR 1A RT LA I e i T R 18
52 10 s R X AR E L DT % A A o
3.2 RFpMETFMMRTE
3.2.1 T BN M 8 £ E 7 B F (brain-
derived neurotrophic factor, BDNF)31&

BDNF & i i 48 R 40 v e B S ) 28

FHEFZ—, ZHMARGE KT ML ITEME,
BDNF J"VZ 4045 TRk, JUHE Rk Bz 2 At
LhIX, PR AR . /)N S5 At A R R TR S5 A
far=rE, BRI FE M ST P AR L R
FAEIE | S A m S A e XU RS2 v A 3 DG
YER . AHGEFR, 181N HEE SR BDNF 7K
SO SR 25 . AT BE R AN AR,
St R, Tl 2L 1E (Lactobacillus casel)
HY2782 FilZL AL #F 4 (Bifidobacterium lactis)
HY8002 s it 41 il g 1 1 A Wy A 19 NF-xB
OIS A5 BDNF 35, BEASZEMIE 151k
) 400 AR R0 AR FEAREAT A, g i A ) A
BDNF . [fili# Z /KF-H1 BDNF PHM: #2040 i
FomPO, —ails R R W], AEANARE B
A FE K UL A B (Bifidobacterium longum) RO175
F13 1 FL T 56 (Lactobacillus helveticus) R0052
8 JA AT CE M ARAE IR, 2 HE S T BDNF /K
SN DL R R WL BR A T REIE 1 3 i BDNF
IV — 2 ME I ARAE
3.2.2 #2715 5-HT K¥F

o S e R A I b i — P LR
BRI LR 2 E LAY, 3 S-HT,
o 2 TR A I AR 1 AR B 55 AR AE 1) &
ML DG, CREAMRBCHN 5-HT AR KRR
R, R IR @i — Al o B pi s i v
WRAR . S-HT J&—FhEE R4 & i, 78
W EmiEsh . phafE BAL s i g AR
M Rim R &G RATE SR, 5-HT AKFF
R 5\ Ll e 5 8 AT e S BUMARAE () G N R 22
—, MG RAE T BRI R AR I R 1) K PR 2R
REAR  MEMRIRIE ML, SEUNAREERPY.

AR, REBHBERE TGS
TIAR /N B B S, FEHE 32K AR/ R
HIZEME A RS, AR/ B 18 i g 41 28
1) 5-HT & & WEHm, WAk T s gm0,
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Sun PSRN, FHPFLAF R WLPLO4 7] gk
/N BUAE RS AR T A FA M D RE e fig, 30
Heln BB R AR, e /N RIS YE N BE
) 5-HT. BDNF F1 TrkB /KFFEAK. R
FLAF IR ATG-F4 38 i 0 5 B8 5-HT RE R 98 %%
fF g v R g R YUk =, #hFE ATG-F4 )5,
i /N BRI T B2 2 Hirla (5-HT 324K
) — B R A FRIRIG TN, IR I B FE AR /)
Bl R TS BN 7KK, ATTA RS CUMS 15
T PRIEER Z 17 I HE, FLERTA FT RE
T P KR S-HT A 7K 2% f M ARAE o
3.2.3 125 y-2& T ER(y-aminobutyric acid,
GABA)7kK

GABA s&—MAEE IR, WA
() 2% fir M i 222086 B A 2R 7 A, 7R KM ) T R
Ihieh A4 LAERT, BRAE Y o 5 fih T 98 P 0
e e tl, MMk iC /g fes > A AT
e A REUEE S GABA 78R KM & ) 07
1A EAE R, 2 — A Re 4 ] A EE A AR Y
PO BERE R, kRN R FLAT A
(Limosilactobacillus fermentum) L18 RE2E 7 /K
R GABA, ] e i B 3% e A 1 v RE AT
J B A R G s B L R B, B I T
IRIT R IEAHOCEE DT, oy — Wit R, A
GABA 1 ERABZLFFIA IB-1 7 LLysi/b /N B
JEAT AR IE R S, R 2 SR 4
R 174 2 B DR A X 3 () v SO AR AV 24
H GABAA ML K AP,

EAREZRIRERY], IR A RES
4= GABA, GHEAEYFATEDN, RAAE
(Lactobacillus brevis)®! | % [ % W 3L ¥ &
(Limosilactobacillus fermentum) F1 7, iz 3L Bk
(Lactococcus lactis)®) | FRZEHFLAT I, B 4
FCFLFFRA
W WUE; #F 7 (Bifidobacterium  dentium)©®! |

FFLFT B (Lactobacillus murine) ) |

GRS

X #T B (Bifidobacterium adolescentis) ! k&
IR $h 4% BR T (Streptococcus ther mophilus)®¥145
3.3 MEMERERENS RBEE
o 1 3 7 T TS W BE ) e AR, R REVE R
BB, SEEEPEHL SRR 25 B E SR Y A Oy i
if, (R TIA E Y BT, ARV A R - A4
A AN . EFEERT, BhilE LK
i BAR M e U giiem B, Wik
it B R SR 2 S 3B i, (0 A 4 o3 1 2 e
HAFEEFBR, TABAE F1 ) 18 38 33 1 7E
PR AT A AR 5T H 2 7 H E AR 00 i
% (tight junction, TJ)/2 M I K it 5 0 45 14 JE il
H claudin, occludin . 3 #%%h B 43 F (junction
adhesion molecular, JAM), =& 2 FH R A&
1 (zonula occludens 1, ZO-1)LA X 4 Jitg & 28 4t
[ A4 5% o — T A 5% % BRI R BSEIR BE  1G TR
(Weissella paramesenteroides) WpK4 il s 2 ik |
B 5t i 04 5 # M R0 g 18 2 T o A0 /) R £k
JH, FFREAS IR T A rh S 4 M PR - K8
AT/ /N BRER ERE AR A 7o U0, o) — TR
2B, 38 14T 7 (Bacteroi des vul gatus)if 15 14 /il
I i 7 B A PN g A B % 34 4 R 1 claudin-5
RIL, W T HIEREE, 2% TIRZHHS
/N AR FEAT AU fr e Rl DL R FLR T AT
R I8 o1 P 52 7 18 )38 375 P MBI ARAE -
3.4 HhigE
HAEMAIE H EMAERENCHITH, =
55 UORE, ASE T AR P - - B 8 22 B
I, BAdR. fshdy. ATk Fi AR Re ) 55
FEPE, TEAMARAE 835 14 iz 18 ) K i 4% 356 15 A )
Fe O R EEEEH . AR, oM
28 S R B T S AR ™ AR B T A B AR
59.9%, ZfRFEN 87%, FEEACEHRRKIEL,
2% HF 2 2 o 22 ) K T LA e G T i i o o S A
PR /D 58 S0 40 LK S-SR 9 90, SRR T
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TABAE YR YT P21t T izl

T FEi-FER-1 IR (hypothalamic-pituitary-
adrenal, HPAY#Z 5 T 1 2 i 20 1l B 15 11 95
PRAEFR AR o 08 VO] WLEE I HPA il PR3
hn, X AE AN ARAE AR A BLaE o A G B E
HPA il i3k B % BR R A FE ™ AR b fs v, Al
BE T BUL BB KRS TR, A& EOAH
DIREREIS G 45 TR, Sudo EPIHHFFE A IR,
Xt GF 7N AN TG 2% I (specific pathogen free,
SPFY/INEZG T 1 h IR SRS , GF Bl 3%
P25 b R R B SR RN R R K O B S T
SPF i, HPA i BEVGER, 42 Fh B JLSUEAT I
(Bifidobacterium infantis) & 15 2| i 2 23 . Tette
SO B FLAT TR B HH X GABA Y3
PE, [RIEHEER T H6RI5 = 1 HPA i) BTG BR,
A BT

SCFA fff 4R . TR . NIREE, ZNEIITR
—R2E, fErmahhSsFE, el
G MR ASZ A 0 252 1 4 AT, X

R T SCFA 5HARAE AV AEHL I Z [ A AE G
Fo FHENRIPTIR AT LA 25 Ak i 1 R 3]k b A
ARG, I T8 TR R RE 7 AR R
KA BFFEERUE BT T J0AR /)N BRUFD N S 24 rp L
BT R A A /D Y, FE Tian B
o, KOBUBCFF B 22 ) LAIE 4 (Bifidobacterium longum
subsp. infantis) E41 ¥4 0 T 5 s T BREL AKF-Fil =
A TR B OBUBERT TR A ARG SR, T A 5RO
6, % R (5-hydroxytryptophan, 5-HTP)Fl i %
B )2 BDNF 7K~F-Ft i, X AT Re2E o T RR R
L Ath, B Al 1D 92 RE A8 15 0 1A R A4 e Y €8 20 PR 2
LR 1 3EME, AR HE 5S-HT F1 5-HTP 1950,
HE T 03 /N BRI AE AR

Zr bRk, FLERTA I R ok s e R
Y505 | S SO, e i At 228 176 4 ) Jo A
PRAP 1 B i () S B VI F AR Ve, ilBGA
FEMh G, W HPA STk, #in SCFA
K25 Z PP AR G2 SR A ARRE (O RE AR, AT RERIHL
LI 2o AHIFAS I BT A BFSE Y 45 R AR 2 il

Depression
by g
Lactic \\ ) e )
acid 7;,}::’ S A
bacteria A4 {:( N\
~ Neuron Microglia Astrocyte
| | =,
- - - - - -
1 Blood-brain barrier
o ) Vagus nerve
Systemic inflammation:
IL-6, IL-1p, TNF-a So° 5-HT, GABA, BDNF )| Tis
- 4
Intestinal epithelium Leaky gut 7 | =4 ‘|Imestinal barrier
! (o]
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Figure 2 The antidepressant mechanisms of lactic acid bacteria.
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Table 3 Isolated source of antidepressant lactic acid bacteria

RS s He i 2% 3CHk
Strain number Species Source Reference
CCFM1229 Lactobacillus paracasei Pickle water [35]
CCFM1228 Lactobacillus rhamnosus Feces from healthy old people [35]
OLL2809 Lactobacillus paragasseri Healthy human feces [78]
R0052 Lactobacillus helveticus Dairy product [79]
RO175 Bifidobacterium longum Feces of healthy adult [79]
GMI11 Lactobacillus plantarum Sichuan broad bean paste [80]
JYLP-326 Lactobacillus plantarum Traditionally fermented glutinous rice [81]
CCFM1025 Bifidobacterium breve Adult feces [38]
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