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3% £k B [ ] (Actinobacteria). 0.9%ZFJZ [ ] (Proteo-
bacteria)F10.1%JEH4 1 | ] (Verrucomicrobia)Z1 . Niko-
lova N2 Hr AR K Fi F % Il I RE IS B, R
AR R P 1 2D AR A 4k 45 45 (Shannon
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Bacteroidetes. ActinobacteriaflIProteobacteriaf’) 3 & =5
TR, TfiFirmicutesf/KFE TR, Lin A
GIHT T AT B FAR 2 B 7 8 TR R AR T TR
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Depression
patient

B, Phylum U
0.7 Bacteroidetes,
Actinobacteria,
Proteobacteria,
P_hyl_um. ﬂ Verrucomicrobia,
Firmicutes,
Proteobacteria Species:
e Eggerthella lenta,
Species: ﬂ Bacteroides fragilis,

Faecalibacterium prausnitzii,
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Haemophilus parainfluenzae g

Parabacteroides distasonis,
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PARE =2 AR ™ Y 2 — R BE AR i R (short  chain
fatty acid, SCFAs), HH & LR, WA TR, B4
TEAEFREHUIRICES . M sE RS T7 0 R Vi EEAE
VST 5 A B A TR A O 14 i 1 R B LA
PRI IR, BN, SCFAsBEMSIE 1 I8 45 28 n] ¥
PE. R AL FIE R FRA T LAVEH T i s & R 45
(central nervous system, CNS)"*\. RathourZs A\ " 5¢ %
B, SCFAs%E 3 MfiL ik 57 f& (blood-brain-barrier, BBB)Ji&i 5
& A IR 2 AL G, Z 5Z2MMaiEe, g
Wl 2E . AFI S BV i 2278 3% 7 (brain - derived
neurotrophic factor, BDNF)IJREL, 5-FE {0l (5-hydro-
Xytryptamine, 5-HT)& 4. Skonieczna-Zydeckas: A7)
TEB 2 IABIE oM A R B, SRR &
15 DL s AR #(Beck’s  depression inventory, BDI)
SEHAASE, BIRWIMARAE B35 1A N SCFAs & HEFEIK.
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SR I O 5 K5 M s =22 1B A5 2 4 U0 fay e 2R 2,
Mac Giollabhui%s A\ "5 3 MetaZ BT (Meta-analysis) %
B, B AR EbREY),  WNC RN AR 1 (C-reactive

Depression
mouse model

: Phylum: H
Phylum:

Firr‘rlﬁgmmy ﬂ Proteqbacteria,
\errucomicrobia Deferribacteres
Species: ﬂ Species: U

Clostridium leptum,
Helicobacter rodentium,
Mucispirillum schaedleri,
Akkermansia Muciniphila

Lactobacillus reuteri,
Lactobacillus murinus,
Lactobacillus johnsonii,
Lactobacillus intestinalis

BT 1 (P4 RROR (AT S 85 RIS 2 RS 38 B A A AR - 2 11!

Figure 1 (Color online) Changes of intestinal flora at phylum and species level in depressed patients and depressed mouse models
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Tabel 1 Intestinal microbiota related metabolites improve depression
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o FLER B (Lactic acid bacteria)~ RS

FLR (Bifidobacteria)
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(GABA)

FABARETH), GnE TR IEBMAT 1 8 (Turicibacter)

RN (Lactobacillus plantarum)!'™.
e [CIAT B (Faecalibacterium prausnitzii)™

W& (Clostridium)~ A YL IR & (Burkholderia)-
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(Pseudomonas)~ I H & (Bacillus)

B ST (Bifidobacterium adolescentis)
T FLAF I (Lactobacillus plantarum)
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protein, CRP)F1H 4 fifi /% -6(Interleukin-6, IL-6)54
ABIE By KA ARG, 1T HAMARAE IR A N = 5 1 HH CRP
FIL-6 75 4 FF ARG, PeirceflAlvifia” "% BH, SVARE £
FFANAB S YRR ) B RSSO, 5 SRR AR
KA T dnBacteroidetes - BEG . 5 2 S AEAH
K AITA ] AN Firmicutes=F BE /. ] F W B 0
(Maternal Separation, MS)/)NERAN 7875 A o 25 ) LAUEZ AT
W (Bifidobacterium infantis)J5 F e RN #a T 1EH . W
T TR AT ™= I SCRAS AN T PR F 572 1] 0028 240 b 176 14,
TEAPRE W S0 ] A1 T 1 0 240 R i 18 5 DR 240 e b 40
RAAMIFIL-10/93R35,  HIE R T (Regula-
tory cells, Tregs)IHL R IGME, [ i7E B HIGE S 385, KR
il TRRZESAE, IR 28 T i 2l 0k pi gt B

F T R 5 24w R FE S, T LT R R A
XA PR, %55 5% 2 AR RZ . A R =2
154 (reactive oxygen species, ROS)H AL E LB
T RE S A& e RAG 515, FEAIM. Zohifk
EH. NEFMDNAR S, Jon FE AL BT A
1 M7 18 AR 2R L RTARAE & A 0 R A B 2 s
Trzeciak FlHerbet " WF5T & 30,  HIAHRAE B35 1 h 48 1k
NIRRT AN — B (malondialdehyde, MDA)¥ & T
15, PUAALBE AN E AL SRR A TE AR, R IIHIARYE &
F AL BORAS . MarianiZE AP FSE & 0, FUAmAR
25 REE IR/ AR /N RS 1 S AL N 8, SRR S-FR
JH PRI il 7 (selective serotonin reuptake inhibitors,
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SSRIS)ZEHTANARZ, QngsyayT PHEAE: = A i ARBHAS:
TSR —4% LA A F(inducible nitric oxide synthase,
INOS)Y™H, SSRISHNMAZ PYIT . FRARVS WM DK IgE
B T —% 4k & (nitrogen monoxide, NO)AYF=/E. XL
SRR, PUIPAR 24 BE S IE A R A A N O A HE
PUMAREFE. DhaliwalZE ABFFE 2 R B, AN FSHIFLAT
W (Lactobacillus  plantarum)n] 5 E F151 /N B
BBFEAT R, ol S A bR R P R 8 40 L PR Fr 7K
S A AT A N A R A 0 2 R R LA o s P a1,
VEFL BT & & (Lactobacillus sp)RYER, FBARAT E R
(Enterobacteriaceae) 1. KEHANFEL. plantarum ] &
SRR/ T R B ba,  FEREAR I B R 7K,
fift ik BE O 0 Ffiki-Z2AR- B E Bl (hy pothalamic-pi-
tuitary-adrenal, HPA)f4 T I .

1.3 fRRE R - i e

“J - A AE R A Y P B rh AR AR, i
()i 5317751 e N i b R T8 4 w1 7
8 B BE- 17 -k (Microbiota-Gut-Brain, MGB) Hli#lf &%
e, WiEMAEYEE A TT. NI RIS S iR
2 5CNS 32, CNSHI LLdid A F#i128 & i (auto-
nomic nervous system, ANS)JE 771 B REAILE AT
AECY. Agirman¥E \PIBFIE R, HUHBRE B 10 )56
PRS2 1l 2% IR Z2 B (lipopolysaccharide, LPS)
e bTE, R T A B BE(Blood-Brain Barrier, BBB)



Depression

Disrupted blood-brain barrier and
reduced neuroplasticity

Increased proinflammatory cytokines and
weakening of the antioxidant defense

Increased proinflammatory bacteria and
intestinal permeability
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Intestinal barrier dysruption and
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Figure 2 (Color online) Inflammatory and oxidative stress response processes in intestinal microbiota disturbances and depression

SEREPE, AR JRAE N 7 FIRh 25 SRR A AL EL, I
TG A= SRR L, AN T S 1 % .
HGERZ . MBI, T - - E R g

RG R AN 3 TR AT DL I ARAE B A MGBHH Y
TIRERE RS

13.1 ®EWZ®RE

HEMZ (vagus nerve, VN)ZHELIHIL RGN K
ZHANE, REEmAREZEA Y. VNEAPIREE
PE, BRI T HPA R AR R PR S VNS5
P B IhEE . 4 iEFas"". PopefiWood IHFY
RIL, VNREME M RAE B S AN 075 S A ERSE. Sio-
piZE AP R B, VIBRVNIE S T 18 T i
FN)S; i (chronic unpredictable mild stress, CUMS)/M,
g ShA s R AR, AR T s S RIVE 48 40 i R
UnpbYEESRAE H F--o(tumor  necrosis factor-o, TNF-or).
141 %-1B(interleukin- 1B, IL-1B)F1 14 Z-6(interleukin-
6, IL-6) Ak B2 L Kb T /NI AR 728
132 #MZE#ER

J 18 PN 7 A FVRE T 22 Rl 2836 T3, NS 2R y-24
T W2 (y-aminobutyric acid, GABA). 5-HTHIZFhffizs
JUREE . st oA - i A ) 3 e A il K AT
PLE AL e A 28T 10 18 &k 25,
T R TIOR 22 3 TR R T B As Bl . BB R ) hE
J B SR e I NE, B v Ak 28588 JBT R LA )<l -l

] KRI85 5, sl 48 HA N SE T RE.

De Vadder®: NS¢ &, AKINZ190%H5-HT
SEAEMIE R R, HREIS AT CNS I 48 R 58 (en-
teric nervous system, ENS)) & & FIIHE. M &0y s-
HTHRE T RE 2> FEURAG D fgkars . s R AL -
2(TPH2)JECNSHIENS & hS-HTHIBR s flf, B L%
PE B BB R B -HT A R/, anse A2 ik
(TPH2-R439H)/)N FLCNS H15-HT /K F- 4 1K.60%~80%, I
FOHIAREAT R, B % R SR 5-HTHY
PR 5 5-F2 3 4, % R (5-Hydroxytryptophan, S5-HTP)f)
GERER, AT LA D/ SRR R T8

BRRIE FER A2 BT, K h 43 2R
K5 MEPRERTSEAOC. A AR, LBk
PERAMARAE B0 BRI > —. Cuis A\ 2B, 4
REPE T BB AN A IR S i AR i Fak b, Bl
5 fiu A IR U B2 T HLAL e HN-H BE-D- R & &R
ZAK(N-methyl-D-aspartate, NMDA)Z5 4, 1% 5 Z(BDNF
(G BURBEICSZ B Bl 22T D RE R it i 5 | A4
A 2. T HL, Kadriu®e N WF58 & BUTIIAR 245 51k
i (K etamine) i i 71 il NMD A 32 /R 55 i A2 R 4 510 0%
PR i, SN T S AT IR, MR B HTIAR
ISR
133 T EM-#&K-F LR

HPA 2 A (A fi 7 B A 2 i . K28
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Figure 3 (Color online) MGB axis vagus nerve, neurotransmitter,
hypothalamic-pituitary-adrenal axis and immune system pathway in
depressed patients

TR AE B HPA KRN 7 SOt 15 32 4, &b ik BE A IR
A, TEMGIR ERI AL S IR R BOBCR B R
(corticotropin releasing hormone, CRH)FI'E I Jif 5z i
# (adrenocorticotropic hormone, ACTH) e PA &
I B R A TR, R T R R R G
AR SR AR RN 3B BT, 520 i PR 2R T T 1,
FFiE - AL S BRI, 4, TAREE B
I T R 2 81 0 i 1 R R B £ T RE 235 | A e e R
JiE SN, VTS e se A, 7 A AR A 4 L PR 2 e HPA Bl
(. AlmeidaZs N8 3, GABA(S il 4 RS 1
STHPARINT He 7 0 A S vy . He 2 R i i i y -2
TRARISZIR(GABA type A receptors, GABAARs)LIE
B T TR 2 il 5 P o Rk, 2R
HPARIA DI REZ AL, WARYE B3 HPARI AR AL W7 1 0
ABIE £ 5 7E B AR B2 1 b B s S, o
BEARHUHITIR T ZE R ABISE.
134 ®EAG®RRE

HIE RS RES IR TTMGBHI DI RE.  IMERIE &
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TEPAREIC TR, (7 38 B B0 38 3 R A O, 2R 2
LA ) SR RBETIOARE 48 4 DX - SR BBB, - Ul
H R RN FUNIL-6. IL-1B# EEHEhN, #iHNODEE
Z AR 253 A DG B 11 (NOD-like  Receptor Ther-
mal Protein Domain Associated Protein 3, NLPR3), %%
P38 1oF T RS AR (o PO 2 A A S DT S R
()R G R LK. Abdel-Haq % A BFFE & BE, /N
2 I 24 2 A ) 21 R BB AL, i 3 R R A/ DR o
A Reth R R AR . WS TC R e AR
(specific pathogen free, SPF)/RMIJCHE (germ-free,
GF)/NER B/ INIE S & 30, T /NG o A4 L ) 235 4 R
DIREAEAE 35 25 5. B TR (2 AL B W] RE S BU NI
A ML RS B O, DT A T A A < i s R A
A1, Walther®: NV B, HIVATAE £ (4 41 J it 2 i 50
Ko, HrREL AN . B A R R 4 i A7
SRS e K, FWIIIARIE B3 i S G & A T
2Pk, XA BESEIAIAE A A= 4p 2 e s oy A D A

2 s EE SR A A

HHET, 259 T SRS MARE i 209097 T 24
Yy el AXT i 1 R 7 A AR, ] Dk Hoxs 1
F IR E TSR A Y A KBRS, AT
Wiy i T TR R R S R AN EH G i T8 B T LG A e e
N BT IIARZ P A i M« AR R EE A T el AR
29375, Kliinemann \PUBFSE & B, WVAEER
B (Streptococcus  salivarius)FI KT HTALL(Escheri-
chia coli TAI)3FZRVBURFEIEIN 1 5- 2 (R H
R 2R PR A ] 7] (serotonin and noradrenaline reup-
take inhibitiors, SNRIs)ZEHUHVARZSEEKTUTT L&
I, AT ARG T BEVE VA TT A A= R FH EE DT RAIR T
Hy7ak. Vich VilaZe \PPBFSE S BUIAREE B2 14t
TARZY J5 I B A SRR ek, AnSSRISTRITHE N T
718 EAT W (Eubacterium)B £, —IRIPTMAR LY (tri-
cyclic antidepressants, TCAs)i /il T Bk AR I (Clostri-
dium leptum)f=FJE. X IR AEA T R & B
AHRAERN T R, ARG fe S b
AR5 ST, XHUMARIATT A BURAE .

BRItz Ab, —serh 25T H A Y is v s SR
RSP Z RN, BAPUMARIITER], 37T LUk S FLAT
MARZGETF B EEIED. (BigEie) HOE T/
451 (Xiaochaihutang, XCHT). PUi#{(Sinisan,
SNS). %410 Je & 41457 (Chaihujialonggumulitang,



CHILGMLT). HE¥¥¢%(Zhizichitang, ZZCT). HEF)5
¥MZi(Zhizihoupotang, ZZHPT)JAY7 LY. iz 18 2
I PN R B K Az R HPAR PO,
BDNECT 3 g Ae s ) R LA ™ 45 s A s T
VR Ma% A% RT3, IR AR
P T CUMS/IN B v pf 28326 S5t i £ 19 % (dopa-
mine, DA). AW '§ [/l 2 (norepinephrine, NE)/ 7K},
FERRAR T M3 o e STl i 5 &, $el T HPARM T BETT
HEFIARAE K1 1 2R3k, I REVRE B WA, I
RN AP MAREF. Dong A% Ttk i
H IR o (neferine, Nef), XS HGUMARAFERTFE K
I, NetHihn 7 WA/ E FLRFT R (Lactobacillus)F-
JEFIHTAMAR R 258 BiDA . 5-HTHINERI /K-, W% T
FIAB/INER A A S I AT AR, AT ek 1 /s BRU A 41
fRFEAT . ek, 3 ANJF.OH(Kai-Xin-San). JH % #
(Xiaoyao Powder)Fl14E 05/ (Chaihu Shugan Pow-
der)SEH2l, AT Lhid i 2241 53 W [ 55 i 1 TR PA8
RAEBAMARYECC. v 25 A AR E 5 1 3 B
HE S LA™ 4 1 SR B — e 7 g, R B
il T B — 2D M 5%, e 253G P ARIERT, N
HEEIR, IFas & A AR EIRYT.

3 B AR R L R

P - RS i TR AR A . 4R
PR il R Tl - b B IR I )
it ZA PR R, BAGAER. fdon. &
AR R A2 O BB RS A (AT 4T ).

3.1 RETIBIERRETHHGRE

RE W LU A B A RAER N AR
. HPARRAE Jr R ABEE". Firth® A5 %
B, RE T BAEMARIETR T FIH BT @b R R BhG
SRR, AR —Fogr 0y T AR AR A . 5
AR E UM R A, R 2R AP A A Bt
Krznaric¢Z: \"WF5E 230, b rb ik e fl s b il vh 3
I B AN KT 1 (Escherichia coli, E. coli)RI%E, 5
A 25 W AU AT & (Bifidobacteria) I LU, 7242 B8 21y
SCFAs. MMM IRE NmE IR E, BAR T miE R
(Y ZERENE, SN T AIARAE ) R KU . LabbanE A
GERIL, MRS AR IE R R BRI A 5-HT/K - B 3%
L, AR O R 4R 7 22, I BN R E
PR R A Firmicutes ¥ i i #F F& MM Bacteroidetes /K

SR, PR TOHIARAE AR ] BE R 22 07 I
9. FESRRAE B BE A Bl 27 s A VR 2 A IR 7R A BIL
AR, AT REB R T BT 1.

3.2 P AEAHRERBYTGRY T A

Tl A 2555 (probioties) F EALFETG AL M H:
=4, HhsmArw. @mAoo. GERMEETRE
FRUERSIF. LERS AL U IE & UE MR i)
BUW R ZIE, AERIERRA, ILREME H TR T HARAE
S8 T T TR YA

% 2E TR (probiotics) &t EL i 1 I RUE D il 2 —,
HAOBIT I CAEAS PR ety . IERE . 9 5 s G
SEPT RS EN A, 25 A T I R S AR I
HIKF e i B DI RE . JH T HPA RS VNI M
SERLAR], A AR AREEAR . e B A A
PEEBR T (Streptococcus  thermophilus)~ RINFEFLAT
W (Lactobacillus bulgaricus) "&MRAFT 7 (Lactobacil-
lus-acidophilus) Wi W F15 (Bifidobacterium-bifi-
dum)[ég]%.

% 4 JT(prebiotics) i — Mk fid 32 G AE Wk £ A
JHIA 5 TR IR, 225 (L AT 25 TR A Bi-
fidobacteriafLactobacillus A= M35 gy 18 TR HE 2R
7, YangZE NRESY & IR, AR5 F U (galacto-oligo-
saccharides, GOS)i i 4 filfi7 i SCFAsHI/K-F- e ittt
25380 0T 1) B LA B R AR I R A1 2% 200 IR - ) vk B 4
WA SIS T 32 E PABEEIR.

23R (synbiotics) XK AT, M ERAIEE A G
PG g a U, BRI I N 1 L F
AR I I SCFARY P A=« B AR A 58 40 i X 5~ AN TNF-
o D SR N P DL R il i BDNF A 7K 7457 X,
3 AATE BRI KleniewskaFlPawliczak! 'F
TR, AR T EEFT A (Lactobacillus casei)
RG240 (inulin) TP fil R R, 21038 0 LRI
SHCINTS . R AR RS, PR AN A
A BHETERG I, A4 T ARG sZ A AL i 4.

J&i H Tt (postbiotics)J&— PO i 32 £ 1) To A= A )
A R s 2 23 B IR Maehatai AORFSE
B, POREIG L FLAF B (Lactobacillus  helveticus strain)
MCC 1848 1 V2 1 14 B 44 32 2R M 8 (subcehro-
nic and mild social defeat stress, sCSDS)FEA/IN A
m 22 B 574K D3(Dopamine receptor D3, Drd3)Hil5-#2
O 1 A /A (serotonin 1A receptor, Htrla)3&iA /K- %
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Figure 4 (Color online) Dietary intervention, supplementation of probiotics, prebiotics, synbiotics and metabiotics, and fecal transplantation assisted

the treatment of depression
ik, FTHIMCCI18484 B T4 Frih & 2 I RE RS- F2 8
WieRE R GukasE, ek 3sCSDS/NRAMARFES TR
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The mechanism and application prospect of intestinal flora
regulating inflammatory response and oxidative stress in
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Depression, a prevalent mental disorder, is characterized by feelings of sadness, irritability, excessive guilt, low self-
esteem, and in severe cases, hopelessness and suicidal ideation. These symptoms significantly impact the quality of life and
functioning of affected individuals. Approximately 300 million people worldwide suffer from depression, leading to
substantial financial and social burdens. The COVID-19 pandemic has further exacerbated the recurrence rates and
prevalence of depression, emphasizing the need for effective intervention strategies. Notably, National Health and Family
Planning Commission of the People’s Republic of China and other relevant authorities have prioritized the prevention and
treatment of depression. Multiple studies have demonstrated a strong association between inflammation and mental health.
Patients with depression often exhibit elevated levels of pro-inflammatory cytokines, such as interleukin-1 (IL-1),
interleukin-6 (IL-6), tumor necrosis factor (TNF), etc. In addition, oxidative stress may be involved in the pathogenesis of
depression. Patients with depression often exhibit an imbalance in oxidative stress levels. For instance, the concentration of
oxidative stress markers, such as malondialdehyde, increases, whereas the activity of antioxidant enzymes, such as
catalase, decreases, etc. These physiological changes compromise the integrity of the intestinal barrier and enhance the
permeability of the blood-brain barrier, contributing to the occurrence and development of depression. Pharmaceutical
interventions remain the cornerstone of depression management. These medications can directly impact the intestinal flora
or indirectly modulate the microbial environment through their pharmacodynamic effects on the host. This modulation
impacts the composition and functionality of the intestinal microbiota, ultimately affecting drug efficacy. However, long-
term antidepressant use may lead to undesirable side effects, such as weight gain, excessive sweating, and sexual
dysfunction. Advancements in metagenomics and metabolomics have revealed the metabolic pathways of host intestinal
flora. Changes in the structure and composition of intestinal flora may play a pivotal role in the pathogenesis of depression.
Experimental studies have demonstrated that in individuals with depression, there is an increase in the abundance of
Bacteroidetes, which are associated with inflammation. Conversely, there is a decrease in the abundance of Firmicutes,
which are associated with reducing inflammation. The intestinal flora, often referred to as “dynamic organ”, resides in the
human digestive tract and significantly influences brain function and emotional well-being. The complex “gut-brain” axis
maintains homeostasis and facilitates communication between the gut and the brain. Consequently, this microbiota
becomes a potential target for antidepressant therapy, showing promise in alleviating and treating depression. This paper
reviews the role of “gut-brain” axis in inflammation and oxidative stress in patients with depression. In addition, it
emphasizes the association between antidepressants and the intestinal flora. Our study compiles various approaches for
aiding in the intervention or treatment of depression through the “gut-brain” axis. These methods include dietary
adjustments, probiotics, prebiotics, postbiotics, and fecal microbiota transplantation (FMT). These developments
contribute to the advancement of precision medicine strategies targeting the intestinal flora in the treatment of depression.

intestinal flora, “gut-brain” axis, depression, inflammation, oxidative stress
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