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Progresses on the effects and mechanisms of stress on gut microbiota

SONG Li-Jin, ZHANG Jin-Dong, DUAN Li-Ping’
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Abstract: Stress is the non-specific systemic response that occurs when the body is stimulated by various factors, and it can affect

multiple systems of the body. Recent studies have shown that gut microbiota is an essential part of human microecology, and plays a

pivotal role in keeping the body healthy. Stress can result in gut dysbiosis by affecting the function of intestinal mucosal barrier, intestinal

immune and gastrointestinal motility. This article reviewed the alteration of gut microbiota caused by stress and the possible mecha-

nisms involved.
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1 M BEER AR

VFZ TR, ST DUIE b LA 7 18 R 2R
AL (R 1) REAEMJLIAHESZ A S RERT L H
FAERY B = AL R, L HE HPA b o) s i) i B s
MEFE. B mEmEIaeRmeg. AM IR,
i 38 T B Hh FLRR AT B R (Lactobacillus) 7 JE #a %
P RRAK, AT B J8 (Oscillibacter). R MK H &
(Anaerotruncus). IR JE (Peptococcus) =+ & i
EFbe M WU SR W, METE CSTBL/G6 /MR
RS R A NS, A B 5 F5(E B AT
(1) B ZFEME R AR B A, RIOEfE inF iR
JUA /IS BRURR i 2023 98 0 PR 5 11 48 B A 2% -1 (inter-
leukin-1p, IL-1B) & & B RIG N, Ao MR 4 s
7% Al ¥ (brain-derived neurotrophic factor, BDNF) ¥
FER 2 N FE s FACHEYE N RS S (60~70 H %) A
{=#% BDNF &3 T, FEREAT NEEG N, FEfid
PFFBETT JERER ] XUEH B #} (Bifidobacteriacea)
ERTE A A e A ST A I V= RT3
ZA 52 31| — BOI [A) i e RS NS, K ARAE 24
BV N 2 LR AT B A OSUBT BR 1) 7 1 I
&M, BRBEFRER R, NSRRI KRN A 75
AR LIS, sem R & R B MR IBIRES
%, WEEB TR RIEER, BARNLEI
BRI AT RE .

A BB ko BRI RE 2 AN A AR
KIHRI M o 0PI BEEL 2 S S Y & F Tt 5T
FIA RO AR R 5o, BRIy BB A R I AT
RRETEREE S PNEBBURE TR IR R R & &
ms R BRGSO 1Y SR AR
pii 1 BP0 K RUE B T UM 1 8 (Bacteroides)
W& (Clostridium) & & Thi5, FLRATH . BUSHT
H e L ", Hantsoo 25 A U™ i — Tl PRI 77 42
ANy EE I RN RARE 8 I R 2 4 i T R R
IR IREJE (Prevotella) % Tt iy, % ST &
(Phascolarctobacterium) £ FERFAR, H 7 # 8 =F &
5 9E R F /KPR R 3 A SG i IfiL i 48 A
# -6 (interleukin-6, 1L-6) 7K~V 5 fUAT 56 J& F 1 5 1E
%, 5% H (Clostridiales). EH2 5 A&l (Lachno-
spiraceae) /NEF B & (Dialister). W L (Entero-
bacteriaceae) 3 2 fAHI<.

ST BUF /N RS R A NS, B R
F= 5 BE A 2 R B 2 BRAIK, K M AL (Porphyro-
monadaceae) = & B 2 FEAK,  SL0AT I8 I 52 0 B
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RESE MBSO i E e i M 18 A2 RN
1 (social disruption stress, SDR) 7] S #0/N E 7 A
TR A R E RS, KM EE. AR
JEAXTERE RS, RE BN FEEA R, HEHFZ
FEMERIBRARS R AT A E R ARG KR R, It
Ab, /NERRLIUG FEAS R TR SRR R AR, H i B A
WAFEZE R, MR AR NS 15 h B20T
NS R, TR & (Roseburia) =FFEAE NG
15 h B @ T REs R . B 5 A 28 6E
T IL-6. HAZ4NMEa1E & 1 -1 (monocyte chemotactic
protein-1, MCP-1). iR FEK 1~ - (tumor necrosis
factor-a, TNF-a). v- T # & (interferon-y, IFN-y) &
rEE S, HAIL-6. MCP-1 & &5 77 W81
1E R AR By 5 — THURFF 7T R AIE B 52 31 SDR 1)
NI A 2 AV R PG, BN H D R,
R DR IE R Rk A8 4k, Hh 5. TR T NS
R, SR, VR IRE RUA O IR I8 s L N Rk
AKPREAC, TRER. T ER X IE A S K5 i fE
M, MEK. R ERZEK 5-RAK
(5-hydroxytryptamine, 5-HT). & H 'S FRE. (EHE
TN BRI AT AR P B AR 10 KK
7 RGP DR B 388 16 TR B 5 M RN ) R R AR s, R R
I # £} (Prevotellaceae) 21U AT # £} (Coriobacteriaceae)
FEEZETE, JHALBRE R (Peptococcaceae) Fl155
S BRI R (Veillonellaceae) 7% 35 (44K, [FI T
R IR AR KT 035 A, T RN 445 i il f f A7 =
FUEH P, T AT M S R S R
RAEMEAE R AT B vE B K, Galley 25 A VR
T = SDR X/ B 45 17 B I AH OC T BE IR 5], 45
R, MR E MU TSR AR DS BRI 5,
B ZFEME IR, FLERH B m AR 3 BB 2 T B,
Ui B HL UK SDR B R] 6} B A 7 AL 5, [ INFIE B T
JREONT TR BRI FH 5 AN AT A S DR 3 I 2O
XA T E AR R T AR, A, A
WEFCIER T B2 o NSRBI i AR G, ik
LR 17 2 A 30 LR AT B A 5 R S PR AR Y
ZE A5 AT DL i 3 48 T B (1) 75 4% 45 2 (Shannon
index), AT T EERFAL, FEREW I F LA,
[Fi B A P 2o S 1k 3 Jom .

INESONT P T PR PR 5 M 78 AS [RIRFE 9 R B AR
PR PE, BRI G, IERTT BUOREEA B 22 R
Bioxr g WA ggm . A, ROEGHENFEF o 2
FEVERRAG, FLERAT B XU B 3 FE BRI AE 2 Tl aft
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Table 1. Effects of stress on gut microbiota
Stressor Species Stress exposure  Samples Detection method ~ Microbiota alteration References
Prenatal SD rats Embryonic Stool, male 16S rRNA Oscillibactert 1
restraint day 14-20 offspring at gene 454 Anaerotruncus?
stress 4 months of age sequencing Peptococcust
Prenatal C57BL/6 mice ~ Embryonic Stool, female 16S rRNA Firmicutes| &1
restraint day 10-16 offspring at gene Illumina Bacteroidetes |
stress 60-70 days of age ~ MiSeq sequencing  Bifidobacteriacea]
S24-7]
B-adversity changed
significantly
Prenatal Rhesus monkey 6 weeks during ~ Rectal contents, Bacteria culturing  Lactobacilli| o
acoustical pregnancy offspring at 24 Bifidobacteria|
startle stress weeks of age
Neonatal Wistar rats Postnatal day Cecal contents, T-RFLP Bacteroides( it
maternal 2-14,3 hdaily  male rats of 8 weeks Clostridium cluster XI1
separation Bifidobacterium |
Lactobacillales |
Adverse Adult pregnant — Stool 16S rRNA gene Prevotellat 18l
childhood  women Illumina MiSeq Erysipelotrichaceae|
experiences sequencing Phascolarctobacterium |
Restraint Male CD-1 7 days, 14 h Cecal contents 16S rRNA gene a-diversity | eL
stress mice aged daily 454 sequencing Porphyromonadaceae
6-8 weeks
Social Male CD-1 6 days, 2 h daily Cecal contents bTEFAP a-diversity | 1201
disruption  mice aged Bacteroides |,
stress 6-8 weeks Lactobacillus]
Clostridium?
Social Male C57BL/6 10 days Stool 16S tRNA a-diversity | (220
defeat mice aged gene [llumina Coriobacteriaceae]
stress 8 weeks MiSeq sequencing
Water Male SD rats 10 days, Stool 16S rRNA Prevotellaceae 1 2
avoidance  aged 67 weeks 1 h daily gene Illumina Coriobacteriaceae?
stress MiSeq sequencing  Prevotellat
Peptococcaceae|
Veillonellaceae|
Social Male C57BL/6 2 h Colonic tissue 16S rRNA gene 454 [-diversity changed =L
disruption  mice aged 6-8 sequencing significantly
stress weeks Porphyromonadaceae |
Lactobacillaceae
Parabacterioides |
Exam Undergraduate 1 week Stool Bacteria culturing  Lactic acid bacteria| 24
students
Military Norwegian 4 days Stool 16S rRNA gene a-diversityt b1
training army soldiers [llumina MiSeq Bacteroidetes |
sequencing Firmicutes?

1, increase; |, decrease; T-RFLP, Terminal Restriction Fragment Length Polymorphism Analysis; bTEFAP, bacterial tag encoded FLX

amplicon pyrosequencing; SD, Sprague-Dawley.
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2 N nEREE AR BEHLE
2.1 M NBEIER R RIEThEE

JNECRT DL 5| i i A ot e Ty e 52 45 M T 5 M) B
e (B 1), Fla, BRE S BEK N
BRI K AL @ E I P52 LIk A
7 aE Ve T, 2 B 42 BE B occludin,
claudin-1, ZO-2. ZO-3 FIEFEAK, f&'E LK m
PR B / AT (corticotropin releasing hormone/
factor, CRH/CRF) £i& T *7 s /Nl 425218 7 SDR
PR NPT N 2 R 1 i AR AR R L I V) Tk
ELEERIAT IR AR B 5 /N BRAE 11 R — o i 175 i i
W ERFT B (Citrobacter rodentium) 1/ [F] i 43 52 18 4
AR, ]3I0 i s SR R KT D e i R
L. INE AR, RN RS A P

S HPA il 0 2 5 i 1 e B 1) 43 43 1
o BEFLRM, MA@ 5 & CRH FHs, JEK
RIS AL, Mo bR diEYE T A, NI 5 TE A
(R B 5 B SRR K7 F v T LUE i P claudin-1.
occludin, ZO-1 [ & ik 38 i iz %6 it 1) 38 3% 1k BV,
CRH 1 %4F01 2 #5744k (CRHR1, CRHR2) 78 N i i 3
(1) B R e B i 473 vh AN E VR, AR B RS0 B
/NERH, CRHRI B[/ 47 SORE B AR 1, 5
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B AE 45 M 208, CRHR2 W3 i i 2k iz b Bz 2 Jf 1)
ARG, N3 EEAEE B B ST
L _F i Wistar-Kyoto A f 45/ CRF1 ({13614 7KF B,
SR NS, CRF2 SR/ BRI I3 41 %
IRV N2 s P T, AR AR SEERUE B, IR K4
FIK M CRF2 ] LA 40 Bl ks B, BB K 4m e 7
Ji7 I B B4 A i R R R AR B A, B SRR,
NAEAT > Ly PE e A S A CRH 5+ 48 (1)
WV T; s, XA AT DA I R 4 i AS e 1) € H
P ANFTRELIT B 5 S E e BT ), B Ak
i 2H 250 r 2 2 P Tl I e S A 0 i 2 i 8 o B
AN, ST E U B S E A 32 4K 2 (proteinase-
activated receptor 2, PAR2) I i 28 A= K [K] -7 (nerve
growth factor, NGF) 33k, WOW B B2 &5 i
P EFLRR 3244 1 (transient receptor potential vanilloid
receptor 1, TRPV1), JFF®ERR A IS 40 M AME 5 5
] BB 1/2 (extracellular signal-regulated protein
kinase 1/2, ERK1/2) {5 S, iz AEH AA LK
P AR A BT B K 41 i 3R A 1K) CRF 32 A TE g - i
g R R HE MM RER, CRF W] LUMZEIE R
I PR TR R A B A TNF-, 3900 b 7 i 1
[F /b B 2 E B R A occludin fORIA BY,
2.2 AR N0AIE R T &E

I YR e sk R T R 3 e 5 IR A R i T R A

™
==

HPA axis
SNS
Vagus nerve
IL-1B1
IL-61 Circulation
CRH
MC activation 7
Tryptase O .f-\CytOKineS £ TJP|
“* Histamine =~ @ LPS P
 TNFa  Immune cells T
] o
L e T=_ S A
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R ‘o ©®
IgAr)! e Y e T .=

PO 1. IR T T A AT REATL AR s

Fig. 1. Possible mechanisms of stress on gut microbiota. SNS, sympathetic nervous system; HPA: hypothalamic-pituitary-adrenal;

CRH, corticotropin releasing hormone; LPS, lipopolysaccharide; MC, mast cell; TJP, tight junction protein; IP, intestinal permeability;

t,increase; |, decrease.
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(B D). FEIEFIRET, B RGIHAX iE w i
& RIS HARFRAE N RS E . Hor, i
Gr U TgA W] DL i3 W B R AR 4 G, AR
T1E EXTEMTER, IgA Sk = nl geff K& W, U
H JEEEE [T 435 22IR B8 (segmented filamentous
bacteria, SFB) K& & ™, B —Wwf 5w £, 1
IgA BRIEFIZNER A, M5 B 2 W (lipopolysaccharide,
LPS) WKJZ R T, Tmktaii R L, RN
AR E EL (Clostridiacea) 7 12 411K, BIIEKH# J& (Paracoccus)
STt W RBOAT LA i S 4N R R B A
Ijfit. Martinez-Carrillo 25 \ "W 58 R, /NG
PEACAE RERT DL P R IR 2R SR Ak B2 45 (Peyer
patch, PP) bk ESL4T 0 ) S 85 DA B2 TgA™ 22 41 B i) 0
ZINBRORE T TR S L P i BSORE R 5T R R TT DA FE AR
PP 25t T4 M. B4 M. 40 i) ¥ & . Jarillo-
Luna %5 A\ ™ (8 50 57, Balb/e /N BRU7E 18 1 AR 4%
NEE, Nalghs S gA RS RZE TR, Fhhlbla
2 1gA" 400 £ & 0 B AR Ak, X/ TS AR
VIR A AP 2 LIBT3 BRI W i A TgA K
PTG, /N R ST SRR B EIR RS,
JW Fis TgA K ST F0 TgA™ 4 i 4 = 35 H B0 0 35 1 B
AN WA TR AR LR, Wistar KERAEHEZ
MBI AN E, T IR i 1gA WKEE
A1 IgA mRNA 7K 235w, 7R TR
HEAT 'S LR DI BR U AT DL 2 BRI I TgA W A
IgA mRNA [1)3RiE ", LR IO g 18 G 1) 1
X2 PR R, WIS BRSNS (] SREE. R
XA, BARIR A Rt — 0 SRR AT R 5T . — Tl
Meta 73 4Rt T NTES D 2t ROEUS 98 0E K- 7K 7
A4k, 25K, ROEAT DL 25 5 g 34 i v
IL-6. IL-1B f& & ™, g scibiE s, ZHE Lk
fR R AT e E B b A L6 ) R ik K
ORI R EME N EEMAE i, NEWEH
HAE 32 1) LPS JIBNT, L BEIRGE AT 2 3% PRI TNF,
IL-1B. IL-6. IL-18 % 48 E K 1 IR IR 90
S B N R A R AR, AC IS R B FRAL
T, TR A AR A R TE I PR, SORE N RSO
hn, BUERNURR R R IR . BERYH B sk fE 2K
BN 20 P ) 5 5 1) 485 W 4% oy RV B S BRI, IR 4
JL AR S 77 it JE Sy T i 5 PRI A 28 A i 4% KBRS
R I 2O R T K7 B

% Fii 2CIR 51 5244 (pattern recognition receptors,
PRR) A LA ik 5 40 B % 73 BR) J% A 74 i T A R 45
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Py U AELE T P b 4 AR SR 5 B2 44 Toll # 52
£ 5 (Toll-like receptor 5, TLRS) AJ DL 51 4H [ f) #[F
FEA, i bR TLRS IR &l i 1 7 B,
Ji7p 3 B A A AR AR A, S T R I A R e
Whn, FEME b5 SRS 9 A LPS 3R B2 e
RGBT R AR E RE, o RAEZEmK, BH
PrAE 2= ] DI i A0, PRAICEE(E LPS A B
FLor & ™ 56T RO B 26 TLR fA 1 4% 46 H
WA TR . — BRI A2 3 5 W
PINIFEITELLT S A REE TLRS ) mRNA 7K-F- 2
FZThE W BRI, TLR. B @B =& 2w
FHH. G RIE 7 B 2 A AL R R R AR AE . 5E /)
f& NLRP6 (NOD-like receptor family pyrin domain
containing 6) X 4L+l iE WA AR A G HEEH, 45
J¥ b 5 40 . NLRP6 & PRtk g 1) /I R, HH B 3 8
Zhl, b SR B ) R IR BT T™MT 7]
FEXT 2B T, T AR A A /)N BR8] SR i IR
(dextran sulfate sodium, DSS) T £ 45 I %5 Fil iz 1 J&
LTINSy J, X b 7] P 38 B R A A A TR A
feighs B BAWEFCIER, CSTBL/6 /N2 52 8 /K v
W5 CRH 4334340, CRH ] Fiff NLRP6 [ 315,
T 51 i 08 T XA » 398 0 B T % 1) 5 Jakte P
2.3 NERNNE BRiEIEE)ThEE

ERCRE T, BWiasieRim, RN
NNt SR s B, g sh firgsR Y, B gsh
AOAR 5 1 i 3 A 858 A A T I 3 B e R A 4 B
FEAT Y B2 W] DA g AR i L, — Tk T3 fE
HOE B 5 38 B G R I Im PR FE o, B 260
BOE BERIBRAR, WiE B R 38 FE T R, SRR
I IRUAT B 1] 35 B 2 LU BRAR 5 i T o 1) 22
MRS FEE Y LA O, B IR IR E 8 5 358 %
JEARA %, /8 B BH A (Ruminococcaceae). U
JB 5 IRV R %, et A, HE
AT B (Methanobrevibacter) X502 W J& (Akker-
mansia) M =ERE#E . A TG R R
B, ZEMERHE o 2R, nHR(E 250 (operational
taxonomic units, OTUs) F & [& 5 45 4L fi i 7] 2 1E
A, WIE R B 2 EVE S 45 A6 fan e [R) 235 AH 0%,
g ALt I, B R o0 BT R AR B R
(Christensenellaceae). FF 5 56 AT B J& 3 BE vy, 4
FiMRE (Faecalibacterium prausnitzii). J8 B HFH £
2 Al (Lachnospiraceae) 3= & AR s 43 il ff FH 5§
L BEEOAIR T A BN, /N R AR S TA) 2
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IR, HIEERE B 2 RErE R A B AR B,
B W3 )1 2 ARae /AN AR I R AR A G P

3 EHEEREN AN TRER

EIREFEUET, AR LR A A B 52 1)
INECRT ] i B A AR IO R AREE, BRI
I 6T g T R A A RIS R R S () s e, PR U
TE A A 1 & AN B B3 AN g 2 RO AN (1) 52 1
7S L A T

a AR TR T TR DA G ST R A R 52 . Bl
Yy SEES R W, T N BAFLE HPA Bl 1) o B2 0,
5T I /N R ) LSUEAT B (Bifidobacterium infantis)
VEH 0T DAOCGE HPA s B2, 1 g B0 1 K
B A TR T 2 T Rl IS5 SR BRI AS B 52, 33 BH 4 R %)
IS R A AR T RS R O e R e B0 wiF o
TR, AR K ER 32 3 38E K S [F] B 25 7 77 T R B
(Roseburia hominis) B, 7] FEAK LG CRH WK JZ,
T g BB E R RIS, BGE A T U,
Ui %40 B ] e i A Y T IR M LUK SR
HPA %l () 3k B TG, 4 i 36 B B B 1 A e 2
Banasiewicz 25 A\ PV tHAE R 7 AR TR AT LA 2 U
1% IBS B# HIMEIRAEIR, 4277 T R B A s N
F1EEH CRH KV FL5 B 1 Dh R G B BOR
WEFCAE . 25 T 38 /K LI /)N B T S 458 FH B FLAT
R0052 (Lactobacillus helveticus R0052) F14 X k5
T RO175 (Bifidobacterium longum RO175) 5, 7]
DL 2 FRAK S 7115 S/ HPA 3. H F WM& KRGl
PO, IR T /N R o AR R T A, SO R 2 T
RE, W e . JLRATE . IS FiE
A B A P AR AR RE L AR e ok,
Bravo %5 ANWFFE 7R, RAWEILAT# IB-1 (Lactoba-
cillus rhamnosus JB-1) AN AT BEAR 23/ BT B2 5
7K, SCE AR AR EAT Sy, 38 AT 5] KA
[ X 45 1) y- 2 2L T R (y-aminobutyric acid, GABA)
AR mRNA LIk KF 838, R4 T/ BB N E
PRAVIMIAR G, 2B RPUIAR . Fris B AE K
M, GABA SZAAFRIA WA MM AR, Ul B i o i
A R E R S ORI AR R, RN T R BEEN -
ol b R BB Y, 3R A AR T DA N S B
(18 Wash 713880, A2 REUS /)N BRI 8 5 AR AR A v
95 T WRZERE LT R IB-1 J 3, 0w ol [ iy A
ZEfpiizsh Y. BAh, IS . R R
AT I R B 5T, 172 44 22 A AR 4 1 1 L %
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Bk TR (body mass index, BMI), A FELE
gy FEREVRIr . MRV TRE S R A4, or e
FAR AT 8 A EIAN A R & B AU B AR H
¥k (Lactobacillus casei strain Shirota) [1] & B% 3, 8k 5
HIRTE —FER LI, g5 Wor, MET X0,
g 2E B T TR SR PR ARG 1 2 28 25 T Rl R ol I 1
&, [FEBR AR, BEEIR. EEER A
HiE ™, AMRAm A EoR, HERIBS S
PR 05 (82 IR 2 AR 1 (AL AT I XU B A
FERRE ) AP PR 325 DG IR, 0] 3 PR
{R AN 1 MCP-1 J IL-1B /K- 0 LR B 50 34IE
BT s AR R MR A A S T EH, (2 Bk
()73 F HLHIE 75 Bk — D B S g AT 4R 5T

BeAh, w A TeAE N — R b 2, AR A
AWK ARV, AR AR 0
CINVRTE e R ey A7 BN TR0 7P EREsR = 3e- R N
BEALG L Rz 5 T A0 28 SR DR 1~ 7K1, SO 4R A £
FEAT R FAR B VR — R B AR IR B A &,
A TIRIT DheaetE B . i scieuE i, D RA)
A B AT D e B K S ORGSR R A A,
EFE AR, A 5 K R B B R S |
BB A I e ek B

4 4518

W AR A1 2 BIE FCXIUE B T W T8 B X 4 47 AL
ARSI EEAEN, Mmoo, HMn
24 AWM TRERARL. NEET HPA i
B B2 R G I8 wAE ™ AR RIS, i 1
il BURE LSNP N Y IS R o ) A7 A A i
4 B IR SIE N AE AR, RORIHE 7T R B
W ORVE R - M - e AR R AR, TR
P28 BT B R R ALROLE, DUBRE A
RT3 7K

SEH
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