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Exploring the Antidepressant Effects of Plant Polysaccharides
on Gut Microbiota Based on the Gut-Brain Axis

JIANG Yuzhen, LIU Junxi, YANG Yang, ZHONG Shanwei, HUANG Anqing,
CHEN Xiaocheng, DU Bing, LI Pan’

(College of Food Science, South China Agriculture University, Guangzhou 510642, China)

Abstract: Depression is a severe emotional disorder characterized by persistent and prominent clinical symptoms, such as
sadness and a loss of interest or pleasure. The pathogenesis of depression is intricate, and in recent years, investigations into
the gut-brain axis theory have offered viable endogenous mechanisms for further exploration of depression. This theory is
supported by evidence of disrupted gut microbiota, elevated inflammation markers, and deviant neurotransmitter levels in
individuals with depression. Plant polysaccharides exhibit various biological activities and have been shown to modulate
different metabolic pathways within the gut microbiota, thus impacting depression through the gut-brain axis. Nevertheless,
a comprehensive summary of their mechanisms of action is currently lacking. Therefore, this study explores the potential
antidepressant effects of plant polysaccharides by examining their regulation of short-chain fatty acids, lipopolysaccharides,
and tryptophan metabolism within the gut microbiota and the gut-brain axis. Through a comprehensive analysis of recent
literature, this article reviews the intricate relationships between various plant polysaccharides and their mechanisms in
alleviating depression. It provides a theoretical basis for understanding how plant polysaccharides act as antidepressants and
for developing resources for antidepressant polysaccharides.
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FARAE & —FP i UL A Oy BEAE 1P 2E s, &
FrAE T HARR S TR 4, PR S A S . R ES
REHR PR AT SRR, ARt 255 | AR 2B A T o0
1M1 45795 95 FIUBE DR o 45 8 R U R KA
3.5 ACHIABAE 3, RAZAWAR BT 7 A= i pl 2 e i
s, IARIE 2t o SR FUoR G T 1, 45 NI AE NS
FIEHATE BEEIRE  HIABAE G PR 2, E2h =32
POIMARZY . BEREME 5-F% (A% (5-Hydroxytryptamine,
5-HT)FHRRIBEmHIR] | B S AL BRI A £ S L
J 2R PR AT i 3R], AH X e 25 W A A E ] S R,
AR | TR ERAR . BZ AR AR, R BT AB ISR
FERI I R CA T RS o

FAISIE FIAH S IXUBSAS A58 42 05 5 A 2055 4
. RHE . AR IRIE S5 A ST, IA A5 U LA B i B
W RAE S T RN - AR AR (The hypo-
thalamic-pituitary-adrenal axis, HPA axis)!"" f 3=
VT Aok & Bz - i fh (Gut-brain axis, GBA) 5 #IABAE
BEYIAHSE, iz B TR R S i 7 E Bl s, BT
EAA R P UE I ARAE 5 i 8 R BB AR S 1,
B 1 R - i B3 = R A%, B 8 v A A AU
YrReigim i R AL . HPA BRI RE i Ae 5 2
i, BRUBEA QU 25 LSS BRI 0 B /KI5 i &2
SAE, HEMTS R Tl 5 | ZAWARN, S5 88, 11
TE B M A R REAE S0 AR e Bt BRI 7, 385
X AR ERE I 2 W . By T YT B8, BE AT RR BT
THRZ T & BT 7 1Al t®

ZWHE A0, T AAE THE ), BB S
AN PR PO PTMARE'Y A5 24 BRIE P 1 5Z 3 ok
ERE ORI . AEY) ZBEAEAS VRS 25 A N Dy Re I 1

KAFHE EEAE, P78 A % B A K B,
YEI BB R S 03 A R 2 f SR T T AR 1
HILH L S 9B A T 22230 SR, TP AR L] Fits
R FRIBR RGeS, I, AR SCF2m i AR A
FHICSCHR, F2 T GBA 430 g a4 W o 7 16 T
BEEARARY T HVERIEE MAE P LI, ARG Bas Y b
38 13 VRV iz B A R, 2 0 5% B8 U B2 (Short chain
fatty acids, SCFAs) 7K. 4% fi# (Tryptophan, TRP)
AR5 T, D T 8 7 3 s o AN e R Tk, &
FEPUIVEBYE R, A IR IE R STNABAE 1o 3 A I
FA A 22038 1L N 1 TR 22 RS BT AR A FH AL £
PEHRS IR
1 EEHEATEESE SCFAs X
ZHEAE IS AL R R, TRt =5 2040
U, ANF 2205 0T ARRAR S A NAT FaiE = Y g
A A, FE A £ A9 SCFASPY, IEH AAgh
2R MR . TR SCFAs JMHE Y 95% Zitq, il
FBIE £E 2 B0 HH I T B E 10 3R L, RORE SN T,
SCFAs WEMAS, SCFAs BT IEH 4!, SCFAs
e 18 R R B KA S =), 4G 18 . T
2. THR. 5T, IS, FEhERE ]
(Firmicutes) . #FT5 ] (Bacteroidetes) AL B 1]
(Actinobacteria) 25 B A —SE A 5 7= A o TEIS-AN
FhER S 5T AR, g A8 PR fE R AR R g
SCFAs 415, SCFAs 1 4 iz 4H Mo 1Y SC s RE 5ok
W5, AL RERZ VR AR S IE R Faak e m iz L Bz 5t R A 5
FEVTORE, 308 7T LAVE T G2 A b 4 R TR B AR S0
JZ N7, g5 A2 B AT LAE S0 SCFAs 7K aliek i pl 2
5 F i TR D IABFA A T P78, 2R 3 AL
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Fig.1 Association between gut microbiota and its metabolites with the gut-brain axis
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7 ¥F B8 J& ( Bifidobacteriu) . FL & #T & J& ( Lacto-
bacillus ) F1¥5 4y BQWE & (Escherichia) 7=z, BEVA 1%
18 pH. fR3E T FRER i 4 0 58 By 1k 9vs A e A
Wit T iRt 2 IR 8 (Roseburia) FIMSIR ZE AT
W& (Clostridium) 774, Re{RAsizBE iy se R bt
SORE, ¥ - R & R G FLA PR |« i
FIEEEIIEE, HmEREE (Bifidobacterium) . FLERFT
TR B AR ZE AT R s 2B

WHFE R, & 20T WS AR 7045 81— g 3
e B2 AE 1 MR F% B S AT 10 UL P W 3% ( Chronic
unpredictable mild stress, CUMS) zfj #J A% 7Y v 7 ik
SEB4 yan £8P0 Je B CUMS R F /)N Bz 18 5 5%
PA T ] (Firmicutes) F= EEFIl SCFAs 7K FREAIX, SAE K+
LGN, SRKEE bE T IS VAT /N BRUIB E ERELE
J%, BEINT 408 . TR AT T R/, SRR E T, R
il G iE Iz A BE IR M S BEFRAS . SCFAs fefiiil
Toll #3244 4(Toll-like receptors4, TLR4) 0% , Uik
SSRGS A, T HISERE A s 1%
F xB(Nuclear factor kappa-B, NF-«xB) {5 51 %,
Rk ZE Z M n] GEiE i M ] TLR4/NF-xB 38 g EEATCN
FRRAE . CUMS BEAZIFS A NOD FEZ R ME 4514
I A#H 5¢ 25 1 3( NOD-like receptor thermal protein
domain associated protein 3, NLRP3) # 7 , NLRP3
SERE/IMATIE 5 7P — RINSAE L, IREE Z2HET-Ti
JEHEE/ IR TR S E IR SAE I N, T iR V] R
i o 9 il kappa B #1115l + 4 B -o( Inhibitor of
kappa B kinase alpha, IKKa) FIBERR 1L, #0705 £ K+
xB #1{iill Xl F a( Recombinant inhibitory subunit of
NF kappa B alpha, I«Ba), MATIBHWT NF-«B 1% 5\ 75
SPAE, YR R UF NLRP3 8 B G5t 2 R AEP7
ARZE TRAM: Z2 WH AR L1 2 RE KV 10 T 2L e T
P75 NLRP3 tH¢ mRNA 58 P ik /K7, M
NLRP3 %A /A 38 i 2l 35 CUMS KB B9 AR AT
SHPY R AR R 2 PR R T CUMS /)h
FRZ B 5 SCFAs M5, ¥ T A 28 R 15, S4Em
LIRHEEN FiF G B HMBESZ{A (G Protein-coup-
led receptors, GPCRs) ZIFEHUHI & R AEVEH, P
T i Y5 A 25 °8 3% PR 7 (Brain-derived neurotrophic
factor, BDNF) -1 % i2 I i 32 /& ( BTyrosine kinase
receptor B, TrkB) -¥ i it 1 &4 7 T AF &5 & 845 11
(cAMP-response element binding protein, CREB) {5
1A P AN 2T MR IR BNBTINARRLR Y. Zhang
LR IR 28 FE T CUMS /NRIBIEH T R
T im, Qi A i B SR M I TR TR SO . 1
WO H B | RS 2 A Sl A YR Y A R
S SCFAs DIRER LAY LU LL L a4 SCFAs #Y
A A E RIS AERBTIIABHILTI, 28T 10U U8 1 DA
FYZH BRNSES A, S0 T 7= T IR s 2060k, B IR
(Roseburia) N 11.5% FTFE 61.1%, Xf FEAK R GE 2
REBEZAE . FEM PR UGE ImIE R BRI,

ERRT IR . MR FIE T R & &, &2/ NigiE
FEBEARIR, BEAR T SAE R F7K S TR 15 B elE
VARSI

AR SE BB T 2 3 U 5 I J5 2 s /NS BT 40
HERE A 25 -6 (Interleukin-6, IL-6 ) FIFIREIRTE
[A-F a(Tumour necrosis factor-a, TNF-a), IXSE{¢ &
Rt —2E 0 5 | G2 R B A T, IR £ 58 hE -5
EAMAR . A ZHHE LR R CUMS #L8UZH SCFAs
IR, BRI AE B, PR3P 7 1 5t B, SR fipf £8 S0E,
HAABUHIWLIE 2, #8 X% SCFAs 5 GPCRs siZH K 12
Z. WAL (Histone deacetylase, HDAC)AH H AEH, FH
I AN S P YETY NF-«B i . NLRP3 i i 4%
ARAEAE S

{ _— [#"BBB
{ T et N
fdppizor VT/IVER
\ AHITE A5 it

Ny
BDNF/GDNF 1
I 5
I ¥iE

" 254BBB

SN F 5
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f

FFAR 4,
oy MCT T
i / —i
° o 1 } o

GLP1/PYY }

T 0,0 , GPCRs ‘., IL-6 "
®0's  HDAC ‘e, L
scras | iL-1p TNF-a 7
Firmicutes 480 * *e" o ‘&b
Clostridium = . #}. ._ < e °® .. -— :" g
Lactobacillusy . =::..-e ee N e
\Se Lk T e

El 2 HYZHEREAT SCFAs HUMARAAL I

Fig.2 Mechanisms of plant polysaccharides regulating SCFAs
for antidepressant effects"
TE: SCFAs: J 557 2; GPCRs: G K B HX 32 {A; HDAC: 41
X ST AL ; TNF-a: I8 SR H F-a5 IL-15: F1 40 LA
#-1; IL-6: [ 411 i 41 % -6; FFAR: Jif# B i JIif iR 3% 14 ; GLP1/
PY'Y: JB v il 2 A K- 1/ B K s MCT: 5% . 41 e iz 2 11
BBB: [fiLfiki 5 F&; BDNF: it #fi 22 72 F; GDNF: i 5t
MIIE A 205 TR T .

2 TEMEREETAERERE R LPS KFE
gZ##(Lipopolysaccharide, LPS )&% WA N B
R, HEA RS T30S 20 ALY TLR4 . NF-xB Fl12£ %4
JER 35 Ak £5 BB ( Mlitogen-activated protein Kinase,
MAPK) #1555 2 F e 52 A I8 5L, 71 & 98 0E
FIAR T, RS R B, MAREE T LPS A&
JEAHSCIE PRI Ze kN, MK LPS a0, Nelimess
HEM 2 BETHE, B E v R U8 I g 1 B
10 325 P A U Sy S UE B CUMS /) BRI TS
LPS W& X IR, g T a s maE s iy — e
F ALEE (Diamine oxidase, DAO) &5 IESE CUMS 55
SN B SE EIGINTY, LPS SS3EE /INB BT
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Jit, gk YR S h R R R T 25K, Wang S8
Y B CUMS /N Ui 25 {47 19 TLR4. NF-xB p65 Fl
p3SMAPK ZE 1 /K HH @ 1% i, 36 8 TLR4/NF-«xB/
MAPK {550 B eiaE, Lt Z2hiayr)a, o/
R B TR ES T ZE R, IMYE LPS vaizb>, Bnm iz i ek
SEREME, M T /N R 40 i A 5 19 TLR4/NF-«B/
MAPK 15538 B3OS FIE R B 73218, g/ R
HAEATH -

T 22005 1 18 TR B U [R) & H Se e U8 75 1E
38 35 U VAT 58 i B B R 2R AN A Y ok v 4
LPS U5 iz a4t 45, 340 17 JERBE R ] (Firmicutes)
FIARXT B, 852 T Wi Beks, BT aiE LPS /K
SEES R R R AR/ NEREEST LPS )5, HiAME
S V8 77 3% i ( Extracellular signal-regulate sigsignal-
regulated kinases, ERK) AR 1L 7K~ F1 NLRP3 3%
IRTHE, RS 20T FUS T LA S5 REIG ERK BER
A 7K S, 38 i P8 3 1 P 4 (Reactive oxygen species,
ROS)-557E 1 & (Calpain-1) 415 {4 48 JiE 38 R 305
LPS if5 5 ) ERK ®§1% fb7K V- F1 NLRP3 Kk - F+,
FFREAK IL-18, TNF-a /K-, 3%/ AMAREEAT 4 o
LPS figif5 5/ B/ B BT 4 i (BV2) TLR4 ik Fl
NF-«B ik 341, MAPKs i# % ERK. p38. i
TR 7§ (c-Jun N-terminal kinase, INK) f¥) 31k
I, Rk SE P T HHE T 4l NF-«B 193RiK, T
V4 T TLR4/NF-xB {5 5 i #% il MAPKSs i#i i, IL-
18. IL-6 1 TNF-a ) mRNA ik B FFEEEY, s
HFAFEDO R BRAREE 2o R LR T SR N B AR
brRic e E LPS 175519 BV2 40 i R 5EME M1 17
PUR Y M2 RIEAL, WEREIRT — % fL%A . ROS,
TNF-o Fl IL-18 85 2 5E B F 7K, 9 /)s BUAE pERN
THREEA 71 -

HARTT e S BUZIE N LPS /KEFHa, i FE il
B e s, S 8UpEEE RN, B LPS ¥EA
MR, FXF A= i AR RS2 e vl G5 | & R AE, AHY)
ZhET A SE g R, B EHFEMAE N
LPS 7K, [EIRFEBESE IL-18. TNF-a 7KF-HIREAR, A
TTZARAR LS SERE , RHMEBREIREA FRARAE T, BARPL
W= OLE 3. FItk, BEAK LPS /K7 Rk 35 17 18 i
B SEAR ) 22 WL T - I s 1 1l B BB AR i
EEAEAYLS
3 EYSEATmEER R

O8RS NRANRE A AL T 2 LR, il 1T £%
ANSNEM B YIS IE R AR, S-S S
Felg, ORI 48 S-HT. R R & 18 (Kynu-
renine, KYN) FII5|REf A4 —FpagEl', 5-HT [F#AIK
SEAMAR R A S, AARZY 90% ¥ 5-HT F 2%
bR ImRE RS G . R 5% Mt (2
fi® ¥% 1k i ( Recombinant tryptophan hydroxylase,
TPH) 5 5-HT, SEMIAE BIALIE 2R | 5-F2 L] W LR
(5-Hydroxyindole acetic acid, 5-HIAA ) FlI4E L 2B

S ! MKK3/6 l b
9 Q) MKK4/7 ® FHHr
kBa  MEKI2 lg l@ O PRt
l o\ JNK P38MAPK ve
ERK : ot
NF-«B N e 114

) AR ———
s AP-1 IL-6 IL-l;f‘i{ ‘ \‘:\\\Pro-I_L-‘lﬁ

/;7
/)
[

A\,

WL = e \

B3 YW LPS HUHES AL
Fig.3 Mechanisms of plant polysaccharides regulating LPS for

f

antidepressant effects

: LPS: I§ZB5; TLR-4: Toll BE3Z A 4; TIRAP: 75 toll /™%
1 Z s 2 1 ; MyD8S: & /316 7 ; TRADD: il i 3F
oI SEEE ) TNFRSF1A; ILIR: 40/ & -1 521K; TNFR: i
A IR E I 32 15 IRAK1/4: F A B 132 7K CBE R 1/4;
TRAF2: TNF SZAKCHEF T 2; TAK: #£4b4E K AT B G 1LI#
B; TAB: ¥k A=K HF B 6L I BE 45 & 2 1 ; IKKa: kappa
B 10l X F- 3 -; 1B #% K F xB 1l F a5 NF-xB: #%
F xB; MEK 1/2: 2224 JF 640 26 (1 BAGLAS; ERK: 4ifsME 5
PE T I MKK: 22 2450305 1L 26 (BRI TN 36 Ak
25 M ; p38MAPK: p38 25 M I ; AP-1: JTE T H-1;
NLRP3: NOD Ff3Z /4K [ 45 #9556 1 3; Pro-IL-18:
Y21 Ak,

H 4y 95% By (0 & 1R & 1 35 KR & e A ) ik 12
(Kynurenine pathway, KP)#47, KP i A5 £
R A& B2, TRP, KYN Fl 3-¥2 3K PR 24 ik (3-
Hydroxy-kynurenine, 3-HK ) 7] AiE i< 111 i 5 e, 9% &2
UL /NS BT 20 I AT 2 ST AL, BT RS B 4 i ™ A
ELA 2 30 VB 9 R PR 2 (Kynurenic acid, KA),
T/ INEE BT Al Ry A= B s 2 85 09 KP ARG T4 s itk
7% (Quinolinic acid, QAP JIAIE 48 514 P 171 1A
FEOAR , BE 7 % 2 (Glucocorticoid, GC ) FI1 57 5 il
(Corticosterone, CORT) i /=, IMLJK TRP ¥ B KEAIL,
= 7K GC AR 4 R~ BB In 6,520 B2 -2, 3 - AU 48
fitf(Tryptophan 2,3-dioxygenase, TDO ) FlIN5|WEfi-2, 3-
A AL B (Indoleamine-2,3-dioxygenase, IDO) B4 i
P, [ AR KP AUl AL KYN, #1 QA,
U/ 5-HT F1 KA 50, 55 EBEmaR> >4,

Zopi I I EE Y 18 AR R i (A 2 e R ) 322
AR N 5-HT ARE FRER KYN/3-HK AR5 .
Chen %P1 ZBANAR/ N, IDO. TDO. GC. CORT (¥
ik I, 1 SRS R (Glutamate, Glu) 32148, p-24
JE T 12 (y-Aminobutyric acid, GABA) 32 {4l BDNF
AL S KT B, AR TRP AR 1] T KYN 842,
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WFE A S-HT KRR, AR AT BREZ . B2
WHBEAZ I FE CUMS i S MARRET T8, Z20 T 7k
T B E R, BRI S 45 1DO % 55K SR
i H KYN ZKF, #2570 Bl TRP/S-HT & 1E, Bk
TN S S-HT KFEFL. FRBEDPY LB

ZWERE_ VRIS RY S ik PN A PRI A i Jo, T 9
5 TRP F1 3-HK 7K -, 4100l 1 £ S A S o7, 100 7]

TRP/KYN/3-HK 1§ 38 #, # hn TPH 7% 4, 14
TRP/5-HT/5-HIAA 3 jif A, b 28 T s ik P9 22 B2
B (Dopamine, DA) . 5-HT F12= B & |- I &£ (Nore-
pinephrine, NE) 7K 3¢, [A] B} B AIG 1ML & A7 TNF-a 7K
o BEAN, PIAER SOBETT BEAZ W3 TR CUMS KR
I35 TRP 7K, BRI KYN fRighgte, %% T CUMS
S A EE I i S b KYN, KYN/TRP H1 IDO1 &
FZRIRIKE TP

KA GEREIATT Glu 7KF-, Glu S 34 2835 51
GABA MR, VB T HPA fili fl A £ & R 4
Glu/GABA 525 T Rk B e '%LH%EZF%/}%&%?‘
Jiti# 2= (Corticotropin releasing hormone, CRH), i3 J#&
G B HPA Hl'S 30 GC #init—25 5 TRP/KYN
. HIH PGS TS GABA/Glu b3, 84 n
TPHI JifF 15k, 3275 5-HT. DA & &, T p g s i
AL T AL P N O AR /N B AR AT SR P, 47
A9 e BHLHE TS 2 BE RN A 22 R BBk A BE s Ml AR
CUMS 755 B4 98 5iE [ b Al HPA il i<k BE 330G, AT
CORT FIE S L Bf FZ i3 ¥ # ( Adrenocorticotropic
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Fig.4 Mechanism of plant polysaccharides regulating tryptophan metabolism for anti-depressant effects
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Table 1

Structural characteristics of anti-depression plant polysaccharide
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