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Abstract: The gut microbiota maintains a close dialogue with the host’s immune system, being
capable of influencing immune responses through various pathways. It has been extensively
documented that synchronous regulation of the gut microbiota and the host immune response exerts
immunoenhancing, anti-inflammatory, and gut homeostasis-maintaining effects. By systematically
reviewing the relevant literature published in the past three years, this article first elaborates on the
interactions between the gut microbiota and the host’s immunity via multiple routes. It further
summarizes recent studies on natural products that exert immunomodulatory functions
(encompassing both immunoenhancing and anti-inflammatory actions) through gut microbiota
pathways. Regarding immune dysregulation diseases, this review further elucidates how natural
products achieve precise regulation of the host immune function by optimizing the gut microbiota
structure, regulating microbiota-immune signaling pathways (e.g., NF- kB, TLR, and MAPK),
maintaining intestinal barrier homeostasis, and intervening in microbiota-derived metabolites (such
as short-chain fatty acids and tryptophan-indole derivatives). Additionally, this article discusses the
process by which the gut microbiota enhances the immunomodulatory effects of natural products
through metabolic conversion and biotransformation of natural products into highly active
secondary metabolites. The immunoregulatory effects of natural products through the gut
microbiota may become a potential therapeutic strategy for immune-related disorders.

Keywords: gut microbiota; natural product; intestinal mucosal barrier; biotransformation; immune
enhancement; anti-inflammatory effect
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Table 1 Natural products that exert immunomodulatory effects by optimizing the gut microbiota
Types of Natural products Immunoregulatory effects Changes in intestinal flora References
immune
regulation
Enhancement Polysaccharides White blood cells and Richness and diversity T, Bacteroidota T , [19]
of immunity  from wild lymphocyte proliferation T ; Ruminococcaceae 1 , Villonspiraceae and
morels CD4"°CD8", CD4 CD8", and Erysipelococcaceae 1 ;
CD4 CD8CD19" 1 Lachnospiraceae NK4A136 1, Lactobacillus |
Cyclocarya IL-1p and TNF-a T ; Intestinal ~ Richness and diversity 1, Bacillota T , [20]
paliurus mucosal sIgA T ; ZO-1, Bacteroidota | , Norank f Muribaculaceae and
polysaccharides Occludin, and Claudin-1 1 Alloprevotella T , Lactobacillus and
Staphylococcus | ; The dominant flora changed
Laminaria Splenic lymphocyte function T;  Richness and diversity T ; Genera: Erysipelothrix, [21]
Jjaponica IL-6, IL-1B, TNF-0, and IgG Streptococcus, Faecalibacterium, Turicibacter,
fucoidan levels T Romboutsia, and Helicobacteraceae | ;
Alistipes, Gastranaerophilales, Cyanobacteriota,
and Streptococcus 1
Phellinus Serum levels of IL-2, IL-6, and ~ Species richness T ; Low dose group: [11]
igniarius IFN-y 1 Bacteroidota and Actinobacteria T , Bacillota | ;
YASH1 High dose group: Bacteroidota | ,
flavones Campilobacterota | , Bacillota and
Actinobacteria |
Glycopeptides ~ Colonic neutrophil Microbial richness and diversity T ; [22]
from Lycium infiltration | ; IL-1p and IL-6 | , The disturbance of bacterial flora was restored;
barbarum IL-10 1 Bacillota 1, Pseudomonadota and
Verrucomicrobia | , Lactobacillus T,
Bacteroides, Shigella, and Parachacteroides | ;
Lactobacillus murinus, Bacteroides
acidifaciens, and Lactobacillus spp. T,
Clostridium pilaris !
Total IL-1a, IL-2, IL-4, IL-6, IL-10, Species richness T ; [23]
ginsenosides of  IL-13, TNF-a, monocyte Lactobacillus T , Odoribacter and Clostridia
Panax ginseng ~ chemoattractant protein-1 1, UCG-014 | , Vibrio desulphuricularis and
IL-1pB and IFNy | ; Spleen Spirillonaceae UCG-006 1
lymphocyte proliferation T ,
CD4" T lymphocyte T,
CD4"/CD8" 1
Sanguinarine TNF-a, IFN-y, IL-1B, IL-6, and ~ Gut microbiota diversity 1 ; Muribaculaceae, [24]
IL-18 | ; IL-4 and IL-10 T ; Mucispirillum, Ruminiclostridium 5 1 ; The
NLRP 3 and caspase-1 | imbalance of intestinal flora was reversed
Salidroside IL-1B, IL-6, IFN-y, and Lachnospiraceae and Ruminococcaceae T ; [25]
IL-17A | ; Th17/Treg | ; uncultured bacterium_f Muribaculaceae and
NLRP3, caspase-1, and Lachnospiraceae NK4A136_group | ;
GSDMD p30 | uncultured bacterium_g_Lachnospiraceae
NK4A4136_group | ; uncultured bacterium f
Lachnospiraceae 1
(154%)
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(=)
Types of Natural products Immunoregulatory effects Changes in intestinal flora References
immune
regulation
Anti- Celastrol IFN-y, TNF-a | ; transforming ~ Diversity and richness T ; [26]
inflammatory growth factor-, IL-10 T ; Alloprevotella and Odoribacter 1 ;
Treg 1 ; Occludin, Cdh1, ZO-1, unidentified Lachnospiracea | ; Prevotellaceae,
and Muc2 | Alloprevotella, Paraprevotella, and
Butyricicoccus 1 ; Alloprevotella and
Butyricicoccus 1
Isomaltulose TNF-q, IL-1p, and IL-6 | ; Family level: Akkermansiaceae, Marinifilaceae,  [27]

IL-17 | ,1L-10 T ; Treg/Th17 | ;

Z0-1, Occludin, and
Claudin-1 1

Anaerovoracaceae | , Lachnospiraceae and
Streptococcaceae 1 ; Genus level: Akkermansia
and Alistipes |

T : Increase or activate; | : Decrease or suppress.

1% Ak 8 H P4 (mitogen-activated protein kinase,
MAPK) . dF 32 & 1Y B % 1R & 3 B§ (Janus
kinase, JAK)/f% 5 ¥4 T e e s 0% P 1 (signal
transducer and activator of transcription, STAT) 4
T P T AR AR A 1 4 X
U3 e 5 g A R S A EAR, P R 5
SE P SHR RO AR HUAT S (& 1), fildn,
AL Cheng 5552 % BN IA L 48 1K AT 38 2o 1
INAUAT B FERAZ R AT B, SRR 4% NF-xB
155 538 5 DA 4 28 0 5 B B ARDPHIE 5 o
255277 YA3D6 ft il i il NOD 32 {4 i
H 5 ¥ 38 & 1 3 (NOD-like receptor pyrin domain
containing 3, NLRP3)[#) NF-«xB i % T-1ii AD. W&
PRFUFT I (Lactobacillus acidophilus) LA8S5 ¥f CTX
V5 S e bl /N SR 28 f Ve Y (g A~ Ak 2
{5 134 A= W E B4 (fecal microbiota transplantation,
FMT) 5 G 5 RS T2 (short-chain fatty acids, SCFAs)
Xt SR AE MBI, 4R IR R AR S A S 1Y
PRSI AT 8 5T NF-«B il S e iy, 28
s, WMHERERE SR 5E 2 10 d0 A 8 i R R
I TLR4 3o B R IR stz V45 1 4% (ulcerative
colitis, UC)P®V; R4l K & i 18 B Ak 2 VI ml
0% TLR/MyD8S/TIRF & p-NF-kBp65 i &5 55
RIS, IR FLAT IR 5 2 HKL BEA 6
PN 34 R Rl TLR4/9 38 | UC &

JEESL g T KRN TLR T8 %5 R AR
WEME. 1A, ¥ SUHT I (Bifidobacterium
animalis) XA =P FLEE AT 7] TLR4/MyD88
i o B BOTEDYY IR A M AR o RR R
(a-linolenic acid, ALA)3f i #1 ] MyD88-NF-«B
i UCH, MREL T K AR IR 4 o %o 3 — R R -
SAEFF MBS T HER . S5 IRE, MAPK,
Wt 5538 1% 55 TR A9 B VR AL A2 AR 7 1 1) ]
o AREIH K zanyimycin C 7] B8 o B05
Ras-Raf-MEK-ERK iffi i (MAPK R %) S 5
it /NEER (berberine, BBR) L [ 18 T A 1K
#8177 IS Wnt/p-catenin il 85 5 1 - Y
1M R SR 7= Wy Be AR 7 T R ER A RE 3G 58, ml 3l
1E S Wot/ERK 38 BE3E IIARIR 4 A A1 MUC2 7K
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{EDIRERITE T o
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Figure 1

The primary pathways for natural products to regulate intestinal flora and immune signaling pathways

to enhance immunity and inhibit inflammation (www.medpeer.cn).
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Figure 2 Intestinal barrier in a state of injury versus a state of treatment with natural products (www.medpeer.cn).
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