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In recent years, the relevant research on intestinal flora has been in full swing, and

it has become an extremely important research direction in clinical medicine and life

science. Irritable bowel syndrome (IBS) is a common disease characterized by changes

in intestinal function and accompanied by comorbid anxiety. At present, the pathogenic

mechanism of IBS is not yet clear. The gut-brain axis (GBA), as a two-way information

exchange system between the gut and the brain, has an important influence on the

prevention of IBS. Present studies have shown that polysaccharides are important for

maintaining the steady status of intestinal micro-environment. This review summarized

the relationship between intestinal flora, GBA and immune activation, and provided a new

idea for the preventive treatment of IBS from the perspective of polysaccharides.
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INTRODUCTION

The gut microbiota is a source of the genetic and metabolic diversity of humans (1). With the
development of the times, people’s knowledge of the types, characteristics and models of action
of the gut microbiota has grown rapidly (2). The human intestinal flora consists of at least 1013

species of microorganisms. Their collective genomes contain 100 times as many genes as ours,
creating complex and body-specific adaptive ecosystems that are perfectly adapted to physiological
changes of the host (3, 4). The intestinal flora is a complex ecological community that affects
normal physiology and disease susceptibility through their collective metabolic activities and
host interactions (5). Homeostasis, that is, the human body controls its internal environment to
maintain relative stable, so that the body restore to a relatively balanced state. The stabilization
of the gut microbiota is of great significance to the homeostasis (6). As an important part of the
human body, the intestinal flora plays a considerable role in antibacterial, immune and metabolism
(7, 8). Resident bacteria in the gut can prevent external pathogens from entering the gut mucosa,
and symbiotic microorganisms can also use surrounding substances to maintain gastrointestinal
homeostasis. For instance, dietary nutrients are absorbed by the intestine and co-metabolized by
host enzymes along with various non-nutritive compounds produced by the microbiota (6, 9). The
disturbance in the homeostasis of the intestinal flora can damage the intestinal mucosal barrier and
cause declined immune function (10). The disorder of gut flora is associated with many diseases,
including IBS, depression, multiple sclerosis, diabetes, autism and cancer (11).

The integrity of intestinal barrier mainly comes from the balanced crosstalk between intestinal
flora, mucus, enterocytes, the immune system, and the intestinal vascular barrier, involving
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network, bidirectional crosstalk, and inflammation control. It
is of vital significance in maintaining intestinal homeostasis
(12). These intricate interactions significantly affect other organs
and physiological functions (13). The intestinal flora can alter
nutrient absorption, metabolite release, and digestive system
permeability, and regulate bone growth through the gut-
bone axis. Studies have shown that increasing the number
of Bifidobacteria in the gastrointestinal tract can alter the
absorption levels of minerals such as magnesium and calcium,
thereby increasing bone density (14). Typically, patients with
inflammatory bowel disease (IBD) are at increased risk for
coronary heart disease, suggesting a two-way communication
network through the gut-heart axis (15). Similarly, a fat-rich
diet can alter the gut microbiota and gut vascular barrier
through the gut-liver axis, allowing bacterial products in the
portal vein to flow to the liver, thereby affecting systemic
inflammation (16).

In general, the interaction between the intestinal flora and
the brain mainly indirectly affect cognition, sleep, learning
ability, and emotions through the nervous, endocrine,
immune, and metabolic systems. This two-way information
exchange system that integrates brain and intestinal functions
is called the gut-brain axis (17). Irritable bowel syndrome
(IBS) is a common disease characterized by changes in
intestinal function and accompanied by comorbid anxiety
(18). The health impact of the disease is similar to depression,
resulting in a significant economic burden (19). At present,
the pathogenic mechanism of IBS is not clear. Studies have
shown that genetic and environmental factors, immune
response, and psychological factors such as depression
and anxiety can affect IBS (20). Changes in bidirectional
GBA interactions are believed to have an impact on many
intestinal diseases. The two-way communication effect of GBA
has been explored and applied to the treatment of various
diseases, including depression, IBS, Alzheimer’s disease, and
so on (21).

Polysaccharides are biopolymers consisting of
monosaccharides. To date, more than 300 natural
polysaccharides have been identified (22). Polysaccharides
can be used to treat functional constipation and constipation-
predominant IBS (IBS-C) without significant side effects (23).
The intestinal flora can establish a close relationship between
the human body and polysaccharides, and the intestinal
microenvironment is affected by the gut microorganisms
and releases sugars or short-chain fatty acids (SCFAs) that
are easily assimilated by the host, and further participating
in a series of metabolic reactions in the body (24). At
the same time, polysaccharides are involved in regulating
the composition of intestinal flora, cytokines, intestinal
mucosal repair, which are of great significance to the normal
development of the human mucosa immune system (25).
This article reviewed the mechanism of intestinal flora on IBS
through the enteric nervous system (ENS), central nervous
system (CNS) and the immune response of GBA, which
provided a brand-new direction for treating IBS from the
polysaccharide perspective.

THE IMPORTANT ROLE OF INTESTINAL
FLORA

The Intestinal Flora
Microorganisms in the human body are able to colonize all
exposed surfaces, especially the intestinal surface (26). The
human intestinal flora is complex and consists of at least 1,000
different bacteria (27). Gut microbes are estimated to comprise
∼0.3% of the body’s weight (28). The neonatal gut is sterile,
derived primarily from the mother and external environment,
and mainly affected by the type of delivery and feeding methods
(29). The diversity of neonatal gut microorganisms is low,
mainly Proteobacteria and Actinobacteria. At the age of 2–5,
the composition of microorganisms is similar to that of the
adult and becomes more diverse (30). The intestinal flora is
the main regulator of the immune system, which provides a
core set of immune stimulatory molecules to establish symbiotic
relationships with the host, promoting the host’s metabolism,
tissue development and immune maturation, and protecting it
from intestinal pathogens (31, 32). A consensus has been reached
that when intestinal flora and intestines coexist harmoniously,
the human body is healthy (33, 34).

Changes in Patients With IBS
IBS is a functional gastrointestinal disorder that is easy to see
in life, accompanied by abdominal pain, which is related to
changes in bowel habits. It is one of the two most common
gastrointestinal (GI) disorders, which affects 7–21% of the world’s
population (18, 35). Due to the different symptoms, IBS patients
can be divided into IBS-D with diarrhea as the main symptoms,
IBS-C with constipation as the main symptoms, and IBS-M
with mixed symptoms (36). Bloating is the most prevalent
symptom reported by 96% of IBS patients (37). There are many
potential causes of IBS, including changes in the composition
of the intestinal flora (38). The overgrowth of small intestinal
bacteria is characterized by an abnormally high number of small
intestinal bacteria, which has been considered an important
feature of patient subgroups (39). In addition, the severity of
anxiety, IBS subtypes, and IBS symptoms are associated with
the composition of gut bacteria (38). The diversity of potentially
pathogenic bacteria in fecal samples of IBS patients increased,
while the diversity of the beneficial bacteria decreased (39).
Compared with healthy people, the number of Bacteroidetes and
Actinobacteria in the intestines of patients with IBS patients is
reduced (40).

THE ROLE OF THE INTESTINAL FLORA IN
IBS

The Impact on GBA
GBA consists of a bidirectional response system that works
through neural, endocrine and immune pathways between the
brain and the emotional cognitive center in the peripheral gut,
including the autonomic nervous system (ANS), ENS and CNS
(41). Its role is to monitor and integrate intestinal function,
providing a bridge between mood, memory, cognitive function
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FIGURE 1 | The relationship between intestinal flora and intestinal nervous system, central nervous system and immune activation.

and the gastrointestinal tract, producing multiple effects, such
as changing the intestinal permeability and causing immune
activation (Figure 1) (42). The consumption of fermented
dairy products containing Bifidobacterium, Lactobacillus and
Streptococcus thermophilus can alter brain connections and
capabilities, supporting the effects of intestinal microorganisms
on GBA (43). The study of germ-free (GF) animals found that
the cultivation of intestinal bacteria is central to the maturation
of ENS and CNS (44). In recent years, researched showed
that patients with IBS usually have micro-ecological disorders,
suggesting that IBS is closely related to GBA (45, 46).

The Impact on ENS
The normal gastrointestinal function requires the involvement
of ENS, which is the greatest and most complex part of
the peripheral nervous system. ENS includes sensory neurons,
interneurons, motor neurons, as well as enteric glia, and controls
almost all aspects of gastrointestinal physiology (47, 48). In
GF mice, the excitability of post-intestinal hyperpolarized (AH)
neurons was reduced and recovered after implantation of the
normal intestinal microbiome (49). Enteric glial cells (EGCs)
are an important part of ENS, and are associated with neuronal
synapses between submucosa neurons and muscles (50). EGCs
coordinate myenteric signaling between cells and epithelial cells,
regulating intestinal dynamics as well as the secretory and
absorption function of the upper intestine (50). The density of
EGCs in the intestinal mucosa of sterile mice was significantly
decreased, which indicated that the intestinal flora had a
remarkable impact on the initial implantation of EGCs in the

intestinal mucosa (51). At the same time, EGCs are necessary for
the structural and functional integrity of ENS to participate in the
intestinal mucosa barrier and promote intestinal stability (52).

The Impact on CNS
During the development of CNS, the production of neurons
is affected by various environmental factors. Gut microbiota
played an important role in regulating and guiding the
neurodevelopment of CNS. This process primarily occurs in
the hippocampus (53). Through the mother-infant interactions,
regulators in the gut microorganism activate signaling receptors
that develop the fetal nervous system with implications for
the formation of acquired learning, memory, cognitive and
behavioral responses (54). The vagal nerve (VN) is a mixed
nerve containing motor, sensory and parasympathetic nerve
fibers. The communication between the microbiota and the
brain involves the VN, which transmits information from the
lumen environment to CNS (42). Neurological disturbances
or neurasthenia can lead to CNS dysfunction, such as
mood disorders, neurodegenerative diseases, and gastrointestinal
pathology. The ingestion of lactic acid bacteria improves anxiety
in mice, which weaken or even disappeared after VN is cut
off (55). During the development of CNS, serotonin is crucial
in regulating neuronal differentiation and migration, axonal
growth, myelin formation and synapse formation, as well as a
key neurotransmitter involved in the regulation of mood control,
food intake, sleep and pain management (56, 57). The synthesis
of serotonin depends on the availability of tryptophan, which
is a key monoamine neurotransmitter involved in regulating
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CNS transmission (58). The complex symbiotic microorganisms
living in the gastrointestinal tract of mammalian are the driving
forces influencing the metabolism of tryptophan in the gut
(59). The main carriers of neurotransmitters that interact with
the CNS, such as serotonin, are enteroendocrine cells (EECs).
EECs are located in the mucosa of the gastrointestinal tract,
which contain at least 20 signaling molecules (60). When
stimulated, these signaling molecules respond and are released
to the nervous system as well as brain (61). EECs can secrete a
variety of peptide hormones and bioactive amines, including 5-
hydroxytryptamine (5-HT), which are important for maintaining
intestinal homeostasis (62). Chlamydia LPS is present in patients
with IBS, and that chlamydia antigens are closely related to EES,
confirming that EECs is associated with intestinal infections (63).

The Activation of Immune Response
The mammalian gut is a complex ecosystem that interacts
with three important components: the epithelial and its
neuronal connections, the intestinal-related immune tissue,
and the symbiotic microbiome (64). The intestinal mucosal
barrier separates the external environment from the human
environment. In the early development of life, intestinal
microorganisms are of great significance to the maturation of the
mucosal immune system (11). Inflammatory cells on the surface
of the intestinal mucosa of IBS patients, such as mast cells and
macrophages, have a low degree of the infiltration (65, 66). Mast
cells play various functions, such as regulating the permeability
of intestinal epithelial cells, controlling blood coagulation, and
promoting smooth muscle peristalsis (67). They can further
perform several different roles by releasing pre-formed media
(such as proteases, histamine and heparin) from their granules
or by releasing recombinant media (including lipid media and
cytokines) (67).

Mast cells activate innate immune cells such as toll-like
receptors (TLRs) to identify receptors, induce the secretion
of anti-inflammatory mediators, and help maintain intestinal
immune tolerance (68). Bacterial components in the gut, such
as lipopolysaccharides (LPS) in the cell wall components of
Gram-negative bacteria, can be acted as ligands for TLRs, and
flagellin can also be recognized by TLR5 (69). TLR2 and TLR4
are two signaling receptors that are required for activation by
bacterial wall components in TLRs and significantly increase
the expression of TLR2 and TLR4 antigens in inflammatory
mucosal cells (70). The level of TLR4 in colonic tissues of patients
with IBS was remarkably higher than that of healthy controls,
indicating that there was a certain degree of immune disorder
in IBS patients (71). In addition, increased TLR expression in
IBS-M patients induces intracellular signaling pathways, which
result in increased expression of the mucosal pro-inflammatory
cytokines (72).

THE EFFECT OF POLYSACCHARIDES ON
INTESTINAL FLORA

Polysaccharides are a kind of active natural macromolecular
substance, which are composed of glycoside bonds.

Polysaccharides are polymeric-polymer carbohydrates composed
of at least 10 monosaccharides, which is extremely common in
nature (73). The structural of polysaccharides is essential for their
physiological functions. The anti-oxidative, anti-tumor, immune
and other biological activities of polysaccharides are closely
related to the monosaccharide composition, glycosidic bond and
substituent types (74). Sulfated polysaccharides had anti-viral
activity, but the activity of sulfated homopolysaccharides was
greater than that of sulfated heteropolysaccharides, and the
activity of β-1,3-D-glucan was significantly higher than that of
β-1,6-D-glucan (75). Atractylodes macrocephala Koidz consists
of 5 monosaccharides: rhamnose, glucose, mannose, xylose
and galactose, with a molar ratio of 0.03:0.25:0.15:0.41:0.15.
Its high xylose content enables the activation of proliferation
of Bifidobacterial in the gut, which is beneficial to human
health (76).

Polysaccharides have a variety of medicinal and nutritional
benefits, including immunomodulation and gastrointestinal
protection (77). The interaction between polysaccharides and
intestinal flora has become a hot research topic, and the biological
activity of polysaccharides has an important influence on the
regulation of intestinal flora (Figure 2) (78). In addition, T
lymphocytes, B lymphocytes, macrophages, and dendritic cells
can be stimulated by polysaccharides or their gut metabolites
and provide associated immune responses to maintain intestinal
function and health (79). Chrysanthemum polysaccharides and
glucose dietary supplements alone or in combination can
increase the growth rate of Penaeus vannamei and the expression
of related immune genes, enhance resistance to pathogens,
and may activate the innate immune response by promoting
the growth of beneficial bacteria in the gastrointestinal tract
(80). Recently, studies have shown that polysaccharides can
activate the immune system by stimulating the expression of
anti-inflammatory cytokines, which are also currently used in
innovative therapies (81).

IBS can be alleviated by non-medical treatment, such
as changing surrounding conditions, regulating moods, and
changing eating habits (82). Diet is a key determinant of gut
microbial composition. Unhealthy diet can cause damage to the
intestinal mucosal barrier, leading to the invasion or proliferation
of harmful microorganisms, and triggering an inflammatory
response (83). Researchers have found that if mice were switched
from an unhealthy diet to a low fat, high fiber diet, their
gut microbiota could change significantly within 1 day (84).
Dietary interventions, such as polysaccharide administration,
may become an effective therapeutic strategy to improve IBS (85–
87). Polysaccharides can affect the intestinal microbial species,
improving the abundance of beneficial bacteria, and reducing
the abundance of pathogenic bacteria in the gut (88). During
the treatment of intestinal flora with Yupingfeng polysaccharides
(UYP) and Yupingfeng polysaccharides (FYP), the abundance
of lactic acid bacteria increased significantly in the cecum
and jejunum, while the abundance of Enterococcus decreased
significantly in the cecum (89). A diet low in fermentable oligo-,
di- and mono-saccharides, and polyols (FODMAP) can lead to
changes in the gut microbiota and reduce symptoms of IBS, but
the corresponding mechanism needs to be further studied (83).
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FIGURE 2 | Probiotics and SCFAs are involved in intestinal flora regulation.

In addition, the gut microbiota participates in the alleviation
of IBS by producing metabolites such as SCFAs (90, 91). SCFAs
are produced by bacterial fermentation in the colon, and involved
in blood glucose metabolism, immune regulation and functions
development, affect gastrointestinal peristalsis, and maintain
the integrity of the intestinal wall barrier (92, 93). There are
functional SCFAs receptors in the central and peripheral nervous
systems. Propionic acid acts on the afferent nervous system
around the portal vein by surrounding free fatty acid receptor
3, and then signals to the peripheral and central nervous system
regions to induce intestinal gluconeogenesis (94). SCFAs can
also affect the GBA through the secretion of hormones from the
gut. SCFAs in the colon activate G-protein coupled receptors
to stimulate enteroendocrine cells. This process may activate
signaling cascades that affects the regulation of food intake in the
brain circuits through systemic or vagal afferents (94).

CONCLUSION

In this review, we focused on the modulatory effect of
polysaccharides on intestinal flora and the implication for IBS

from the perspective of GBA. Present studies have shown that
polysaccharides are important for maintaining gastrointestinal
homeostasis. However, it is not clear the relationship between the
molecular weight, monosaccharide composition and glycosidic
linkage of polysaccharides and their regulation of gut microbiota.
In further studies, attentions should be paid to elucidate the
relationship between IBS and intestinal flora, especially the GBA.

AUTHOR CONTRIBUTIONS

YY: conceptualization and writing original draft. YL and PZ:
supervision and writing original draft. KC: supervision and
validation. ZW: writing review and editing. XZ: supervision and
writing review and editing. All authors contributed to the article
and approved the submitted version.

FUNDING

This work was sponsored by Zhejiang Provincial Key Research
and Development Program (2020C02037) and People-benefit
Project of Ningbo (202002N3078).

REFERENCES

1. Yatsunenko T, Rey FE, Manary MJ, Trehan I, Dominguez-Bello

MG, Contreras M, et al. Human gut microbiome viewed across

age and geography. Nature. (2012) 486:222–7. doi: 10.1038/nature

11053

2. Arumugam M, Raes J, Pelletier E, Le Paslier D, Yamada T, Mende DR,

et al. Enterotypes of the human gut microbiome. Nature. (2011) 473:174–

80. doi: 10.1038/nature09944

3. Gill SR, Pop M, Deboy RT, Eckburg PB, Turnbaugh PJ, Samuel BS, et al.

Metagenomic analysis of the human distal gut microbiome. Science. (2006)

312:1355–9. doi: 10.1126/science.1124234

Frontiers in Nutrition | www.frontiersin.org 5 May 2022 | Volume 9 | Article 810453

https://doi.org/10.1038/nature11053
https://doi.org/10.1038/nature09944
https://doi.org/10.1126/science.1124234
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles


Ye et al. Polysaccharides Affect IBD by Flora

4. Lloyd-Price J, Abu-Ali G, Huttenhower C. The healthy human microbiome.

Genome Med. (2016) 8:51. doi: 10.1186/s13073-016-0307-y

5. Lozupone CA, Stombaugh JI, Gordon JI, Jansson JK, Knight R. Diversity,

stability and resilience of the human gut microbiota. Nature. (2012) 489:220–

30. doi: 10.1038/nature11550

6. Srikanth CV, Mccormick BA. Interactions of the intestinal epithelium with

the pathogen and the indigenousmicrobiota: a three-way crosstalk. Interdiscip

Perspect Infect Dis. (2008) 2008:626827. doi: 10.1155/2008/626827

7. Allaire JM, Crowley SM, Law HT, Chang SY, Ko HJ, Vallance BA. The

intestinal epithelium: central coordinator of mucosal immunity. Trends

Immunol. (2018) 39:677–96. doi: 10.1016/j.it.2018.04.002

8. Kogut MH, Lee A, Santin E. Microbiome and pathogen interaction with the

immune system. Poult Sci. (2020) 99:1906–13. doi: 10.1016/j.psj.2019.12.011

9. Jia W, Li H, Zhao L, Nicholson JK. Gut microbiota: a potential new territory

for drug targeting.Nat Rev Drug Discov. (2008) 7:123–9. doi: 10.1038/nrd2505

10. Black CJ, Ford AC. Chronic idiopathic constipation in adults: epidemiology,

pathophysiology, diagnosis and clinical management. Med J Aust. (2018)

209:86–91. doi: 10.5694/mja18.00241

11. Petersen C, Round JL. Defining dysbiosis and its influence on host immunity

and disease. Cell Microbiol. (2014) 16:1024–33. doi: 10.1111/cmi.12308

12. Nicoletti A, Ponziani FR, Biolato M, Valenza V, Marrone G, Sganga G, et

al. Grieco A. Intestinal permeability in the pathogenesis of liver damage:

from non-alcoholic fatty liver disease to liver transplantation. World J

Gastroenterol. (2019) 25:4814–34. doi: 10.3748/wjg.v25.i33.4814

13. Ahlawat S, Asha, Sharma KK. Gut–organ axis: a microbial outreach and

networking. Lett Appl Microbiol. (2021) 72:636–68. doi: 10.1111/lam.13333

14. Chen YC, Greenbaum J, Shen H, Deng HW. Association between gut

microbiota and bone health: potential mechanisms and prospective. J Clin

Endocrinol Metab. (2017) 102:3635–46. doi: 10.1210/jc.2017-00513

15. Rogler G, Rosano G. The heart and the gut. Eur Heart J. (2014) 35:426–

30. doi: 10.1093/eurheartj/eht271

16. Di Ciaula A, Baj J, Garruti G, Celano G, De Angelis M, Wang HH,

et al. Liver steatosis, gut-liver axis, microbiome and environmental

factors. A never-ending bidirectional cross-talk. J Clin Med. (2020)

9:2648. doi: 10.3390/jcm9082648

17. Cryan JF, O’Riordan KJ, Cowan CSM, Sandhu KV, Bastiaanssen TFS,

Boehme M, et al. The microbiota-gut-brain axis. Physiol Rev. (2019) 99:1877–

2013. doi: 10.1152/physrev.00018.2018

18. De Palma G, Lynch MD, Lu J, Dang V, Deng Y, Jury J, et al. Transplantation

of fecal microbiota from patients with irritable bowel syndrome alters

gut function and behavior in recipient mice. Sci Transl Med. (2017)

9:eaaf6397. doi: 10.1126/scitranslmed.aaf6397

19. Dolan R, CheyWD, Eswaran S. The role of diet in the management of irritable

bowel syndrome: a focus on FODMAPs. Expert Rev Gastroenterol Hepatol.

(2018) 12:607–15. doi: 10.1080/17474124.2018.1476138

20. Bellini M, Gambaccini D, Stasi C, Urbano MT, Marchi S, Usai-

Satta P. Irritable bowel syndrome: a disease still searching for

pathogenesis, diagnosis and therapy. World J Gastroenterol. (2014)

20:8807–20. doi: 10.3748/wjg.v20.i27.8807

21. Winek K, Dirnagl U, Meisel A. The gut microbiome as therapeutic target in

central nervous system diseases: implications for stroke. Neurotherapeutics.

(2016) 13:762–74. doi: 10.1007/s13311-016-0475-x

22. Yin M, Zhang Y, Li H. Advances in research on immunoregulation

of macrophages by plant polysaccharides. Front Immunol. (2019)

10:145. doi: 10.3389/fimmu.2019.00145

23. Yan H, Lu J, Wang Y, Gu W, Yang X, Yu J. Intake of total

saponins and polysaccharides from Polygonatum kingianum

affects the gut microbiota in diabetic rats. Phytomedicine. (2017)

26:45–54. doi: 10.1016/j.phymed.2017.01.007

24. Yin H, Wang S, Nie S, Xie M. Coix polysaccharides: gut

microbiota regulation and immunomodulatory. Bioact. (2018)

16:53–61. doi: 10.1016/j.bcdf.2018.04.002

25. Qing Y, Fang JL, Hu QX, Nie SP. Effects of polysaccharides on

glycometabolism based on gut microbiota alteration. Trends Food Sci Technol.

(2019) 92:65–70. doi: 10.1016/j.tifs.2019.08.015

26. Clemente JC, Ursell LK, Parfrey LW, Knight R. The impact of the gut

microbiota on human health: an integrative view. Cell. (2012) 148:1258–

70. doi: 10.1016/j.cell.2012.01.035

27. Hooper LV, Macpherson AJ. Immune adaptations that maintain

homeostasis with the intestinal microbiota. Nat Rev Immunol. (2010)

10:159–69. doi: 10.1038/nri2710

28. Sender R, Fuchs S, Milo R. Revised estimates for the number

of human and bacteria cells in the body. PLoS Biol. (2016)

14:8e1002533. doi: 10.1371/journal.pbio.1002533

29. Putignani L, Del Chierico F, Petrucca A, Vernocchi P, Dallapiccola B.

The human gut microbiota: a dynamic interplay with the host from

birth to senescence settled during childhood. Pediatr Res. (2014) 76:2–

10. doi: 10.1038/pr.2014.49

30. Quigley EMM. Gut bacteria in health and disease. Gastroenterol Hepatol.

(2013) 9:560–9.

31. Lloyd-Price J, Arze C, Ananthakrishnan AN, Schirmer M, Avila-Pacheco J,

Poon TW, et al. Multi-omics of the gut microbial ecosystem in inflammatory

bowel diseases. Nature. (2019) 569:655–62. doi: 10.1038/s41586-019-1237-9

32. Integrative HMP Research Network Consortium. The

integrative human microbiome project. Nature. (2019) 569:641–

8. doi: 10.1038/s41586-019-1238-8

33. Eckburg PB, Bik EM, Bernstein CN, Purdom E, Dethlefsen L, Sargent M, et

al. Diversity of the human intestinal microbial flora. Science. (2005) 308:1635–

8. doi: 10.1126/science.1110591

34. Zou J, Chassaing B, Singh V, Pellizzon M, Ricci M, Fythe MD, et al.

Fiber-Mediated nourishment of gut microbiota protects against diet-induced

obesity by restoring IL-22-Mediated colonic health. Cell Host Microbe. (2018)

23:41–53.e4. doi: 10.1016/j.chom.2017.11.003

35. Vich Vila A, Imhann F, Collij V, Jankipersadsing SA, Gurry T, Mujagic Z,

et al. Gut microbiota composition and functional changes in inflammatory

bowel disease and irritable bowel syndrome. Sci Transl Med. (2018)

10:eaap8941. doi: 10.1126/scitranslmed.aap8914

36. Liu HN, Wu H, Chen YZ, Chen YJ, Shen XZ, Liu TT. Altered molecular

signature of intestinal microbiota in irritable bowel syndrome patients

compared with healthy controls: a systematic review and meta-analysis. Dig

Liver Dis. (2017) 49:331–7. doi: 10.1016/j.dld.2017.01.142

37. Houghton LA, Lea R, Agrawal A, Reilly B, Whorwell PJ. Relationship of

abdominal bloating to distention irritable bowel syndrome and effect of bowel

habit.Gastroenterology. (2006) 131:1003–10. doi: 10.1053/j.gastro.2006.07.015

38. Sundin J, Aziz I, Nordlander S, Polster A, Hu YOO, Hugerth LW,

et al. Evidence of altered mucosa-associated and fecal microbiota

composition in patients with irritable bowel syndrome. Sci Rep. (2020)

10:593. doi: 10.1038/s41598-020-57468-y

39. Chen B, Kim JJ, Zhang Y, Du L, Dai N. Prevalence and predictors

of small intestinal bacterial overgrowth in irritable bowel syndrome:

a systematic review and meta-analysis. J Gastroenterol. (2018) 53:807–

18. doi: 10.1007/s00535-018-1476-9

40. Carroll IM, Ringel-Kulka T, Siddle JP, Ringel Y. Alterations in composition

and diversity of the intestinal microbiota in patients with diarrhea-

predominant irritable bowel syndrome. Neurogastroenterol Motil. (2012)

24:521–30, e248. doi: 10.1111/j.1365-2982.2012.01891.x

41. Koloski NA, Jones M, Weltman M, Kalantar J, Bone C, Gowryshankar

A, et al. Identification of early environmental risk factors for irritable

bowel syndrome and dyspepsia. Neurogastroenterol Motil. (2015) 27:1317–

25. doi: 10.1111/nmo.12626

42. Carabotti M, Scirocco A, Maselli MA, Severi C. The gut-brain axis:

interactions between enteric microbiota, central and enteric nervous systems.

Ann Gastroenterol. (2015) 28:203–9.

43. Tillisch K, Labus J, Kilpatrick L, Jiang Z, Stains J, Ebrat B, et al. Consumption

of fermented milk product with probiotic modulates brain activity.

Gastroenterology. (2013) 144:1394–401. doi: 10.1053/j.gastro.2013.02.043

44. Stilling RM, Dinan TG, Cryan JF. Microbial genes, brain & behaviour-

epigenetic regulation of the gut-brain axis. Genes Brain Behav. (2014) 13:69–

86. doi: 10.1111/gbb.12109

45. Collins SM, Bercik P. The relationship between intestinal microbiota

and the central nervous system in normal gastrointestinal function and

disease. Gastroenterology. (2009) 136:2003–14. doi: 10.1053/j.gastro.2009.

01.075

46. Raskov H, Burcharth J, Pommergaard HC, Rosenberg J. Irritable bowel

syndrome, the microbiota and the gut-brain axis. Gut Microbes. (2016) 7:365–

83. doi: 10.1080/19490976.2016.1218585

Frontiers in Nutrition | www.frontiersin.org 6 May 2022 | Volume 9 | Article 810453

https://doi.org/10.1186/s13073-016-0307-y
https://doi.org/10.1038/nature11550
https://doi.org/10.1155/2008/626827
https://doi.org/10.1016/j.it.2018.04.002
https://doi.org/10.1016/j.psj.2019.12.011
https://doi.org/10.1038/nrd2505
https://doi.org/10.5694/mja18.00241
https://doi.org/10.1111/cmi.12308
https://doi.org/10.3748/wjg.v25.i33.4814
https://doi.org/10.1111/lam.13333
https://doi.org/10.1210/jc.2017-00513
https://doi.org/10.1093/eurheartj/eht271
https://doi.org/10.3390/jcm9082648
https://doi.org/10.1152/physrev.00018.2018
https://doi.org/10.1126/scitranslmed.aaf6397
https://doi.org/10.1080/17474124.2018.1476138
https://doi.org/10.3748/wjg.v20.i27.8807
https://doi.org/10.1007/s13311-016-0475-x
https://doi.org/10.3389/fimmu.2019.00145
https://doi.org/10.1016/j.phymed.2017.01.007
https://doi.org/10.1016/j.bcdf.2018.04.002
https://doi.org/10.1016/j.tifs.2019.08.015
https://doi.org/10.1016/j.cell.2012.01.035
https://doi.org/10.1038/nri2710
https://doi.org/10.1371/journal.pbio.1002533
https://doi.org/10.1038/pr.2014.49
https://doi.org/10.1038/s41586-019-1237-9
https://doi.org/10.1038/s41586-019-1238-8
https://doi.org/10.1126/science.1110591
https://doi.org/10.1016/j.chom.2017.11.003
https://doi.org/10.1126/scitranslmed.aap8914
https://doi.org/10.1016/j.dld.2017.01.142
https://doi.org/10.1053/j.gastro.2006.07.015
https://doi.org/10.1038/s41598-020-57468-y
https://doi.org/10.1007/s00535-018-1476-9
https://doi.org/10.1111/j.1365-2982.2012.01891.x
https://doi.org/10.1111/nmo.12626
https://doi.org/10.1053/j.gastro.2013.02.043
https://doi.org/10.1111/gbb.12109
https://doi.org/10.1053/j.gastro.2009.01.075
https://doi.org/10.1080/19490976.2016.1218585
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles


Ye et al. Polysaccharides Affect IBD by Flora

47. Foster JA, Rinaman L, Cryan JF. Stress & the gut-brain axis:

regulation by the microbiome. Neurobiol Stress. (2017) 7:124–

36. doi: 10.1016/j.ynstr.2017.03.001

48. Giuffrè M, Moretti R, Campisciano G, Da Silveira ABM, Monda VM, Comar

M, et al. You talking to me? Says the enteric nervous system (ENS) to the

microbe. How intestinal microbes interact with the ENS. J Clin Med. (2020)

9:3705. doi: 10.3390/jcm9113705

49. Mcvey Neufeld KA, Mao YK, Bienenstock J, Foster JA, Kunze WA.

The microbiome is essential for normal gut intrinsic primary afferent

neuron excitability in the mouse. Neurogastroenterol Motil. (2013) 25:183–

8. doi: 10.1111/nmo.12049

50. Furness JB, Callaghan BP, Rivera LR, Cho HJ. The enteric nervous system

and gastrointestinal innervation: integrated local and central control. Adv Exp

Med Biol. (2014) 817:39–71. doi: 10.1007/978-1-4939-0897-4_3

51. Kabouridis PS, Lasrado R, Mccallum S, Chng SH, Snippert HJ, Clevers H, et

al. Microbiota controls the homeostasis of glial cells in the gut lamina propria.

Neuron. (2015) 85:289–95. doi: 10.1016/j.neuron.2014.12.037

52. Christofi FL. TRPV1 sensory neurons and enteric glia in ENS link tachykinins

to neuroinflammation and nociception. Cell Mol Gastroenterol Hepatol.

(2018) 6:354–5. doi: 10.1016/j.jcmgh.2018.06.011

53. Ma Q, Xing C, Long W, Wang HY, Liu Q, Wang RF. Impact of microbiota

on central nervous system and neurological diseases: the gut-brain axis. J

Neuroinflammation. (2019) 16:53. doi: 10.1186/s12974-019-1434-3

54. Dinan TG, Cryan JF. Gut instincts: microbiota as a key regulator of brain

development, ageing and neurodegeneration. J Physiol. (2017) 595:489–

503. doi: 10.1113/JP273106

55. Spielman LJ, Gibson DL, Klegeris A. Unhealthy gut, unhealthy brain: the role

of the intestinal microbiota in neurodegenerative diseases. Neurochem Int.

(2018) 120:149–63. doi: 10.1016/j.neuint.2018.08.005

56. O’mahony SM, Clarke G, Borre YE, Dinan TG, Cryan JF. Serotonin,

tryptophan metabolism and the brain-gut-microbiome axis. Behav Brain Res.

(2015) 227:32–48. doi: 10.1016/j.bbr.2014.07.027

57. Israelyan N, Margolis KG. Serotonin as a link between the gut-brain-

microbiome axis in autism spectrum disorders. Pharmacol Res. (2018) 132:1–

6. doi: 10.1016/j.phrs.2018.03.020

58. Myint AM, Kim YK, Verkerk R, Scharpé S, Steinbusch H,

Leonard B. Kynurenine pathway in major depression: evidence

of impaired neuroprotection. J Affect Disord. (2007) 98:143–

51. doi: 10.1016/j.jad.2006.07.013

59. Gao K, Mu CL, Farzi A, Zhu WY. Tryptophan metabolism: a link

between the gut microbiota and brain. Adv Nutr. (2020) 11:709–

23. doi: 10.1093/advances/nmz127

60. Martin CR, Osadchiy V, Kalani A, Mayer EA. The brain-

gut-microbiome axis. Cell Mol Gastroenterol Hepatol. (2018)

6:133–48. doi: 10.1016/j.jcmgh.2018.04.003

61. Liddle RA. Parkinson’s disease from the gut. Brain Res. (2018) 1693 (Pt.

B):201–6. doi: 10.1016/j.brainres.2018.01.010

62. Worthington JJ, Reimann F, Gribble FM. Enteroendocrine cells-sensory

sentinels of the intestinal environment and orchestrators of mucosal

immunity.Mucosal Immunol. (2018) 11:3–20. doi: 10.1038/mi.2017.73

63. Dlugosz A, Törnblom H, Mohammadian G, Morgan G, Veress B, Edvinsson

B, et al. Chlamydia trachomatis antigens in enteroendocrine cells and

macrophages of the small bowel in patients with severe irritable bowel

syndrome. BMC Gastroenterol. (2010) 10:19. doi: 10.1186/1471-230X-10-19

64. Shulzhenko N, Morgun A, Hsiao W, Battle M, Yao M, Gavrilova O, et al.

Crosstalk between B lymphocytes, microbiota and the intestinal epithelium

governs immunity versus metabolism in the gut. Nat Med. (2011) 17:1585–

93. doi: 10.1038/nm.2505

65. Barbara G, Stanghellini V, De Giorgio R, Cremon C, Cottrell GS, Santini

D, et al. Activated mast cells in proximity to colonic nerves correlate

with abdominal pain in irritable bowel syndrome. Gastroenterology. (2004)

126:693–702. doi: 10.1053/j.gastro.2003.11.055

66. Chadwick VS, Chen W, Shu D, Paulus B, Bethwaite P, Tie A, et al. Activation

of the mucosal immune system in irritable bowel syndrome.Gastroenterology.

(2002) 122:1778–83. doi: 10.1053/gast.2002.33579

67. Bischoff SC. Physiological and pathophysiological functions

of intestinal mast cells. Semin Immunopathol. (2009) 31:185–

205. doi: 10.1007/s00281-009-0165-4

68. Maynard CL, Elson CO, Hatton RD, Weaver CT. Reciprocal interactions

of the intestinal microbiota and immune system. Nature. (2012) 489:231–

41. doi: 10.1038/nature11551

69. Bhattarai Y, Muniz Pedrogo DA, Kashyap PC. Irritable bowel syndrome: a gut

microbiota-related disorder?. Am J Physiol Gastrointest Liver Physiol. (2017)

312:G52–62. doi: 10.1152/ajpgi.00338.2016

70. Hausmann M, Kiessling S, Mestermann S, Webb G, Spöttl T, Andus T, et al.

Toll-like receptors 2 and 4 are up-regulated during intestinal inflammation.

Gastroenterology. (2002) 122:1987–2000. doi: 10.1053/gast.2002.33662

71. Koçak E, Akbal E, Köklü S, Ergül B, Can M. The colonic tissue levels of TLR2,

TLR4 and nitric oxide in patients with irritable bowel syndrome. Intern Med.

(2016) 55:1043–8. doi: 10.2169/internalmedicine.55.5716

72. Belmonte L, Beutheu Youmba S, Bertiaux-Vandaële, N, Antonietti M, Lecleire

S, et al. Role of toll like receptors in irritable bowel syndrome: differential

mucosal immune activation according to the disease subtype. PLoS ONE.

(2012) 7:e42777. doi: 10.1371/journal.pone.0042777

73. Shashidhar GM, Giridhar P, Manohar B. Functional polysaccharides from

medicinal mushroom Cordyceps sinensis as a potent food supplement:

extraction, characterization and therapeutic potentials–a systematic review.

RSC Adv. (2015) 5:16050–66. doi: 10.1039/C4RA13539C

74. Ferreira SS, Passos CP, Madureira P, Vilanova M, Coimbra MA. Structure-

function relationships of immunostimulatory polysaccharides: a review.

Carbohydr Polym. (2015) 132:378–96. doi: 10.1016/j.carbpol.2015.05.079

75. Yuguchi Y, Tran VTT, Bui LM, Takebe S, Suzuki S, Nakajima N, et

al. Primary structure, conformation in aqueous solution, and intestinal

immunomodulating activity of fucoidan from two brown seaweed species

Sargassum crassifolium and Padina australis. Carbohydr Polym. (2016)

147:69–78. doi: 10.1016/j.carbpol.2016.03.101

76. Wang RJ, Zhou GS, Wang MY, Peng Y, Li XB. The metabolism

of polysaccharide from Atractylodes macrocephala koidz and its effect

on intestinal microflora. Evid Based Complement Alternat Med. (2014)

2014:926381. doi: 10.1155/2014/926381

77. Ji X, Hou C, Guo X. Physicochemical properties, structures,

bioactivities and future prospective for polysaccharides from Plantago

L. (Plantaginaceae): a review. Int J of Biol Macromol. (2019)

135:637–46. doi: 10.1016/j.ijbiomac.2019.05.211

78. Dong N, Li X, Xue Y, Wang C, Xu X, Bi C, et al. Astragalus

polysaccharides attenuated inflammation and balanced the gut microflora in

mice challenged with Salmonella typhimurium. Int Immunopharmacol. (2019)

74:105681. doi: 10.1016/j.intimp.2019.105681

79. Cani PD, Everard A, Duparc T. Gut microbiota, enteroendocrine

functions and metabolism. Curr Opin Pharmacol. (2013) 13:935–

40. doi: 10.1016/j.coph.2013.09.008

80. Li Y, Liu H, Dai X, Li J, Ding F. Effects of dietary inulin and mannan

oligosaccharide on immune related genes expression and disease resistance

of Pacific white shrimp, Litopenaeus vannamei. Fish Shellfish Immunol. (2018)

76:78–92. doi: 10.1016/j.fsi.2018.02.034

81. Barbosa JR, De Carvalho Junior RN. Polysaccharides obtained from natural

edible sources and their role in modulating the immune system: biologically

active potential that can be exploited against COVID-19. Trends Food Sci

Technol. (2021) 108:223–35. doi: 10.1016/j.tifs.2020.12.026

82. Kennedy PJ, Cryan JF, Dinan TG, Clarke G. Irritable bowel syndrome: a

microbiome-gut-brain axis disorder.World J Gastroenterol. (2014) 20:14105–

25. doi: 10.3748/wjg.v20.i39.14105

83. Valdes AM, Walter J, Segal E, Spector TD. Role of the gut microbiota in

nutrition and health. BMJ. (2018) 361:k2179. doi: 10.1136/bmj.k2179

84. Wu GD, Chen J, Hoffmann C, Bittinger K, Chen YY, Keilbaugh SA, et al.

Linking long-term dietary patterns with gut microbial enterotypes. Science.

(2011) 334:105–8. doi: 10.1126/science.1208344

85. Sun Y, Zhang Z, Cheng L, Zhang X, Liu Y, Zhang R, et al.

Polysaccharides confer benefits in immune regulation and multiple

sclerosis by interacting with gut microbiota. Food Res Int. (2021)

149:110675. doi: 10.1016/j.foodres.2021.110675

86. Alexea O, Bacarea V, Piqué N. The combination of oligo-and polysaccharides

and reticulated protein for the control of symptoms in patients with irritable

bowel syndrome: results of a randomised, placebo-controlled, double-blind,

parallel group, multicentre clinical trial. United Eur Gastroenterol J. (2016)

4:455–65. doi: 10.1177/2050640615615050

Frontiers in Nutrition | www.frontiersin.org 7 May 2022 | Volume 9 | Article 810453

https://doi.org/10.1016/j.ynstr.2017.03.001
https://doi.org/10.3390/jcm9113705
https://doi.org/10.1111/nmo.12049
https://doi.org/10.1007/978-1-4939-0897-4_3
https://doi.org/10.1016/j.neuron.2014.12.037
https://doi.org/10.1016/j.jcmgh.2018.06.011
https://doi.org/10.1186/s12974-019-1434-3
https://doi.org/10.1113/JP273106
https://doi.org/10.1016/j.neuint.2018.08.005
https://doi.org/10.1016/j.bbr.2014.07.027
https://doi.org/10.1016/j.phrs.2018.03.020
https://doi.org/10.1016/j.jad.2006.07.013
https://doi.org/10.1093/advances/nmz127
https://doi.org/10.1016/j.jcmgh.2018.04.003
https://doi.org/10.1016/j.brainres.2018.01.010
https://doi.org/10.1038/mi.2017.73
https://doi.org/10.1186/1471-230X-10-19
https://doi.org/10.1038/nm.2505
https://doi.org/10.1053/j.gastro.2003.11.055
https://doi.org/10.1053/gast.2002.33579
https://doi.org/10.1007/s00281-009-0165-4
https://doi.org/10.1038/nature11551
https://doi.org/10.1152/ajpgi.00338.2016
https://doi.org/10.1053/gast.2002.33662
https://doi.org/10.2169/internalmedicine.55.5716
https://doi.org/10.1371/journal.pone.0042777
https://doi.org/10.1039/C4RA13539C
https://doi.org/10.1016/j.carbpol.2015.05.079
https://doi.org/10.1016/j.carbpol.2016.03.101
https://doi.org/10.1155/2014/926381
https://doi.org/10.1016/j.ijbiomac.2019.05.211
https://doi.org/10.1016/j.intimp.2019.105681
https://doi.org/10.1016/j.coph.2013.09.008
https://doi.org/10.1016/j.fsi.2018.02.034
https://doi.org/10.1016/j.tifs.2020.12.026
https://doi.org/10.3748/wjg.v20.i39.14105
https://doi.org/10.1136/bmj.k2179
https://doi.org/10.1126/science.1208344
https://doi.org/10.1016/j.foodres.2021.110675
https://doi.org/10.1177/2050640615615050
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles


Ye et al. Polysaccharides Affect IBD by Flora

87. Salminen S, Collado MC, Endo A, Hill C, Lebeer S, Quigley EMM, et al.

The international scientific association of probiotics and prebiotics (ISAPP)

consensus statement on the definition and scope of postbiotics. Nat Rev

Gastroenterol Hepatol. (2021) 18:649–67. doi: 10.1038/s41575-021-00440-6

88. Míguez B, Gómez B, Parajó JC, Alonso JL. Potential of Fructooligosaccharides

and Xylooligosaccharides as substrates to counteract the undesirable effects of

several antibiotics on elder fecal microbiota: a first in vitro approach. J Agric

Food Chem. (2018) 66:9426–37. doi: 10.1021/acs.jafc.8b02940

89. Sun H, Ni X, Song X, Wen B, Zhou Y, Zou F, et al. Fermented Yupingfeng

polysaccharides enhance immunity by improving the foregut microflora and

intestinal barrier in weaning Rex rabbits. Appl Microbiol Biotechnol. (2016)

100:8105–20. doi: 10.1007/s00253-016-7619-0

90. Goulet O. Potential role of the intestinal microbiota in programming health

and disease. Nutr Rev. (2015) 1:32–40. doi: 10.1093/nutrit/nuv039

91. Corrêa-Oliveira R, Fachi JL, Vieira A, Sato FT, Vinolo MA. Regulation of

immune cell function by short-chain fatty acids. Clin Transl Immunol. (2016)

5:e73. doi: 10.1038/cti.2016.17

92. Xu J, Chen HB, Li SL. Understanding the molecular mechanisms of the

interplay between herbal medicines and gut microbiota. Med Res Rev. (2017)

37:1140–85. doi: 10.1002/med.21431

93. Morrison DJ, Preston T. Formation of short chain fatty acids by the gut

microbiota and their impact on human metabolism. Gut Microbes. (2016)

7:189–200. doi: 10.1080/19490976.2015.1134082

94. Dalile B, Van Oudenhove L, Vervliet B, Verbeke K. The role of short-

chain fatty acids in microbiota-gut-brain communication. Nat Rev

Gastroenterol Hepatol. (2019) 16:461–78. doi: 10.1038/s41575-019-

0157-3

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 Ye, Liu, Cheng, Wu, Zhang and Zhang. This is an open-access

article distributed under the terms of the Creative Commons Attribution License (CC

BY). The use, distribution or reproduction in other forums is permitted, provided

the original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Nutrition | www.frontiersin.org 8 May 2022 | Volume 9 | Article 810453

https://doi.org/10.1038/s41575-021-00440-6
https://doi.org/10.1021/acs.jafc.8b02940
https://doi.org/10.1007/s00253-016-7619-0
https://doi.org/10.1093/nutrit/nuv039
https://doi.org/10.1038/cti.2016.17
https://doi.org/10.1002/med.21431
https://doi.org/10.1080/19490976.2015.1134082
https://doi.org/10.1038/s41575-019-0157-3
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles

	Effects of Intestinal Flora on Irritable Bowel Syndrome and Therapeutic Significance of Polysaccharides
	Introduction
	The Important Role of Intestinal Flora
	The Intestinal Flora
	Changes in Patients With IBS

	The Role of the Intestinal Flora in IBS
	The Impact on GBA
	The Impact on ENS
	The Impact on CNS
	The Activation of Immune Response

	The Effect of Polysaccharides on Intestinal Flora
	Conclusion
	Author Contributions
	Funding
	References


