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ARTICLE INFO ABSTRACT

Keywords: All species have a physiological need for sleep, and sleep is crucial for the preservation and restoration of many
Insomr}ia ) physiological processes in the body. Recent research on the effects of gut microbiota on brain function has
Gut microbiota produced essential data on the relationship between them. It has been discovered that dysregulation of the gut-

Traditional Chinese medicine

. ) - ) brain axis is related to insomnia. Certain metabolites of gut microbiota have been linked to insomnia, and dis-
Brain-gut-microbiota axis

turbances in gut microbiota can worsen insomnia. Traditional Chinese medicine (TCM) has unique advantages
for the treatment of insomnia. Taking the gut microbiota as the target and determining the scientific relevance of
TCM to the prevention and treatment of insomnia may lead to new concepts for the treatment of sleep disorders
and improve the therapeutic effect of sleep. Taking the gut microbiota as an entry point, this paper reviews the
relationship between gut microbiota and TCM, the relationship between gut microbiota and insomnia, the
mechanism by which gut microbiota regulate sleep, and the mechanism by which TCM regulates gut microbiota
for insomnia prevention and treatment. This review provides new ideas for the prevention and treatment of
insomnia through TCM and new ideas for drug development.

1. Introduction in enhancing sleep have been listed in medical texts throughout history.
In 205 CE, Zhang Zhongjing created a number of well-known pre-

Insomnia, a frequently encountered clinical disorder, is defined as scriptions, including Suan Zao Ren Tang, which is still used to cure
having trouble falling asleep or staying asleep and experiencing sleeplessness [5]. TCM offers a variety of nutritive and pharmacological
accompanying symptoms such as irritation or weariness when awake benefits through the formulae it has developed, which are usually
[1]. Between 10 % and 20 % of people have insomnia, and 50 % of those composed of many plants that contain complex components in specific
cases progress chronically [2]. It has been estimated that approximately ratios and doses. Multichannel and multitargeted treatment through
one-fifth of people worldwide suffer from insomnia [3]. Traditional TCM can prevent the unfavorable therapeutic impacts of some Western
Chinese medicine (TCM) has been used to treat insomnia for more than medicine treatments and weakening of the drug effect. The amount of
2000 years [4]. Numerous single herbs and TCM formulae with efficacy clinical data supporting the use of TCM use in the treatment of insomnia
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is rapidly increasing. However, in recent years, the number of people
with insomnia has not shown a downward trend. How to further
improve the efficacy of insomnia treatment and delay the occurrence
and development of insomnia is a major challenge at present and is
likely to remain so in the future.

2. Current situation and advantages of the use of TCM in the
treatment of insomnia

Insomnia, known as "sleeplessness" in TCM, is a prevalent sleep
disorder that is often encountered in clinics [6]. TCM can effectively
enhance sleep without side effects or addiction when used as a medi-
cation to treat persistent insomnia. It has a surprising long-term impact
and is receiving increasing attention [7]. The effectiveness of Yangxin
Anshen Therapy as an alternative treatment for insomnia was demon-
strated in a meta-analysis of randomized controlled trials (RCTs)
involving 1549 patients with the condition [8]. The meta-analysis and
systematic review summarized the findings made in nine RCTs that
together had 681 participants. The findings of this meta-analysis
confirmed that Xiao Yao San is effective in treating insomnia, while
also reducing adverse responses and improving efficacy [9]. The data
showed that in individuals treated with Guizhi gancao longgu muli
decoction (GGLMD), the symptoms of insomnia were significantly
decreased; the improvement in sleep patterns primarily manifested as
extension of sleep time, improvement in sleep quality, and reduction of
sleep latency, and there were no adverse reactions. The study of modi-
fied GGLMD treatment of insomnia evaluated the clinical efficacy and
safety of the system.Moreover, analysis of the reports of adverse re-
actions revealed that adverse reactions to GGLMD in the treatment of
insomnia were less frequent than adverse reactions to treatment with
Western medicine and that GGLMD had higher clinical safety than
Western medicine [10]. A multicentre, randomized, double-blind, pla-
cebo-controlled trial was conducted to determine the effectiveness and
safety of the Chaihuguizhiganjiang-SuanZaoRen granule in patients with
primary insomnia. In this trial, 50 patients with primary insomnia
documented their bedtimes, rising times, total sleep time, and sleep ef-
ficiency in sleep diaries. It was discovered that combining Suan Zao Ren
Tang with Chaihuguizhiganjiang decoctions improved sleep quality in
patients with insomnia with few side effects [11]. In a double-blind,
randomized, controlled experiment, 100 people who had insomnia
and gallbladder and heart Qi deficiencies participated. It was found that
Zhenjingdingzhi decoction is beneficial for treating insomnia associated
with heart and gallbladder Qi deficiency, particularly for lengthening
and enhancing sleep [12].

The pathogenesis of insomnia has not been fully elucidated. Previous
studies have shown that the mechanisms through which TCM affects
insomnia are related to central neurotransmitters, cytokines and pep-
tides [1]. In recent years, increasing evidence has been obtained that
imbalances in the gut microbiota are closely related to insomnia and that
maintenance of balanced gut microbial populations plays an important
role in insomnia regulation [13]. Taking gut microbiota as the starting
point, this paper analyzes the relationship among gut microbiota, TCM
and insomnia and the mechanism through which TCM regulates gut
microbiota during the treatment of insomnia and reviews the scientific
mechanism through which TCM may work in preventing and treating
insomnia from the perspective of gut microbiota. This work provides
new research ideas for the prevention and treatment of insomnia and
drug development in TCM.

3. Basic and clinical study of TCM in improving insomnia by
regulating gut microbiota

Many clinical trials show that TCM is effective in the treatment of
insomnia. Studies have shown that gut microbiota can regulate host
sleep and mood through the brain-gut-bacteria axis [14]. Based on this,
by searching the relevant literature, this paper sorted out the basic and
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clinical research evidence of TCM in the treatment of insomnia from the
point of adjusting gut microbiota. Many Chinese medicine compound
prescriptions, herb pairs and single Chinese herb have the effect of
tranquillizing spirit and stabilizing mind, thus playing a clinical effect in
treating insomnia. Basic and clinical evidence showed that TCM could
improve the sleep quality of insomnia patients and insomnia model
animals. Its mechanism is related to the regulation of gut microbiota and
the improvement of gut microbiota disorder [15-32]. See Table 1 for
details.

4. The relationship between the gut microbiota and TCM

The bacteria that live in the intestine are known as the gut micro-
biota [33-35]. There are many different types of gut microbiota; the
three major types are beneficial bacteria, conditional pathogens, and
harmful bacteria. Beneficial bacteria refer to bacteria or fungi that play a
positive role in human health, such as Bifidobacterium, Lactobacillus, and
yeast. Harmful bacteria are aerobic bacteria represented by Clostridium
perfringens, Pseudomonas aeruginosa and Staphylococcus, all of which can
cause human disease [36]. Numerous diseases manifest with changes in
the quantity and makeup of the gut microbiota [37]. When the intestinal
mucosal barrier is destroyed, harmful bacteria invade, and the intestinal
mucosa is colonized by these bacteria, which produce more toxic and
less beneficial substances. Due to this gut dysbiosis, increased levels of
proinflammatory substances such as pathogen-associated molecular
pattern molecules (primarily the endotoxin lipopolysaccharide) and
damage-associated molecular pattern molecules [38] appear in the
blood and intestines, causing both localized intestinal damage and sys-
temic chronic inflammation [39,40]. As a result, the body is more likely
to harbor various pathogenic bacteria, and this encourages the emer-
gence and progression of disease [41].

The gut microbiota and TCM are intimately related. The composition
and metabolism of the gut microbiota can be influenced by TCM;
conversely, the gut microbiota can metabolize the medicinal compo-
nents of Chinese herbs (Fig. 1) [42]. Many studies have demonstrated
that TCM treatment can significantly alter the gut microbiota, encourage
the growth of beneficial bacteria, prevent overgrowth of harmful bac-
teria, and help maintain a healthy intestinal environment by balancing
the numbers of probiotic and pathogenic bacteria [43,44]. Treatment
with TCM has a variety of effects on the abundance of potentially helpful
bacteria (such as those that produce anti-inflammatory compounds or
short-chain fatty acids (SCFAs)) and harmful bacteria that may be
proinflammatory and pathogenic [45,46]. The monosaccharides present
in TCM formulations are broken down to create metabolites such as
lactate, hydrogen, carbon dioxide, and SCFAs (formate, acetate, propi-
onate, and butyrate) that may have an impact on host physiology [47,
48]. TCM degradation products such as D-mannose may also behave as
signaling molecules with distinct immunomodulatory actions and spe-
cific roles in host cells and tissues [49,50]. TCM administration
frequently affects the abundance of gut bacteria that are involved in
amino acid metabolism [42,51]. These include the Protists, lactobacilli,
streptococci, and Clostridium [52]. Therefore, it is crucial to make
progress in identifying the potential novel metabolites produced by the
gut microbiota and understanding how TCM can change the composi-
tion of the gut microbiota [53].

5. The relationship between insomnia and gut microbiota

Previous research shows that the host’s circadian rhythms interact
with the circadian rhythms of gut bacteria [54]. Chronic insomnia and
other sleep disorders can disrupt microbial circadian cycles, and this in
turn affects the makeup and function of the bacteria in the gut [55,56].
Currently, there is evidence for a link between gut microbiota and
insomnia [57], and there is increasing interest in how sleep affects the
gut microbiota, as the microbiota play a crucial role in the pathophys-
iology of sleep disorders. According to clinical studies, patients with
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Table 1
Basic and clinical study of TCM in improving insomnia by regulating gut microbiota.
No  Name of Compositions Clinical manifestation Gut microbiota changes Ref.
traditional
Chinese
medicine
1 Tianwang Buxin Suanzaoren (Ziziphi Spinosae Semen), 1. Improve TCM syndrome score e Adjust the structure of bacterial [15]
granule Baiziren (Platycladi Semen), Tiandong 2. Improve insomnia, significantly reduce community.
(Asparagi Radix), Maidong (Ophiopogonis pittsburgh sleep quality index (PSQI) score, e Decrease the abundance of Roseburia
Radix), Renshen (Ginseng Radix Et Rhizoma), reduce athens insomnia scale score, reduced intestinalis, Ruminococcus, and
Fuling (Poria), Xuanshen (Scrophulariae insomnia severity index (ISI) score Prevotella
Radix), Danshen (Salviae Miltiorrhizae Radix 3. Improve anxiety and depression, and reduce e Improve the abundance of
Et Rhizoma), Jiegeng (Platycodonis Radix), hamilton depression scale (HAMD) score and Faecalibacterium Prausnitzii,
Yuanzhi (Polygalae Radix), Wuweizi Hamilton Anxiety Scale (HAMA) score Bacteroides, Bifidobacterium, and
(Schisandrea Chinensis), Danggui (Angelicae Lactobacillus
Sinensis Radix), Dihuang (Rehmanniae
Radix)
2 Bupiwei Chaihu (Bupleuri Radix), Zhigancao 1. Improve sleep quality, reduce PSQI score, such e Decrease the abundance of [16]
Xieyinhuo (Glycyrrhizae Radix Et Rhizoma Praeparata as subjective sleep quality score, sleep latency Fusobacteria, Cyanobacteria,
Shengyang Cum Melle), Huangqi (Astragali Radix), score, sleep duration score, use of sleep drugs Gemmatimonadetes, and
decoction Cangzhu (Atractylodis Rhizoma), Qianghuo total score, reduce ISI score, reduce Acidobacteria, Chloroflexi
(Notopterygii Rhizoma Et Radix), Shengma Polysomnography total sleep time, improve e Increase the abundance of
(Cimicifugae Rhizoma), Dangshen sleep efficiency Lactobacillaceae
(Codonopsis Radix), Huangqin (Scutellariae e F/B ratio|
Radix), Huanglian (Coptidis Rhizoma),
Shigao (Gypsum Fibrosum)
3 Suanzaoren Suanzaoren (Ziziphi Spinosae Semen), Fuling 1. Reduce TCM syndrome score e Increase the number of Lactobacillus [17]
decoction (Poria), Zhimu (Anemarrhenae Rhizoma), 2. Reduce PSQI score and Bifidobacterium
Chuanxiong (Chuanxiong Rhizoma), Gancao 3. Improve treatment efficiency
(Glycyrrhizae Radix Et Rhizoma)
4 Buzhong Yiqi Huangqi (Astragali Radix), Zhigancao 1. Reduce the total score of PSQI and each factor e Increase the number of [18]
decoction (Glycyrrhizae Radix Et Rhizoma Praeparata score, except the total score of habitual sleep Verrucomicrobia and Synergistetes
Cum Melle), Dangshen (Codonopsis Radix), efficiency and the total score of sleep colonies
Danggui (Angelicae Sinensis Radix), Chenpi medication use, and reduce the score of ISI e Decrease the number of
(Citri Reticulatae Pericarpium), Shengma 2. No serious adverse events occurred during the Epsilonbacteraeota and Spirochetes
(Cimicifugae Rhizoma), Chaihu (Bupleuri study colonies
Radix), Baizhu (Atractylodis Macrocephalae
Rhizoma)
5 Wumei pill Wumei (Mume Fructus), Fuzi (Aconiti 1. Reduce TCM syndrome score e Improve o diversity of gut microbiota ~ [19]
Lateralis Radix Praeparata), Xixin (Asari 2. Reduce PSQI total score and score of sleep e Increase number of Firmicutes and
Radix Et Rhizoma), Guizhi (Cinnamomi quality, sleep time, sleep latency, sleep Proteobacteria
Ramulus), Huajiao (Zanthoxyli Pericarpium), disturbance, sleep efficiency and hypnotic e Decrease the number of Bacteroidetes
Ganjiang (Zingiberis Rhizoma), Danggui drug score and Actinomyces
(Angelicae Sinensis Radix), Dangshen 3. Improve the total effective rate of treatment
(Codonopsis Radix), Huanglian (Coptidis
Rhizoma), Huangbai (Phellodendri Chinensis
Cortex), Maidong (Ophiopogonis Radix)
6 Chaihu Longgu Chaihu (Bupleuri Radix), Guizhi (Cinnamomi 1. Improve the total effective rate of treatment o Increase the diversity of gut [20,21]
Muli decoction Ramulus), Longgu (Fossilia Ossis Mastodi), 2. Reduce TCM syndrome score microbiota in sleep-deprived rats
Muli (Ostreae Concha), Renshen (Ginseng 3. Lower PSQI score e Regulate the abundance of
Radix Et Rhizoma), Fuling (Poria), Huangqin 4. Reduce the incidence of adverse reactions Enterococcus
(Scutellariae Radix), Shengjiang (Zingiberis 5. Improve rapid eye movement sleep
Rhizoma Recens), Dazao (Jujubae Fructus), deprivation rats insomnia and its
Fabanxia (Pinelliae Rhizoma Praeparatum), accompanying bad mood
Dahuang (Rhei Radix Et Rhizoma), Qiandan
(Minium)
7 Bailemian Baihe (Lilii Bulbus), Ciwujia (Acanthopanacis 1. Bailemian significantly reversed the insomnia e Modulate the diversity of gut [22,23]
8 Senticosi Radix Et Rhizoma Seu Caulis), activities in p-chlorophenylalanine-treated microbiota.
Shouwuteng (Polygoni Multiflori Caulis), mice e Enrich the beneficial bacteria of gut
HehHehuanhua (Albiziae Flos), Zhenzhumu 2. Improve the total effective rate of clinical microbiota
(Margaritifera Concha), Shigao (Gypsum treatment
Fibrosum), Suanzaoren (Ziziphi Spinosae 3. Lower PSQI score
Semen), Fuling (Poria), Yuanzhi (Polygalae 4. Reduce the incidence of adverse reactions
Radix), Xuanshen (Scrophulariae Radix),
Dihuang (Rehmanniae Radix), Maidong
(Ophiopogonis Radix), Wuweizi (Schisandrea
Chinensis), Dengxincao (Juncus effusus L.),
Danshen (Salviae Miltiorrhizae Radix Et
Rhizoma)
9 Banxia Xiexin Banxia (Pinelliae Rhizoma), Huanggin 1. Improve overall efficiency e Increase the abundance of [24,25]
decoction (Scutellariae Radix), Ganjiang (Zingiberis 2. Reduce clinical symptom score Bacteroidetes, Proteobacteria,
Rhizoma), Renshen (Ginseng Radix Et 3. Improve sleep quality, increase the length of Actinobacteria, and Verrucomicrobia

Rhizoma), Huanglian (Coptidis Rhizoma),
Dazao (Jujubae Fructus), Gancao
(Glycyrrhizae Radix Et Rhizoma)

deep sleep and reduce the length of sleep
waiting

Decrease the relative abundance of
Firmicutes

Increase the relative abundance of
beneficial bacteria

(continued on next page)
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Table 1 (continued)

No  Name of Compositions Clinical manifestation Gut microbiota changes Ref.
traditional
Chinese
medicine

Decrease the relative abundance of
pathogenic bacteria

10  Jiaotai pill Huanglian (Coptidis Rhizoma), Rougui 1. Lower PSQI score e Increase the abundance of [26-28]
(Cinnamomi Cortex) 2. Improve TCM syndrome score Lachnospiraceae, Bacteroides, and
3. Increase serum levels of melatonin and Akkermansia
adenosine e Decrease abundance of
Ruminococcaceae
o Inhibit inflammation of the gut-brain
axis
e Reduce intestinal permeability
11 Baihe Baihe (Lilii Bulbus) Unreported e Restore the imbalance in the [29,30]
diversity induced by PCPA
e Adjust the abundance of gut
microbiota, such as
Porphyromonadaceae, Lactobacillus
and Escherichia at the genus level
12 Total saponins of ~ Total saponins of Suanzaoren 1. Reduce the autonomic activity of mice, e Increase the diversity of gut [31]
Suanzaoren prolong the sleep time of mice with threshold microbiota
dose of pentobarbital sodium, and reduce the e F/B ratio|
sleep latency of mice
13 Renshen- Renshen (Ginseng Radix Et Rhizoma), 2. Shorten sleep latency and significantly prolong e Improve the diversity of gut [32]
Suanzaoren Suanzaoren (Ziziphi Spinosae Semen) sleep time in sleep-deprived model rats microbiota
e Adjust the structure of gut
microbiota.
e Bacteroidetest, Actinomyces|,
e F/B ratio|

1
i

Intestinal epithelial barrier
Gut microbiota

Affect gut microbio?

Affect cell functio®

Fig. 1. The interaction between TCM and gut microbiota.

insomnia have significantly altered gut microbiota composition and resulting in a decreased ratio of Firmicutes to Bacteroidetes, while
diversity. Comparison of the relative abundances of various gut bacteria Bacteroidetes were the dominant taxa in the insomnia group [58].
in individuals with insomnia and healthy individuals showed that Fir- Another clinical study found marked changes in the composition of gut
micutes and Proteobacteria were enriched in the healthy group, microbiota in patients with insomnia disorder compared with healthy
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controls. Prevotellaceae significantly increased in patients with
insomnia disorder, while Bacteroidaceae and Ruminococcaceae signifi-
cantly decreased [59]. Clinical studies have found associations between
sleep quality and cognitive performance with variations in gut micro-
biota composition and with the abundance of specific genera in older
adults with insomnia [60]. Moreover, increases in the abundance of
Lachnospiraceae are associated with ageing [61]. Studies have also
shown negative associations between Lachnospiraceae and sleep depri-
vation [62]. Thaiss et al. [63] found that disrupting the sleep pattern of
mice changed the structure and diversity of the animals’ gut microbiota,
and Reynolds et al. [13] reported similar findings in sleep-deprived shift
workers. Moreover, the gut microbiota-derived metabolites SCFAs alter
circadian rhythms [64]. SCFAs influence clock gene expression, and a
relationship to sleep patterns has been confirmed [65].

It has been documented that signaling through both interleukin 1p
(IL-1B) and tumor necrosis factor a (TNF-a) in the central nervous sys-
tem (CNS) regulates sleep-wake behavior [66]. Zhong et al. found that
the Toll-like receptor 4/nuclear factor-B signaling pathway was acti-
vated after transplantation of "SD microbiota" into germ-free (GF) mice.
A clinical study showed that individuals with chronic insomnia had
significantly increased levels of IL-1p compared with healthy controls
and an increased abundance of signature bacteria associated with in-
flammatory cytokines in insomnia [67]. Therefore, loss of sleep causes
inflammation, which in certain cases may be mediated by the gut flora
[65]. This suggests that gut dysbiosis contributes to both peripheral and
central inflammatory processes, a finding that may open the door to the
development of interventions that can alleviate the negative conse-
quences of sleep loss [68]. The gastrointestinal tract is an important
target for the modulation of inflammation and its involvement in cen-
trally mediated events such as circadian rhythm control. Future research
should concentrate on the role of gut inflammation and the immune
system’s response to gut microbiota in circadian rhythm control [64]
(Fig. 2).

Health Gut microbiota balance

SCFAs
N AAA LPS 5-HT Inner mucus la
t microbiot ver
Gut barrier Gut icrobiota AAar EE 83
ol = - o = o ® 000004 § === V0 ore |
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Intestinal epithelial cell
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Anti-inflammatory cytokines

Tight junction proteins

o

Pro-inflammatory cytokines
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6. Mechanism of the induction of insomnia by the brain-gut-
microbe axis

The brain-gut-microbiota (BGM) axis, a complex bidirectional
communication system that largely consists of neurological, immuno-
logical, metabolic, and endocrine pathways, closely connects the gut and
the brain (Fig. 3) [69].

6.1. The HPA axis

Sleep exhibits a close and reciprocal association with the ability of
the HPA axis to operate [70]. In general, increased HPA activation
causes lighter sleep and increases nocturnal awakening, while insuffi-
cient sleep has been shown to increase the basal activity of the HPA axis
[71]. The HPA axis releases corticotropin-releasing factor (CRF) from
the hypothalamus, which in turn stimulates the pituitary gland to
release adrenocorticotropic hormone (ACTH); this causes the adrenal
glands to release cortisol in humans or corticosterone in animals [72].
Mean ACTH and cortisol levels were reported to be higher in insomniacs
than in control subjects in a clinical study that compared the 24-hour
plasma profiles of patients with insomnia with those of healthy in-
dividuals [73]. Elevated HPA activity before sleep promotes sleep
fragmentation, which in turn has been shown to promote sleep loss and
to increase evening cortisol levels [74]. Experimental studies in animals
have found that the diversity of gut microbiota decreased in mice that
were subjected to sleep deprivation and that this change coincided with
an increase in the concentration of cortisol in saliva, indicating that
sleep disorders activate the HPA axis [75]. In addition, the HPA axis can
disrupt the gut barrier and increase intestinal permeability, resulting in
a "leaky gut" with bacterial translocation across the mucosa and immune
cell infiltration and further resulting in immune activation and increased
levels of proinflammatory cytokines [76,77]. An experimental study
found that gut probiotics can repair gut barrier damage by affecting

Imbalance of gut microbiota Insomnia

The richness and diversity of gut microbiota decrease

5-HT
Probiotics| SE%Si IEF;SJ oo .l
Harmful bacteriat AA ooo

° Gut barrier damage
QO ./. esooe % o
Increase gut wall permeability Epithelia
Bacterial translocation

Tight junction proteins|

Anti-inflammatory cytokines|

Firmicutes /Bacteroidetes ratiot )

| damage

4 ¥

Pro-inflammatory cytokines?t

Fig. 2. The relationship between intestinal microecology and insomnia. In healthy individuals, the intestinal microecology is in dynamic balance, including the
balance of gut microbiota and normal gut barrier function. Patients with insomnia have obvious disorders associated with the gut microbiota and gut barrier
dysfunction, including imbalances in their gut microbiota, increased numbers of harmful bacteria, decreased numbers of beneficial bacteria, decreased gut micro-
biota metabolite SCFAs, increased lipopolysaccharide (LPS) levels, decreases in intestinal anti-inflammatory factors, increases in proinflammatory factors, decreases

in intestinal tight junction proteins, and increased intestinal permeability.
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Fig. 3. Mechanism through which insomnia is induced by the BGM axis. The hypothalamic—pituitary—adrenal (HPA) axis, the vagus nerve, and enteric nerve

pathways are primarily implicated in the BGM axis in insomnia, either directly or indi

rectly. When insomnia occurs, the HPA axis may become active and increase the

release of cortisol, which interacts with immune cells and controls the release of cytokines. In addition to altering the composition of the gut microbiota and the
quantity of bacterial metabolites, cortisol can also produce gut dysbiosis and "leaky gut", both of which increase intestinal barrier permeability and the production of
proinflammatory cytokines that interfere with sleep. As a crucial nerve that connects the gut and the brain, the vagus nerve is able to communicate with the enteric
nervous system to receive and transmit various signals from the gut that collectively affect brain function. These signals come primarily from intestinal immune cells,
bacterial metabolites such as SCFAs, and gut-derived neurotransmitters such as 5-HT. Additionally, SCFAs produced by microbiota, as well as many neurotrans-
mitters, have anti-inflammatory properties and can interact with immune cells to affect sleep.

stress responses associated with the HPA axis, suggesting that informa-
tion can be transmitted from the gut to the brain via this axis [78].

6.2. Neurotransmitters

Neurophysiological studies have shown that insomnia is closely
related to neurotransmitters. Numerous neurotransmitters produced in
the gut, all of which have direct interactions with the CNS, can also
communicate with the brain through y-aminobutyric acid (GABA), an
important inhibitory neurotransmitter in the brain. GABAergic neurons
in various parts of the brain promote sleep, and the level of GABA in the
brains of insomnia patients is low [79]. Increasing evidence supports the
idea that GABA regulates sleep and that it is able to shorten sleep latency
and increase sleep quality in patients with insomnia [80]. Experimental
studies have found that GABA can improve sleep by regulating gut
microbiota and increasing SCFA levels [81]. Lactobacillus and bifido-
bacteria have the ability to produce GABA. This suggests that GABA may
improve sleep by promoting probiotics in the gut [82].

It has been confirmed that 5-HT participates in regulation of the

sleep-wake cycle, that 5-HT receptor subtypes in different brain regions
have different pharmacological effects, and that the content of 5-HT in
the brains of patients with insomnia is abnormal [83,84]. Probiotics
such as Lactobacillus and Bifidobacterium have positive effects on tryp-
tophan metabolism and are able to convert tryptophan directly to 5-HT
[85,86]. In addition, Lactobacillus casei 327 can indirectly increase the
production of 5-HT in the colon [87]. In animal studies, it was shown
that dysregulation of the gut microbiota causes a dramatic decrease in
5-HT levels that impacts the sleep-wake cycle. This result indicates the
likelihood that 5-HT is involved in communication between the gut
microbiota and systems involved in sleep regulation [88].

6.3. Vagus nerve

One of the main signaling pathways connecting the brain and the gut
microbiota is the vagus nerve [89]. The vagus nerve works in tandem
with the enteric nervous system to regulate gut function. Probiotics have
been found to regulate sleep by increasing the expression of central
GABA receptors in mice. This suggests that GABA and the vagus nerve
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collaborate to control how the gut microbiota affect brain function [90].
The vagus nerve is also thought to be a significant regulator of the im-
mune response and appears to be important for microbiota-gut-brain
communication [91]. An investigation in mice revealed that the gut
microbiota-spleen and gut microbiota-vagus nerve axes are crucial in
controlling systemic inflammation induced by sleep deprivation
following LPS treatment [92]. Afferent signals from the gut to the brain
can trigger an efferent response that reduces inflammation through
interaction with immune cells.

6.4. Immune system

In recent years, some scholars have hypothesized that insomnia is a
common inflammatory response [93] and that inflammation mediated
by disorders associated with the intestinal microbiota may also lead to
insomnia [94]. There is a balance among the intestinal flora, which play
an important role in intestinal mucosal immune function. When this
balance is disrupted, the number of harmful bacteria will increase, in-
testinal barrier function will be damaged, permeability will be
increased, and the immune function of the body will be damaged [95].
The microbiota activate an inflammatory response mechanism that
subsequently activates the CNS and worsens sleeplessness [96]. The
production of inflammatory cytokines is directly correlated with alter-
ations in the gut bacteria. By encouraging the production of TNF-a and
interleukin 6 (IL-6) and activating T helper 17 (Th17) cells and B cells in
the intestinal microenvironment, the family Prevotellaceae is recog-
nized as a major contributor to intestinal inflammation [97]. The
development of multiple immune-related diseases is facilitated by
increased prevalence of Prevotella and similar organisms [98]. It was
shown that the gut microbiota of insomniacs harbored much higher
concentrations of the families Prevotellaceae and Prevotella, as well as
significantly lower concentrations of the family Ruminococcaceae,
compared to the gut microbiota of healthy controls [99,100]. Patients
with insomnia may be more susceptible to immunological disorders as a
result of these changes. The production of butyrate, an
anti-inflammatory short-chain fatty acid, by members of the genus
Fusicatenibacter has been linked to the presence of lower levels of
proinflammatory cytokines, including IL-6, TNF-a, and IL-1f, in human
serum [99,100]. Even short-term sleep disorders are linked to proin-
flammatory alterations; healthy volunteers with such disorders showed
increased levels of C-reactive protein, IL-6, interleukin 7 (IL-7), TNF-«
and myeloperoxidase [101]. These outcomes might increase systemic
inflammation and reduce resistance to infection [102,103].

6.5. Metabolites of gut microbiota

Increasing evidence indicates that metabolites produced by the gut
microbiota are important sources of sleep-promoting signals, especially
SCFAs, which are arguably the most thoroughly studied of these signals
[104]. Intestinal SCFAs, which include formic acid, acetic acid, propi-
onic acid, and butyric acid, are produced by gut microbiota during the
fermentation of food. SCFAs play a critical role in microbiota-gut-brain
axis communication [105]. In older persons with insomnia, short sleep
duration resulted in higher levels of SCFAs in feces than did regular sleep
duration [106]. SCFAs enhance and reinforce the intestinal barrier by
interacting with immune cells, reducing inflammation, and preventing
the entrance of bacteria and their byproducts, and these effects may then
lessen neuroinflammation in the brain [105]. Moreover, live bacteria in
the intestines produce butyrate, which has potent anti-inflammatory
properties. It reduces inflammation in the colon and liver, decreases
nuclear factor-xB (NF-kB) activation and attenuates the production of
proinflammatory cytokines induced by LPS [107]. This indicates that
bacterial-derived anti-inflammatory signals from the intestinal tract
have the potential to modulate sleep [108]. Recent research has found
that tributyrin and butyrate robustly boost nonrapid eye movement
sleep (NREM) in rats and mice [109]. This demonstrates that butyrate
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can potentially act as a signaling molecule to induce sleep. These results
indicate that SCFAs are an important component of how the gut
microbiota influence sleep physiology by interacting with the immune
system.

7. TCM regulation of the gut microbiota in the prevention and
treatment of insomnia

7.1. Regulation of gut microbiota structure

Modern research has shown that single Chinese herbal remedies,
single TCM components, and TCM formulas can change the composition
of the gut microbiota. Some TCM treatments promote the growth of
symbiotic beneficial bacteria such as Lactobacillus, Bifidobacterium, and
Bacteroides by acting similarly to prebiotics [58]. The majority of re-
searchers concur that health is improved when the microbial diversity in
the gut increases [110]. After sleep deprivation, there were no obvious
changes in microbiota richness or composition [111]. However, another
study found that alpha diversity was negatively linked to sleep frag-
mentation and favorably associated with sleep efficiency and total sleep
time [62]. Yue et al. reported that Yi-Zhi-An-Shen granules improve
sleep quality by improving intestinal alpha diversity [112]. A study
discovered that Schisandra chinensis (WSC) can significantly increase the
abundance and alpha diversity of gut microbiota and cause noticeable
changes in the structure of gut microbiota [113]. Dysbiosis in the gut
microbial environment can be corrected by WSC treatment, and such
treatment also helps reverse changes in the abundance of Lachnospir-
aceae, Lactobacillus, and Alloprevotella. Bailemian (BLM) is reportedly
used in the treatment of insomnia and has an impact on the variety and
makeup of the gut microbiota. It can regulate the variety and compo-
sition of the bacteria that make up the gut microbiota, enrich the levels
of beneficial bacteria therein, and increase the levels of neurotransmit-
ters in the brain and colonic feces [22]. BLM can also enhance the
abundance of beneficial bacteria such as Lactobacillus, which synthesize
neurotransmitters, and restore the dysbiotic microbiota to a healthy
population [22].

7.2. Regulating immunity

The powerful immunomodulatory effects of TCM are by far its
greatest benefit [114]. An experimental study showed that Radix Poly-
galae Extract (RPE) [115], especially the probiotics Lactobacillus and
Bacteroides, significantly reduced levels of proinflammatory cytokines
and altered the gut microbiota. By altering the NF-kB-NLRP3 signaling
pathway, RPE may change colonic homeostasis (proinflammatory re-
sponses, dysbiosis of the gut microbiota, and colonic barrier perme-
ability). Pharmacological studies showed that Buzhong Yiqi decoction
promotes the growth of intestinal probiotics in mice and helps repair
damaged intestinal mucosa [116]. After Poria cocos treatment of rats
with insomnia, the animals’ sleep improved, indicating that Poria cocos
regulates gastrointestinal hormones and reduces the levels of inflam-
matory factors [117]. Buzhong Yiqi decoction can effectively reduce the
abundance of Epsilonbacteraeota, which causes gastroenteritis in
humans, and the abundance of spirochetes, which cause an adaptive
immune inflammatory response after infection. This indicates that
Buzhong Yiqi decoction can effectively reduce inflammatory intestinal
pathogenic bacteria and improve insomnia by reducing the intestinal
immune inflammatory response [18]. A study of the relationship be-
tween gut microbiota and sleep deprivation in healthy elderly people
found that the better the sleep quality of the subjects was, the higher was
the proportion of Verrucobacteria, and the abundance of Verrucobac-
teria was found to be significantly increased after treatment with Buz-
hong Yiqi decoction [118].
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7.3. Regulation of gut microbiota and their metabolites and enhance the proinflammatory states of intestinal epithelial cells and
leukocytes [120,121]. Beneficial bacteria in the microbiota synthesize

The local or systemic immune activity of the host can be impacted by SCFAs. SFCAs are thought to play a variety of significant roles in pre-
the gut microbiota and their metabolites. SCFAs are significant serving bodily health, including increasing gastrointestinal motility,
byproducts of the fermentation of dietary fiber by helpful gut bacteria. decreasing inflammation, and defending the intestinal mucosal barrier
SCFAs play a crucial role in metabolism as well as in the control of [122]. The most prevalent SCFAs are propionic acid, acetic acid, and
inflammation and immunological homeostasis [119]. SCFAs have butyric acid; Firmicutes produce primarily butyrate, and Bacteroidetes
immunomodulatory effects that can improve the ability of intestinal produce primarily propionic acid and acetate [123]. Numerous intesti-
epithelial cells to act as a barrier, decrease the production of proin- nal flora have been found to be connected to both changes in SCFA
flammatory cytokines, promote the development of regulatory T cells, content and insomnia. Butyrate may potentially function as a
promote intestinal mucosal homeostasis, prevent colonic inflammation, sleep-inducing signal molecule that increases sleep [109], and butyrate
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producers such as Blautia and Coprococcus may have an impact on the
quality of sleep [62]. The expression of the clock gene, which is strongly
linked to circadian rhythm and sleep quality, is influenced by butyrate
and acetate [124]. Ziziphus jujuba Mill. var. spinosa (Bunge) Hu ex H. F.
Chou (ZSS, called “Suan zao ren” in China) can increase the amount of
SCFAs in rat faeces, with acetic acid having a notable reversal effect.
This further demonstrates that ZSS can reduce insomnia by altering the
composition of the gut microbiota [125]. Fig. 4 shows how TCM regu-
lates the gut microbiota in a way that can prevent and treat insomnia.

8. Conclusion

Targeting gut microbiota in the treatment of insomnia is a very
promising treatment mode. Attaching importance to the gut microbiota
as research targets related to insomnia and broadening the general train
of thought regarding research on and treatment of insomnia has great
potential for the future development of resistance to microbial infections
and for solving the existing medical dilemma regarding the treatment of
chronic insomnia. Research on the pathways through which gut
microbiota are involved in the development of insomnia is not only
aimed at exploring the causes of insomnia but also provides a large
number of new targets for the clinical treatment of insomnia, such as the
artificial production of microbial metabolites that regulate sleep and the
selection of drugs based on intestinal metabolic characteristics. At pre-
sent, research on the relationship between gut microbiota and insomnia
is still in the initial stage, and the methods used in this research are not
sufficiently mature. In addition, because the relationship between the
gut microbiota and the human body is very complex and is easily
affected by diet, exercise, the use of other drugs, psychological factors
and other factors, this should be considered when studying the rela-
tionship between the gut microbiota and insomnia. Therefore, future
research should focus on the internal mechanism through which
insomnia is related to microbiota.

An increasing number of studies have confirmed that TCM can be
successfully used to treat insomnia by regulating the gut microbiota.
However, most of these studies are based on animal experiments and
lack verification in clinical trials. Moreover, TCM has the problems of
complex composition, difficulty in purifying a single active ingredient in
large quantities, and low bioavailability. Most of the experiments con-
ducted to date focus on the effect of drugs on insomnia and the corre-
sponding structural changes in the gut microbiota, and they lack in-
depth research on the specific mechanisms and targets through which
TCM intervention with the gut microbiota improves sleep. Moreover,
some TCMs regulate specific gut microbiota in a way that promotes the
absorption of TCMs in the body. Clarification of the molecular mecha-
nism through which TCM and compound drugs interact with the gut
microbiota, identification of the targets of their action on insomnia, and
screening for TCM compounds that affect bacteria related to insomnia
may offer a new way to treat insomnia.

In conclusion, the gut microbiota play an important role in the
occurrence and development of insomnia, and interference with the gut
microbiota through TCM is expected to become a new way to prevent
and treat insomnia. Therefore, taking gut microbiota as the target,
paying attention to the effects of TCM on gut microbiota, and defining
the scientific relevance of TCM to the prevention and treatment of
insomnia may revitalize ideas regarding the treatment of insomnia and
improve the treatment of insomnia.
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