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Abstract: Insomnia is a common clinical disorder characterized by difficulty falling asleep or maintaining sleep with daytime
irritability or fatigue. The annual prevalence of insomnia symptoms in the global adult population is 35-50% and the prevalence of
insomnia disorders is 12-20%. Most patients with insomnia cost a lot but fail to receive effective treatment. First-line treatments for
insomnia include cognitive-behavioral therapy (CBT-I) and medication, but they both have limitations such as expensive and serious
side effects. Traditional Chinese herbal remedies, such as the Guipi capsule, are selected as an alternative strategy of treatment because
of more convenient, affordable, and fewer side-effects. Here, we review the potential pathogenesis of insomnia, the pharmacological
ingredients of the Guipi capsule, and its effects and mechanisms in treating insomnia.

Keywords: Guipi capsule, insomnia, mechanisms, pathogenesis, pharmacological ingredients

Introduction

Insomnia, characterized by difficulty falling or staying asleep, affects 12-20% of the global population, impairing mental
and physical health and even increasing risks of hypertension, depression, and cardiovascular diseases.'> Insomnia
patients usually suffer heavy burdens, partly due to higher healthcare costs and cognitive dysfunction, and even increased
risk of developing various serious diseases (eg, hypertension and cardiovascular disease)'* (Figure 1). The main
therapeutic strategies for insomnia are cognitive-behavioral therapy (CBT) and pharmacotherapy.' > CBT is widely
recognized as the first-line standard treatment for chronic insomnia, using various cognitive and behavioral techniques to
correct dysfunctional beliefs and behavioral patterns that perpetuate insomnia.*> CBT can significantly improve quality
of sleep, offering long-term benefits, while medications (eg, benzodiazepines, melatonin receptor agonists, and orexin
receptor antagonists) provide short-term relief but with dependency risks.* However, the accessibility of CBT remains
a challenge as it requires specially trained therapists.

Alternative therapies like traditional herbal remedy (eg, Guipi capsule) have caught increasingly attentions due to
their efficacy, affordable, and fewer side effects, although lack of convincingly scientific evidence.® Herbal medicine for
insomnia has a history of thousands of years.® Guipi capsule is constituted of a traditional Chinese herbal formula. Its
major components are same with the traditional herbal medicine Guipi tang (Chinese for Guipi tang or Japanese for kihi-
to) that is a mixture of 12 herbs used to treat insomnia, forgetfulness, fatigue, poor memory or amnesia, anorexia, anemia,
palpitations, and other neurological symptoms.’ This review will introduce the potential pathogenesis of insomnia, and
the therapeutic efficacy and potential mechanisms of Guipi capsule for treating insomnia.

Potential Pathogenesis of Insomnia

Biofeedback Between Insomnia and Stomach Dysfunction

The classical theory of traditional Chinese medicine argues “if the stomach is not harmonized, one cannot lie peacefully.®
This theory indicates that dysfunction or imbalance of gastrointestinal system may cause insomnia. A survey study found
that 68% of patients with functional dyspepsia, 71.2% of those with both functional dyspepsia and irritable bowel
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Figure | The potential pathogenesis and harm of insomnia.

syndrome (IBS), and 50.2% of those with IBS alone self-reported sleep disturbances.” Patients with functional gastro-
intestinal diseases often experience sleep problems, which may be attributed to the chronic pain stimuli they endure, such
as persistent gastrointestinal discomfort leading to difficulty in falling asleep, disrupted sleep preventing them from
falling back asleep, and overall reduced sleep duration. Individuals with digestive system disorders experience impaired
sleep, while in turn, decreased sleep quality may exacerbate or trigger gastrointestinal symptoms, creating a vicious cycle
of mutual influence. Therefore, improving sleep can alleviate digestive discomfort, and conversely, a better digestive
state can benefit sleep quality.®
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The current understanding of the pathophysiology of functional gastrointestinal diseases involves dysregulation of
central autonomic function, visceral hypersensitivity, and neuroendocrine changes in response to stress.'® Some neuro-
transmitter systems involved in regulating these abnormalities, such as the ascending serotonergic system, cholinergic
system, and noradrenergic arousal system, also play a vital role in sleep regulation, potentially contributing to sleep
disturbances. Gastrointestinal functional disorders are often accompanied by imbalances in the intestinal microbiota and
the production of inflammation in the body.''"'* The gut houses a diverse community of microorganisms with intricate
metabolic processes that significantly impact various aspects of human health, sleep regulation included.

Roles of Emotion in Insomnia

Insomnia frequently occurs in people struggling with mental issues. Chronic depression and anxiety often disrupt sleep,
fueling a cycle of sleeplessness.'® In fact, depression is the most common mental health disorder accompanying
insomnia, and the two are closely intertwined.'*'® Research suggests that depression not only predicts insomnia but
also worsens it—up to 90% of depressed patients experience poor quality of sleep, and nearly 58% of those with severe
depression suffer from insomnia.'” Similarly, people prone to insomnia tend to have more severe depressive symptoms
and difficulty regulating emotions, reinforcing a vicious cycle where each condition exacerbates the other.'> Anxiety-
induced reductions in high-frequency heart rate variability, a marker of diminished parasympathetic nervous system
activity, are associated with poorer sleep quality and increased sleep reactivity.'®'? These findings align with existing
evidence demonstrating anxiety’s role in amplifying sleep reactivity, which serves as a critical mechanism through which
emotional disturbances like depression and anxiety impair sleep quality.

From a neurobiological perspective, heightened sleep reactivity appears to involve three interconnected systems: (1)
dysfunctional cortical networks, (2) autonomic nervous system imbalance that characterized by sympathetic dominance
and parasympathetic withdrawal, and (3) hyperactivity of the hypothalamic-pituitary-adrenal axis. Preliminary research
indicates that individuals with high sleep reactivity typically exhibit this pattern of increased sympathetic activation
coupled with reduced parasympathetic activity.?’

Emerging evidence suggests dopamine (DA) system dysfunction may play a key role in modulating sleep reactivity.*'
As a critical monoamine neurotransmitter, DA not only regulates motivation, reward processing, and pleasure perception
but also significantly influences sleep neurobiology — particularly through its action on ventral tegmental area and
substantia nigra neurons.”> The connection between DA dysfunction and sleep disturbances appears bidirectional:
disrupted DA signaling can contribute to anxiety and depression, which in turn exacerbate sleep reactivity and lead to
insomnia.*

Pharmacological Ingredients of Guipi Capsule and Its Potential Regulatory Mechanisms
Guipi capsule’s main bioactive ingredients amount to dozens of compounds, including sanjoinine A, jujuboside A,
jujuboside B, and spinosyn (Table 1). Through the continuous collision of modern and traditional medicine, several
studies have indicated mechanisms underlying the active pharmaceutical ingredients of Guipi for the treatment of
insomnia (Figure 2).

The increased 5-hydroxytryptamine exerts anti-insominia Guipi capsule regulates HPA axis signaling and increases
5-HT levels.”** Each of the individual compounds in Guipi decoction exerts anti-insomnia effects by distinct ways
(Figure 2A). For example, Jujube seed contains complex bioactive ingredients for insomnia, including mountain
sanjoinine A, Jujuboside A, jujuboside B, spinosin and other flavonoids. These active compounds can increase the
levels of 5-HT in insomnia patients, while significantly reducing the levels of 5-HIAA. This effect of regulation can be
comparable to the conventional anti-insomnia treatment with western medicines, and the anti-insomnia effect of Jujube
seed is even more significant when it is combined with these western medicines.?

Atractylodis macrocephalae oil (AO) was able to increase the levels of IL-10 and decrease the levels of TNF-a, IL-6,
5-HT.*® Atractylodis macrocephalae polysaccharide increases tryptophan, 5-HT.?” The aqueous extract of Atractylodis
Macrocephalae (the main components of which are atractylenolide III and B-eudesmol exhibited inhibitory effects on
DOl-induced head-twitch response (HTR).*® After administration of Angelica sinensis volatiles in a mouse model of
insomnia, prostaglandin E2 (PGE2), histamine (HIS), and 5-hydroxytryptamine (5-HT) levels returned to those observed
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Table | Bioactive Ingredients of the Guipi Capsule and Their Corresponding Effects

Bioactive Ingredients

Source of Chinese Herbal

Pharmacological Effects

Side Effects

Sanjoinine A

Jujuboside A

Jujuboside B

Spinosin

Atractylodis macrocephalae
oil (AO)

Astragaloside
polysaccharide (APS)
Atractylenolide II/1l

B-eudesmol

Poria triterpenoids

Astragaloside isoflavan (ASF)

Liquiritigenin
Glabridin

Licochalcone A

Liquiritin

Astragaloside IV (ASI)
Isoliquiritin

Astragalus saponin

Jujube seed
Jujube seed
Jujube seed
Jujube seed
Atractylodes
Atractylodes
Atractylodes

Atractylodes

Poria cocos

Codonopsis, Astragalus, Atractylodes, and

Poria cocos
Glycyrrhiza
Glycyrrhiza

Glycyrrhiza
Glycyrrhiza

Astragalus
Glycyrrhiza
Astragalus

Increase 5-HT levels and sedative
effects
Increase 5-HT levels, sedative effects
GABA modulation
Increase 5-HT levels

Anti-inflammatory

Increase 5-HT synthesis

Anti-inflammatory and immune
modulation
Enhances sleep-wake cycle
regulation
Regulate serotonin and anti-
inflammatory
GABAergic and serotonergic system
effects
Sedative and anti-inflammatory
GABA modulation

Anti-inflammatory and anti-anxiety
Reduce 5-HT metabolism and
neuroprotection
Reduce 5-HT and DA uptake
Anti-inflammatory and anti-oxidative

Anti-anxiety

Mild drowsiness

Mild drowsiness
Nausea
Drowsiness in high doses
Mild Gastrointestinal (GI)
discomfort

Low toxicity

Low toxicity, allergic
reactions

Low toxicity

Mild GI discomfort

Low toxicity, mild allergic
reactions
Mild drowsiness
Allergic reactions in high
doses
Mild GI discomfort
Mild drowsiness

Mild Gl issues
Rare Gl issues

Low toxicity, mild

drowsiness

in normal controls.?® Poria triterpenoids may modulate 5-HT receptors expressed in cells, and inhibition of 5-HT-induced
inward currents occurs in a concentration-dependent and reversible manner.*° Flavonoids, liquiritigenin, glabridin, and
licochalcone A are the most potent inhibitors of 5-HT-induced currents,?' liquiritin and isoliquiritin also significantly
reduced the ratio of 5-HIAA/5-HT in the hippocampus and hypothalamus, and slowed down 5-HT metabolism.**
Astragaloside IV or astragalus saponin restores 5-HT, and monoamine oxidase deletion levels and normalizes Tph 2

mRNA expression to control values and improves memory deficits and it improves sleep disorders by this mechanism.*

GABA Involves in Regulating the Sleep-Wake Cycle
The second mechanism by which Guipi capsule treats insomnia involves enhancing the expression of NR1 and Tau in the
hippocampus, promoting GABA synthesis, and increasing serum GABA levels. Elevated GABA enhances Cl influx into
neurons, leading to membrane hyperpolarization, reduced neuronal excitability, and regulation of the sleep-wake cycle
(Figure 1A).*** GAT, including GAT-1, GAT-2, and GAT-3 isoforms, acts as the GABA transporter that maintains
GABA homeostasis. GAT-1, mainly located on GABAergic neuron membranes, mediates GABA reuptake. The down-
regulation of GAT-1 expression is considered to be a mechanism of self-protection after insomnia.>® The up-regulation of
GAT-1 caused by Guipi may be related to the release of the persistent state of excitation, and the compensatory
expression of GAT-1 is gradually restored, which maintains the balance of the concentration of GABA in the neurons
and synapses, and exerts its neuroinhibitory effect to improve the symptoms of insomnia.*”-**

As with the first mechanism, the various components of Guipi capsule each exert their anti-insomnia effects by
directly or indirectly increasing GABA levels. Atractylenolide II/ Il can maintain the activity of the recombinant GABA-
A receptor.”” Jujube seed contains a variety of effective chemical components against insomnia, including sanjoinine A,
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Figure 2 The mechanisms underlying the Guipi capsule for insomnia treatment. (A) The bioactive ingredients of Guipi capsule treat insomnia by dynamically regulating
neurotransmitter. (B) The bioactive ingredients of Guipi capsule treat insomnia by anti-inflammation effects. (C) The bioactive ingredients of Guipi capsule treat insomnia by
regulate organ functions and emotions. Upward arrows mean upregulate and downward arrows mean downregulate.

Abbreviations: ASF, astragaloside isoflavan; ASI, astragaloside; APS, astragaloside polysaccharide; AGN, angelica sinensis extract; AO, atractylodes macrocephala oil.

jujuboside A, spinosin and other flavonoids, which are able to mediate sedative and hypnotic functions through
GABAergic and serotonergic systems,*” jujuboside A and jujuboside B have significant effects on the expression and
activation of GABA-A receptor,*' low-dose jujuboside A induced significant increases in the mRNA of al, a5 and $2
subunits of GABA-A receptor in both 24-hour and 72-hour treatments, and increased the frequency of the opening of
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chloride channels, which had a calming and hypnotic effect.** Jujuboside A not only regulates the expression of GABA
receptor subunit mRNA, but also down-regulates the secretion of inflammatory cytokines related to the intestinal
mucosal system, affects the cytokine network between nerve cells in the brain and exerts its specific sedative-hypnotic
effect, which is a similar mechanism to that of melatonin.*’

Poria triterpenoids, a main component in Poria cocos, can regulate the content of GABA, menthionine and glutamate
in the brain, as well as regulating the expression of GAD65 and GABA,* with sedative and anticonvulsant effects. There
are also studies specifically targeting the signaling pathway to begin with, Poria cocos water-soluble polysaccharides
(PCWP) inhibited the anxiety of rats induced by chronic sleep deprivation (CSD). PCWP intervention increased the
levels of 5-HT, DA, norepinephrine, and y-aminobutyric acid in the hypothalamus and inhibited TNF-a/nuclear factor,
NF-kB signaling pathway.*’ Glabridin through GABA-A receptors to enhance GABA inhibition in neurons, thereby
exerting sedative and hypnotic effects.*® Isoliquiritin activates GABA-B receptors, thereby reducing voltage-gated Ca*+
channels and glutamate release in rat cortical nerve terminals. Additionally, it alleviates elevated levels of GABA and
histamine.*’

The Roles of DA and NE Metabolism in Insomnia

Neural stem cells (NSC) were treated with astragaloside (ASI), astragaloside polysaccharide (APS) and astragaloside
isoflavan (ASF), the main active ingredients of Astragalus. Quantitative RT-PCR results showed that ASI, APS and ASF
could promote the expression of tyrosine hydroxylase and dopamine transporter protein mRNA specifically expressed in
DA neurons. Meanwhile, Shh, Nurrl and Ptx3 have been suggested to stimulate the formation of DA neurons.*®
Costunolide ameliorates have anti-apoptotic activity, which may be attributed to their regulatory effects on DA
metabolism-related genes. Costunolide ameliorates are involved in the regulation of genes Nurrl, DAT and VMAT2
and are closely associated with ASYN-related DA metabolism.*’ Jujube seed extract can affect DA and NE levels in
insomniac mice, exerting sedative and tranquilizing effects. This suggests that Jujube seed extract may ameliorate
insomnia symptoms by modulating the levels of DA and NE.** Liquiritin reduced dopamine levels to control levels;>
Isoliquiritin antagonized the increase in striatal dopamine release.”’ And licorice chalcone A (Lico. A), a flavonoid
isolated from licorice, was demonstrated to attenuate the reduction of DA uptake and loss of tyrosine hydroxylase
immunoreactivity in an in vitro model of PD induced by Isoliquiritin,>* as evidenced in experiments on cultured primary
mesencephalic glia;>> Lico. Isoliquiritin-induced reduction in DA uptake and loss of tyrosine hydroxylase-
immunoreactive neurons in an in vitro model of PD.’* Dose-dependent neuroprotective effects of liquiritin during
subacute NE depletion of nerve endings.”® Atractylenolide I (AT-I) is a major constituent of Atractylodes macrocephala
with a wide range of activities. AT-I was able to counteract the reduction in hippocampal 5-HT and NE concentrations
induced by CUMS.**

Anti-Inflammation Cytokines in Insomnia

As mentioned in the previous content, patients with insomnia have higher levels of inflammation, and inflammatory
factors such as TNF-a and IL-1f can affect the neurotransmitter balance in the sleep center, leading to the occurrence of
insomnia.> Therefore, reducing inflammation level is an effective method to treat insomnia (Figure 2B).

Flavonoids contained in Codonopsis, Astragalus, Atractylodes macrocephala, and Poria are natural compounds with
anti-inflammatory properties.”® Flavonoids can reduce the expression levels of inflammatory factors such as TNF-o and
IL-1P as well as inhibit the NF-kB signaling pathway, suppressing the inflammatory response and thus improving the
quality of sleep.”” In addition to flavonoids, other medications have been shown to play an anti-inflammatory role in the
treatment of insomnia by inhibiting the MAPK signaling pathway, including the ERK, JNK and p38 pathways. These
pathways play an important role in the inflammatory response, and inhibiting their activity reduces the inflammatory
response and improves sleep quality.’® Specific drug efficacy is as follows, Astragaloside IV dose-dependently reduces
serum levels of corticosterone, IL-6 and TNF-o.”’

Atractylodes macrocephala oil (AO) was able to increase the levels of IL-10 and decrease the levels of TNF-a, IL-6,
and 5-HT.>® AO can significantly inhibit systemic inflammation triggered by acute local stimuli, and exerts anti-
inflammatory activity mainly by regulating the metabolic network disorders centered on glycine and arachidonic
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acid.®® AO exerts anti-inflammatory effects by inhibiting pro-inflammatory cytokines (TNF-a, IL-1B, IL-6), inflamma-
tory mediators (HIS, 5-HT, PGE2, NO), and inflammation-related enzymes (iNOS and COX-2), as well as promoting the
production of the anti-inflammatory cytokine IL-10.%" Poria cocos extract inhibited the inflammatory response induced
by chronic mild stress (UCMS) and reduced the expression of p38, NF-kB, and TNF-a in the frontal cortex.®>

The Roles of Organ Dysfunctions and Emotions Instability in Insomnia

In addition, Guipi capsule plays an important role in regulating the spleen, stomach, liver and kidneys (Figure 1C). Guipi
capsule exhibits broad therapeutic effects across multiple systems. Clinically, it demonstrates efficacy in treating non-
acidic gastroesophageal reflux disease (GERD) with mood disorders when combined with omeprazole, improving
gastrointestinal motility, reducing esophageal hypersensitivity, and modulating beneficial gut bacteria.®*** In neuropsy-
chiatric applications, Guipi capsule shows antidepressant effects comparable to fluoxetine but with faster onset and better
safety. Clinical trials reveal significant hamilton depression scale (HAMD) score improvements as early as 1 week post-
treatment (P < 0.01 vs fluoxetine), with no reported adverse reactions versus fluoxetine’s 3.33% incidence (P < 0.01).
Mechanistically, its active components (eg, Astragalus extracts) reduce oxidative damage by suppressing ROS production
and reversing 6-OHDA-induced oxidative stress.®® Although Guipi capsule in treating insomnia show good efficacy and
relatively higher safety,®” the results are easily influenced by potential resources of bias, including publication bias and
size of patients, and designs of clinical trials, the efficacy and safety of Guipi capsule need to be more strictly
demonstrated based on more and better clinical trials in future. In addition, there are some other limitations: inadequate
randomization and blinding for clinical trials and methodological quality of included studies.

Guipi capsule also exerts therapeutic effects through other multiple mechanisms involving both metabolic regulation
and emotional modulation. The capsule influences key amino acid metabolic pathways while also regulating intestinal
flora composition and promoting short-chain fatty acid production. The capsule’s emotional regulation properties are
majorly mediated by its active components like astragaloside IV (ASIV) and astragalus saponins.®’ Additionally, they
have been shown to mitigate anxiety responses and inflammatory reactions induced by restraint stress.>

Furthermore, the active ingredients in Guipi capsules exert antidepressant effects by modulating the serotonin
(5-HT) system, a key neurotransmitter pathway involved in mood regulation.®* Similarly, licorice extracts appear to
enhance norepinephrine (NE) and dopamine (DA) levels in the brain, contributing to their antidepressant properties.
Angelica sinensis extract (AGN) has been shown to mitigate stress-induced helpless behavior in rats, likely through its
influence on the central noradrenergic system and upregulation of brain-derived neurotrophic factor (BDNF).®*
Meanwhile, Hairy Angelica serrulata demonstrates vasorelaxant effects in rat thoracic aorta, mediated by calcium
channel blockade and increased ¢cGMP levels in vascular smooth muscle.®” Cycloastragenol exhibits neuroendocrine
regulatory effects, reducing serum levels of stress-related factors such as NE, aldosterone, angiotensin II, and
endothelin-1."° Additionally, pCWP has been found to counteract anxiety behaviors induced by chronic sleep
deprivation in rodent models.*’

Conclusions and Discussion
Guipi capsule, a traditional Chinese herbal remedy, has been widely used in the treatment of insomnia.” As mentioned
above, numerous studies have shown that Guipi capsule is effective in regulating hormones and neurotransmitters,

enhancing GABAergic activity,”' DA* and NE*° metabolism, anti-inflammatory effects,’® %>

as well as improving
gastrointestinal function and emotional health.®> However, there are some limitations in this review: (1) The underlying
mechanisms by which Guipi capsule regulates insomnia were revealed by using the single bioactive ingredient.
Therefore, research should further explore the mechanism of action of Guipi capsule in depth because Guipi capsule
inevitably suffers from the problem that its efficacy varies according to individual constitution and condition like most
herbal medicines. (2) We could not convincingly demonstrate efficacy and safety of Guipi capsule as limited robust and
well-designed clinical trials.

Overall, the application of Guipi capsule in the treatment of insomnia is potential promising, but its therapeutic
efficacy and safety is expected to be further improved through in-depth research technological innovation, and well-
designed clinical trials. The combination of Chinese and Western medicine in the treatment of insomnia may provide
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patients with more comprehensive and effective treatment options, and promote the development of the field of insomnia

treatment.
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