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Abstract
In recent years, there has not been much progress in developing anxiolytic drugs. Amongst
the barriers are the lack of clarity on the pathogenesis of anxiety disorders, low product
conversion rates for developing drugs targeting the receptors, and species variability. Some
scientists have focused on natural medicines, especially herbal medicines in traditional
Chinese medicine. New drugs with excellent anxiolytic activity are hoped to be found in
herbal medicines with anxiolytic effects. This mini-review summarised three Chinese herbal
medicines with anxiolytic effects and anxiolytic herbal formulas used in the traditional
Chinese medicine clinic. Several key issues that block the development of new anxiolytic
drugs are also discussed. We hope to provide some ideas for researching and developing new
anxiolytic drugs and studying anxiolytic components in traditional Chinese medicine.
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Background

The main symptom of the anxiety disorder is uncontrollable worry,
which is felt by the sufferer most of the time for at least six months.
Epidemiological studies have shown that the lifetime prevalence of
generalized anxiety disorder was 5.7% and the anxiety disorder is
persistent and can cause physical symptoms in addition to mental
distress [1, 2]. Unfortunately, medications for anxiety disorder have
made little progress for a long time [3]. The commonly used
anxiolytics, such as selective serotonin reuptake inhibitors and
serotonin-norepinephrine reuptake inhibitors are less effective in the
early stages of administration [4, 5], and benzodiazepines often have
withdrawal syndromes [6], which are unwelcome in the treatment
process. Taking anxiolytics will also increase the financial burden on
patients, especially in middle/low-income countries [7]. There are
numerous unknown active compounds in natural medicines. In this
review, we focus on three Chinese herbal medicines with evidence of
anxiolytic effects, which have been focused on their cognitive
impairment-relieving or sedative-hypnotic effects in previous studies.
Our previous studies have shown that Polygalae Radix and Platycladi
Semen have anxiolytic effects, with the main anxiolytic active
substance in Polygalae Radix being 3, 6’-disinapoylsucrose (DISS), and
the main active substance in Platycladi Semen possibly being a
constituent of the fatty oils, but further studies are needed. A
component of Aquilariae Lignum Resinatum has been structurally
modified for clinical trials as a new anxiolytic drug. Some Chinese
herbal medicines were used as adjunctive treatments for anxiety
disorders in traditional Chinese medicine (TCM) clinics, but there has
been little research on their anxiolytic mechanisms. Yet, there are still
many Chinese herbal medicines with anxiolytic activity which have
not been deeply developed in its active ingredients and mechanisms.
The strategy for new drugs development in TCM is usually based on
their clinical efficacy (phenotype-based strategy), which is less
efficient but has a higher success rate. We therefore believe that
certain components of Chinese herbal medicines could be the source
of a new generation of anxiolytics.

Herbal medicines with anxiolytic activity: an example of three herbal
medicines

Polygalae Radix
Polygalae Radix is frequently used in TCM for the treatment of mood
and cognitive disorders and has a long history of application.
Substances with psychopharmacological activity in Polygalae Radix
are mainly saponins, oligosaccharides, and small-molecule phenolic
acids. In previous studies, DISS, the main constituent of Polygalae
Radix, was shown to have antidepressant and neuroprotective
pharmacological activities, and its mechanism of action was related to
the regulation of neurotransmitter levels and the endocrine system.
DISS significantly reduced the serum levels of corticosterone,
corticotropin-releasing hormone, and adrenocorticotropic hormone in
chronic unpredictable mild stress (CUMS) rats, while increasing the
mRNA expression levels of glucocorticoid and salocorticoid receptors
[8], suggesting that DISS may be psychoactive by modulating the
hypothalamic-pituitary-adrenal axis in animals. Another study showed
that DISS enhanced 5-hydroxytryptophan (5-HT)-induced head tossing
behavior and antagonized apomorphine-induced decrease in body
temperature in mice [9], the former suggesting that DISS may increase
5-HT levels, and the latter suggesting that DISS may affect central
norepinephrine reuptake and/or on norepinephrine transmission,
which indicates that DISS may have anxiolytic-like behavioral
activity. Besides, DISS can increase the expression of neural cell
adhesion molecule-L1, cyclic-adenosine monophosphate response
binding protein, and brain-derived neurotrophic factor at both mRNA
and protein levels in the hippocampus of CUMS rats [10]. These three
norepinephrines regulate the plasticity genes and neurotrophic factors
involved in synaptic plasticity and neurite growth, and the increased
expression may be one of the molecular and cellular mechanisms of

DISS. We also demonstrated in earlier studies that DISS alleviates
anxiety-like behavior in mice caused by the elevated plus maze [11].
However, none of these studies indicated the anti-anxiety mechanism
of DISS. The metabolite sinapic acid (SA) of DISS has various
biological activities such as anti-inflammatory [12, 13], antioxidant
[14, 15], improvement of cognitive function [16, 17], and
neuroprotection [18, 19]. Yoon found that 4 mg/kg of SA acted as an
agonist at specific receptors and mediated anxiolytic effects through
activation of gamma-aminobutyric acid receptors and potentiator
chloride currents [20]. In addition to DISS and SA, polygalae total
saponins [21], sibiricose A5, tenuifoliside A (TFSA), and
3,4,5-trimethoxycinnamic acid (TMCA, a metabolite of TFSA) also
have anxiolytic activity. Polygalae total saponins could inhibit the
reuptake of three monoamine neurotransmitters in vitro and could
increase 5-HT, dopamine and norepinephrine contents in the rat
prefrontal cortex [22]. TFSA could increase 5-HT levels and
brain-derived neurotrophic factor content [23], and sibiricose A5
could inhibit Ca2+ release and regulate neurotransmitter release [24].
The mechanisms of TMCA are similar to SA, activating
gamma-aminobutyric acid receptors and enhancing chloride currents
[25]. However, polygalae total saponins is considered to have
gastrointestinal toxicity [26], the levels of TFSA and sibiricose A5 are
low, and there are fewer studies on TMCA.

Platycladi Semen
Platycladi Semen was recorded as ‘Bai Zi Ren (in Chinese)’ in
Shennong’s Classic of Materia Medica (Shen Nong, 200–250 C.E.)
(Chinese Medicine Formulae Images Database, Hong Kong Baptist
University, 2012) and was used for more than 2000 years in China to
treat insomnia and mood disorders. TCM practitioner believes the Bai
Zi Ren can treat palpitations, calm the five organs, benefit the Qi (Qi
refers to the basic substance that constitutes the human body and
maintains life activities, and is the unity of substance and function),
and remove dampness and paralysis. Baizi Yangxin pills has been used
clinically with some efficacy in the treatment of generalized anxiety.
The anti-depression-like effect of Platycladi Semen in CUMS mice may
be achieved by inhibiting monoamine oxidase and increasing the
norepinephrines [27, 28]. Platycladi Semen extract has also been
shown to enhance cognitive performance, modulate amyloid β
aggregation [29, 30], and reduce glutamate-induced neurotoxicity
and neuroinflammation [31, 32]. Our study demonstrated that the
aqueous extract of Platycladi Semen and Platycladi Semen oil have
anxiolytic activity [33], but their specific active components and
mechanisms of action need further investigation.

Aquilariae Lignum Resinatum
Aquilariae Lignum Resinatum is a resinous wood of the family
agarwood or Aquilaria. Traditional Chinese medicine believes that
Agarwood has the effect of relieving Qi and can be used to treat
gastrointestinal diseases and cardiovascular diseases. Chinese
medicine believes that the abnormal functioning of Qi can lead to
mood disorders, so regulating the functioning of Qi can alleviate
mood-related illnesses. Clinical studies have found that the volatile
oils in Aquilariae Lignum Resinatum have anxiolytic and hypnotic
effects, and some proprietary Chinese herbal preparations containing
Aquilariae Lignum Resinatum have been proven to have the same
effects [34]. The α-Agarofuran in Aquilariae Lignum Resinatum has
been structurally modified to exhibit favorable anxiolytic effects and
is now in clinical trials as an innovative anti-anxiety drug. The TCM
formula containing Aquilariae Lignum Resinatum was able to reduce
anxiety-like behaviors in CUMS mice, and this effect may be produced
by modulating the hypothalamic-pituitary-adrenal axis, increasing the
content of brain-derived neurotrophic factor and related proteins, as
well as inhibiting apoptosis (Figure 1) [35].

Ingredients in anti-anxiety herbs show potential for development

DISS and SA in Polygalae Radix and α-Agarofuran in Aquilariae Lignum
Resinatum have shown good anxiolytic efficacy, while no serious
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Figure 1 Mechanisms of the main anxiolytic active substances in Polygalae Radix, Platycladi Semen and Aquilariae Lignum Resinatum.
TCM, traditional Chinese medicine; MAOs, monoamine oxidase; OPS, oil of Platycladi Semen; 5-HT, 5-hydroxytryptamine; DA, dopamine; NE,
norepinephrine; DISS, 3, 6’-disinapoylsucrose; HPA-axis, hypothalamic-pituitary-adrenal axis; CAM-L1, neural cell adhesion molecule L1; CREB,
cyclic-AMP response binding protein; BDNF, brain-derived neurotrophic factor; SA, sinapic acid; GABAR, gamma-aminobutyric acid receptors;
TFSA, tenuifoliside A; TMCA, 3,4,5-trimethoxycinnamic acid; SA5, sibiricose A5.

adverse effects have been detected yet, suggesting that these
components are promising for development. Through structural
modification, α-Agarofuran-based bugofuran has completed phase II
clinical trials. Bugofuran significantly alleviated anxiety-like
behaviors, reduced adrenocorticotrophic hormone levels and
increased brain 5-HT levels in rats and mice after oral administration
[36]. It has entered phase III clinical trials and is expected to become
an anxiolytic chemical drug of traditional Chinese medicine origin.
However, we also found that there are still many anxiolytic Chinese

herbal medicines for which the pharmacological substances are not
yet known. Researchers used liquid chromatography-mass
spectrometry to identify components in these herbal medicines and
related herbal formulas, but it is difficult to characterize the anxiolytic
activity of all the compounds in them. At the same time, these active
components with anxiolytic effects may have extremely low content
and complex structures, and the preparation cost may be very
expensive.

The use of Chinese herbal medicine in the treatment of anxiety
disorders in TCM clinics

TCM clinics use prescription preparations and herbal decoction to
treat mood disorders. Some of the more classic prescription
preparations include Zaoren Anshen capsule, Baizi Yangxin pills,
Tianwang Buxin pills, and Jiawei Xiaoyao powder. Based on the
syndrome differentiation and treatment theory [37], different patients
need different treatment plans, so decoctions are a better choice. The
herbal decoction is formulated by a TCM practitioner for the patient’s
condition. Since there is no diagnosis of anxiety disorders in TCM, the
patient’s diagnosis usually consists of the diagnoses of “dazed”,
“panic”, “disturbed” and “insomnia”. Different herbal medicines are
considered to have different focuses, so TCM practitioners will mix
different herbal medicines in certain proportions to achieve the best
application to the patient’s symptoms. However, limited by factors
such as most people’s misunderstanding of patients with anxiety

disorders, the consultation rate of Chinese patients with anxiety
disorders is relatively low [38]. Hence, the sample size of studies on
the treatment of anxiety disorders with traditional Chinese medicine is
relatively small and unrepresentative.
The advantages of herbal medicine in the treatment of anxiety
disorders are fewer adverse effects and the absence of withdrawal
symptoms and exacerbation of symptoms during the initial period of
medication. When used in combination with commonly used
anxiolytic chemicals, they can reduce the adverse effects of the
chemicals and synergize their effects [39]. However, herbal tonics are
more complicated to use and patients may prefer to use simple-to-use
herbal formulas with chemical drugs.

Barriers to the development of anxiolytics

The pathogenesis of anxiety disorders is unknown. The possible
pathogenesis of anxiety disorders includes, in addition to genetic
factors, the endocrine dysregulation hypothesis, the monoamine
neurotransmitter hypothesis, and the immune impairment hypothesis,
as well as social factors that influence the onset of the disease in
patients. Anti-anxiety drugs are usually symptomatic, and the absence
of an identified pathogenesis makes it difficult to find a suitable target
for new anti-anxiety drugs.
Drug discovery targeting specific receptors rarely translates into
products. Target-based drug discovery is the dominant approach to
drug discovery, and much of the recent development of new anxiolytic
drugs has been based on this model [3]. However, the efficiency of
new drug discovery is still very low [40, 41]. In contrast to the
inefficiency of phenotype-based drug discovery, nearly 90% of small
molecule drugs approved by the United States Food and Drug
Administration are based on phenotype discovery. In the case of TCM
development, phenotype-based research accounts for the vast majority
of studies, in which we first know exactly what a TCM does, and only
then study the active substances in it. Therefore, to a certain extent,
we can think that new anti-anxiety drugs developed with Chinese
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medicines with anti-anxiety effects have great development prospects.
Differences between experimental animals and humans result in the

inability of drugs with anxiolytic effects in animal experiments to act
in humans. The first major concern is that the paradigm of anxiety
triggering implemented in experimental animals may not be the same
as the pathogenesis in humans with anxiety disorders. The methods
used to test whether animals produce anxiety-like behaviors also tend
to favor responses in the face of fear over anxiety-like behaviors [42].
At the same time, the genetic differences between humans and
experimental animals cannot be ignored, and interspecies differences
may result in drugs that work in one species but are ineffective in
another. Differences in hormone levels between females and males can
also affect the development of anxiolytics, with females being more
inclined to suffer from anxiety and depression [43–46]. Still, most
anxiolytics studies use male animals [47, 48].
Anxiolytic efficacy data of TCM are summarised from clinical

experience, and the research process is “efficacy-to-mechanism”,
while the clinical data take into account different genders. TCM theory
has a different understanding of emotional disorders, such as anxiety
disorders, than modern medicine and TCM practitioners can treat
patients according to the cause of their illness. For example, patients
with liver Qi stagnation can be treated with herbs that can ease the
liver and regulate Qi, which can achieve better results. Therefore, a
new generation of anti-anxiety drugs may be better discovered from
Chinese medicine.

Conclusion

Natural products in herbs may serve as a source of next-generation
anxiolytics. However, more research on the anxiolytic activity of
herbal monomers is needed as it is not yet clear what the active
substances are in most anxiolytic herbs. It is also necessary to find
representative methods for rapid screening of anxiolytic compounds to
increase the rate of potential actives into drugs.
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