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Abstract

Anxiety disorder resulting from the interaction of psychological factors-caused

anxiety and mood disorder symptoms is one of the clinical mental diseases.

Excessive worry, nervousness and fear often bring about several negative

outcomes, and seriously impact the physical, mental, and social functioning of

patients. What’s worse, with poor treatment, anxiety disorder may develop into

mental illnesses such as depression and schizophrenia. The treatment of anxiety

has mainly recourse to drug therapy and psychotherapy; however, Western drug

therapy represented by 5-hydroxytryptamine reuptake inhibitor often causes

evident adverse effects, including nausea and constipation, as well as poor

long-term medication compliance of patients. Citri Sarcodactylis Fructus can

sooth the liver and regulate qi, which can be applied to alleviate anxiety disorder

as an ancillary drug. Modern pharmacological research revealed that bergamot

volatile oil, also known as bergamot essential oil (BEO), is the main active

chemical component of Citri Sarcodactylis Fructus for anti-anxiety. BEO has been

confirmed to exert an anti-anxiety effect through modulating

neuronendocrine-immune network, including immunoregulation, suppression of

hyperactive hypothalamic-pituitary-adrenal (HPA) axis, enhancement of

function of hypothalamic-pituitary-thyroid (HPT) axis, modulation of

neurotransmitter, and promotion of neurotrophic effect. The study discusses the

current research status regarding the application of Citri Sarcodactylis Fructus

for anti-anxiety in recent years, and deeply probes into the mechanism of Citri

Sarcodactylis Fructus playing an anti-anxiety role via neuronendocrine-immune

network, in an effort to provide references to clinical treatment of anxiety

disorder and new ideas for developing drugs targeting anxiety disorders.
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1 Introduction

At present, the number of patients suffering from

psychological and psychiatric disorders remains

stubbornly high, and nearly 7.3%~28.0% of global

patients develop anxiety disorder. In China, the

lifetime prevalence of anxiety disorder is about 7.6%

[1]. With socio-economic development, people face

more pressure and stressor, resulting in an increasing

incidence of anxiety disorder year by year.

Anxiety disorder results from the interaction of

psychological factors-caused anxiety and mood

disorder symptoms, and mainly features excessive

worry, nervousness and fear. This disease can cause

restlessness, nervousness, frequent urination,

sweating, shaking hands, palpitations, etc., seriously

impacting the physical, mental, and social functioning

of patients [2]. Hence, how to control and treat

anxiety disorder has become a new challenge for

medical workers.

Modern medical research revealed that immune

dysfunction, hyperactive hypothalamic-pituitary-

adrenal (HPA) axis, neurotransmitter changes, etc.

are relevant factors that lead to anxiety disorder. The

current treatment primarily has recourse to drug

therapy and psychotherapy. However, Western drug

therapy represented by 5-hydroxytryptamine

reuptake inhibitor often causes evident adverse effects,

such as nausea, constipation and addictiveness as well

as poor long-term medication compliance of patients

[3].

In the traditional Chinese medicine (TCM) theoretical

system, anxiety disorder is similar to “ depression

syndrome”, “manic-depressive psychosis”, “hysteria”,

“lily disease” and “lantern disease”, which belongs to

emotional diseases. TCM attributes anxiety disorder to

a combination of internal and external causes. The

internal causes mainly include congenital heredity,

long illness and weak body, and the external causes

contain emotional stimulation and improper diet.

Clinically, it is manifested as excess syndrome,

deficiency syndrome and combination of both. Anxiety

disorder is intimately related to liver, heart and

gallbladder, and involves lung, spleen, stomach and

kidney, with the main pathogenesis of organism

dysfunction, qi stagnation, and orifices confused by

phlegm-turbid. TCM in the treatment of anxiety

disorder has the advantages of significant therapeutic

efficacy, few adverse reactions and easy acceptance

by patients [4,5], which therefore has been gradually

emphasized by the medical community.

Citri Sarcodactylis Fructus has been commonly used to

treat anxiety disorder, with pungent, bitter and sour

taste, and warm nature, which has therapeutic effects

in the liver, spleen, stomach and lung. Citri

Sarcodactylis Fructus enters into the liver meridian,

and warms channel for dispelling cold with pungent

taste, the aroma of which can migrate throughout the

body, so as to regulate the activities of qi, relieve the

depressed liver and remove obstruction in the

collateral [6]. Citri Sarcodactylis Fructus also impacts

spleen meridian with aroma, pungent taste and warm

nature, which can resolve turbidity, activate spleen

and stomach, restore the function of spleen in

transportation, remove dampness to reduce phlegm

and induce resuscitation. Hence, it can be applied to

treat anxiety disorders arising from liver qi stagnation,

liver-stomach disharmony, and orifices confused by

phlegm-turbid.

This study discusses the current research status

regarding the application of Citri Sarcodactylis Fructus

for anti-anxiety in recent years, and deeply probes into

the pharmacodynamics substance foundation and

mechanism of Citri Sarcodactylis Fructus playing an

anti-anxiety role via neuronendocrine-immune

network, so as to provide references for its clinical

application in treating anxiety disorder and for

comprehensively and completely exploring

corresponding mechanism. There is a paucity of
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clinical trials with abundant samples and precise

targets for clinical research of Citri Sarcodactylis

Fructus. Thus, the clinical research on the anti-anxiety

effect of Citri Sarcodactylis Fructus and the

mechanism of action are still the main direction in the

future.

2 The clinical research on the anti-anxiety effect

of Citri Sarcodactylis Fructus

Anxiety and pressure are a kind of physical or

psychological reactions that trigger severe mental and

physical problems and bring about significant social

costs. Aromatherapy is a widely used alternative

treatment method, and is commonly applied for

alleviating anxiety and pressure due to its high safety

and accessibility. The aromatic product of Citri

Sarcodactylis Fructus mainly refers to bergamot

essential oil (BEO), which is a commonly-used natural

drug in aromatherapy, owing to its anti-anxiety and

emotion-relieving properties.

It has been documented [7] that inhalation of BEO for

15 min can notably reduce the levels of anxiety and

pressure. Meanwhile, BEO is more effective at

relieving anxiety and stress and promoting positive

emotions than artificial aroma with similar odors, and

its efficacy is free from the effect of the recognition

ability of the participants. Therefore, the efficacy of

BEO is more attributed to its inherent pharmacological

properties than to its induced psychological effects.

Hung et al. [8] treated 26 nursing staff with 1.5%

bergamot essential oil via aromatherapy for 4 weeks,

and asked them to fill in a Nurse Job Stressors Scale

and Copenhagen Burnout Inventory. The results

indicated that this treatment can evidently relieve

anxiety, and the efficacy is more significant for

subjects with less workload. Yuanyunzi Wang [9]

pointed out that through the State Anxiety Inventory

Scale, 1 h inhalation of BEO has been confirmed to

mitigate post-operative anxiety and pain of patients

undergoing laparoscopic cholecystectomy after 3 h.

Pasyar et al. [10] also found that BEO can reduce

anxiety of patients before laparoscopic

cholecystectomy. Qi et al. [11] identified that Citri

Sarcodactylis Fructus and Cyperi Rhizoma combined

aromatherapy accompanied with Horn tune music

appreciation and Baduanjin(eight brocades) exercise

can improve anxiety symptoms of patients with

hyperplasia of mammary glands with stagnation of

liver depression and phlegm coagulation after

treatment of Xiaoyao Loubei powder, mitigate

insomnia and dreamful sleep, and ameliorate

unhealthy emotions. Scuteri et al. [12] proved that

BEO has a non-sedative anti-anxiety effect, which is

beneficial for treating dementia. In addition, many

studies have found that BEO can play an anti-anxiety

role [13-16].

Collectively, BEO has an apparent anti-anxiety effect

and widely applied in aromatherapy. Also , it has

advantages of no evident side effects, easy application,

and easy acceptance as well as good compliance of

patients, which can reduce the levels of anxiety,

fatigue and pressure, improve negative emotions and

relieve pain.

Nevertheless, there exists controversy with regards to

the anti-anxiety effect of Citri Sarcodactylis Fructus. A

previous report [17] indicated that compared to a

placebo (hair conditioner), 10 min of BEO

aromatherapy cannot effectively alleviate anxiety, and

it was even found that in pediatric patients post stem

cell transplantation, the BEO aromatherapy causes

more anxiety and nausea after inhalation. Under

certain circumstances, BEO is less effective in reducing

anxiety than non-fragrant oils. Accordingly, the

anti-anxiety effect of Citri Sarcodactylis Fructus may

vary from person to person, which can be further

explored.

3 The components with anti-anxiety properties in

Citri Sarcodactylis Fructus

Modern pharmacological research revealed that BEO is
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the main active component of Citri Sarcodactylis

Fructus with anti-anxiety properties [18], composed

of monoterpenes, sesquiterpenes, coumarins and

flavonoids. Of them, monoterpenes and

sesquiterpenes are volatile components, accounting

for over 93% in BEO, while coumarins and flavonoids

are non-volatile components. The current

pharmacological study has confirmed the

pharmacological activities of Citri Sarcodactylis

Fructus, such as anti-anxiety, immunoregulation,

anti-oxidation, anti-inflammation, anti-tumor, blood

glucose regulation and blood lipid reduction [6,19].

Based on the network pharmacology, through

limonene, hesperidin, polysaccharide, bergapten,

flavone, coumarin, and other active components, Citri

Sarcodactylis Fructus can exert an anti-anxiety effect

by regulating Nuclear Factor Kappa B (NF-κB), Tumor

necrosis factor (TNF) and Mitogen-activated protein

kinase (MAPK) signaling pathways, and impacting TNF,

interleukin-1 β (IL-1 β ), dopamine (DA), and γ

-aminobutyric acid (GABA).

Specifically, limonene, one of the main components of

BEO, is a monoterpenoid substance [20], which plays

an anti-anxiety role via inhibiting the protein

expressions of nitric oxide synthase (iNOS) and

cyclooxygenase (COX-2) to dampen the production of

nitric oxide (NO), prostaglandin E2 (PGE2), TNF- α ,

IL-1 β and IL-6, and controlling lipopolysaccharide

(LPS)-stimulated neuroinflammatory responses

dependent on NF-κB, stress activated protein kinase

(SAPK) pathway and extracellular regulatory protein

kinase (ERK) pathway [21,22]. The monoterpenoid

substances, nerolyl acetate, nerol and linalool,

participate in neuroactive ligand receptor interactions

to combat anxiety via mediating key targets, including

serotonin transporter gene (SLC6A4),

N-methyl-D-aspartate receptor 2B subunit gene

(GRIN2B), and D2 dopamine receptor (DRD2) [23].

Hesperidin, the main active monomer of flavones

plays anti-inflammatory and anti-oxidant roles via

suppression of NF-κB signaling pathway, and protects

nerve cells and improves anxiety by ameliorating

neuronal injury and repressing neuronal apoptosis [6].

Coumarin with the main active monomers of

bergapten and 5, 7-dimethoxycoumarin exerts

anti-anxiety effects through blocking NF-κB signaling

pathway to dampen the upregulation of

enzyme-mediated COX-2 and iNOS inflammatory

proteins as well as IL-6 and TNF- α inflammatory

cytokines [24]. The anti-anxiety effect of Citri

Sarcodactylis Fructus-derived crude polysaccharide is

mainly achieved by scavenging free radicals and

promoting the transformation of lymphocytes [6].

However, the above components do not play a single

role, and the anti-anxiety effect of Citri Sarcodactylis

Fructus is the result of the combined action of multiple

active substances. Accordingly, investigating the

interplay and interaction of various active substances

is the direction of research in the future.

4 Study on the mechanism of the anti-anxiety of

Citri Sarcodactylis Fructus

4.1 Immunoregulation

4.1.1 Inflammatory cytokines

Uzunova et al. [25] revealed that the action

mechanism of COVID-19 causing anxiety is to induce

neuroinflammatory response by the increment of

proinflammatory factors after immune system

activation. Wang et al. [26] found that the levels of

serum inflammatory factors are positively correlated

with anxiety-like behavior in alcohol withdrawal rats.

Deng et al. [27] suggested that levels of

proinflammatory factors (IL-1β, IL-6 and TNF-α) are

higher in anxiety disorder patients than in normal

controls, and are positively correlated to the degree of

anxiety. However, some studies [28,29] revealed that

IL-6 level is lower in anxiety disorder patients than

normal controls. In most studies, upregulation of

proinflammatory factors (IL-1β, IL-6 and TNF-α) are
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commonly present in patients with anxiety disorders,

but in some experiments, these levels are

downregulated, which may be related to individual

conditions such as age, gender, and the type of anxiety

disorders [29].

Trombetta et al. [30] evaluated the effects of two

extracts from Citri Sarcodactylis Fructus on the

antioxidant/anti-inflammatory activity of human

vascular endothelial cells exposed to the pleiotropic

inflammatory cytokine TNF-α, and demonstrated that

the two extracts both prevent TNF- α -induced

oxidative stress and modulate the activation of NF-κB,

a redox-sensitive transcription factor. It has also been

evidenced that BEO inhibits the expressions and

secretion of LPS-induced proinflammatory factors

(IL-6, IL-1 β , TNF-α ) by blocking NF- κB activation

[31,32]. Lombardo et al. [33] indicated that BEO

signally decreases the levels of IL-6, IL-1β and TNF-α

in homogenate of rat claw. In addition, Cui et al. [34]

unveiled that intraperitoneal injection of 200 mg/kg

BEO into aluminum-induced anxiety-like rats for 60

days can decline IL-6, IL-1β and TNF-α levels in the

hippocampus and frontal cortex of rats. Impellizzeri et

al. [35,36] proved that BEO lessens IL-1β and TNF-α

levels in rats through multiple research. In view of the

above information, it can be inferred that Citri

Sarcodactylis Fructus can play an anti-anxiety role by

decreasing levels of proinflammatory factors (IL-6,

IL-1β, TNF-α).

4.1.2 T lymphocytes

T lymphocytes play a pivotal role in cellular immunity

and immune regulation. Zhou et al. [37] suggested

that CD3+ level is apparently diminished in the

peripheral blood of anxiety disorder model rats, while

after anti-anxiety treatment, CD3+ level is increased

and CD4+ level has no evident changes. Fan et al. [38]

found upregulation of CD4+ in the peripheral blood of

anxiety disorder patients. Notably, Bao et al. [39]

demonstrated that Suanzaoren (Ziziphi Spinosae

Semen) decoction dampens the proliferation of T

lymphocytes to modulate immune function, and thus

relieves anxiety. Thus, there are different opinions

about anti-anxiety by regulating the immune

mechanism of T lymphocytes. Fang et al. [38] put

forward that acute stress results in activation of

mouse immune system and increment of peripheral T

lymphocytes, while chronic stress leads to inhibition of

mouse immune system and decrement of peripheral T

lymphocytes, and anxiety is caused by excessive

production of xanthine after the mitochondrial

fragmentation of CD4+T cells.

Song et al. [40] treated chronic unpredictable mild

stress (CUMS) combined with solitary rearing model

rats with the aqueous extracts and ethanol extracts of

Citri Sarcodactylis Fructus and Citri fructus,

respectively, by gavage, and found that aqueous

extracts can remarkably elevate the proportion of

CD3+T cells in blood, and ethanol extracts can

markedly augment the proportion of CD3+T cells and

CD4+T on the anti-anxiety of Citri Sarcodactylis

Fructus. Moreover, a dearth of study focuses on the

mechanism of anti-anxiety effect of Citri Sarcodactylis

Fructus by regulating the immune function of T

lymphocytes, so in-depth investigation on this aspect

can be a research direction.

4.1.3 Regulation of PGE2 level

PGE2 is secreted from vascular endothelial cells and

macrophages, and anxiety can trigger excessive

secretion of PGE2 from nerve terminal, which also

cause hyperactive immune system. After treatment of

anxiety disorder, PGE2 level is apparently reduced

[41].

According to the findings of Lombardo et al. [33],

pre-treatment of BEO can lessen PGE2 level in

homogenate of rat paw, suppress the resultant

immunoreaction and further relieve anxiety. Therefore,

it can be deduced that Citri Sarcodactylis Fructus can

play an anti-anxiety role via reducing PGE2 level.
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However, the mechanism of BEO mitigating anxiety by

diminishing PGE2 level has been less studied, so that

anti-anxiety by downregulation of PGE2 may be a

novel research direction.

4.2 Oxidative stress

The stimulation-induced excessive accumulation of

reactive oxygen species (ROS) and other oxides can

activate cellular antioxidant enzymes such as

superoxide dismutase (SOD), glutathione peroxidase

(GSH-Px) and catalase (CAT), which are beneficial to

scavenge excess free radicals and thus protect the

body from oxidative stress-caused damage [42,43]. In

case that the balance between ROS and antioxidase is

disrupted, oxidative stress injury is triggered, the

peroxidization of lipids in the brain tissue is

transformed into malondialdehyde (MDA), and

neurocytes are damaged, ultimately inducing anxiety

disorder. Reportedly, suppressing oxidative stress

response, elevating SOD, CAT and GSH-Px levels and

diminishing MDA level contribute to improving anxious

behaviors [44], implying that the regulation of anxiety

level by the body has a close association with oxidative

metabolism system [45].

In a previous report [46], BEO was smeared to the

skin of mice with hair removal once a day for 42 days,

and later BEO was confirmed to enhance the activity of

SOD and decrease MDA content in the skin. Wang et al.

[47] discovered that feeding BEO and fermented Citri

Sarcodactylis Fructus extract can significantly reduce

MDA level in the liver of mice with glucose and lipid

metabolism disorder, and augment SOD, CAT and

GSH-Px levels. Importantly, the fermented Citri

Sarcodactylis Fructus extract with higher content of

active components is more effective than BEO, so the

fermentation technology provides a new insight into

the clinical research on the anti-anxiety effect of Citri

Sarcodactylis Fructus. Cui et al. [29] revealed that

intraperitoneal injection of 200 mg/kg BEO into

aluminum-induced anxiety-like rats for 60 days can

decline MDA level in the hippocampus and frontal

cortex of rats and increase SOD, CAT and GSH-Px

levels. Due to the strong antioxidant effect in the body,

BEO may decrease the formation of free radicals in the

liver [34], accompanied by downregulation of

proprotein convertase subtilisin/kexin type 9 (PCSK9)

[48], a gene related to oxidative stress [49,50].

Accordingly, Citri Sarcodactylis Fructus may

ameliorate anxiety through mitigating oxidative stress,

increasing SOD, CAT and GSH-Px levels and reducing

MDA level.

4.3 Regulation of neurotransmitter and trophic

factor levels

Central neurotransmitters mainly consist of

monoamine neurotransmitters and amino acid

neurotransmitters, abnormal contents or

concentrations of which may bring about anxiety.

Recently, research on the mechanism of Chinese

medicine against anxiety via central neurotransmitters

is in full swing.

4.3.1 Upregulation of 5-HT and DA

5-hydroxytryptamine and DA belong to monoamine

neurotransmitters in synaptic cleft, the dwindled

contents of which cause anxiety disorder, but the two

expression levels can be increased with the

improvement of clinical symptoms after treatment.

Xu et al. [51] demonstrated that gavage of BEO for 12

days can upregulate 5-HT and DA levels. Huang et al.

[52] unraveled that gavage of Foshouningshen (the

application of Citri Sarcodactylis Fructus with calming

effect) decoction for a week increases the contents of

5-HT and its receptor in rat hippocampus. Further, it

has been proved [53] that 5-HT receptor can indirectly

interfere with BEO activity, the anti-anxiety and

relaxant effects of which are exerted by means of

multiple complex mechanisms. Hence, Citri

Sarcodactylis Fructus may alleviate anxiety through

upregulation of 5-HT and DA levels. Additionally,
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anti-anxiety effect of Citri Sarcodactylis Fructus

through elevating DA level is few studied , which can

be the research direction in the future.

4.3.2 Upregulation of GABA and downregulation

of Glu

Inhibitory neurotransmitter GABA and excitatory

neurotransmitter glutamate (Glu) are amino acid

neurotransmitters. Reportedly, anxiety disorder is

ascribed to poor information transmission in neural

circuits caused by the imbalance of excitatory and

inhibitory signal transmission among neurons [54,55].

When GABA synthesis is reduced and GABA

transmission is damaged, sympathetic nerves will be

activated and anxiety can occur. On this basis,

selecting appropriate drugs to elevate GABA level and

decrease Glu level in hippocampus may be

contributive to treating anxiety disorder.

Rombolà et al. [56] unraveled that systemic BEO

administration induces appropriate release of GABA in

the hippocampus of freely moving rats. Amantea et al.

[57] corroborated that intraperitoneal administration

of BEO 1 h before occlusion of the middle cerebral

artery prominently declines excitatory amino acids,

namely aspartate (Asp) and Glu, in orbitofrontal

cortex, manifesting that Citri Sarcodactylis Fructus

may mitigate anxiety disorder by increment of GABA

level and decrement of Glu level. Nonetheless,

Morrone et al. [58] found that it was dose-dependent.

When perfused into the hippocampus of rat via the

dialysis probe, BEO produced a significant increase of

extracellular Asp, GABA as well as glutamate. At

relatively high concentrations, the BEO decreased Asp

and Glu levels,while Relatively low concentrations of

beo increase Asp and Glu levels, which was dependent

on extracellular Ca(2+). Therefore, the related

mechanism can be further probed.

4.4 Upregulation of brain-derived neurotrophic

factor (BDNF) levels

BDNF can modulate synaptic plasticity and promote

the growth, development and regeneration of neurons

[59]. Xie et al. [60] found that CUMS anxiety disorder

model mice have decreased BDNF level. Li et al. [61]

also confirmed that BDNF level is evidently reduced in

anxiety disorder patients, suggesting a decline in

neurotrophy, and that BDNF expression is lessened as

anxiety level is increased, hinting that aberrant

expression of BDNF is intimately related to anxiety

behaviors.

Of note, Gao et al. [62] established that continuous

administration of BEO for 21 days dose-dependently

upregulates BDNF level in hippocampus of CUMS

model rats, which is consistent with the findings of

Saiyudthong et al. [63]. These data signified that Citri

Sarcodactylis Fructus may play an anti-anxiety role via

increasing BDNF level in hippocampus and boosting

neurotrophic action.

4.5 Regulation of neuroendocrine axis

4.5.1 Suppression of hyperactive HPA axis

Dysfunction of HPA axis is a vital neuroendocrine

mechanism for the occurrence and development of

anxiety disorder.Under the state of stress, the

hypothalamus of patients with anxiety disorder will

secrete excess corticotrophin-releasing hormone

(CRH), which stimulates the secretion of

adrenocorticotropic hormone (ACTH) and leads to

excessive glucocorticoid (GC) produced by adrenal

gland. GC primarily contains human- and

animal-secreted cortisol (CORT). Hyperactive HPA axis,

increasing CORT level and hindered negative feedback

mechanism of HPA axis form a vicious circle and

aggravate anxiety condition [60]. Xiao et al. [64]

found that suppressing HPA axis hyperactivity can

relieve anxiety degree in anxiety-like rats.

Gao et al. [62] verified that BEO treatment for 21 days
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dramatically dwindles serum CORT content in CUMS

model rats in a dose-dependent manner. Saiyudthong

et al. [63] discovered that intraperitoneal injection of

2.5% BEO can reduce GC level and dampen

hyperactive HPA axis to alleviate anxiety. A study [65]

identified that BEO can distinctly lower CORT level in

mouse plasma, weaken the activity of HPA axis, and

thereby alleviate the stress anxiety caused by the

elevated plus maze. Watanabe et al. [62] instructed

41 healthy women to inhale BEO vapor for 15 min, and

found that compared to control group (inhalation of

steam or rest), BEO vapor group has lower CORT level

in saliva, reflecting that suppressing hyperactive HPA

axis can ameliorate anxiety. Saiyudthong et al. [13]

revealed that BEO exhibit anxiolytic-like behaviours

and attenuated HPA axis activity by reducing the CORT

response to pressure (Table 1).

Table 1 The anti-anxiety mechanism of BEO.

Main mechanism Target Trend Possibly relevant chemical component

Immunoregulation

Inflammatory

cytokines

TNF-α ↓ Limonene, hesperidin

IL-1ß ↓ Limonene, hesperidin

IL-6 ↓ Limonene

T lymphocytes
CD3+T ↑ Polysaccharide

CD4+T ↑ Polysaccharide

/ PGE2 ↓ Limonene

Oxidative stress

Antioxidase

SOD ↑ Polysaccharide, flavone, hesperidin

CAT ↑ Polysaccharide, flavone, hesperidin

GSH-Px ↑ Polysaccharide, flavone, hesperidin, bergapten

Peroxide MDA ↓ Polysaccharide, flavone, hesperidin

/ PCSK9 ↓ Polysaccharide, flavone

Regulation of

neurotransmitters

Monoamine

neurotransmitter

5-HT ↑ Bergapten

DA ↑ Bergapten

Amino acid

neurotransmitter

GABA ↑ Bergapten

Glu ↓ Bergapten

Promotion of neurotrophic action BDNF ↑ Bergapten

Inhibition of hyperactive HPA axis GC/CORT ↓ Coumarins

Enhancement of HPT functions

T3 ↑

/
FT3 ↑

T4 ↑

TRH ↑

4.5.2 Enhancement of HPT function

HPT axis is another neuroendocrine axis composed of

hypothalamus, pituitary and thyroid gland.

Hypothalamus secretes thyrotropin-releasing

hormone (TRH) that stimulates the secretion of

thyroid-stimulating hormone (TSH) by pituitary, and

TSH further promotes the secretion of thyroid

hormone (TH) by thyroid gland, including thyroxine

(T4) and triiodothyronine (T3) [29]. An existing report

[66] unveiled that in anxiety disorder patients, the
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response of HPT axis is weakened, that is,

hypothyroidism can induce anxiety. T3, T4 and free

triiodothyroxine (FT3) levels have been confirmed to

be lessened in serum of anxiety-like rats.

Song et al. [67] revealed that the aqueous extracts of

Citri Sarcodactylis Fructus and Citri fructus visibly

elevate serum T3, T4 and FT3 levels, decline CORT

and TRH contents, and attenuate the hypofunction of

HPT axis and hyperactivity of HPA axis; notably, the

effects on HPT axis is stronger than that on HPA axis.

Nonetheless, rare research has emphasized the

anti-anxiety of Citri Sarcodactylis Fructus by

enhancing the function of HPT axis, which, therefore,

is a new direction worth investigating.

5 Conclusion and prospect

Anxiety disorder is one of the mental diseases

endangering human physical and mental health

globally. Citri Sarcodactylis Fructus, as a common

Chinese medicine against anxiety disorder, has an

active component BEO that can regulate networks

through neuroendocrine immunity system, including

immunoregulation, modulation of neurotransmitter

levels, improvement of neurotrophy, enhancement of

the function of HPT axis, and suppression of

hyperactive HPA axis, so as to alleviate anxiety

symptoms. Anti-anxiety with Citri Sarcodactylis

Fructus has a satisfactory clinical effect, with good

drug compliance, no obvious side effects and easy

application. Although the current research on the

anti-anxiety mechanism of Citri Sarcodactylis Fructus

has preliminarily reached the molecular stage, there

still exists controversy on its anti-anxiety outcome and

mechanism, due to complex components and multiple

functions and targets. In the future, the mechanism

should be deeply explored through enriching sample

sources, increasing observation indicators, extending

observation time, conducting experiments, and

utilizing methods such as genomics, proteomics,

epigenetics, and network pharmacology.

Acknowledgements 

Not applicable.

Author Contributions

Conceptualization, Ting Chen; Data curation,Ting

Chen; Formal analysis, Ting Chen; Methodology, Tin

Conflicts of Interest

The authors declare no conflicts of interest.

g

Chen; Writing-Original draft, Ting Chen;

Writing-review and editing, Ting Chen; All authors

have read and agreed to the published version of the

manuscript.

Ethics Approval and Consent to Participate

The study was approved by the Medical Ethics

Committee, and the patients were informed and

consented.

Funding

This research received no external funding.

Availability of Data and Materials

The data presented in this study are available on

request from the corresponding author.

References
[1] Li MJ, Ye TY, Qi DM, et al. Research Status of Clinical

Trials of Drugs and Interventions for Anxiety Disorders.

Chinese General Practice 2021; 24(11): 1418-1425.

[2] Bai B, Li Y, Gai YL. Analysis of Clinical Effect of

Psychological Nursing on Patients with Anxiety Disorder.

Psychological Monthly 2022; 17(02): 144-145,186.

[3] Bandelow B. Current and Novel Psychopharmacological

Drugs for Anxiety Disorders. Advances in experimental

medicine and biology 2020; 1191: 347-365.

[4] Hu J, Teng J, Wang W, et al. Clinical efficacy and safety

of traditional Chinese medicine Xiao Yao San in insomni

Supplementary Materials 

Not applicable

a

https://doi.org/10.62767/jecacm501.1395
https://ojs.exploverpub.com/
https://ojs.exploverpub.com/


J. Exp. Clin. Appl. Chin. Med. 2024, 5(1), 19-30

Exploration and Verfication Publishing28

combined with anxiety. Medicine (Baltimore) 2021; 100(43):

27608.

[5] Ma K, Wang X, Feng S, et al. From the perspective of

Traditional Chinese Medicine: Treatment of mental disorders

in COVID-19 survivors. Biomed Pharmacother 2020; 132:

110810.

[6] Cao R, Hao EW, Du ZC, et al. Ingredients,

Pharmacological Activities and Predictive Analysis of

Q-markers of Guangfoshou (Citri Sarcodactylis Fructus).

Chinese Archives of Traditional Chinese Medicine 2022;

40(09): 135-145,277.

[7] Wai W, Joe C, Huang HZ. The efficacy of Bergamot

Essential Oil Inhalation on Alleviation of Stress and Anxiety

and Enhancement of Positive Effect: A Randomized

Controlled Trial. The University of Hong Kong: Pokfulam,

Hong Kong, China, 2021.

[8] Hung CL, Lin YL, Chou CM, et al. Efficacy of

Aromatherapy at Relieving the Work-Related Stress of

Nursing Staff from Various Hospital Departments during

COVID-19. Healthcare (Basel) 2023; 11(2): 157.

[9] Wang YYZ. The Clinical Study of Inhalation

Aromatherapy on Postoperative Anxiety and Pain in Patients

with Laparoscopic Cholecystectomy. Lanzhou University:

Lanzhou, China, 2018.

[10] Pasyar N, Rambod M, Araghi F. The Effect of Bergamot

Orange Essence on Anxiety, Salivary Cortisol, and Alpha

Amylase in Patients Prior to Laparoscopic Cholecystectomy: A

Controlled Trial Study. Complementary Therapies in Clinical

Practice 2020; 39: 101153.

[11] Qi Y. The Effect of The Method of Emotional

Management Includes Citri Sarcodactylis Fructus and Cyperi

Rhizoma combined aromatherapy accompanied with Horn

tune music appreciation and Baduanjin (eight brocades)

exercise in Patients with Hyperplasia of Mammary Glands and

Anxiety. Zhejiang Chinese Medical University: Hangzhou,

China, 2020.

[12] Scuteri D, Rombolà L, Morrone LA, et al.

Neuropharmacology of the Neuropsychiatric Symptoms of

Dementia and Role of Pain: Essential Oil of Bergamot as a

Novel Therapeutic Approach. International Journal of

Molecular Sciences 2019; 20(13): 3327-3327.

[13] Saiyudthong S, Marsden CA. Acute effects of bergamot

oil on anxiety-related behaviour and corticosterone level in

rats. Phytotherapy Research 2011; 25(6): 858-862.

[14] Wakui N, Togawa C, Ichikawa K, et al. Relieving

psychological stress and improving sleep quality by bergamot

essential oil use before bedtime and upon awakening: A

randomized crossover trial. Complementary Therapies in

Medicine 2023; 77: 102976.

[15] Rombolà L, Tridico L, Scuteri D, et al. Bergamot

Essential Oil Attenuates Anxiety-Like Behaviour in Rats.

Molecules 2017; 22(4): 614.

[16] Watanabe E, Kuchta K, Kimura M, et al. Effects of

bergamot (Citrus bergamia (Risso) Wright & Arn.) essential

oil aromatherapy on mood states, parasympathetic nervous

system activity, and salivary cortisol levels in 41 healthy

females. Forschende Komplementärmedizin 2015; 22(1):

43-49.

[17] Perna S, Spadaccini D, Botteri L, et al. Efficacy of

Bergamot: From Anti-inflammatory and Anti-oxidative

Mechanisms to Clinical Applications as Preventive Agent for

Cardiovascular Morbidity, Skin Diseases, and Mood

Alterations. Food Science & Nutrition 2019; 7(2): 369-384.

[18] Zhang P, Zhang JQ, Li B, et al. Research Progress on

Chemical Constituents and Pharmacological Effects of

Bergamot Essential Oil. Chinese Traditional Patent Medicine

2023; 45(02): 514-518.

[19] Li CY, Yuan Z, She CJ, et al. Research Progress on

Chemical Constituents and Pharmacological Actions of Citri

Sarcodactylis Fructus. Food and Drug 2022; 24(02):

187-193.

[20] Zhou XQ. Analytic Research Progress on Chemical

Compositions of the Volatile Oil of Bergamot. Shandong

Chemical Industry 2022; 51(20): 103-105.

[21] Scuteri D, Rombolà L, Crudo M, et al. Preclinical

Characterization of Antinociceptive Effect of Bergamot

Essential Oil and of Its Fractions for Rational Translation in

Complementary Therapy. Pharmaceutics 2022; 14(2): 312.

[22] Sun XH. Research on Extraction, Nanoemulsion and

Biological Activities of Jinhua Fingered Citron Essential Oil.

Journal of Jiangnan University: Wuxi, China, 2018.

[23] Jin X, Xu X, Ding Q, et al. To Explore the Potential

Molecular Mechanism of Complex Rose-Bergamot Essential

Oil on Anti-anxiety with Facial Spots based on Network

Pharmacology. Journal of Cosmetic Dermatology 2022;

21(11): 6363-6376.

[24] Perri MR, Pellegrino M, Aquaro S, et al. Cachrys spp.

from Southern Italy: Phytochemical Characterization and

JAK/STAT Signaling Pathway Inhibition. Plants (Basel) 2022;

11(21): 2913.

https://doi.org/10.62767/jecacm501.1395
https://ojs.exploverpub.com/


J. Exp. Clin. Appl. Chin. Med. 2024, 5(1), 19-30

Exploration and Verfication Publishing 29

[25] Uzunova G, Pallanti S, Hollander E. Presentation and

Management of Anxiety in Individuals with Acute

Symptomatic or Asymptomatic COVID-19 Infection, and in

the Post-COVID-19 Recovery Phase. International Journal of

Psychiatry in Clinical Practice 2021; 25(2): 11-17.

[26] Wang XL, Wu S, Wu Q, et al. Effects of Paeoniflorin on

Anxiety-like Behavior, Inflammatory Factors and Intestinal

Microflora in Alcohol Withdrawal Rats. Science and

Technology of Food Industry 2022; 43(10): 378-387.

[27] Deng YF, Guo KK, He RD, et al. Analysis of the

correlation between the changes of serum inflammatory

cytokines IL-1 alpha, IL-6, IL-12, CRP and the onset of

generalized anxiety disorder and its mechanism analysis.

Journal of International Psychiatry 2019; 46(01): 60-62.

[28] Zhu Z, Jiang YS, Wei LG. The Change and Clinical

Significance of IL-1β, IL-6 and IL-10 in Serum of Patients

with Anxiety Disorder. Journal of International Psychiatry

2019; 46(03): 425-427,434.

[29] Li LY, Zhao HW, Qi DM, et al. The Role of

Neuroendocrine Immunomodulatory Network in the

Pathogenesis of Anxiety Disorders. Journal of Psychiatry

2022; 35(02): 207-211.

[30] Trombetta D, Cimino F, Cristani M, et al. In vitro

Protective Effects of Two Extracts from Bergamot Peels on

Human Endothelial Cells Exposed to Tumor Necrosis

Factor-alpha (TNF-alpha). Journal of Agricultural and Food

Chemistry 2010; 58(14): 8430-8436.

[31] Risitano R, Currò M, Cirmi S, et al. Flavonoid Fraction of

Bergamot Juice Reduces LPS-induced Inflammatory

Response through SIRT1-mediated NF-κB Inhibition in THP-1

Monocytes. PloS One 2014; 9(9): e107431.

[32] Gao S, Zou X, Wang Z, et al. Bergapten Attenuates

Microglia-mediated Neuroinflammation and Ischemic Brain

Injury by Targeting Kv1.3 and Carbonyl reductase 1.

European Journal of Pharmacology 2022; 933: 175242.

[33] Lombardo GE , Cirmi S , Musumeci L, et al. Mechanisms

Underlying the Anti-Inflammatory Activity of Bergamot

Essential Oil and Its Antinociceptive Effects. Plants 2020;

9(6): 704.

[34] Cui Y, Che Y, Wang H. Bergamot Esential Oil Attenuate

Aluminum-induced Anxiety-like Behavior through

Antioxidation, Anti-inflammatory and GABA Regulation in

Rats. Food and Chemical Toxicology 2020; 145: 111766.

[35] Impellizzeri D, Bruschetta G, Paola RD, et al. The

Anti-inflammatory and Antioxidant Effects of Bergamot Juice

Extract (BJe) in an Experimental Model of Inflammatory

Bowel Disease. Clinical Nutrition 2015, 34(6): 1146-1154.

[36] Impellizzeri D, Cordaro M, Campolo M, et al.

Anti-inflammatory and Antioxidant Effects of Flavonoid-rich

Draction of Bergamot Juice (BJe) in a Mouse Model of

Intestinal Ischemia/Reperfusion Injury. Frontiers in

Pharmacology 2016; 7: 203.

[37] Zhou SM, Liu HJ, Zhao RX, et al. Effect of Acupuncture

Combined with Music Therapy on Behavior and T Lymphocyte

Subsets in Anxiety Disorder Model Rats. Journal of Clinical

Acupuncture and Moxibustion 2017; 33(03): 57-61.

[38] Fang KQ. The Function and Regulation Mechanism of

Purine-metabolic Disorder in T lymphocytes in the Onset of

Anxiety. Zhejiang University: Hangzhou, China, 2020.

[39] Bao XH, Ye TY, Qi DM, et al. Suanzaoren Tang and Its

Modified Formulas on Prevention and Treatment of Anxiety

Disorders: A Review. Chinese Journal of Experimental

Traditional Medical Formulae 2022; 28(06): 237-245.

[40] Song MQ, Feng ML, Ma L, et al. Effect of Citron and

Bergamot on T cell Subsets in Depressed Rats. Shanxi

Journal of Traditional Chinese Medicine 2015; 31(11): 54-56.

[41] Huang Y. Clinical Study on Auricular Point Application

Combined with Relaxation Training for Anxiety. Journal of

New Chinese Medicine 2022; 54(04): 147-150.

[42] Shen TZ, Pan JL, Jiang DD, et al. Betulinic Acid

Attenuates Anxiety-like Behavior and Oxidative Stress in Mice.

Chronic Pathematology Journal 2022; 23(03): 377-380,384.

[43] Chen X. Effects of Electroacupuncture on SOD, MDA and

CAT in Multiple Organs of Diabetic Rats. Chengdu Sport

University: Chengdu, China, 2022.

[44] Lu Y. Effects of Dingxin Decoction Combined with

Western Medicine on Oxidative Stress, Neurotransmitters

and Cytokines in Patients with Generalized Anxiety and Qi-Yin

Deficiency Syndrome. Journal of New Chinese Medicine 2022;

54(19): 64-70.

[45] Zhen LF, Zhu LL, Yang Z, et al. Clinical Study on Jiuwei

Zhenxin Granules Assisting Sertraline Hydrochloride for

Generalized Anxiety Disorder. Journal of New Chinese

Medicine 2021; 53(19): 74-77.

[46] Shao LX. Effects of the Extract from Bergamot and

Boxthorn on the Delay of Skin Aging and Hair Growth in Mice.

China Journal of Chinese Materia Medica 2003; (08): 77-80.

[47] Wang L. Study on the Effect Mechanism of Fermented

Citri Sarcodactylis Fructus Extract on the Improvement of

Disordered Glycolipid Metabolic Mice. Guangdong

https://doi.org/10.62767/jecacm501.1395
https://ojs.exploverpub.com/
https://ojs.exploverpub.com/


J. Exp. Clin. Appl. Chin. Med. 2024, 5(1), 19-30

Exploration and Verfication Publishing30

Pharmaceutical University: Guangzhou, China, 2021.

[48] Mollace R, Macrì R, Tavernese A, et al. Comparative

Effect of Bergamot Polyphenolic Fraction and Red Yeast Rice

Extract in Rats Fed a Hyperlipidemic Diet: Role of Antioxidant

Properties and PCSK9 Expression. Nutrients 2022; 14(3):

477-477.

[49] Dounousi E, Tellis C, Pavlakou P, et al. Association

between PCSK9 Levels and Markers of Inflammation,

Oxidative Stress, and Endothelial Dysfunction in a Population

of Nondialysis Chronic Kidney Disease Patients. Oxidative

Medicine and Cellular Longevity 2021; 2021:

6677012-6677012.

[50] Barisione C, Verzola D, Garibaldi S, et al. Renal

Ischemia/Reperfusion Early Induces Myostatin and PCSK9

Expression in Rat Kidneys and HK-2 Cells. International

Journal of Molecular Sciences 2021; 22(18): 9884.

[51] Xu LS, Jin XL. Effect of the Ethanolic Extract of Jinhua

Bergamot on Learning Memory of Mice. Special Wild

Economic Animal and Plant Research 2002; 2002(04):

16-18.

[52] Huang JC, Xie W, Deng N, et al. Foshouningshen

Decoction Improves Sleeping via the Serotonergic System in

a Rat Model of Insomnia. Journal of Southern Medical

University 2017; 37(08): 1116-1120.

[53] Rombolà L, Scuteri D, Watanabe C, et al. Role of

5-HT1A Receptor in the Anxiolytic-Relaxant Effects of

Bergamot Essential Oil in Rodent. International Journal of

Molecular Sciences 2020; 21(7): 2597-2597.

[54] Zhuang X. Impacts of IL-33 in the Amygdala upon

Anxiety and Its Molecular Mechanism. Shandong University:

Jinan, China, 2021.

[55] Jiang ZK, Ning EJ, Wang XF, et al. Anti-anxiety Effect of

Platycladi Semen and Related Mechanism. Zhongnan

Pharmacy 2021; 19(12): 2540-2544.

[56] Rombolà L, Scuteri D, Adornetto A, et al. Anxiolytic-Like

Effects of Bergamot Essential Oil Are Insensitive to

Flumazenil in Rats. Evidence-based Complementary and

Alternative Medicine: eCAM 2019; 2019: 2156873.

[57] Amantea D, Fratto V, Maida S, et al. Chapter 27

Prevention of Glutamate Accumulation and Upregulation of

Phospho-Akt may Account for Neuroprotection Afforded by

Bergamot Essential Oil against Brain Injury Induced by Focal

Cerebral Ischemia in Rat. International Review of

Neurobiology 2009; 85: 389-405.

[58] Morrone LA, Rombolà L, Pelle C, et al. The essential oil

of bergamot enhances the levels of amino acid

neurotransmitters in the hippocampus of rat: implication of

monoterpene hydrocarbons. Pharmacological Research 2007;

55(4): 255-262.

[59] Wang CN, Jiang C, Wang H, et al. To Explore the

Mechanism of Anti-depression Effect of Cherry Leaf

Decoction on CUMS Rats based on BDNF Pathway. Traditional

Chinese Drug Research and Clinical Pharmacology 2022;

33(03): 342-348.

[60] Xie XY. Discussion on the Anti-anxiety Effect of

Regulating Spirit Acupuncture Technique based on the HPA

Axis Neuromodulation: A Clinical and Mechanism Research.

Guangzhou University of Traditional Chinese Medicine:

Guangzhou, China, 2021.

[61] Li YM, Li D, Zhang P, et al. Study on the Correlation of

Serum Peroxidoreductase 1 and Brain-derived Neurotrophic

Factor with Symptoms of Depression and Anxiety in Patients

with Irritable Bowel Syndrome. Journal of Clinical and

Experimental Medicine 2022; 21(04): 364-367.

[62] Gao HY, Tian Q. Antidepressant Effect of Fingered Citron

Volatile in Rats. Chinese Journal of Experimental Traditional

Medical Formulae 2012; 18(07): 231-234.

[63] Saiyudthong S, Mekseepralard C. Effect of Inhaling

Bergamot Oil on Depression-Related Behaviors in Chronic

Stressed Rats. Journal of the Medical Association of Thailand

2015; 98: 152-159.

[64] Xiao QQ, Gao J, He LC, et al. Effect of Tianwang Buxin

Pills on HPA-related Hormones and Receptor Genes

Expression in Rats with Generalized Anxiety Disorder of Heart

Yin Deficiency. Liaoning Journal of Traditional Chinese

Medicine 2019; 46(06): 1137-1142.

[65] Yang H, Zhou AM, Lin MH, et al. Research Progress of

Extraction Methods and Pharmacological Effects of Bergamot

Essential Oil. Journal of Food Safety & Quality 2013; 4(05):

1347-1352.

[66] Chen ZB, Zhang B, Liu XM, et al. Research Progress on

the Pathogenesis of Anxiety. Tianjin Journal of Traditional

Chinese Medicine 2018; 35(04): 316-320.

[67] Song MQ, Ma L, Jia LL, et al. Effects of Couplet

Medicines Citron Fruit and Finger Citron on HPT-HPA Axis in

CUMS Rats. China Journal of Traditional Chinese Medicine and

Pharmacy 2017; 32(10): 4633-4636.

https://doi.org/10.62767/jecacm501.1395
https://ojs.exploverpub.com/

	Diosgenin
	Magnoflorine
	1 Introduction
	2 Chemistry of Andrographolide
	3 Applications of Andrographolide 

