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Acorus calamus var. angustatus Besser (ATT) is a traditional herb with a long medicinal history. The volatile oil of ATT (VOA) does possess many pharmacological activities. It can restore the vitality of the brain, nervous system and myocardial cells. It is used to treat various central system, cardiovascular and cerebrovascular diseases. It also showed antibacterial and antioxidant activity. Many studies have explored the benefits of VOA scientifically. This paper reviews the extraction methods, chemical components, pharmacological activities and toxicology of VOA. The molecular mechanism of VOA was elucidated. This paper will serve as a comprehensive resource for further carrying the VOA on improving its medicinal value and clinical use.
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[image: Graphical Abstract]1 INTRODUCTION
Acorus calamus var. angustatus Besser (ATT) is commonly known as the “sweet flag” and is native to China, India, Myanmar, Japan, Mongolia, and others (Gong et al., 2019). ATT is a grass-like, perennial herbaceous plant. It grows at an altitude of 20–2,600 m, mostly in the soils between the water and the mountains or between the water and gravel in the gully. ATT is famous for its medicinal value in Asia. It is one of the important components of the traditional systems of medicine in China and India (Zhang et al., 2015). In traditional Chinese medicine, the rhizome of ATT is often used to treat various diseases, such as anxiety, depression and other neurological diseases; abdominal tumours; epilepsy; dysentery; rheumatism, etc (Ryuk et al., 2014).
Studies have shown that ATT contains volatile oil, flavonoids, alkaloids, organic acids, and other components. The volatile oil is the most important active component and has a good curative effect in treating various diseases (Ma et al., 2015). Modern medicine shows that the volatile oil components of ATT have significant beneficial effects in treating cardiovascular diseases, Alzheimer’s disease and depression. In recent years, researchers have found various volatile oil components from ATT and their beneficial effects in treating various diseases. In this paper, based on previous experimental studies, the extraction processes, chemical composition, pharmacological activity, mechanisms of action and toxicological properties of VOA were reviewed to explore its therapeutic potential and suggest future research directions. Figure 1 shows the Plant morphology and section morphology of ATT.
[image: Figure 1]FIGURE 1 | Plant morphology (A) (B) and section morphology (C) of ATT. (A) Is from Sohu.com, which shows the whole plant of ATT; (B) from Atlas of Materia Medica, also showing the whole plant of ATT; (C) is a slice of root.
2 TECHNOLOGIES TO EXTRACT VOLATILE OIL FROM ACORUS CALAMUS VAR. ANGUSTATUS BESSER
Plant volatile oils are secondary metabolites and they contain small chemical substances. The volatile oil is a complex mixture composed of dozens or hundreds of compounds. According to the chemical composition, it can be divided into terpenoid, aromatic, aliphaticand nitrogen-sulfur containing compounds. Among them, terpenoids are the main components of volatile oil (Yang, 2021). ATT has the effect of awakening spirit and benefiting intelligence, removing dampness and helping digestion, and is used in the clinic to treat various diseases. The volatile oil in ATT is the main active component. In extracting volatile oil from ATT, the technology has the greatest impact on oil quality and extraction rate. Therefore, the technology used to extract volatile oil plays a significant role in studying ATT. In the extraction of volatile oil, it is also very important to select the correct extraction procedure because improper procedures may lead to the destruction of chemical components of volatile oil, thereby affecting its biological activity. The most commonly used volatile oil extraction technologies can be divided into traditional and innovative methods. The traditional method is mainly steam distillation. It requires simple equipment, simple operational procedure and low cost. Steam distillation is also the most commonly used method for extracting volatile oil from ATT. In addition, microwave-assisted extraction is used as a method to improve efficiency. Innovative extraction methods, including ultrasonic and supercritical fluid extraction, have greatly improved the extraction efficiency and are also widely used in volatile oil production (Aziz et al., 2018). In this part, wereviews the main extraction techniques and latest developments in the technology to extract volatile oil.
2.1 Steam distillation method
Steam distillation (HD) is one of the most commonly used methods for extracting volatile oil from plants. It uses the principle that steam carries away volatile components. It is reported that the efficiency to extract volatile oil by HD is 93% (Aziz et al., 2018). This method prevents the decomposition of the components and reduces their boiling points, and HD is widely used due to the advantages of easy operation, low cost, high efficiency, etc (Kaya et al., 2020). However, the disadvantage of HD is the higher temperature, which may cause the thermal decomposition and hydrolysis of the compounds in volatile oil (Yang et al., 2021). In addition, emulsification may occur in this process, making it difficult to separate the oil from water. Recently, many improvements were made in the distillation equipment to overcome the challenges.
Extraction time is one of the main factors affecting volatile oil yield. Božović et al. (2017) reported the effects of distillation duration on yield and quality. Studies have shown that the time required for extraction depends on the nature of the components. Li et al. (2016) investigated the effects of soaking time, liquid-solid ratio and extraction time on the extraction process with three factors and five levels of central composite design. The extraction process was optimised using response surface methodology, and the optimum conditions are: a soaking time of 2.78 h, liquid-solid ratio of 9.09, and extraction time of 6.15 h. The average yield of volatile oil was 1.58%. Shu et al. (2018) extracted the volatile oil from ATT by HD, analysed the chemical components by GC-MS, and identified them using National Insititute of Standards and Technology (NIST) 14.0 mass spectrometry libraries. Finally, the relative contents of chemical components in different plant parts were determined by area normalisation. It is concluded that there are great differences in the volatile oil components content in different parts of ATT.
2.2 Supercritical fluid extraction
Supercritical fluid extraction (SFE) is a relatively new methodology for extracting volatile oil from plants. Compared with traditional extraction methods, SFE is fast, convenient, highly selective (Pourmortazavi and Hajimirsadeghi, 2007), and can be carried out at low temperatures. The solubility of the components can be fine-tuned by selecting appropriate operating conditions to exclude the extraction of unnecessary compounds (Mann et al., 2013). The most commonly used supercritical fluid is CO2 because of its low cost and higher safety. It reaches supercritical conditions at low pressure and temperature, and it is easy to remove from the volatile oil (Grosso et al., 2009).
In 1970, Zosel (Coelho et al., 2012) extracted caffeine from Coffea arabica L. by supercritical fluid extraction, the first application of this extraction technology. Since then, supercritical extraction technology has developed rapidly, and many related studies have been reported. In using supercritical technology, there are many factors affecting the extraction rate, such as sample size and bulk density, extraction time, pressure and temperature (Pourmortazavi and Hajimirsadeghi, 2007). Wang et al. (2011) established a combined technique, SFE and high-speed counter-current chromatography (HSCCC), to extract VOA from ATT at a pressure of 25 MPa and a temperature of 35°C, which has been developed and successfully applied to the extraction and separation α-asarone and β-asarone from the VOA. In addition, Wang et al. (2012) used CO2 SFE to extract the VOA, and optimized the SFE conditions, which were 45 MPa, 35°C, 2 h, providing a reference for the extraction of VOA.
2.3 Microwave-assisted water distillation extraction method
Microwave is non-ionised electromagnetic energy whose frequency ranges from 300 MHZ to 300 GHZ. The microwave energy is transmitted in waves, penetrating biological materials and entering the materials through polar molecules to generate heat (Cardoso-Ugarte et al., 2013). Microwave radiation can destroy cell walls by expanding cells, changing intracellular structure, damaging glands and oil-rich cells, accelerating the movement of aqueous solution and the diffusion of internal components. Microwave-assisted water distillation (MAHD) extraction with water as a solvent is a green and environmentally friendly method to extract volatile oil from plants (Shang et al., 2020). MAHD has been widely used in recent years as a method with short extraction time, low energy consumption, and high efficiency (Wang et al., 2021).
Studies have shown that MAHD has a higher extraction rate in a shorter time than HD (Delazar et al., 2012). The gas chromatography results showed that the concentration of oxygen-containing compounds in the essential oil (extracted using MAHD) was higher and improved the quality of volatile oil (Moradi et al., 2018). Elyemni et al. (2019) explained the difference in time between the MAHD and traditional extraction methods. In MAHD, the heat is transferred via radiation, conduction and convection, whereas in traditional methods, the heat is transferred through conduction and convection. Studies have shown that microwave heating creates the partial pressure gradient and causes internal overheating of the volatile compounds, resulting in faster and more effective embrittlement or rupture of cell walls (Ferhat er al., 2006; Golmakani and Rezaei, 2008; Mohammadhosseini et al., 2021). Therefore, MAHD is a new extraction technology with less time-consuming, high extraction rate, energy saving, cost reduction, and is environmentally friendly. It is a good choice for the extraction of VOA. Table 1 summarizes the advantages and disadvantages of the three extraction methods.
TABLE 1 | Advantages and disadvantages of different extraction methods.
[image: Table 1]3 COMPONENTS OF VOLATILE OIL FROM ACORUS CALAMUS VAR. ANGUSTATUS BESSER
Chemical substances such as aromatic compounds and volatile oils isolated from plants have many biological activities. Since ancient times, the roots, stems, leaves and other parts of ATT have been used to treat various diseases (Weng et al., 2019). Modern studies have shown that VOA is the main substance responsible for its medicinal value (Chen et al., 2020). It has antibacterial, anti-inflammatory, antiproliferative, hypolipidaemic, cell-protective, diuretic and antiurolith properties (Olas and Bryś, 2018). It also has a neuroprotective effect and can reduce cardiovascular and cerebrovascular complications (Lee et al., 2020). It is reported that the volatile oil in ATT can also reduce the stress-induced immunosuppression and enhance the immune function of normal rats (Khwairakpam et al., 2018). Therefore, the volatile oil components of ATT have been highly researched in China and in other parts of the world (Ma et al., 2020).
It is reported that the main bioactive aromatic components in the rhizome of ATT are α-asarone {1,2,4-trimethoxy-5-[(E)-prop-1-yl] benzene} and β-asarone {1,2,4-trimethoxy-5-[(Z)-prop-1-yl] benzene} (Das et al., 2019). The content of asarone in ATT varies with species’ types and polyploid degrees. Among them, the content in tetraploid varieties is the highest, which is 90–96% (Rajput et al., 2014). More and more volatile oil components in ATT have been found in recent years. To explore the structure-activity relationship and pharmacological activity of volatile components, chemistry of the volatile components were investigated. The commonly used analytical instruments include gas chromatography (GC) (Dubrow et al., 2022), ultraviolet spectroscopy (UV) (Lee et al., 2021), infrared spectroscopy (IR) (Zhuang et al., 2021), quadrupole time-of-flight mass spectrometry (Q-TOF) (Hawwal et al., 2021), nuclear magnetic resonance (NMR) (Schripsema et al., 2022), X-ray fluorescence spectroscopy (X-ray) (Soltanzadeh et al., 2021), and high-resolution electrospray ionization mass spectrometry (HRESIMS) (Tong et al., 2010b).
Many studies have reported volatile oil components. Dong et al. (2010b) reported 28 chemical constituents from the ethanol extract of ATT, among which a variety of volatile oil components, and three sesquiterpenes were first reported. Stahl and Keller. (1981) studied the dried rhizome of ATT and found eight new sesquiterpenes, namely, Calamusin A-Calamusin H. α-Asarone and β-asarone are the main active components of ATT possessing beneficial effects in central nervous system diseases (Shi et al., 2021). Asaraldehyde in roots and asarone in leaves are responsible for the odour of volatile oil (Du et al., 2008). Many asarone-derived phenylpropanoids were reported: (-)-R-isoacorphenylpropanoid, ent-acoraminol B, Acoraminol A, Acoraminol C (Zhang F. H. et al., 2019) etc. Bai et al. (2020) reported 25 phenylpropanoids of VOA. Many studies have reported the beneficial effects of phenylpropanoids in treating neurological diseases. Monoterpenoids are important components in VOA, and the reported monoterpenoids are α- and β-pinene, laurylene, p-cymene, terpinene-α, phellandrene-β, terpinene-γ, terpinene, decene and limonene (Lam et al., 2016a).
This paper summarises the various volatile oil compounds reported in the literature and summarised in Table 2. Figure 2 shows the structures of the compounds.
TABLE 2 | List of volatile oil components.
[image: Table 2][image: Figure 2]FIGURE 2 | The composition of volatile of ATT and their structures.
4 PHARMACOLOGICAL ACTIVITIES AND MECHANISMS OF VOLATILE OIL OF ACORUS CALAMUS VAR. ANGUSTATUS BESSER
4.1 Effect on the central nervous system
4.1.1 Neuroprotective effect
ATT is one of the components of Baiyou Powder in ancient China. It is a good product for benefiting vital energy. It can aromatise dampness, wake up the spleen and stomach, remove turbidity and phlegm and promote resuscitation and tranquillisation. It is an important medicine for aromaticity, tranquillisation and resuscitation. It is widely used in clinical practice for epilepsy, amnesia, stroke aphasia, Alzheimer’s disease and other diseases. Its use in these diseases indicates that ATT has the effect of tranquilising mind and brain, which is a good medicine for treating neurological diseases (Quan et al., 2017). Essential oil is the main active compound responsible for the sedative, hypnotic and anticonvulsant effects of ATT (Zhong et al., 2018). α-asarone and β-asarone are important neuroprotective components of the volatile oil (Ning et al., 2016). The quantity of these two compounds depends on the species and origin of ATT. Due to the strong lipophilicity of α-and β-asarone, their oral bioavailability is very poor. However, α-and β-asarone are widely distributed in the brain, indicating that they can penetrate the blood-brain barrier; thus, they have the potential to treat central nervous system diseases. Chellian et al. (2017) found that α-and β-asarone had a negative regulatory effect on glutamatergic neurotransmission. In an in vitro study, α-asarone and β-asarone inhibited the excitotoxicity induced by N-methyl-D-aspartate (NMDA) or glutamate in rat cortical preparations. In addition, Schwann cells around the peripheral axons are involved in the development, regeneration and maintenance of nerve function and structure. After β-asarone treatment, the proliferation and morphology of Schwann cells in rats were improved (Xu et al., 2016). Based on these findings, the neuroprotective effects of α- or β-asarone can be effectively used to treat neurodegenerative diseases. Reddy et al. (2015) studied the preventive effect of ATT powder on stress-induced cognitive function and the regulation of antioxidant and Na+-K+-ATPase activity. They also found that this effect may be neuroprotective against N-methyl-D-aspartic acid (NMDA) or glutamate-induced excitotoxicity.
One study explored the neuroprotective effect of α-asarone and its related mechanism against cerebral ischemia-reperfusion (CIR) stroke (Zhang et al., 2021). Its histological and flow cytometry analysis showed that α-asarone treatment reduced the damage and apoptosis of cells in vitro and in vivo. Furthermore, α-asarone decreased the expression of glial fibrillary acidic protein (GFAP), Iba-1 and LC3II/LC3I and increased the expression of p62. Moreover, α-asarone has a good neuroprotective effect, manifested in reducing epileptic seizures after stroke and improving neurological function. The results showed that α-asarone reduced CIR stroke injury by improving glial activation and autophagy.
VOA has been proven to play a neuroprotective role by protecting cells under oxidative stress (Yan et al., 2020). Oxidative stress is related to the pathogenesis of a variety of neurological diseases, excessive reactive oxygen species (ROS) production will lead to cell damage and mitochondrial dysfunction, which are key factors in the generation of neurological diseases (Witte et al., 2010; Singh and Cancelas, 2020).
Studies have found that the cytoprotective effect of VOA was related to the upregulation of peroxisome proliferator-activated receptor-γ coactivator 1-alpha (PGC-1α) expression (Chaube et al., 2015; Brandt et al., 2017), and the activation of cAMP response element binding protein (CREB) is involved in VOS-induced PGC-1α expression (Bantubungi et al., 2014; Yao et al., 2016). The specific verification process was as follows: 1) PGC-1αsiRNA knockdown resulted in decreased expression of antioxidant proteins under VOA treatment, and subsequently increased intracellular ROS level after H2O2 stress; 2) Inactivation of CREB by H89 resulted in decreased expression of PGC1α and antioxidant proteins under VOA treatment, and subsequently decreased VOA mediated cytoprotective activity after H2O2 stress. Therefore, we conclude that VOA effectively prevents H2O2 -induced cell damage by activating CREB/PGC-1α signaling in cells.
The neuroprotective effect of VOA is one of its important roles. Many studies have confirmed various molecular pathways were involved in the activity of volatile oil. More in-depth studies should be carried out to establish and confirm the neuroprotective mechanisms of ATT and its use in various diseases. The neuroprotective targets and mechanisms of ATT are summarised in Table 3.
TABLE 3 | The neuroprotective targets and mechanisms of VOA.
[image: Table 3]4.1.2 Alzheimer’s disease
Alzheimer’s disease (AD) is an age-related neurodegenerative disease. AD is characterised by progressive memory loss and cognitive dysfunction (Dujardin et al., 2022). The accumulation of extracellular amyloid plaques and intracellular neurofibrillary tangles (NFT) formed by tau protein is considered the main pathological feature of this disease (Yang et al., 2017). Studies have shown that Chinese medicine involves a variety of mechanisms in the treatment of AD, such as inhibiting amyloid deposition and Tau phosphorylation, regulating neurotransmitters, protecting nerve cells from injury and apoptosis, and resisting oxidative stress (Soltani Khaboushan et al., 2022). ATT can improve the learning, memory and behaviour ability in AD animal models, and its main active component is asarone. Asarone is involved in many mechanisms in the treatment of AD (Mikami et al., 2021).
Recent evidence suggests that autophagy might be involved in the pathogenesis of AD (Li et al., 2021). Autophagy is a self-degradative process and plays a critical role in removing long-lived proteins and damaged organelles. A study shows that β-asarone protects cells from Aβ1-induced cytotoxicity by activating the Akt-mTOR signalling pathway, inhibits autophagy, and participates in the neuroprotective effect of β-asarone on Aβ toxicity (Figure 3). In addition, the proliferation and self-renewal of abnormal neural precursor cells (NPC) are related to AD (Mao et al., 2015). During ageing, chronic stress and central nervous system diseases, NPC proliferation and decreased self-renewal may lead to cognitive dysfunction (Lee et al., 2018). Promoting neurogenesis is considered a potential prevention and treatment strategy for AD. Studies have shown that VOA and its active component asarone can promote the proliferation of NPC.
[image: Figure 3]FIGURE 3 | A schematic diagram shows that β-asarone protects cells from Aβ1-induced cytotoxicity by activating Akt-mTOR signaling pathway. Arrows, activation; Discontinuouslines, inhibition; Red, Aβ-induced cytotoxicity; Green, therapeutic mechanism of β-asarone on AD by activating Akt/mTOR pathway.
Further analysis found that α-asarone and β-asarone are two active components of ATT in promoting neurogenesis. ATT and asarone activated extracellular signal-regulated kinase (ERK) and Akt, the two key kinase cascades in neurogenesis. Therefore, ATT and asarone can be used as potential drugs to treat age-related neurodegenerative diseases and neurodegenerative diseases.
Traditional treatment methods of AD involve targeting cholinesterase and N-methyl D-aspartate receptors. However, the aetiology of AD is complex; thus, the treatment of AD by targeting a single target is not possible. Traditional medicines such as ATT use a holistic approach and exhibit multimodal activity. Asarones and their phenylpropanoid derivatives also have protective activities against neuronal oxidative stress (Gayathri et al., 2022). Asarone also possesses antidiabetic activity by promoting insulin and insulin secretion. AD is closely associated with diabetes; thus, asarone’s antidiabetic effect may also help improve AD (Spence et al., 2017).
In addition, oxidative stress and endoplasmic reticulum stress have also been related to the pathology of neurodegenerative diseases such as AD. Oxidative stress is mainly caused by ROS. It plays an important role in cell division and mitochondrial metabolism (Venditti et al., 2013), and multiple key physiological roles such as cell differentiation (Rhee, 2006). Excessive ROS production leads to apoptosis (Schieber and Chandel 2014). Endoplasmic reticulum stress is due to misfolded protein accumulation or calcium imbalance in the endoplasmic reticulum, leading to neuronal injury or apoptosis. Therefore, drugs regulating oxidative stress or endoplasmic reticulum stress can be used as effective candidates for AD treatment. Mikami et al. (2021) found that VOA and α-asarone exert antioxidant effects in mouse macrophages (Shi et al., 2014; Lam et al., 2017). It also protected hippocampal cells from oxidative stress and endoplasmic reticulum stress by reducing ROS production and inhibiting protein kinase RNA-like ER kinase (PERK) signal transduction. It was found that VOA and α-asarone had protective effects on HT22 cell death induced by L-glutamic acid and tunicamycin. In addition, it was proved that VOA and α-asarone reduce cellular oxidative stress and endoplasmic reticulum stress by reducing the ROS production and inhibiting the PERK phosphorylation in endoplasmic reticulum stress.
VOA, together with ginsenoside, showed improved activity in improving the learning and memory ability in AD treatment; thus, there is huge potential to develop these as effective drugs for treating AD (Deng et al., 2015). The targets and mechanisms of VOA in Alzheimer’s disease are summarised in Table 4.
TABLE 4 | The targets and mechanisms of VOA in Alzheimer’s disease.
[image: Table 4]4.1.3 Antidepressant
Depression is a common neurological disease with a high incidence and can seriously endanger the lives of patients. In recent years, due to increased social and personal pressure, many people have depression. It is estimated that depression affects 21% of the world’s population. It is the main cause of disability and death resulting from suicide and increases the incidence of physical disorders. However, antidepressants and mood stabilisers used to treat depression, however they also induce many adverse reactions. Studies have found that plant-derived drugs are safer and effective than synthetic drugs. ATT is known to contain up to 4.86% of essential oil, mainly composed of β-asarone and α-asarone. As indicated in Table 5, the antidepressant effect of VOA has been reported in a growing number of researches. In recent years, studies have reported that VOA can inhibit glutamate-induced excitotoxicity in a concentration-dependent manner. It has neuroprotective effects on cultured cortical neurons by blocking NMDA receptor activity and has antioxidant effects in vitro and in vivo. Han et al. (2013) used a forced swimming test (FST), tail suspension test (TST) and open field test (OFT) to evaluate the antidepressant effect of essential oil and asarone. They found that injection of essential oil and asarone into mice could produce stimulation or antidepressant effects that might alter the antidepressant central nervous system, with minimal immobility. Studies (Chellian et al., 2017) have also shown that acute treatment of α-and β-asarone shows antidepressant activity in TST and FST. These results provide pharmacological support for the antidepressant effect of ATT.
TABLE 5 | The targets and mechanisms of antidepressant effect of VOA.
[image: Table 5]In addition, the antidepressant effect of α-asarone was mediated by the interaction with norepinephrine (α1 and α2 epinephrine receptors) and serotonergic (5-HT1A receptor) systems. The serotonin transporter (SERT) is a classic antidepressant target that terminates 5-HT action on 5-HT receptors through sodium-and chlorine-dependent reuptake of presynaptic neurons by neurotransmitters (Jonathan et al., 2016). At present, most antidepressant drugs are selective SERT inhibitors (SSRI), but tianeptine as SERT enhancer has also shown antidepressant effects (Kasper and Olie, 2002), this indicates that the antidepressant effect of SERT has multiple modes of action. Recently, β-asarone ether, the main substance in the petroleum ether extract of ATT, showed significant SERT enhancement effect. Meanwhile, SERT inhibitors were also present in VOA. The coexistence of SERT enhancers/inhibitors in ATT indicated that ATT had a bidirectional regulatory effect on SERT activity (Zhang Y. et al., 2019).
It was postulated that the antidepressant effect of α-asarone might be mediated by the interaction with the gamma-aminobutyric acid energy (GABAergic) system (Chellian et al., 2016). There is some evidence that α-asarone can improve symptoms of depression caused by gamma-aminobutyric acid (GABA) dysregulation. GABA is the main inhibitory neurotransmitter system in the brain, which is responsible for the overall control and fine tuning of excitatory transmission. Most patients with depression have obvious dysregulation of GABA transport (Fee et al., 2017; Ghosal et al., 2017). The decrease of GABA in patients with depression is often accompanied by the increase of glutamic acid (Glu). This imbalance of inhibitory and excitatory transmitters is an important cause of depression (Bak et al., 2006). Glu is cleared from the synapse through the Glu transporters in astrocytes and metabolized to glutamine (Gln) by glutamine synthetase. Gln is released from astrocytes to presynaptic neurons, where it is converted into Glu through cytoplasmic glutaminase (Niciu et al., 2014). Glu is decarboxylated by glutamate decarboxylase (GAD) in neurons to form GABA. GABA is released into the synaptic gap through GABA transporters on neurons and glial cells, and activates NMDA, GABA receptors (GABARs), etc. On the postsynaptic membrane to produce inhibitory postsynaptic sites (Duman et al., 2019).
On the other hand, β-asarone inhibits stress-induced hippocampal cell death (Dong et al., 2014; Sun et al., 2015), effectively reversing rats’ chronic unpredictable mild stress depression-like behaviour. In addition, β-asarone protects hippocampal neurons from chronic unpredictable mild stress-induced cell death by down-regulating mitogen-activated protein kinase phosphatase-1 (MKP-1), thereby activating extracellular signal-regulated kinase 1/2 (ERK1/2 or mitogen-activated protein kinase) or CREB signalling cascade phosphorylation, thereby up-regulating brain-derived neurotrophic factor (BDNF) expression. In addition, α-and β-asarone phosphorylated CREB by activating the protein kinase A pathway in PC12 cells (Lam et al., 2017) and enhanced neuronal differentiation induced by nerve growth factor (NGF). In another study, α-and β-asarone inhibited monoamine oxidase (MAO). Therefore, VOA and its components can provide new ideas for the development of antidepressants. Table 5 summarizes the anti depression targets and mechanisms of VOA and the And the Figure 4 shows the schematic diagram of GABAergic and CREB/BDNF signaling pathways.
[image: Figure 4]FIGURE 4 | Schematic diagram of GABAergic and CREB/BDNF signaling pathways. Glu, glutamic acid; Gln, glutamine; GABA, gamma-aminobutyric acid; GAD, glutamate decarboxylase; ERK, activation; TrkB, tropomyosin receptor kinase; CBEB, cAMP response element-binding protein; BDNF, brain-derived neurotrophic factor.
4.1.4 Antiepileptic
Epilepsy is a common chronic disease with prevalence rates ranging from 0.5 to 1 percent in most countries. Although there are many antiepileptic drugs, the treatment range of most antiepileptic drugs is narrow (Hazra et al., 2007). Studies have shown that ATT may inhibit symptoms of epilepsy. The electrophysiological results showed that α-asarone had a positive neuromodulation effect on GABAA receptor. But this regulatory effect is not via inhibiting GABA uptake or GABA transaminase (Huang C et al., 2013; Bahr et al., 2019). The specific mechanism of this action is not clear (Liao et al., 1998). However, mice treated with α-asarone had a protective effect on the seizures induced by GABAA receptor antagonist (pentaerythritol or indotoxin). In addition, α-asarone also has an inhibitory effect on the state of epileptic persistence in rats induced by lithium pilocarpine through the positive regulation of the GABAergic system (Chen et al., 2013). Moreover, α-asarone protected N-methyl D-aspartate (a specific NMDA receptor agonist) or guanylate or kainic acid (akainate receptor agonist) (Pages et al., 2010) induced epilepsy in mice. In addition, the radioligand binding experiment confirmed the antagonistic effect of α-asarone on NMDA receptors (Cho et al., 2002).
Further more, in the whole cell voltage clamp recording, the complement inhibition of Nav1.2 current in CNaIIA cells was observed using α-asarone treatment, whose activity is the same as sodium channel blockers (phenytoin and carbamazepine) (Wang et al., 2014). The studies have proven that α-asarone possesses a broad spectrum of antiepileptic activity against various epileptic seizures due to the activation of GABAA receptors, the positive modulatory effect on Glu uptake, and antagonistic effect on Glu uptake activity at NMDA receptors and the inhibition of Nav1.2 currents. On the contrary, Zaugg et al. (2011) found that β-asarone potentiated the GABA-induced chloride current on Xenopus Oocytes expressed with rat GABAA (α1β2γ2S) cDNA, using whole-cell voltage clamp recording. This finding indicates that β-asarone can promote the GABAA receptor. Therefore, further studies should be conducted to confirm the detailed mechanisms of β-asarone in epileptic animal models. The specific mechanisms and targets of VOA in epilepsy are shown in Table 6.
TABLE 6 | The targets and mechanisms of VOA in epilepsy.
[image: Table 6]4.1.5 Anti-anxiety
Anxiety is a response to the stress due to threats, which is normal, but overwhelming or persistent anxiety is dangerous (Peng et al., 2022). Anxiety disorders include generalised anxiety (GAD), panic disorder (PD), social anxiety disorder (SAD), and post-traumatic stress disorder (PTSD) (Crocq, 2015). This disease endangers people’s health and increases the burden on global medical and health undertakings. Many studies are underway for discovering effective drugs for the treatment of anxiety.
Studies have shown that α-asarone isolated from the volatile oil of ATT can regulate the activity of hypothalamic Fcorticotrophin-releasing factor (CR), change the central norepinephrine system, prevent the decrease of BDNF (brain-derived neurotrophic factor), tropomyosin receptor kinase (TrkB) expression in the hippocampus (Lee et al., 2014), decreased BDNF and TrkB expression in the hippocampus is the cause for the development of anxiety. In addition, the one of the effective substances α-asarone of VOA can affect the endogenous corticosterone levels in the central nervous system by regulating the hypothalamus-pituitary-adrenal axis, thereby regulating behaviour and neurochemical reactions (Lee et al., 2014). The results showed that α-asarone could significantly inhibit the increase of nutrient release factor immunoreactivity in the paraventricular nucleus cortex. The findings suggest the anxiolytic effects following the administration of α-asarone are closely associated with thalamic-pituitary-adrenal modulation in the paraventricular nucleus in the hypothalamus and activation of the thalamic-pituitary-adrenal axis (Krishnamurthy et al., 2013). In addition, tyrosine hydroxylase is also involved in stress-induced activation of the central nervous system and stress-related psychological and pathological conditions such as anxiety (Lim et al., 2012). α-asarone plays a role by stimulating the central nervous system. The therapeutic effect of anxiety disorder reverses this activity by increasing the expression of tyrosine hydroxylase in blue spots. Brain-derived neurotrophic factor (BDNF), as an important neurotrophic factor, is also involved in the aetiology and treatment of anxiety (Yi et al., 2012; Yang et al., 2004). Clinical studies have shown that stress-related mental disorders, including anxiety, are associated with decreased levels of BDNF and its receptor TrkB in the brain. Therefore, BDNF-TrkB neurotrophic signalling pathway may play a role in mediating the anti-anxiety effect of α-asarone.
Tian et al. (Tian et al., 2017) believed that the amygdala is a key brain region that coordinates negative emotional responses to threatening stimuli. Excessive excitation can promote anxiety-like behavior because of increased excitatory transmission or decreased inhibitory transmission, and its imbalance leads to the disorder of amygdala neural circuit (Wu et al., 2008). Research shows that the anti-anxiety effect of α-asarone is due to maintaining the balance of excitatory/inhibitory neurotransmitters and inhibiting the excessive excitability of pyramidal neurons in amygdala. The levels of excitatory glutamate receptors (including GluR1 and NR2A) in the amygdala of mice with anxiety symptoms were up-regulated, while the levels of inhibitory GABAA-α2 and GABAA-γ2 receptors were down-regulated. However, the upregulated levels of different NMDA receptor subtypes are also very different. Experiments have shown that blocking NR2A-containing NMDARs reduces total NMDAR currents by nearly 70%, while blocking NR2B-containing NMDARs only reduces NMDAR currents by nearly 15% (Liu et al., 2004; Zhao et al., 2005), because NMDARs containing NR2A and NR2B are associated with different intracellular cascades and play different roles in synaptic plasticity and cytotoxic potential (Wise et al., 2008; Solomon and Herman, 2009). On the other hand, NR2A/NR2B ratio plays a crucial role in synaptic function. When the NR2A/NR2B ratio increases at the protein level, it may lead to pain-related anxiety-like behavior. Inhibition of the up-regulated NR2A/NR2B ratio may be one of the mechanisms of α-asarone anti-anxiety. At the same time, BLA pyramidal neurons are thought to regulate behavior output in an adaptive way by assigning affective value to sensory cues and transmitting the signal to the efferent structure. The high excitability of these neurons can promote the activity of downstream regions, including the hippocampus, nucleus accumbens and prefrontal cortex (Rau et al., 2015), which may produce anxiety-like behavior. Experiments have shown that α-asarone has an inhibitory effect on neuronal discharge rate, which represents another possible mechanism of its anti-anxiety activity.
Chellian et al. (2017) found that α-asarone had an anti-anxiety effect in anxiety animal models such as elevated + maze (EPM), light-dark conversion, new food consumption, and marble burial tests. The commonly used anti-anxiety drugs are serotonergic (for example, buspirone is a 5-HT1A partial agonist) or GABAergic (diazepam, a positive allosteric modulator of GABAA receptors). In addition, the antidepressant and antiepileptic effects of α-asarone were mediated through its interaction with 5-HT1A receptors and GABAA receptors. In vivo studies have shown that 5-HT and GABAergic systems lack anti-anxiety activity, which should be considered in future studies. Table 7 shows the specific mechanisms and targets.
TABLE 7 | The targets and mechanisms of VOA in anxiety.
[image: Table 7]4.2 Cardiovascular diseases
Cardio-cerebrovascular diseases (CVDs) are global non-communicable diseases with a high mortality rate. CVDs include atherosclerosis (common coronary heart disease), cardiomyopathy, stroke, etc. CVDs pose a lot of threats to human survival. The pathogenesis of CVD is complex. It involves oxidative stress, apoptosis, myocardial energy metabolism disorders, and inflammatory response. Long-term clinical studies have found that VOA has a good curative effect on CVDs. The main compounds responsible for the cardioprotective effect are α-asarone and β-asarone. They inhibit platelet aggregation, lower blood lipid, and they can easily pass through the blood-brain barrier. In recent years, many new studies have been initiated to explore the health benefits of VOA in CVD.
Studies have shown that VOA can alleviate isoproterenol (ISO)-induced cardiomyopathy. It is well known that can cause myocardial cell damage under pathological conditions such as hypertension, ischemic heart disease and genetic changes. ISO can affect the level of intracellular calcium contraction and relaxation and further significantly increase the activity of CaN. CaN is a serine/threonine protein phosphatase that dephosphorylates the nuclear factor (NFAT) of activated T cells and then transfers to the nucleus, leading to cardiomyopathy. The study found that taking ATT extract significantly reduced ISO-induced elevated serum CaN levels due to inhibition of adrenergic stimulation. Adrenergic stimulation is responsible for the activation of CaN, thereby limiting NFAT dephosphorylation. The increase of NO in serum is also related to myocardial injury. VOA can reduce NO levels by decreasing iNOS (NO synthase) expression (Figure 5). In addition, VOA can maintain the integrity of the cell membrane and improve calcineurin activity. This evidence shows that VOA has a cardioprotective effect on cardiomyopathy (Singh et al., 2011).
[image: Figure 5]FIGURE 5 | Effect of VOA on cardiomyopathy. Red, the mechanism of cardiomyopathy; Green, the effect of VOA on cardiomyopathy. INOS, NO synthase; NFAT, the nuclear factor of activated T cells; ISO, isoproterenol.
VOA also showed great potential in the treatment of myocardial infarction. Jong-Hoon Kim et al. (2014) found that VOA significantly improved the ISO-induced cardiac dysfunction. In addition, taking VOA can significantly reduce the increase of cardiac injury markers such as cardiac troponin T, tumour necrosis factor, myeloperoxidase activity and cardiac marker enzyme and prevent the consumption of antioxidant parameters. At the same time, the VOA can also inhibit the formation of malondialdehyde. Therefore, after ISO administration, the treatment of VOA can maintain the antioxidant level, inhibit the inflammatory response, and improve cardiac function and cardioprotective effect. Thus, VOA can be used as an auxiliary means for treating and preventing myocardial infarction. Another study (Zang et al., 2021) has shown that the anti-myocardial infarction effect of VOA may be attributed to the inhibition of COX-2 protein apoptosis, the up-regulation of PPAR-α protein regulating energy metabolism, and the activation of VEGF and cAMP signalling pathways. Moreover, based on network pharmacology analysis, the therapeutic effect of VOA on myocardial ischemia may be mediated by COX-2, peroxisome proliferation-activated receptor (PPAR-α), vascular endothelial growth factor (VEGF) and cyclic adenosine monophosphate (cAMP) signalling pathways. Overall, VOA attenuated isoproterenol-induced myocardial ischemia in rats, including superoxide dismutase (SOD) (Figure 6).
[image: Figure 6]FIGURE 6 | Effect of VOA on myocardial infarction. VEGF, vascular endothelial growth factors; SOD, superoxide dismutase; cAMP, also known as protein kinase A system; LDH, lactate dehydrogenase; COX-2, cyclooxygenase.
As one of the effective drugs for treating cardiovascular diseases, ATT has a lot of potentials for further research to understand the in-depth mechanism involved.
4.3 Bacteriostasis
The bacteriostatic action of VOA is one of its important pharmacological activities. Joshi (2016) evaluated the antibacterial activity of VOA and β-asarone in vitro. The results showed that VOA had good bactericidal activity, indicating that it could be used as a preservative. Another study (Kim et al., 2011) showed that VOA contains many methylisobutylenols with significant antibacterial activity, especially for Acnebacterium. Therefore, VOA can also be used as a cosmetic to prevent and treat Acne vulgaris. In addition, Lee et al. (2004) identified antifungal compounds, asarone, and cis-2,4,5-trimethoxy-1propenylbenzene. They completely inhibited the mycelial growth of some plant pathogenic fungi such as conidia, anthracnose, Magnaporthe grisea, and P. multocida. Asarones showed in vitro and in vivo antifungal activities against plant pathogens Magnaporthe grisea and Bacillus rotundus.
Ravindra et al. (2013) studied the antimicrobial activity of VOA and its main component β–asarone, the results showed that they exhibited a broad antifungal index when tested against sixteen food-infesting fungi, even at 0.25 concentration, VOA exhibited pronounced antifungal activity showing inhibition rates between 71.7% and 100% for different fungal species. At 1.0 μl/ml, β-asarone also showed 100% antifungal activity against most tested fungal species. The study also found, the aflatoxin inhibitory concentration of VOA is lower than the earlier reported VOA of Piper betle, Ocimum gratissimum, Zanthoxylum alatum, Cicuta virosa, Cinnamomum jensenianum (Prakash et al., 2010; Prakash et al., 2011; Tian et al., 2011; Prakash et al., 2012; Tian et al., 2012), as well as some popular preservatives (Prakash et al., 2012). Further more, VOA itself is more effective than β-asarone in terms of antimicrobial activity against food-infesting fungi and against aflatoxin secretion, reflecting the synergistic effect of some minor components in the oil on enhancing VOA activity.
Therefore, VOA can be considered as a plant-based preservative. This biologically active plant-based chemical is expected to be more advantageous than synthetic preservatives because they are easy to decompose, environmentally friendly, and mostly have no obvious residues or health risks.
4.4 Antioxidant activity
Many studies have shown that VOA possesses significant antioxidant effects. The neuroprotective effect of VOA is closely associated with its antioxidant activity (Muthuraman and Singh, 2011a). The beneficial effect of VOA in vincristine-induced neuropathic pain may be due to its antioxidant, anti-inflammatory, neuroprotective and calcium inhibition properties (Muthuraman and Singh, 2011b). These findings suggest the antioxidant potential of VOA, and thus, further in-depth research should be carried out. A study has reported the dual activities of VOA, anti-melanogenesis and antioxidant activity. Huang et al. (2012) studied the anti-melanogenesis and antioxidant activity of VOA for the first time. It is reported that VOA could effectively inhibit mushroom tyrosinase activity and B16F10 tyrosinase activity, reduce melanin content and exhaust intracellular reactive oxygen species. VOA effectively scavenged 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radicals. VOA also showed significant reducing power and metal ion chelating activity. This finding indicated that VOA had a strong potential for antioxidant activity and inhibiting melanin. These activities suggest that VOA can be developed into skin care products.
One study has reported that the antioxidant effects of VOA are mediated via scavenging free radicals and increasing the antioxidant levels. The methanol extracts of ATT leaves and rhizomes have been reported by Devi and Ganjewala (2011) as a potential free radical scavenging agent. Ravindra et al. (Ravindra et al., 2013) measured the antioxidant activity of VOA and β-asarone by DPPH free radical scavenging test on TLC and by spectrophotometer according to Tepe et al. (2005). The results showed that VOA and β-asarone both exhibited dose dependent free radical scavenging activity, moreover, the antioxidant activity of VOA is believed to be related to its phytochemicals such as terpenoids and phenolics, which diffuse into the cell membrane structure and destroy it (Gholivand et al., 2010). Another study reported that VOA causes nervous protection in rats’ ischemia induced by middle cerebral artery occlusion. The neuroprotective activity is mediated via lipid peroxidation, glutathione level and SOD activity. Thus, VOA possesses antioxidant, neuroprotective and neurotransmitter regulatory activities, which help treat many diseases (Kardani et al., 2019).
4.5 Other pharmacological activities
Other pharmacological activities of VOA include protection against nickel-induced nephrotoxicity, protection against prostatic hyperplasia, protection against airway diseases, antitumour activity, wound healing activity, protection against the development of resistance to dengue virus, and antihyperglycaemic activity.
It is reported that VOA has a protective effect on nickel chloride-induced nephrotoxicity (Prasad et al., 2006). Nickel is a carcinogen and a common allergen. The nickel chloride decreases the glutathione (GSH), glutathione-S-transferase (GST), glutathione reductase (GR), lipid peroxidation (LPO), H2O2 production, blood urea nitrogen (BUN) and serum creatinine in kidneys. It also reduces the activity of glutathione peroxidase (GPx). Nickel chloride also increases the renal ornithine decarboxylase (ODC) activity and DNA synthesis in the kidney. VOA reversed the kidney’s nickel-induced changes, suggesting that VOA possesses a protective effect against NiCl2 nephrotoxicity in rats.
VOA can also promote wound healing. Wound healing generally includes three stages, inflammation, cell proliferation and remodelling. Ponrasu et al. (2014) reported the wound healing effect of VOA in rats. It has improved the wounds’ collagen, hexosylamine and uronic acid levels. It also increased the tensile strength of the wound by 112% and decreased the lipid peroxide levels. All these findings support the wound healing activity of VOA.
Studies have shown that VOA has strong insecticidal activity against Zostera marina L., Lycoris radiata (L'Hér.) Herb., termites, large stem borer and Nicotiana tabacum L. The ethanol extract of ATT has a strong repellent effect on maise weevil, S. zeamais. The supercritical fluid (CO2) extract of ATT has strong contact toxicity to German cockroaches and Blattella germanica. One study has found that the volatile oil and its components methyl eugenol, (E)-methyl isoeugenol and α-asarone from the rhizome of ATT have the potential to develop into natural fumigators or insecticides for controlling bookhoppers (Liu et al., 2013). Furthermore, Ravindra et al. (2014) studied the insect repellant, mortality, oviposition deterrent and antifeedant effects of VOA and its main component β-asarone. It was found that intact VOA was more effective than β-asarone, indicating that some additional secondary components of VOA had synergistic effects with β-asarone, resulting in enhanced activity of the intact VOA. Previous studies have found that the mode of action of VOA against insect pests is that its components have a neurotoxic effect on insects, interrupting the function of octopamine, a neuromodulator, leading to a complete collapse of the insect nervous system (Coats et al., 1991; Kostyukovsky et al., 2002). As a plant-derived compound with biodegradable, non-polluting, no significant residue or phytotoxicity, VOA shows a greater advantage in insecticide resistance than synthetic pesticides.
VOA has the function of regulating the respiratory system. It is reported that it relaxes the airways by inhibiting calcium channels and phosphodiesterase. It also contains a new anticholinergic compound that is similar to papaverine. These combinations produce a relaxing effect through a novel mechanism (Shah and Gilani, 2010). Further in-depth studies should be carried out to confirm the molecular mechanisms.
5 TOXICOLOGY
The main toxic components of ATT are asarones in the volatile oil. Pure α-asarone is a colourless crystalline solid, and β-asarone is a light yellow oily liquid. The major metabolite of α-asarone is (E)-30-hydroxyasarone. The epoxidation of α-asarone may lead to (E)-asarone-10,20-epoxides, which are immediately hydrolysed to form red-and threonine-configured diols (5bα5a). O-demethylation of α-asarone also occurs. (E)-asarone-10,20-epoxides are the highly active carcinogens of α-asarone (Cartus and Schrenk, 2016).
In addition, the genotoxicity of VOA is closely related to asarone epoxides. Stegmüller (2018) and colleagues found that asarone epoxides showed activity in DNA reaction tests. These asarone epoxide-related DNA adducts were also found in primary rat hepatocytes and poultry fetuses after administration of the parental compounds (Kobets et al., 2019). These evidences demonstrate that asarone-mediated carcinogenicity has a direct interaction with DNA. An acceptable daily intake (ADI) for nutritional exposure cannot be derived for β-asarone because it causes genotoxicity. Producing ATT products using diploid varieties with the lowest β-asarone content is generally recommended. ATT volatile oil and its preparations are prohibited in the United States. In the European Union, β-asarone and calamus oil is prohibited for seasoning purposes (Uebel et al., 2021).
Another study showed that β-asarone could cause duodenal cancer, inhibit the central nervous system and causes hepatotoxicity (Jaiswal et al., 2015), but the mechanism is unclear. As early as the 20th century, there were studies on the carcinogenicity of asarone. In 1967, Taylor and Jones. (1967) fed rats with different doses (500%–5,000%) of VOA containing β-asarone mixed feed for 59 weeks, in all dose groups can be seen part of the duodenal malignant tumor. Grosss et al. (1967) considered that β-asarone is carcinogenic. In 1971, the US FDA also declared that the asarone in VOA is carcinogenic (Haberman, 1971). In chronic toxicity studies, B6C3F1 male mice (preweaning, 12 days) treated with a single dose (52 mg/kg, i. p.) or continuous doses (days 1, 8, 15, and 22, with a total dose of about 1mg, i. p.) of α or β-asarone developed liver cancer at 10 months (single dose) and 13 months (continuous dose) autopsy (Wiseman et al., 1987). These studies suggest that α or β-asarone may cause hepatocellular carcinoma. In addition, α-asarone (GI50 46.0 ± 1.0 μg/ml) and β-asarone (GI50 40.0 ± 2.0 μg/ml) were cytotoxic to human hepatocytes (THLE-2) cells (Patel et al., 2015). It is worth noting that the reports of carcinogenicity and mutagenicity of VOA are concentrated in the sixties and seventies, in recent years, even reported that VOA has anticancer activity. Therefore, it seems that further in vivo studies are needed to confirm the hepatotoxic effects of asarone on chronic administration.
In the acute toxicity test (Han et al., 2013), intragastric administration of 400 mg/kg and 500 mg/kg asarone had toxic effects, but it was mild. The toxicity of 600 mg/kg dose was enhanced, and the mortality of mice was 33.3% (3/10) at 24 h after administration. The toxicity of 700 mg/kg dose was further enhanced, and the mortality of mice was 90% at 2 h after administration. At a dose of 800 mg/kg for 0.5 h, all mice died. The results showed that when the dose of β-asarone was higher than 500 mg/kg, it could cause acute death in mice, and the toxicity of β-asarone increased with the increase of dose. The toxic time of β-asarone mainly appeared in 15 min-6 h after administration. The main symptoms of mice after administration in this study were eyelid closure, dyskinesia, clonic and tonic convulsions, indicating that the role of β-asarone is closely related to the central nervous system, but its toxic target organs need further study. Acute toxicity test is of great significance to preliminarily clarify the toxicity of drugs and understand their possible toxic target organs, moreover, the information obtained from single dose toxicity test has important reference value for the initial dose design of repeated dose toxicity test. However, the acute toxicity test schedule is short, and the pathological changes of tissues and organs require a certain time process. Therefore, if the toxic effect of the drug is to be further determined, the toxicity test of repeated administration is required.
Shang (2015) found that α-asarone can lead to down-regulation of selenoprotein (Sepn1) gene expression, thereby opening the blood-brain barrier, its brain activity can help us solve the problem of drug delivery across the blood-brain barrier. However, α-asarone shows reproductive toxicity to zebrafish embryo development, and its biosafety is worrying. Salazar et al. (1992) administered different doses of α-asarone to pregnant mice, the results showed that the 60 mg/kg dose group observed obvious maternal toxicity, decreased weight gain, and multiple fetal malformations, including hydrocephalus, multiple ribs, deformed feet and cleft lip. Chamorro et al. (1998) administered male mice with α-asarone at doses of 0, 10, 30 mg/kg per day for 5 days, and found that the failure rate of sperm implantation increased, and sperm aggregation and activity decreased, suggesting that α-asarone had a direct toxic effect on sperm.
In addition, β-asarone can dose-dependently inhibit the frequency, amplitude, duration time, area, and significantly inhibit excitatory postsynaptic currents of tonic/expiratory airway preganglionic parasympathetic motoneurons/inspiratory airway preganglionic parasympathetic motoneurons with significantly reduction on frequency and amplitude (Qiu et al., 2011), suggesting β-asarone may bechance the inhibition of neurotransmission in the medullary respiratory neural network that leads to acute respiratory disorder.
The toxicity of VOA also shows its tropism to insects (Chen et al., 2015). Yooboon et al. (2019) studied the cytotoxicity of β-asarone on SF9 insect cells. They found that the morphological changes of cells treated with β-asarone were typical apoptosis, including adhesion loss, cell shrinkage, and small apoptotic bodies. Moreover, the DNA ladder structure in the analysis of SF9 cells and Annexin V treated with β-asarone confirmed that this compound could induce insect cell apoptosis. These results suggest that apoptosis induction is one of the mechanisms of β-asarone involved in inhibiting insect cell proliferation. Therefore, the use of ATT should be strictly controlled dose, so as not to cause toxic reaction, harm people’s health.
In traditional medicine, ATT is often used in combination with ginseng, tuckahoe, bupleurum, polygala and other medicinal materials (Cai, et al., 2021; Wu, et al., 2022). The relevant long-toxic acute toxicity test (Zhang, et al., 2013; Zhou, et al., 2018) and clinical results (Bao, et al., 2011) show that the compatibility of drugs can effectively reduce the toxic reaction caused by ATT, which is considered to be the result of the interaction of drugs during use. However, reports on the mechanism of attenuation are almost blank, which will be one of the focuses of future research.
6 SUMMARY
ATT is a famous medicinal plant, which rhizomes are widely used in China, India, the United States, Thailand and South Korea, and is often used to treat neurological diseases, cardiovascular and cerebrovascular diseases, etc. ATT contains volatile oil, organic acids, flavonoids and other active components, among which volatile oil is the main component of various pharmacological effects of ATT. This review introduces several commonly used extraction methods of volatile oil, including steam distillation, supercritical fluid extraction and microwave-assisted extraction. Among them, steam distillation is the most classical method of volatile oil extraction. It is easy to operate, has a high extraction rate, and often becomes the first choice for volatile oil extraction. However, steam distillation is time-consuming and destroys the thermally sensitive components. Therefore, supercritical extraction and microwave-assisted extraction are favoured under the condition of allowable cost as they are fast, convenient, and highly selective. This paper summarises the compounds present in the volatile oil. In recent years, various modern instruments have been used to isolate the compounds from volatile oil. Their structure-activity relationships have been explored. The ultraviolet, infrared spectroscopy, gas chromatography, etc. are the main analytical techniques used to isolate compounds from VOA.
In addition, the pharmacological activities of ATT volatile oil for its activity on the central nervous system, cardiovascular and cerebrovascular systems, antibacterial and antioxidant activities were summarized in this review, some molecular mechanisms of action and molecular pathways of VOA were also mentioned. Asarone is the major bioactive compound in the volatile oil of ATT, responsible for many pharmacological activities, and it is an effective substance that can bring enlightenment to the future development of new drugs. However, in-depth studies should be carried out to explore further the mechanisms involved in the various pharmacological effects of VOA, to provide sufficient scientific basis and new insights for future quality assessment, clinical application and drug discovery.
However, it should be noted that VOA has cardiotoxicity, hepatotoxicity, reproductive toxicity and carcinogenicity. Tetraploids of ATT are highly toxic and were banned as drugs and condiments in many countries. Diploids are less toxic; thus, it is preferred in medicine and other industries. The asarone in VOA is found to be principally responsible for the toxic effects of VOA. For better application of VOA, safety assessment should be given priority. In China, VOA has been clinically tested to treat respiratory and nervous system diseases. Therefore, the toxicity of VOA should be observed and evaluated in combination with clinical experience, such as dose, drug use time, syndrome and target system, so as to avoid harm to human body. In addition, many components in VOA can be well extracted by ethanol, so the development or monitoring of ATT preparations using ethanol solvents also requires vigilance. ATT is often used in combination with other herbs in clinical applications, but there are few reports on their interactions. In the future, we can focus on the synergistic or antagonistic effects of some herbs or drugs with ATT. Finally, the study found that the content of ATT substances from different sources is very different. Therefore, supervision should be strengthened to identify ATT authoritatively before clinical application, so as to achieve better quality control.
As the main active ingredient of ATT, VOA has very high medicinal value, and is worthy of further study to develop better new drugs. At the same time, it is also being used as a condiment and natural insecticide. Thus, VOA has multifaceted potential in medicine and agriculture, which requires further in-depth studies. It is hoped that this review will stimulate interest in the ethnomedicine community and lead some efforts to modernize medicinal plants and learn from each other‘s strengths to make VOA better serve humans.
AUTHOR CONTRIBUTIONS
DB, XL: Conceptualization, Writing-original draft. SW: Methodology, Software, Resources, Data curation. TZ, YW, QW, WD: Validation, Formal analysis, Investigation, Visualization. JS, PG: Validation, Supervision. LD, SW, YL: Conceptualization, Validation, Writing-review and editing, Project administration, Funding acquisition.
FUNDING
This work was supported by the key technology of preparation of Chinese herbal formula containing volatile oil and the support of industrialization research project (YDZX2021050).
ACKNOWLEDGMENTS
Furthermore, all the authors of the manuscript also thank and acknowledge their respective Universities and Institutes.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Aziz, Z. A. A., Ahmad, A., Setapar, S. H. M., Karakucuk, A., Azim, M., Lokhat, D., et al. (2018). Essential oils: Extraction techniques, pharmaceutical and therapeutic potential - a review. Curr. Drug Metab. 19 (13), 1100–1110. doi:10.2174/1389200219666180723144850
 Bahr, T. A., Rodriguez, D., Beaumont, C., and Allred, K. (2019). The effects of various essential oils on epilepsy and acute seizure: A systematic review. Evid. Based. Complement. Altern. Med. 2019, 6216745. doi:10.1155/2019/6216745
 Bai, Y., Sun, Y., Xie, J., Li, B., Bai, Y., Zhang, D., et al. (2020). The asarone-derived phenylpropanoids from the rhizome of Acorus calamus var. angustatus Besser. Phytochemistry 170, 112212. doi:10.1016/j.phytochem.2019.112212
 Bak, L. K., Schousboe, A., and Waagepetersen, H. S. (2006). The glutamate/GABA-glutamine cycle: Aspects of transport, neurotransmitter homeostasis and ammonia transfer. J. Neurochem. 98, 641–653. doi:10.1111/j.1471-4159.2006.03913.x
 Bantubungi, K., Hannou, S. A., Caron-Houde, S., Vallez, E., Baron, M., Lucas, A., et al. (2014). Cdkn2a/p16Ink4a regulates fasting-induced hepatic gluconeogenesis through the PKA-CREB-PGC1 α pathway. Diabetes 63 (10), 3199–3209. doi:10.2337/db13-1921
 Bao, Z. X., Zhao, G. P., Sun, W., and Chen, B. J. (2011). Clinical observation on treatment of mild and moderate depression with kaixin powder. J. Chin. Arch. Trad. Med. 29 (05), 987–988. doi:10.13193/j.archtcm.2011.05.52.baozx.042
 Božović, M., Navarra, A., Garzoli, S., Pepi, F., and Ragno, R. (2017). Esential oils extraction: A 24-hour steam distillation systematic methodology. Nat. Prod. Res. 31 (20), 2387–2396. doi:10.1080/14786419.2017.1309534
 Brandt, N., Dethlefsen, M. M., Bangsbo, J., and Pilegaard, H. (2017). PGC-1α and exercise intensity dependent adaptations in mouse skeletal muscle. PloS one 12 (10), e0185993. doi:10.1371/journal.pone.0185993
 Cai, T. T., Ma, B. X., Shi, W. L., Zhou, R. Y., Kong, Y. M., Zhang, X. M., et al. (2021). Research progress of acorus tatarinowii schott related drugs. J. Glo. Trad. Chin. Med. 14 (10), 1917–1922. 
 Cardoso-Ugarte, G. A., Juárez-Becerra, G. P., Sosa-Morales, M. E., and López-Malo, A. (2013). Microwave-assisted extraction of essential oils from herbs. J. Microw. Power Electromagn. Energy 47 (1), 63–72. doi:10.1080/08327823.2013.11689846
 Cartus, A. T., and Schrenk, D. (2016). Metabolism of the carcinogen alpha-asarone in liver microsomes. Food Chem. Toxicol. 87, 103–112. doi:10.1016/j.fct.2015.11.021
 Chamorro, G., Garduno, L., Martínez, E., Madrigal, E., Tamariz, J., and Salazar, M. (1998). Dominant lethal study of alpha-asarone in male mice. Toxicol. Lett. 99 (2), 71–77. doi:10.1016/s0378-4274(98)00041-1
 Chaube, B., Malvi, P., Singh, S. V., Mohammad, N., Viollet, B., and Bhat, M. K. (2015). AMPK maintains energy homeostasis and survival in cancer cells via regulating p38/PGC-1α-mediated mitochondrial biogenesis. Cell. Death Discov. 1, 15063. doi:10.1038/cddiscovery.2015.63
 Chellian, R., Pandy, V., and Mohamed, Z. (2016). Biphasic effects of α-asarone on immobility in the tail suspension test: Evidence for the involvement of the noradrenergic and serotonergic systems in its antidepressant-like activity. Front. Pharmacol. 7, 72. doi:10.3389/fphar.2016.00072
 Chellian, R., Pandy, V., and Mohamed, Z. (2017). Pharmacology and toxicology of α- and β-asarone: A review of preclinical evidence. Phytomedicine 32, 41–58. doi:10.1016/j.phymed.2017.04.003
 Chen, H. P., Yang, K., Zheng, L. S., You, C. X., Cai, Q., and Wang, C. F. (2015). Repellant and insecticidal activities of shyobunone and isoshyobunone derived from the essential oil of Acorus calamus rhizomes. Pharmacogn. Mag. 11 (44), 675–681. doi:10.4103/0973-1296.165543
 Chen, Q. X., Miao, J. K., Li, C., Li, X. W., Wu, X. M., and Zhang, X. P. (2013). Anticonvulsant activity of acute and chronic treatment with a-asarone from Acorus gramineus in seizure models. Biol. Pharm. Bull. 36 (1), 23–30. doi:10.1248/bpb.b12-00376
 Chen, X. Y., Liao, D. C., Sun, M. L., Cui, X. H., and Wang, H. B. (2020). Essential oil of acorus tatarinowii schott ameliorates aβ-induced toxicity in Caenorhabditis elegans through an autophagy pathway. Oxid. Med. Cell. Longev. 2020, 3515609. doi:10.1155/2020/3515609
 Cho, J., Kim, Y. H., Kong, J. Y., Yang, C. H., and Park, C. G. (2002). Protection of cultured rat cortical neurons from excitotoxicity by asarone, a major essential oil component in the rhizomes of Acorus gramineus. Life Sci. 71 (5), 591–599. doi:10.1016/s0024-3205(02)01729-0
 Coats, J. R., Kar, L. L., and Drewes, C. D. (1991). “Toxicity and neurotoxic effects of monoterpenoids in insects and earthworms,” in Naturally occurring pest bioregulators,ACS symposium series No. 449 ed . Editor P. A. Hedin (Washington. DC: American Chemical Society), 305–316.
 Coelho, J. P., Cristino, A. F., Matos, P. G., Rauter, A. P., Nobre, B. P., Mendes, R. L., et al. (2012). Extraction of volatile oil from aromatic plants with supercritical carbon dioxide: Experiments and modeling. Molecules 17 (9), 10550–10573. doi:10.3390/molecules170910550
 Crocq, M. A. (2015). A history of anxiety: From hippocrates to DSM. Dialogues Clin. Neurosci. 17 (3), 319–325. doi:10.31887/DCNS.2015.17.3/macrocq
 da Silva, S. M., and Dagnino, D. (2022). Differential NMR and chromatography for the detection and analysis of adulteration of vetiver essential oils. Talanta 237, 122928. doi:10.1016/j.talanta.2021.122928
 Das, B. K., Swamy, A. V., Koti, B. C., and Gadad, P. C. (2019). Experimental evidence for use of Acorus calamus (asarone) for cancer chemoprevention. Heliyon 5 (5), e01585. doi:10.1016/j.heliyon.2019.e01585
 Delazar, A., Nahar, L., Hamedeyazdan, S., and Sarker, S. D. (2012). Microwave-assisted extraction in natural products isolation. Methods Mol. Biol. 864, 89–115. doi:10.1007/978-1-61779-624-1_5
 Deng, M. Z., Huang, L. P., and Fang, Y. Q. (2015). Effects of total ginsenosides and volatile oil of acorus tatarinowii Co-administration on ability of learning and memory and apoptosis in Alzheimer's disease mice model induced by D-galactose and aluminium chloride. J. Chin. Med. Mater. 38 (5), 1018–1023. 
 Devi, S. A., and Ganjewala, D. (2011). Antioxidant activities of methanolic extracts of sweet-flag (Acorus calamus) leaves and rhizomes. J. Herbs Spices Med. Plants 17, 1–11. doi:10.1080/10496475.2010.509659
 Dong, H., Gao, Z., Rong, H., Jin, M., and Zhang, X. (2014). β-asarone reverses chronic unpredictable mild stress-induced depression-like behavior and promotes hippocampal neurogenesis in rats. Molecules 19 (5), 5634–5649. doi:10.3390/molecules19055634
 Dong, W., Li, M., Yang, D., and Lu, R. (2010b). Two new sesquiterpenes from Acorus calamus. Planta Med. 76 (15), 1742–1745. doi:10.1055/s-0030-1249833
 Dong, W., Yang, D., and Lu, R. (2010a). Chemical constituents from the rhizome of Acorus calamus L. Planta Med. 76, 454–457. doi:10.1055/s-0029-1186217
 Du, Z., Clery, R. A., and Hammond, C. J. (2008). Volatiles from leaves and rhizomes of fragrant acorus spp. (acoraceae). Chem. Biodivers. 5 (6), 887–895. doi:10.1002/cbdv.200890102
 Dubrow, G. A., Forero, D. P., and Peterson, D. G. (2022). Identification of volatile compounds correlated with consumer acceptability of strawberry preserves: Untargeted GC-MS analysis. Food Chem. 378, 132043. doi:10.1016/j.foodchem.2022.132043
 Dujardin, P., Vandenbroucke, R. E., and Van, H. L. (2022). Fighting fire with fire: The immune system might be key in our fight against Alzheimer's disease. Drug Discov. Today 27 (5), 1261–1283. doi:10.1016/j.drudis.2022.01.004
 Duman, R. S., Sanacora, G., and Krystal, J. H. (2019). Altered connectivity in depression: GABA and glutamate neurotransmitter deficits and reversal by novel treatments. Neuron 102 (1), 75–90. doi:10.1016/j.neuron.2019.03.013
 Elyemni, M., Louaste, B., Nechad, I., Elkamli, T., Bouia, A., Taleb, M., et al. (2019). Extraction of essential oils of rosmarinus officinalis L. By two different methods: Hydrodistillation and microwave assisted hydrodistillation. ScientificWorldJournal. 2019, 3659432. doi:10.1155/2019/3659432
 Esfandiari, E., Ghanadian, M., Rashidi, B., Mokhtarian, A., and Vatankhah, A. M. (2018). The effects of acorus calamus L. In preventing memory loss, anxiety, and oxidative stress on lipopolysaccharide-induced neuroinflammation rat models. Int. J. Prev. Med. 9, 85. doi:10.4103/ijpvm.IJPVM_75_18
 Fee, C., Banasr, M., and Sibille, E. (2017). Somatostatin-positive gamma-aminobutyric acid interneuron deficits in depression: Cortical microcircuit and therapeutic perspectives. Biol. Psychiatry 82, 549–559. doi:10.1016/j.biopsych.2017.05.024
 Ferhat, M. A., Meklati, B. Y., Smadja, J., and Chemat, F. (2006). An improved microwave Clevenger apparatus for distillation of essential oils from orange peel. J. Chromatogr. A 1112 (1-2), 121–126. doi:10.1016/j.chroma.2005.12.030
 Gayathri, S., Chandrashekar, H. R., and Fayaz, S. M. (2022). Phytotherapeutics against Alzheimer's disease: Mechanism, molecular targets and challenges for drug development. CNS. Neurol. Disord. Drug. Targets. 21 (5), 409–426. doi:10.2174/1871527320666210920120612
 Gholivand, M. B., Rahimi, N. M., Batooli, H., and Ebrahimabadi, A. H. (2010). Chemical composition and antioxidant activities of the essential oil and methanol extracts of Psammogeton canescens. Food Chem. Toxicol. 48 (1), 24–28. doi:10.1016/j.fct.2009.09.007
 Ghosal, S., Hare, B., and Duman, R. S. (2017). Prefrontal cortex GABAergic deficits and circuit dysfunction in the pathophysiology and treatment of chronic stress and depression. Curr. Opin. Behav. Sci. 14, 1–8. doi:10.1016/j.cobeha.2016.09.012
 Golmakani, M. T., and Rezaei, K. (2008). Comparison of microwave-assisted hydrodistillation withthe traditional hydrodistillation method in the extractionof essential oils from Thymus vulgaris L. Food Chem. 109 (4), 925–930. doi:10.1016/j.foodchem.2007.12.084
 Gong, Y. T., Hua, T. Y., Jiang, N., and Yu, W. B. (2019). Complete plastome sequence of Acorus tatarinowii (Acoraceae), a traditional Chinese medicinal plant from Xishuangbanna, Yunnan, China. Mitochondrial DNA. B Resour. 5 (1), 226–228. doi:10.1080/23802359.2019.1694852
 Grosso, C., Figueiredo, A. C., Burillo, J., Mainar, A. M., Urieta, J. S., Barroso, J. G., et al. (2009). Supercritical fluid extraction of the volatile oil from Santolina chamaecyparissus. J. Sep. Sci. 32 (18), 3215–3222. doi:10.1002/jssc.200900350
 Grosss, M. A., Jones, W. L., and Cook, E. L. (1967). Carcinogenicityofoilcala mus. Proc. Assoc. Cancer. Res. (8), 24. 
 Haberman, R. T. (1971). Rep. Food Drug Adm.155, 70.
 Han, P., Han, T., Peng, W., and Wang, X. R. (2013). Antidepressant-like effects of essential oil and asarone, a major essential oil component from the rhizome of Acorus tatarinowii. Pharm. Biol. 51 (5), 589–594. doi:10.3109/13880209.2012.751616
 Hao, Z. Y., Liang, D., Luo, H., Liu, Y. F., Ni, G., Zhang, Q. J., et al. (2012). Bioactive sesquiterpenoids from the rhizomes of Acorus calamus. J. Nat. Prod. 75 (6), 1083–1089. doi:10.1021/np300095c
 Hawwal, M. F., Ali, Z., Wang, M., Zhao, J., Lee, J., Fantoukh, O. I., et al. (2021). (E)-2, 6, 10-Trimethyldodec-8-en-2-ol: An undescribed sesquiterpenoid from copaiba oil. Molecules 26 (15), 4456. doi:10.3390/molecules26154456
 Hazra, R., Ray, K., and Guha, D. (2007). Inhibitory role of Acorus calamus in ferric chloride-induced epileptogenesis in rat. Hum. Exp. Toxicol. 26 (12), 947–953. doi:10.1177/0960327107087791
 Huang, C., Li, W. G., Zhang, X. B., Wang, L., Xu, T., Wu, D., et al. (2013). α-asarone from Acorus gramineus alleviates epilepsy by modulating A-type GABA receptors. Neuropharmacology 65, 1–11. doi:10.1016/j.neuropharm.2012.09.001
 Huang, H. C., Wang, H. F., Yih, K. H., Chang, L. Z., and Chang, T. M. (2012). The Dual Antimelanogenic and Antioxidant Activities of the Essential Oil Extracted from the Leaves of Acorus macrospadiceus (Yamamoto) F. N. Wei et Y. K. Li. Evid. Based. Complement. Altern. Med. 2012, 781280. doi:10.1155/2012/781280
 Jaiswal, Y., Liang, Z., Ho, A., Chen, H., and Zhao, Z. (2015). Metabolite profiling of tissues of Acorus calamus and Acorus tatarinowii rhizomes by using LMD, UHPLC-QTOF MS, and GC-MS. Planta Med. 81 (4), 333–341. doi:10.1055/s-0035-1545694
 Jonathan, A. C., Evan, M. G., and Eric, G. (2016). X-ray structures and mechanism of the human serotonin transporter. Nature 532, 334–339. doi:10.1038/nature17629
 Joshi, R. K. (2016). Acorus calamus linn.: Phytoconstituents and bactericidal property. World J. Microbiol. Biotechnol. 32 (10), 164. doi:10.1007/s11274-016-2124-2
 Kardani, A., Soltani, A., Sewell, R. D. E., and Shahrani, M. (2019). Neurotransmitter, antioxidant and anti-neuroinflammatory mechanistic potentials of herbal medicines in ameliorating autism spectrum disorder. Curr. Pharm. Des. 25 (41), 4421–4429. doi:10.2174/1381612825666191112143940
 Kasper, S., and Olie, J. P. (2002). A meta-analysis of randomized controlled trials of tianeptine versus SSRI in the short-term treatment of depression. Eur. Psychiatry 17 (3), 331–340. doi:10.1016/s0924-9338(02)00651-x
 Kaya, D. A., Ghica, M. V., Dănilă, E., Öztürk, Ş., Türkmen, M., Kaya, M. G., et al. (2020). Selection of optimal operating conditions for extraction of myrtus communis L. Essential oil by the steam distillation method. Molecules 25 (10), 2399. doi:10.3390/molecules25102399
 Khwairakpam, A. D., Damayenti, Y. D., Deka, A., Monisha, J., Roy, N. K., Padmavathi, G., et al. (2018). Acorus calamus: A bio-reserve of medicinal values. J. Basic Clin. Physiol. Pharmacol. 29 (2), 107–122. doi:10.1515/jbcpp-2016-0132
 Kim, J. H., Chung, H. S., Antonisamy, P., Lee, S. R., and Bae, H. (2014). Cardioprotective effect of rhizomes of Acorus gramineus against isoproterenol-induced cardiac damage in pigs. Cardiovasc. Toxicol. 14 (2), 183–192. doi:10.1007/s12012-014-9243-5
 Kim, W. J., Hwang, K. H., Park, D. G., Kim, T. J., Kim, D. W., Choi, D. K., et al. (2011). Major constituents and antimicrobial activity of Korean herb Acorus calamus. Nat. Prod. Res. 25 (13), 1278–1281. doi:10.1080/14786419.2010.513333
 Kobets, T., Cartus, A. T., Fuhlbrueck, J. A., Brengel, A., Stegmüller, S., Duan, J. D., et al. (2019). Assessment and characterization of DNA adducts produced by alkenylbenzenes in fetal Turkey and chicken livers. Food Chem. Toxicol. 129, 424–433. doi:10.1016/j.fct.2019.05.010
 Kostyukovsky, M., Rafaeli, A., Gileadi, C., Demchenko, N., and Shaaya, E. (2002). Activation of octopaminergic receptors by essential oil constituents isolated from aromatic plants: Possible mode of action against insect pests. Pest Manag. Sci. 58 (11), 1101–1106. doi:10.1002/ps.548
 Krishnamurthy, S., Garabadu, D., and Joy, K. P. (2013). Risperidone ameliorates post-traumatic stress disorder-like symptoms in modified stress re-stress model. Neuropharmacology 75, 62–77. doi:10.1016/j.neuropharm.2013.07.005
 Lam, K. Y., Chen, J., Lam, C. T., Wu, Q., Yao, P., Dong, T., et al. (2016b). Asarone from acori tatarinowii rhizoma potentiates the nerve growth factor-induced neuronal differentiation in cultured PC12 cells: A signaling mediated by protein kinase A. PLoS One 11 (9), e0163337. doi:10.1371/journal.pone.0163337
 Lam, K. Y. C., Yao, P., Wang, H., Ran, D., Dong, T. X. T., and Karl, W. K. T. (2017). Asarone from acori tatarinowii rhizome prevents oxidative stress-induced cell injury in cultured astrocytes: A signaling triggered by Akt activation. PLoS One 12 (6), e0179077. doi:10.1371/journal.pone.0179077
 Lam, K. Y., Ku, C. F., Wang, H. Y., Chan, G. K., Yao, P., Lin, H. Q., et al. (2016a). Authentication of Acori Tatarinowii Rhizoma (Shi Chang Pu) and its adulterants by morphological distinction, chemical composition and ITS sequencing. Chin. Med. 11, 41. doi:10.1186/s13020-016-0113-x
 Lee, B., Sur, B., Yeom, M., Shim, I., Lee, H., and Hahm, D. H. (2014). Alpha-asarone, a major component of acorus gramineus, attenuates corticosterone-induced anxiety-like behaviours via modulating TrkB signaling process. Korean J. Physiol. Pharmacol. 18 (3), 191–200. doi:10.4196/kjpp.2014.18.3.191
 Lee, H. J., Ahn, S. M., Pak, M. E., Jung, D. H., Lee, S. Y., Shin, H. K., et al. (2018). Positive effects of α-asarone on transplanted neural progenitor cells in a murine model of ischemic stroke. Phytomedicine 51, 151–161. doi:10.1016/j.phymed.2018.09.230
 Lee, J. H., Lee, Y. Y., Lee, J., Jang, Y. J., and Jang, H. W. (2021). Chemical composition, antioxidant, and anti-inflammatory activity of essential oil from omija (schisandra chinensis (turcz.) baill.) produced by supercritical fluid extraction using CO2. Foods 10 (7), 1619. doi:10.3390/foods10071619
 Lee, J. Y., Lee, J. Y., Yun, B. S., and Hwang, B. K. (2004). Antifungal activity of beta-asarone from rhizomes of Acorus gramineus. J. Agric. Food Chem. 52 (4), 776–780. doi:10.1021/jf035204o
 Lee, Y. C., Kao, S. T., and Cheng, C. Y. (2020). Acorus tatarinowii schott extract reduces cerebral edema caused by ischemia-reperfusion injury in rats: Involvement in regulation of astrocytic NKCC1/AQP4 and JNK/iNOS-mediated signaling. BMC Complement. Med. Ther. 20 (1), 374. doi:10.1186/s12906-020-03168-z
 Li, O., Ge, Z. K., Cai, X. Y., and Jin, Y. (2016). Optimization of extraction process of volatile oil from acorus calamus by central composite design-response surface methodology. J. Tra. Chin. Vet. Med. 35, 5–7. 
 Li, Z., Ma, J., Kuang, Z., and Jiang, Y. (2021). β-Asarone attenuates aβ-induced neuronal damage in PC12 cells overexpressing APPswe by restoring autophagic flux. Front. Pharmacol. 12, 701635. doi:10.3389/fphar.2021.701635
 Liang, S., Ying, S. S., Wu, H. H., Liu, Y. T., Dong, P. Z., Zhu, Y., et al. (2015). A novel sesquiterpene and three new phenolic compounds from the rhizomes of Acorus tatarinowii Schott. Bioorg. Med. Chem. Lett. 25 (19), 4214–4218. doi:10.1016/j.bmcl.2015.08.001
 Liao, J. F., Huang, S. Y., Jan, Y. M., Yu, L. L., and Chen, C. F. (1998). Central inhibitory effects of water extract of Acori graminei rhizoma in mice. J. Ethnopharmacol. 61 (3), 185–193. doi:10.1016/s0378-8741(98)00042-7
 Lim, H., Jang, S., Lee, Y., Moon, S., Kim, J., and Oh, S. (2012). Enhancement of anxiety and modulation of TH and pERK expressions in amygdala by repeated injections of corticosterone. Biomol. Ther. 20 (4), 418–424. doi:10.4062/biomolther.2012.20.4.418
 Liu, L., Wong, T. P., Pozza, M. F., Lingenhoehl, K., Wang, Y., Sheng, M., et al. (2004). Role of NMDA receptor subtypes in governing the direction of hippocampal synaptic plasticity. Science 304 (5673), 1021–1024. doi:10.1126/science.1096615
 Liu, X. C., Zhou, L. G., Liu, Z. L., and Du, S. S. (2013). Identification of insecticidal constituents of the essential oil of Acorus calamus rhizomes against Liposcelis bostrychophila Badonnel. Molecules 18 (5), 5684–5696. doi:10.3390/molecules18055684
 Ma, L., Jiang, S. Z., Lian, H., Xiong, Y. F., Liu, Z. J., and Chen, S. P. (2020). The complete chloroplast genome sequence of Acorus tatarinowii (Araceae) from Fujian, China. Mitochondrial DNA. B Resour. 5 (3), 3159–3160. doi:10.1080/23802359.2020.1806133
 Ma, Y., Tian, S., Sun, L., Yao, S., Liang, Z., Li, S., et al. (2015). The effect of acori graminei rhizoma and extract fractions on spatial memory and hippocampal neurogenesis in amyloid beta 1-42 injected mice. CNS Neurol. Disord. Drug Targets 14 (3), 411–420. doi:10.2174/1871527314666150225124348
 Mann, T. S., Babu, G. D., Guleria, S., and Singh, B. (2013). Variation in the volatile oil composition of Eucalyptus citriodora produced by hydrodistillation and supercritical fluid extraction techniques. Nat. Prod. Res. 27 (7), 675–679. doi:10.1080/14786419.2012.682996
 Mao, J., Huang, S., Liu, S., Feng, X., Yu, M., Liu, J., et al. (2015). A herbal medicine for Alzheimer's disease and its active constituents promote neural progenitor proliferation. Aging Cell. 14 (5), 784–796. doi:10.1111/acel.12356
 Mikami, M., Takuya, O., Yoshino, Y., Nakamura, S., Ito, K., Kojima, H., et al. (2021). Acorus calamus extract and its component α-asarone attenuate murine hippocampal neuronal cell death induced by l-glutamate and tunicamycin. Biosci. Biotechnol. Biochem. 85 (3), 493–501. doi:10.1093/bbb/zbaa071
 Mohammadhosseini, M., Venditti, A., and Mahdavi, B. (2021). Characterization of essential oils and volatiles from the aerial parts of Mentha pulegium L. (Lamiaceae) using microwave-assisted hydrodistillation (MAHD) and headspace solid phase microextraction (HS-SPME) in combination with GC-MS. Nat. Prod. Res. 1-5, 1–5. doi:10.1080/14786419.2021.1960523
 Moradi, S., Fazlali, A., and Hamedi, H. (2018). Microwave-assisted hydro-distillation of essential oil from rosemary: Comparison with traditional distillation. Avicenna J. Med. Biotechnol. 10 (1), 22–28.
 Muthuraman, A., and Singh, N. (2011a). Attenuating effect of acorus calamus extract in chronic constriction injury induced neuropathic pain in rats: An evidence of anti-oxidative, anti-inflammatory, neuroprotective and calcium inhibitory effects. BMC Complement. Altern. Med. 11, 24. doi:10.1186/1472-6882-11-24
 Muthuraman, A., and Singh, N. (2011b). Attenuating effect of hydroalcoholic extract of Acorus calamus in vincristine-induced painful neuropathy in rats. J. Nat. Med. 65 (3-4), 480–487. doi:10.1007/s11418-011-0525-y
 Niciu, M. J., Ionescu, D. F., Richards, E. M., and Zarate, C. A. J. (2014). Glutamate and its receptors in the pathophysiology and treatment of major depressive disorder. J. Neural Transm. 121, 907–924. doi:10.1007/s00702-013-1130-x
 Ning, B., Deng, M., Zhang, Q., Wang, N., and Fang, Y. (2016). β-Asarone inhibits IRE1/XBP1 endoplasmic reticulum stress pathway in 6-OHDA-induced parkinsonian rats. Neurochem. Res. 41, 2097–2101. doi:10.1007/s11064-016-1922-0
 Olas, B., and Bryś, M. (2018). Is it safe to use Acorus calamus as a source of promising bioactive compounds in prevention and treatment of cardiovascular diseases?Chem. Biol. Interact. 281, 32–36. doi:10.1016/j.cbi.2017.12.026
 Pages, N., Maurois, P., Delplanque, B., Bac, P., Stables, J. P., Tamariz, J., et al. (2010). Activities of α-asarone in various animal seizure models and in biochemical assays might be essentially accounted for by antioxidant properties. Neurosci. Res. 68 (4), 337–344. doi:10.1016/j.neures.2010.08.011
 Park, C. H., Kim, K. H., Lee, I. K., Lee, S. Y., Choi, S. U., Lee, J. H., et al. (2011). Phenolic constituents of Acorus gramineus. Arch. Pharm. Res. 34 (8), 1289–1296. doi:10.1007/s12272-011-0808-6
 Patel, D. N., Ho, H. K., Tan, L. L., Tan, M. M., Zhang, Q., Low, M. Y., et al. (2015). Hepatotoxic potential of asarones: In vitro evaluation of hepatotoxicity and quantitative determination in herbal products. Front. Pharmacol. 6, 25. doi:10.3389/fphar.2015.00025
 Peng, Y., Knotts, J. D., Young, K. S., Bookheimer, S. Y., Nusslock, R., Zinbarg, R. E., et al. (2022). Threat neurocircuitry predicts the development of anxiety and depression symptoms in a longitudinal study. Biol. Psychiatry Cognitive Neurosci. Neuroimaging S2451-9022 (22), 00016–00017. doi:10.1016/j.bpsc.2021.12.013
 Ponrasu, T., Madhukumar, K. N., Ganeshkumar, M., Iyappan, K., Sangeethapriya, V., Gayathri, V. S., et al. (2014). Efficacy of Acorus calamus on collagen maturation on full thickness cutaneous wounds in rats. Pharmacogn. Mag. 10 (2), S299–S305. doi:10.4103/0973-1296.133283
 Pourmortazavi, S. M., and Hajimirsadeghi, S. S. (2007). Supercritical fluid extraction in plant essential and volatile oil analysis. J. Chromatogr. A 1163 (1-2), 2–24. doi:10.1016/j.chroma.2007.06.021
 Prakash, B., Shukla, R., Singh, P., Kumar, A., Mishra, P. K., and Dubey, N. K. (2010). Efficacy of chemically characterized Piper betle L. essential oil against fungal and aflatoxin contamination of some edible commodities and its antioxidant activity. Int. J. Food Microbiol. 142 (1-2), 114–119. doi:10.1016/j.ijfoodmicro.2010.06.011
 Prakash, B., Shukla, R., Singh, P., Mishra, P. K., Dubey, N. K., and Kharwar, R. N. (2011). Efficacy of chemically characterized Ocimum gratissimum L. essential oil as an antioxidant and a safe plant based antimicrobial against fungal and aflatoxin B 1 contamination of spices. Food Res. Int. 44, 385–390. doi:10.1016/j.foodres.2010.10.002
 Prakash, B., Singh, P., Mishra, P. K., and Dubey, N. K. (2012). Safety assessment of Zanthoxylum alatum Roxb. essential oil, its antifungal, antiaflatoxin, antioxidant activity and efficacy as antimicrobial in preservation of Piper nigrum L. fruits. Int. J. Food Microbiol. 153, 183–191. doi:10.1016/j.ijfoodmicro.2011.11.007
 Prasad, L., Khan, T. H., Jahangir, T., and Sultana, S. (2006). Acorus calamus extracts and nickel chloride: Prevention of oxidative damage and hyperproliferation response in rat kidney. Biol. Trace Elem. Res. 113 (1), 77–92. doi:10.1385/BTER:113:1:77
 Qiu, D., Hou, L., Chen, Y., Zhou, X., Yuan, W., Rong, W., et al. (2011). Beta-asarone inhibits synaptic inputs to airway preganglionic parasympathetic motoneurons. Respir. Physiol. Neurobiol. 177 (3), 313–319. doi:10.1016/j.resp.2011.05.010
 Quan, H. F., Yang, T., and Peng, X. D. (2017). Preliminary study on neuroprotective activity of volatile oil from acorus gramineus. Sys. Med. 2 (15), 127–129+132. doi:10.19368/j.cnki.2096-1782.2017.15.127
 Rajput, S. B., Tonge, M. B., and Karuppayil, S. M. (2014). An overview on traditional uses and pharmacological profile of Acorus calamus Linn. (Sweet flag) and other Acorus species. Phytomedicine 21 (3), 268–276. doi:10.1016/j.phymed.2013.09.020
 Rau, A. R., Chappell, A. M., Butler, T. R., Ariwodola, O. J., and Weiner, J. L. (2015). Increased Basolateral amygdala pyramidal cell excitability may contribute to the Anxiogenic phenotype induced by chronic early-life stress. J. Neurosci. 35, 9730–9740. doi:10.1523/JNEUROSCI.0384-15.2015
 Ravindra, S., Priyanka, S., Bhanu, P., and Nawal, K. D. (2013). Efficacy of Acorus calamus L. essential oil as a safe plant-based antioxidant, Aflatoxin B1 suppressor and broad spectrum antimicrobial against food-infesting fungi. Int. J. Food Sci. Technol. 48, 128–135. doi:10.1111/j.1365-2621.2012.03168.x
 Ravindra, S., Priyanka, S., Prakash, Bhanu., and Dubey, N. K. (2014). Assessment of essential oil of acorus calamus L. And its major constituent β-asarone in post harvest management of callosobruchus chinensis L. J. Essent. Oil Bear. Plants 19, 542–552. doi:10.1080/0972060X.2014.901627
 Reddy, S., Rao, G., Shetty, B., and Hn, G. (2015). Effects of acorus calamus rhizome extract on the neuromodulatory system in restraint stress male rats. Turk. Neurosurg. 25 (3), 425–431. doi:10.5137/1019-5149.JTN.11405-14.1
 Rhee, S. G. (2006). Cell signaling, H2O2, a necessary evil for cell signaling. Science 312 (5782), 1882–1883. doi:10.1126/science.1130481
 Ryuk, J. A., Kim, Y. S., Lee, H. W., and Ko, B. S. (2014). Identification of Acorus gramineus, A. calamus, and A. tatarinowii using sequence characterized amplified regions (SCAR) primers for monitoring of Acori graminei rhizoma in Korean markets. Int. J. Clin. Exp. Med. 7 (9), 2488–2496.
 Salazar, M., Salazar, S., Ulloa, V., Mendoza, T., Pages, N., and Chamoro, G. (1992). Teratogenic action of alpha-asarone in the mouse. J. Toxicol. Clin. Exp. 12 (3), 149–154.
 Schieber, M., and Chandel, N. S. (2014). ROS function in redox signaling and oxidative stress. Curr. Biol. 24 (10), 453–462. doi:10.1016/j.cub.2014.03.034
 Schripsema, J., da Silva, S. M., and Dagnino, D. (2022). ifferential NMR and chromatography for the detection and analysis of adulteration of vetiver essential oils. Talanta 237. doi:10.1016/j.talanta.2021.122928
 Shah, A. J., and Gilani, A. H. (2010). Bronchodilatory effect of Acorus calamus (Linn.) is mediated through multiple pathways. J. Ethnopharmacol. 131 (2), 471–477. doi:10.1016/j.jep.2010.07.024
 Shang, Y. N. (2015). Study on the mechanism of α-asarone opening zebrafish blood-brain barrier and its biological safety. Inner. Mongolia: Minzu. University. 
 Shi, G. B., Wang, B., Wu, Q., Wang, T., Wang, C., Sun, X., et al. (2014). Evaluation of the wound-healing activity and anti-inflammatory activity of aqueous extracts from Acorus calamus L. Pak. J. Pharm. Sci. 27 (1), 91–95.
 Shi, J., Li, R., Yang, Y., Ji, L., and Li, C. (2021). Protective effect of α-asarone and β-asarone on Aβ -induced inflammatory response in PC12 cells and its. J. Zhejiang Univ. Med. Sci. 50 (5), 591–600. doi:10.3724/zdxbyxb-2021-0162
 Shu, H., Morcol, T., Zheng, J., Zhao, L. D., Edward, K. J., and Long, C. L. (2018). Studies on volatile oils compounds of Acorus macrospadiceus based on GC-MS, an ethnomedicinal and food plant used by local people in southwest China. China J. Chin. Materia Medica 43 (9), 1774–1779. doi:10.19540/j.cnki.cjcmm.20180119.001
 Singh, A. K., and Cancelas, J. A. (2020). Gap junctions in the bone marrow lympho-hematopoietic stem cell niche, leukemia progression, and chemoresistance. Int. J. Mol. Sci. 21 (3), 796. doi:10.3390/ijms21030796
 Singh, B. K., Pillai, K. K., Kohli, K., and Haque, S. E. (2011). Isoproterenol-induced cardiomyopathy in rats: Influence of acorus calamus linn.: A. calamus attenuates cardiomyopathy. Cardiovasc. Toxicol. 11 (3), 263–271. doi:10.1007/s12012-011-9121-3
 Solomon, M. B., and Herman, J. P. (2009). Sex differences in psychopathology: Of gonads, adrenals and mental illness. Physiol. Behav. 97, 250–258. doi:10.1016/j.physbeh.2009.02.033
 Soltani Khaboushan, A., Yazdanpanah, N., and Rezaei, N. (2022). Neuroinflammation and proinflammatory cytokines in epileptogenesis. Mol. Neurobiol. 59 (3), 1724–1743. doi:10.1007/s12035-022-02725-6
 Soltanzadeh, M., Peighambardoust, S. H., Ghanbarzadeh, B., Mohammadi, M., and Lorenzo, J. M. (2021). Chitosan nanoparticles encapsulating lemongrass (Cymbopogon commutatus) essential oil: Physicochemical, structural, antimicrobial and in-vitro release properties. Int. J. Biol. Macromol. 192, 1084–1097. doi:10.1016/j.ijbiomac.2021.10.070
 Spence, J., Chintapenta, M., Kwon, H. I., and Blaszczyk, A. T. (2017). A brief review of three common supplements used in Alzheimer's disease. Consult. Pharm. 32 (7), 412–414. doi:10.4140/TCP.n.2017.412
 Stahl, E., and Keller, K. (1981). [To the classification of commercial Calamus drugs]. Planta Med. 43 (2), 128–140. doi:10.1055/s-2007-971489
 Stegmüller, S., Schrenk, D., and Cartus, A. T. (2018). Formation and fate of DNA adducts of α- and β-asarone in rat hepatocytes. Food Chem. Toxicol. 116, 138–146. doi:10.1016/j.fct.2018.04.025
 Sun, Y. R., Wang, X. Y., Li, S. S., Dong, H. Y., and Zhang, X. J. (2015). β-asarone from Acorus gramineus alleviates depression by modulating MKP-1. Genet. Mol. Res. 14 (2), 4495–4504. doi:10.4238/2015.May.4.7
 Taylor, M., and Jones, W. L. (1967). Toxicityofoilcalamus. Toxi. AppliedPharm. (10), 405.
 Tepe, B., Daferera, D., Sokmen, A., Sokmen, M., and Polissiou, M. (2005). Antimicrobial and antioxidant activities of the essential oil and various extracts of Salvia tomentosa Miller (Lamiaceae). Food Chem. 90, 333–340. doi:10.1016/j.foodchem.2003.09.013
 Tian, J., Ban, X., Zeng, H., He, J., Huang, B., and Youwei, W. (2011). Chemical composition and antifungal activity of essential oil from Cicuta virosa L. var. latisecta Celak. Int. J. Food Microbiol. 145 (2-3), 464–470. doi:10.1016/j.ijfoodmicro.2011.01.023
 Tian, J., Huang, B., Luo, X., Zeng, H., Ban, X., He, J., et al. (2012). The control of Aspergillus flavus with Cinnamomum jensenianum Hand.-Mazz essential oil and its potential use as a food preservative. Food Chem. 130, 520–527. doi:10.1016/j.foodchem.2011.07.061
 Tian, J., Tian, Z., Qin, S. L., Zhao, P. Y., Jiang, X., and Tian, Z. (2017). Anxiolytic-like effects of α-asarone in a mouse model of chronic pain. Metab. Brain Dis. 32 (6), 2119–2129. doi:10.1007/s11011-017-0108-z
 Tong, X. G., Qiu, B., Luo, G. F., Zhang, X. F., and Cheng, Y. X. (2010b). Alkaloids and sesquiterpenoids from Acorus tatarinowii. J. Asian Nat. Prod. Res. 12 (6), 438–442. doi:10.1080/10286020.2010.490522
 Tong, X. G., Wu, G. S., Huang, C. G., Lu, Q., Wang, Y. H., Long, C. L., et al. (2010a). Compounds from acorus tatarinowii: Determination of absolute configuration by quantum computations and cAMP regulation activity. J. Nat. Prod. 73 (6), 1160–1163. doi:10.1021/np900793e
 Uebel, T., Hermes, L., Haupenthal, S., Müller, L., and Esselen, M. (2021). α-Asarone, β-asarone, and γ-asarone: Current status of toxicological evaluation. J. Appl. Toxicol. 41 (8), 1166–1179. doi:10.1002/jat.4112
 Venditti, P., Di Stefano, L., and Di Meo, S. (2013). Mitochondrial metabolism of reactive oxygen species. Mitochondrion 13, 71–82. doi:10.1016/j.mito.2013.01.008
 Wang, D., Geng, Y., Fang, L., Shu, X., Liu, J., Wang, X., et al. (2011). An efficient combination of supercritical fluid extraction and high-speed counter-current chromatography to extract and purify (E)- and (Z)-diastereomers of α-asarone and β-asarone from Acorus tatarinowii Schott. J. Sep. Sci. 34 (23), 3339–3343. doi:10.1002/jssc.201100573
 Wang, Y., Chang, L., Zhao, X., Meng, X., and Liu, Y. (2012). Gas chromatography-mass spectrometry analysis on compounds in volatile oils extracted from yuan zhi (radix polygalae) and shi chang pu (acorus tatarinowii) by supercritical CO2. J. Tradit. Chin. Med. 32 (3), 459–464. doi:10.1016/s0254-6272(13)60055-2
 Wang, Y., Yan, M., Qin, R., and Gong, Y. (2021). Enzymolysis-microwave-assisted hydrodistillation for extraction of volatile oil from atractylodes chinensis and its hypoglycemic activity in vitro. J. AOAC Int. 104 (4), 1196–1205. doi:10.1093/jaoacint/qsab008
 Wang, Z. J., Levinson, S. R., Sun, L., and Heinbockel, T. (2014). Identification of both GABAA receptors and voltage-activated Na(+) channels as molecular targets of anticonvulsant α-asarone. Front. Pharmacol. 5, 40. doi:10.3389/fphar.2014.00040
 Weng, Q. Q., Zhao, J. C., Zhang, Y., Zhang, W., Peng, H. S., Yang, H. J., et al. (2019). Textual research on classical prescription of Acorus tatarinowii. China J. Chin. Materia Medica 44 (23), 5256–5261. doi:10.19540/j.cnki.cjcmm.20191009.111
 Wise, D. D., Felker, A., and Stahl, S. M. (2008). Tailoring treatment of depression for women across the reproductive lifecycle: The importance of pregnancy, vasomotor symptoms, and other estrogen-related events in psychopharmacology. CNS Spectr. 13, 647–662. doi:10.1017/s1092852900013742
 Wiseman, R. W., Miller, E. C., Miller, J. A., and Liem, A. (1987). Structure-activity studies of the hepatocarcinogenicities of alkenylbenzene derivatives related to estragole and safrole on administration to preweanling male C57BL/6J x C3H/HeJ F1 mice. Cancer Res. 47 (9), 2275–2283.
 Witte, M. E., Geurts, J. J., DeVries, H. E., Valk, P., and Horssen, J. (2010). Mitochondrial dysfunction: A potential link between neuroinflammation and neurodegeneration?Mitochondrion 10 (5), 411–418. doi:10.1016/j.mito.2010.05.014
 Wu, C. X., Zhan, X., Zhong, Y., Hu, Y. S., and Wang, B. L. (2022). Mining analysis and rule research of Shichangpu prescription data. J. Yun. 11 (04), 1–13. 
 Wu, L. J., Kim, S. S., and Zhuo, M. (2008). Molecular targets of anxiety: From membrane to nucleus. Neurochem. Res. 33, 1925–1932. doi:10.1007/s11064-008-9679-8
 Xu, F., Wu, H., Zhang, K., Lv, P., Zheng, L., and Zhao, J. (2016). Pro-neurogenic effect of β-asarone on RSC96 Schwann cells in vitro. Vitro Cell. Dev. Biol. Anim. 52, 278–286. doi:10.1007/s11626-015-9980-1
 Yan, L., Mahady, G., Qian, Y., Song, P., Jian, T., Ding, X., et al. (2020). The essential oil from acori tatarinowii rhizome (the dried rhizome of acorus tatarinowii schott) prevents hydrogen peroxide-induced cell injury in PC12 cells: A signaling triggered by CREB/PGC-1αActivation. Evid. Based. Complement. Altern. Med. 2020, 4845028. doi:10.1155/2020/4845028
 Yang, C. H., Huang, C. C., and Hsu, K. S. (2004). Behavioral stress modifies hippocampal synaptic plasticity through corticosterone-induced sustained extracellular signal-regulated kinase/mitogen-activated protein kinase activation. J. Neurosci. 24 (49), 11029–11034. doi:10.1523/JNEUROSCI.3968-04.2004
 Yang, C., Wang, C., Wang, M., Qin, X., Hao, G., Kang, M., et al. (2021). A novel deodorization method of edible oil by using ethanol steam at low temperature. J. Food Sci. 86 (2), 394–403. doi:10.1111/1750-3841.15578
 Yang, Y. S. (2021). Main extraction technology, application and research progress of plant essential oil. Mod. Chem. Res. , 153–154. 
 Yang, Y., Xuan, L., Chen, H., Dai, S., Ji, L., Bao, Y., et al. (2017). Neuroprotective effects and mechanism of β-asarone against aβ1-42-induced injury in astrocytes. Evid. Based. Complement. Altern. Med. 2017, 8516518. doi:10.1155/2017/8516518
 Yao, K., Zhang, W. W., Yao, L., Yang, S., Nie, W., and Huang, F. (2016). Carvedilol promotes mitochondrial biogenesis by regulating the PGC-1/TFAM pathway in human umbilical vein endothelial cells (HUVECs). Biochem. Biophys. Res. Commun. 470 (4), 961–966. doi:10.1016/j.bbrc.2016.01.089
 Yi, L. T., Li, J., Li, H. C., Zhou, Y., Su, B. F., Yang, K. F., et al. (2012). Ethanol extracts from Hemerocallis citrina attenuate the decreases of brain-derived neurotrophic factor, TrkB levels in rat induced by corticosterone administration. J. Ethnopharmacol. 144 (2), 328–334. doi:10.1016/j.jep.2012.09.016
 Yooboon, T., Kuramitsu, K., Bullangpoti, V., Kainoh, Y., and Furukawa, S. (2019). Cytotoxic effects of β-asarone on Sf9 insect cells. Arch. Insect Biochem. Physiol. 102 (1), e21596. doi:10.1002/arch.21596
 Zang, Z. Z., Chen, L. M., Li, Y. U., Guan, Y. M., Du, Q., Xu, P., et al. (2021). Uncovering the protective mechanism of the volatile oil of acorus tatarinowii against acute myocardial ischemia injury using network pharmacology and experimental validation. Evid. Based. Complement. Altern. Med. 2021, 6630795. doi:10.1155/2021/6630795
 Zaugg, J., Eickmeier, E., Ebrahimi, S. N., Baburin, I., Hering, S., and Hering, S. (2011). Positive GABA(A) receptor modulators from Acorus calamus and structural analysis of (+)-dioxosarcoguaiacol by 1D and 2D NMR and molecular modeling. J. Nat. Prod. 74 (6), 1437–1443. doi:10.1021/np200181d
 Zhang, C., Liu, X. W., Hao, D., and Huang, S. M. (2013). Experimental study on acute and long-term toxicity of Kaixin Granules. J. Acta. Chin. Med. Pha. 41 (05), 53–56. doi:10.19664/j.cnki.1002-2392.2013.05.021
 Zhang, F. H., Wang, Z. M., Liu, Y. T., Huang, J. S., Liang, S., Wu, H. H., et al. (2019b). Bioactivities of serotonin transporter mediate antidepressant effects of Acorus tatarinowii Schott. J. Ethnopharmacol. 241, 111967. doi:10.1016/j.jep.2019.111967
 Zhang, K., Liu, Q., Luo, L., Feng, X., Hu, Q., Fan, X., et al. (2021). Neuroprotective effect of alpha-asarone on the rats model of cerebral ischemia-reperfusion stroke via ameliorating glial activation and autophagy. Neuroscience 473, 130–141. doi:10.1016/j.neuroscience.2021.08.006
 Zhang, X., Yi, L., Deng, B., Chen, L., Shi, S. T., Zhuang, Y. L., et al. (2015). Discrimination of Acori Tatarinowii Rhizoma and Acori Calami Rhizoma based on quantitative gas chromatographic fingerprints and chemometric methods. J. Sep. Sci. 38 (23), 4078–4085. doi:10.1002/jssc.201500730
 Zhang, Y., Wang, Z., Xie, X., Wang, S., Wang, Y., Quan, G., et al. (2019a). Tatarinan T, an α-asarone-derived lignin, attenuates osteoclastogenesis induced by RANKL via the inhibition of NFATc1/c-Fos expression. Cell. Biol. Int. 43, 1471–1482. doi:10.1002/cbin.11197
 Zhao, M. G., Toyoda, H., Lee, Y. S., Wu, L. J., Ko, S. W., Zhang, X. H., et al. (2005). Roles of NMDA NR2B subtype receptor in prefrontal long-term potentiation and contextual fear memory. Neuron 47 (6), 859–872. doi:10.1016/j.neuron.2005.08.014
 Zhong, R. N., Wang, X. H., Wang, X. T., Shen, B., Shen, C. Y., Wang, J., et al. (2018). Preparation and quality evaluation of volatile oil from Acori Tatarinowii Rhizoma self-nanoemulsion. China J. Chin. Materia Medica 43 (20), 4062–4068. doi:10.19540/j.cnki.cjcmm.20180726.016
 Zhou, G. Q., Hu, T., Lu, L. B., Yu, Z., Han, G. S., and Huang, S. Y. (2018). Pre-experiment on acute toxicity of compatible extract of ginseng fushen yuanzhi shichangpu. J. Stud. Tra. Ele. Heal. 35 (04), 4–5. 
 Zhuang, K., Xia, Q., Zhang, S., Maharajan, K., Liu, K., and Zhang, Y. (2021). A comprehensive chemical and pharmacological review of three confusable Chinese herbal medicine-Aucklandiae radix, Vladimiriae radix, and Inulae radix. Phytother. Res. 35 (12), 6655–6689. doi:10.1002/ptr.7250
 Shang, A., Gan, R.Y., Zhang, J.R., Xu, X.Y., Luo, M., Liu, H.Y., et al. (2020). Optimisation and Characterisation of Microwave-Assisted Hydro-Distillation Extraction of Essential Oils from Cinnamomum camphora Leaf and Recovery of Polyphenols from Extract Fluid. Molecules . 25, 14. doi:10.3390/molecules25143213SchripsemaJ
Conflict of interest: Authors DB and JS were employed by company Shandong Yuze Pharmaceutical Industry Technology Research Institute Co., Ltd.
The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2022 Bai, Li, Wang, Zhang, Wei, Wang, Dong, Song, Gao, Li, Wang and Dai. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fphar-13-1004529-t005.jpg
Phytochemicals
a-asarone
volatile oil of ATT

B-asarone

a-asarone and -
asatone

a-asarone and B-
asarone

a-asarone

volatile oil of ATT

Molecular mechanisms

through its interaction with GABAergic system

blocking NMDA receptor activity

up-regulating BDNF expression

phosphorylated CREB; enhanced neuronal
differentiation induced by nerve growth factor (NGE)
phosphorylated CREB.

improve GABA transport imbalance

bidirectional regulatory effect on SERT activity

Targets

noradrenergic (al and a2 adrenoceptors); serotonergic (5-
HT1Areceptors)

NMDA receptor

mitogen-activated protein kinase phosphatase-1 (MKP-1); extracellular
signal-regulated kinase 1/2 (ERK1/2 or mitogen-activated protein
kinase)/cAMP response element binding protein (CREB)

the protein kinase A pathway in PCI2 cells

monoamine oxidase

SERT

Refs

Chellian et al.
(2017)

Chellian et al.
(2017)

Lam et al.
(2016a)

Lam et al.
(2016b)

Lam et al.
(20162)

Fee et al.
(2017)
Ghosal et al.
(2017)
Duman et al.
(2019)

Zhang et al.
(2019b)





OPS/xhtml/nav.xhtml
Contents

		Cover

		Advances in extraction methods, chemical constituents, pharmacological activities, molecular targets and toxicology of volatile oil from Acorus calamus var. angustatus Besser		1 Introduction

		2 Technologies to extract volatile oil from Acorus calamus var. angustatus Besser		2.1 Steam distillation method

		2.2 Supercritical fluid extraction

		2.3 Microwave-assisted water distillation extraction method





		3 Components of volatile oil from Acorus calamus var. angustatus Besser

		4 Pharmacological activities and mechanisms of volatile oil of Acorus calamus var. angustatus Besser		4.1 Effect on the central nervous system

		4.2 Cardiovascular diseases

		4.3 Bacteriostasis

		4.4 Antioxidant activity

		4.5 Other pharmacological activities





		5 Toxicology

		6 Summary

		Author contributions

		Funding

		Acknowledgments

		Publisher’s note

		References









OPS/images/fphar-13-1004529-t004.jpg
Phytochemicals

B-asarone

asarones

volatile oil of ATT

B-asarone

a-asarone

asarones
a-asarone

a-asarone

Molecular mechanisms

activation of Akt-mTOR signaling pathway
promote NPC proliferation

Decreased AChE activity and levels of AB1-42 and MDA in cortex
and hippocampus; increased ChAT and SOD activities as well as
BCL-2 content

enhanced the expression of synaptophysin 1 and glutamate
receptors and down-regulated aquaporin 4

improved expression of muscarinic acetylcholine receptors;
attenuated the acetylcholinesterase (AchE) activity regulating
Tocomotor hyperactivity

antidiabetic activity

antioxidant stress

antimodulate endoplasmic reticulum stress

Targets

Beclin-1; p-Akt; p-m TOR; neuron specific enolase (NSE)
extracellular signalregulated kinase (ERK)

acetyl cholinesterase (AChE); acetylcholine transferase
(ChAT); Superoxide dismutase (SOD);
malondialdehyde (MDA)

synaptophysin 1; glutamate receptors; aquaporin 4

muscarinic acetylcholine receptors

promoting the secretion of insulin and incretins like GLP-1
antioxidant enzyme-related genes

protein kinase RNA-like ER kinase (PERK)

Refs

Li et al. (2021)

Mao et al.
(2015)
Deng et al.
(2015)

Esfandiari et al.
(2018)

Gayathri et al.
(2022)

Gayathri et al.
(2022)

Gayathri et al.
(2022)

Mikami et al.
(2021)

Mikami et al.
(2021)





OPS/images/fphar-13-1004529-t007.jpg
Phytochemicals

a-asarone

-

sarone

a-asarone

a-asarone

a-asarone

a-asarone

Molecular mechanisms

Increasing brain BDNE.
affect the endogenous corticosterone levels

inhibits the increase of nutrient release factor immunoreactivity in
paraventricular nucleus cortex

Regulate hypothalamus-pituitary-adrenal axis

‘maintaining the balance of excitatory/inhibitory neurotransmitters

inhibiting the excessive excitability of pyramidal neurons in
amygdala

Targets

TrkB
the hypothalamus-pituitary-adrenal axis

the hypothalamus-pituitary-adrenal axis

tyrosine hydroxylase in blue spots

glutamate receptors (including GluR1 and NR2A);
GABA -a2; GABA,-y2

BLA pyramidal neurons

Refs

Lee et al. (2014)
Lee et al. (2014)

Krishnamurthy et al.
(2013)

Lim et al. (2012)
Tian et al. (2017)

Rau et al. (2015)





OPS/images/fphar-13-1004529-t006.jpg
Phytochemicals

a-asarone
a-asarone
B-asarone

a-asarone

Molecular mechanisms

positive neuromodulatory effect on GABA receptors
Antagonistic activity against NMDA receptor
facilitatory effect on GABAA receptors

the tonic inhibition of Nav1.2 currents

Targets

GABA, receptors
NMDA receptors
GABA, receptors

Navl.2 currents

Refs

Chellian et al. (2017)
Chellian et al. (2017)
Gayathri et al. (2022)
Gayathri et al. (2022)





OPS/images/fphar-13-1004529-t003.jpg
Phytochemicals

a-asarone and -
asatone

a-asarone and -
asarone
ATT rhizome powder

a-asarone

volatile oil of ATT

Molecular mechanisms Targets

the N-methyl-D-aspartate (NMDA) or glutamate-induced excitotoxicity in rat  the excitatory amino acid carrier 1; NMDA
cortical preparations was inhibited

improved the proliferation and morphology of rat Schwann cells (RSC96) ~ $100 protein (a specific marker protein of
Schwann) cell); neurotrophin

the neuroprotective effect against NMDA or glutamate-induced excitotoxicity ~ Antioxidants; Na-K-ATPase

attenuated the CIR stroke injury via ameliorating glial activation and GFAP; Iba-1; LC3I/LC3]; p62
autophagy

increased the viability of cells affected by H,0,-mediated injury, inhibited  CREB; PGC-la
reactive oxygen species (ROS) accumulation, and induced the expression of
several antioxidant proteins (SODs, GPx, and UCPs)

Refs

Chellian et al.
(2017)

Chellian et al.
(2017)

Reddy et al.
(2015)

Zhang et al.
(2021)

Yan et al.
(2020)





OPS/images/fphar-13-1004529-t002.jpg
S.NO

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

12

13

44

45

16

47

48

19

50

51

52

54

55

56

57

58

59

60

61

62

Name

(IR4R65,10R)-1-hydroxy-7
(11)-cadinen-5,8-dione (1)

(2R6R,75,95)-1 (10),4-
cadinadiene2,9-diol (2)
tatarinowin A
tatarinoid A

tatarioid B

Calamusin A

Calamusin B

calamusin C

calamusin D

Calamusin E

Calamusin F

calamusin G

Calamusin H

Calamusin 1

-k
Isoacorphenylpropanoid/(+)-S-
Isoacorphenylpropanoid

ent-acoraminol A/
Acoraminol A

ent-acoraminol B/acoraminol B

entacoraminol C/acoraminol C

ent-acoraminol D/
acoraminol D

1B,7a (H)-cadinane-4a,6a,10a-
triol

1a,5p-guaiane-10a-O-ethyl-
4p.6p-diol

6p.7p (H)-cadinane-1a,4a, 10a-
triol

(IR4R6S,10R)-1-hydroxy-7
(11)-cadinen-58-dione

(2R,6R,75,99)-1 (10),4-

cadinadiene2,9-diol

Acoramol

2,4,5-Trimethoxybenzoic acid

Tatarinoids B

Tatarinoids A

Acoramone or isoacoramone

Asaronaldehyde

Isoacoramone or acoramone

1-(2,4,5-trimethoxyphenyl)
propan-1,2-dione

(B)-3-(245-
‘Trimethoxyphenyl)
acrylaldehyde

2,45-Trimethoxyl-2'-butoxy-
1,2-phenyl propandiol
p-Asarone

a-Asarone

y-Asarone

2,3,3a,7,8,8a- Hexahydro-3a-
hydroxy-1,4-dimethyl-7-(1-
methylethylidene)-6 (1H)-
azulenone

Isocalamediol

Calamensesquiterpinenol

2-Acetoxyacorenone

(2)-Coniferyl alcohol

3-(3,4,5-trimethoxyphenyl)
propan-1-ol

1-(4-Methoxyphenyl) allyl
acetate

acrylaldehyde

acrylic acid

1"-oxoasarone

3-(3,4-dimethoxyphenyl)
propan-1-ol

tatarinoids A

tatarinoids B

7.8-dihydroxydihydroasarone

acorusin D

tatarinowin A

(E)-1,2,4-trimethoxy-5-(3-
methoxyprop-1-en-1-yl)
benzene

3-(2,4,5-trimethoxyphenyl)

propan-1-ol

1,2,4-trimethoxy-5-(3-
methoxypropyl) benzene

y-Asaronol

Asaronaldehyde

Dihydroxyasarone

Acoraminol B

3-dien-5-0l

tatarinolactone

Extraction method

MeOH extraction

MeOH extraction

were extracted with
boiling H;0 and EtOH

were extracted with
boiling H,0 and EtOH

were extracted with
boiling H,O and EtOH

EtOH
extraction,petroleum
ether, EtOAG, n-BuOH
purification

EtOH
extraction,petroleum
ether, EtOAc, n-BuOH
purification

EtOH
extraction,petroleum
ether, EtOAG, n-BuOH
purification

EtOH
extraction,petroleum
ether, EtOAc, n-BuOH
purification

EtOH
extraction,petroleum
ether, EtOAG, n-BuOH
purification

EtOH
extraction,petroleum
ether, EtOAG, n-BuOH
purification

EtOH
extraction,petroleum
ether, EtOAc, n-BuOH
purification

EtOH
extraction,petroleum
ether, EtOAc, n-BuOH
purification

EtOH
extraction,petroleum
ether, EtOAG, n-BuOH
purification

60% EtOH was extracted
and purified by AB-8
‘macroporous resin
column

60% EtOH was extracted
and purified by AB-8
macroporous resin
column

60% EtOH was extracted
and purified by AB-8
macroporous resin
column

60% EtOH was extracted
and purified by AB-8
‘macroporous resin
column

60% EtOH was extracted
and purified by AB-8
‘macroporous resin
column

EtOH (95%) extraction

EtOH (95%) extraction

EtOH (95%) extraction

EtOH extraction

EtOH extraction

Ultrasonic Centrifugation
of Drug Powder,
Supernatant as Sample

Ultrasonic Centrifugation
of Drug Powder,
Supernatant as Sample
Ultrasonic Centrifugation

of Drug Powder,
Supernatant as Sample

Ultrasonic Centrifugation
of Drug Powder,
Supernatant as Sample
Ultrasonic Centrifugation
of Drug Powder,
Supernatant as Sample
Ultrasonic Centrifugation

of Drug Powder,
Supernatant as Sample

Ultrasonic Centrifugation
of Drug Powder,
Supernatant as Sample
Ultrasonic Centrifugation
of Drug Powder,
Supernatant as Sample

Ultrasonic Centrifugation
of Drug Powder,
Supernatant as Sample

Ultrasonic Centrifugation
of Drug Powder,
Supernatant as Sample

Ultrasonic Centrifugation
of Drug Powder,
Supernatant as Sample

Ultrasonic Centrifugation
of Drug Powder,
Supernatant as Sample

Ultrasonic Centrifugation
of Drug Powder,
Supernatant as Sample

Ultrasonic Centrifugation
of Drug Powder,
Supernatant as Sample

Ultrasonic Centrifugation
of Drug Powder,
Supernatant as Sample

Ultrasonic Centrifugation
of Drug Powder,
Supernatant as Sample

Ultrasonic Centrifugation
of Drug Powder,
Supernatant as Sample

Ultrasonic Centrifugation
of Drug Powder,
Supernatant as Sample

Ultrasonic Centrifugation
of Drug Powder,
Supernatant as Sample

Ultrasonic Centrifugation
of Drug Powder,
Supernatant as Sample

EtOH extraction

EtOAc extraction

EtOAc extraction

EtOAc extraction

EtOAc extraction

EtOAc extraction

EtOAc extraction

EtOAc extraction

EtOAc extraction

EtOAc extraction

EtOAc extraction

EtOAc extraction

EtOAC extraction

n-hexane extraction and
purification

n-hexane extraction and
purification

n-hexane extraction and
purification

Boiling water and EtOH
extraction

Steam distillation;
extraction and
Purification of n-Butanol

Structural
characteristic

Ci5sHx205, (IR, 4R, 68, 10R), has a
propan-2-ylidene group

CisH2402, (2R, 6R, 78, 95)

CisHz,0,, (5S.6R7R)-2-
oxocadinan-1 (10), 3-dien-5-ol

Ci2Hi605, (2R)-1-
(24,5trimethoxyphenyl) propan-
2-0l-1-one

Ci2Hi605, (IR)-1-
(24,5trimethoxyphenyl) propan-
1-0l-2-0ne

Cy5H5,0,, the absolute
configuration was determined to be
18, 28, 6R, 7S

Cy5Hp,0,, the absolute
configuration was determined to be
18, 28, 35, 6R, 7S

CisHz00y, It s @ racemic mixture,
the configuration of a was
determined to be 1R, 55, 7S the
configuration of b was determined
to be 1S, 5R, 7R

Ci5H,04, the configuration of
calamusin D is 1R4S, 58, 85

CisH205

Cy5H3,0,, the absolute
configuration of is 1R, 45, 5R, 10R

Cy5Hy,05, (18, 45, 65, 10R)-1-
hydroxy-7 (11)-cadinen-5,8-dione

Ci5H:03, the absolute
configuration of Calamusin H was
determined to be 2R, 4R, 5

Cy2H,50;, the absolute
configuration of Calamusin I is
18,45,108

Cy4H,05, the structures of aand b
were established as (R)-1-(1,1-
dimethoxypropan-2-yl)-
2,4,5trimethoxybenzene and (S) 1-
(1,1-dimethoxypropan-2-yl)-2,4,5-
trimethoxybenzene

Cy3Hz00s, (7R8R)-7-methoxy-8-
hydroxydihydroasarone/(7S, 8S)-
7-methoxy-8-
hydroxydihydroasarone

C1:Hz005, (78,8R)-7-methoxy-
8hydroxydihydroasarone/(7R,85)-
7-methoxy-
8hydroxydihydroasarone

C14H2:05, (7R,8R)-7-ethoxy-
hydroxydihydroasarone/(75,85)-7-
ethoxy-8-hydroxydihydroasarone

C14H2:05, (78,8R)-7-ethoxy-8-
hydroxydihydroasarone/(7R 85)-
7-ethoxy-8hydroxydihydroasarone

CisHz405, have a bicyclic
sesquiterpene skeleton, 137a (H)-
cadinane-4a,6a,10a-triol

C,7H3,05, 1a,5p-guaiane-10a-O-
ethyl-4B,6B-diol

Cy5Hy405, 63,7B (H)-cadinane-
1ada,10a-triol

CisH2,05, (IR 4R, 65, 10R), has a
propan-2-ylidene group

CysHa,

2, (2R, 6R, 7S, 95)

Ci2H1604

CioH,205

Ci2H1605

Ci2H1605

CiaHi604

CioH1204

Ciz2Hig04

CiaHyy

CigHag0s

Ci2Hi1605

CiaHi0s

CiaH10s

CisH20,

CisHz0s

CysH240,

Ci7Hz605

CioH1205

Ci2H1504

Ci2H104

CoH, 0,4

CiHic03

CiaHi0s

Ci2Hie0s

Ci2H1505

CisH2,0,

Ci5H220:

Ci3His04

CioHi04

Ci3Hx04

Ciz2Hie04

C16C04

Ci2H,1505

Ci3H2005

CisH30,

Cy5H,,05, 67,8-trihydroxy-da-
isobutyl-4,7-dimethylhexahydro-
6,8a-epoxychromen-2 (3H)-one

Detect method

single-crystal X-ray
diffraction; UV

single-crystal X-ray
diffractionUV.

HRESIMS; UV;
IR; NMR

HRESIMS; UV;
IR; NMR

HRESIMS; UV;
IR; NMR

NMR; IR; DEPT-135/
90 spectra

NMR; IR; DEPT-135/
90 spectra; ECD

NMR; IR; CD

HRESIMS(m/z
273.1465 [m +
Nal+); NMR; IR; UV;
DEPT-135/90

HRESIMS (m/z
273.1465 [m +
NaJ+); NMR; IR; UV;
DEPT-135/90

HRESIMS (m/z
273.1465 [m +
Nal+); NMR; IR; UV;
DEPT-135/90

HRESIMS (m/z
273.1470 [m +
Nal+); NMR; ECD
spectra; UV; IR

HRESIMS (m/z
2111324 [m + HJ+);
NMR; ECD spectra;
UV; IR

HRESIMS; NMR;
DEPT-135; CDCI3;
DMSO-d; HSQC

HRESIMS; NMR;
DEPT-135; CDCI3;
DMSO-d; HSQC

HRESIMS; NMR;
DEPT-135; CDCI3;
DMSO-d; HSQC

Mosher's method;
HRESIMS; NMR;
DEPT-135; CDCI3;
DMSO-d; HSQC

Mosher's method;
HRESIMS; NMR;
DEPT-135; CDCI3;
DMSO-d; HSQC

NOESY
spectrum; NMR

ESIMS; HRESIMS;
NOESY

HSQG; HMBG;
NOESY

NMR; X-ray
crystallography; HR-
ESI-MS

NMR; X-ray
arystallography; HR-
ESI-MS

HPLC; ESI-QTOF-
MS/MS; GC-MS;
HPLC-MS; Q-TOF

HPLG; ESI-QTOE-
MS/MS; GC-MS;
HPLC-MS; Q-TOF

HPLG; ESI-QTOE-
MS/MS; GC-MS;
HPLC-MS; Q-TOF

HPLC; ESI-QTOE-
MS/MS; GC-MS;
HPLC-MS; Q-TOF

HPLC; ESI-QTOE-
MS/MS; GC-MS;
HPLC-MS; Q-TOF

HPLG; ESI-QTOF-
MS/MS; GC-MS;
HPLC-MS; Q-TOF

HPLC; ESI-QTOE-
MS/MS; GC-MS;
HPLC-MS; Q-TOF

HPLC; ESI-QTOF-
MS/MS; GC-MS;
HPLC-MS; Q-TOF

HPLC; ESI-QTOF-
MS/MS; GC-MS;
HPLC-MS; Q-TOF

HPLC; ESI-QTOF-
MS/MS; GC-MS;
HPLC-MS; Q-TOF

HPLG; ESI-QTOF-
MS/MS; GC-MS;
HPLC-MS; Q-TOF

HPLG; ESI-QTOE-
MS/MS; GC-MS;
HPLC-MS; Q-TOF

HPLC; ESI-QTOF-
MS/MS; GC-MS;
HPLC-MS; Q-TOF

HPLG; ESI-QTOF-
MS/MS; GC-MS;
HPLC-MS; Q-TOF

HPLC; ESI-QTOE-
MS/MS; GC-MS;
HPLC-MS; Q-TOF

HPLC; ESI-QTOF-
MS/MS; GC-MS;
HPLC-MS; Q-TOF

HPLC; ESI-QTOF-
MS/MS; GC-MS;
HPLC-MS; Q-TOF

HPLC; ESI-QTOF-
MS/MS; GC-MS;
HPLC-MS; Q-TOF

HPLG; ESI-QTOF-
MS/MS; GC-MS;
HPLC-MS; Q-TOF

HPLG; ESI-QTOF-
MS/MS; GC-MS;
HPLC-MS; Q-TOF

ECD; NMR; HPLG;
UV; IR; HPLG;
MPLG; Silica gel
60 F254 plates

ECD; NMR; HPLG;
UV; IR; HPLG;
MPLG; Silica gel
60 F254 plates

ECD; NMR; HPLG;
UV; IR; HPLG;
MPLG; Silica gel
60 F254 plates

ECD; NMR; HPLG;
UV; IR; HPLG;
MPLG; Silica gel
60 F254 plates

ECD; NMR; HPLC;
UV; IR; HPLG;
MPLG; Silica gel
60 E254 plates

ECD; NMR; HPLG;
UV; IR; HPLG;
MPLG; Silica gel
60 F254 plates

ECD; NMR; HPLG;
UV; IR; HPLG;
MPLG; Silica gel
60 E254 plates

ECD; NMR; HPLG;
UV; IR; HPLG;
MPLG; Silica gel
60 254 plates

ECD; NMR; HPLG;
UV; IR; HPLG;
MPLG; Silica gel
60 E254 plates
ECD; NMR; HPLG;
UV; IR; HPLG;
MPLG; Silica gel
60 F254 plates

ECD; NMR; HPLG;
UV; IR; HPLG;
MPLG; Silica gel
60 F254 plates

ECD; NMR; HPLG;
UV; IR; HPLG;
MPLG; Silica gel
60 E254 plates

ECD; NMR; HPLG;
UV; IR; HPLG;
MPLG; Silica gel
60 E254 plates

UV; ESI-MS;
1H-NMR

UV; ESI-MS;
1H-NMR

UV; ESI-MS;
1H-NMR

UV; IR; NMR; HR-
ESIMS; EI-MS

UV; IR; NMR; HR-

Main findings

these compounds
exhibited stronger a-
glucosidase inhibitory
activity than acarbose
and weak AChE
inhibitory activity

exhibited stronger a-
glucosidase inhibitory
activity than acarbose
and weak AChE
inhibitory activity

acoraminol B
exhibited stronger a-
glucosidase inhibitory
activity than acarbose
and weak AChE
inhibitory activity

exhibited stronger a-
glucosidase inhibitory
activity than acarbose
and weak AChE
inhibitory activity

exhibited stronger a-
glucosidase inhibitory
activity than acarbose
and weak AChE
inhibitory activity

significantly inhibited
SERT acti
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