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KEYWORDS Abstract In Southeast Asia, Amomum tsao-ko(A. tsao-ko) is a well-known plant spice that has
Amomum tsao-ko; both medicinal and edible value. A.tsao-ko was mainly used in the past for flavoring and aroma
Chinese herbal medicine; enhancement in cooking. It is also a medicinal plant used in folklore to treat diseases and is widely
Chemical compounds; used in the therapeutic system. In China, A. tsao-ko is often used as a treatment or adjunct to the
Physiological characteristics; treatment of malaria, gastrointestinal disorders, epilepsy and cholera. This review describes in detail
Review the traditional and folkloric uses, botanical studies, phytochemical components, and pharmacolog-

ical activities of A. tsao-ko, elucidates its medicinal value as a traditional herbal medicine, and ana-
lyzes its potential for clinical applications. To provide reference for the comprehensive development
and exploitation of 4. tsao-ko in the fields of functional food, medicine and cosmetics. The available
information about A. tsao-ko was collected through Web of Science, Google Scholar, PubMed,
Baidu Scholar, Science Direct, China Knowledge Infrastructure (CNKI), and Springer Search.
The keywords used included A. tsao-ko, essential oil, secondary metabolites, chemical composition,
biological activity, pharmacology, traditional medicinal use, safety, and other related words. The
literature of A. tsao-ko traditional and folk uses was retrieved from CNKI and Duxiu Search
(https://www.duxiu.com/). The botany research information of 4. tsao-ko was obtained through
the Plant Plus of China website (https://www.iplant.cn). The economic value of A4.tsao-ko can be
obtained from Chinese herbal medicine industry information portal (https://www.zyctd.com/). So
far, more than 493 chemical components have been isolated from A. tsao-ko. It possesses a variety
of functions to maintain human health and protect the body from external influence, including reg-
ulating gastrointestinal function, antibacterial, anti-inflammatory, anti-tumor, regulating metabolic
syndrome, and neuroprotection. In addition, A4. tsao-ko is also an important cash crop in some
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areas, including southwest China, Vietnam, and northern Laos. Future research should focus on
exploring the mechanisms between the single chemical constituents in A. tsao-ko and their pharma-
cological activities, as well as the relationship between their biological activities and medicinal clin-

ical research.

© 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Chinese herbal medicine (CHM) has received more and more attention
in the prevention and treatment of chronic diseases because of its non-
toxicity or low-toxicity. Therefore, with the development of modern
pharmacology, exploring reliable natural medicines instead of chemical
medicines to treat diseases has become the main direction of people’s
research on medicinal plants. The extraction of disease-fighting com-
pounds from herbs has become a new direction for novel drug research
(Hasan et al., 2015; Xin et al.,2014; Ran et al., 2014), it is also used as
an important route for the synthesis of chemical substances in the
pharmaceutical process (Dang et al., 2014). In previous studies, spices
have been widely studied by researchers because they were rich in nat-
ural medicinal compounds, such as Illicium verum Hook. f., Alpinia
galanga (Linn.) Willd., Angelica dahurica (Fisch. ex Hoffm.) (Bai
et al., 2016; Muhsinah et al., 2022; Zhou et al., 2021).

Amomum tsao-ko Crevost et Lemaire (4. tsao-ko) is a perennial
herb belonging to Zingiberaceae. Based on a novel multi-marker phy-
logenetic framework using matK and nrITS, new genera Lanxangia
was described (Boer et al., 2018). A. tsao-ko got a new name Lanxangia
tsaoko (Li et al., 2021;Ranavat et al., 2021). In this review, 4. tsao-ko
still follow the Chinese Pharmacopoeia (2020). It is mainly distributed
in various countries in southeast Asia, such as China and Vietnam.
Among them, China is the main producing country, especially in Yun-
nan province, where the planting area has reached more than 90% of
the national planting area (Ma et al., 2021). According to related
reports, the 4. tsao-ko was first recorded in the “Taiping Huimin Heji
Bureau Prescription” in the Song Dynasty was used to treat malaria,
this is the earliest recorded medicinal use found so far (Qin et al.,
2021). In the process of treating diseases, A. tsao-ko was often matched
with other CHMs, such as Anemarrhena asphodeloides Bunge, Dichroa
febrifuga Lour, Magnolia officinalis Rehd. et Wil. These traditional
prescriptions have good efficacy and sufficient clinical experience. In
the development of modern pharmacology, these classical prescrip-
tions have also been studied and great results have been achieved.
For example, Tsao-ko Anemarrhenae Decoction with improved
dosage can effectively assist in the treatment of epilepsy and chronic
renal failure (Gao et al., 2018; Sun and Fu, 2015; Zhang et al., 2002;
Wang et al., 2017); Da Yuan yin is a traditional formula with the func-
tion of clearing heat and detoxifying toxins, molecular docking results
showed that Da Yuan yin, with A. tsao-ko as the main component, has
the potential to treat Corona Virus Disease (COVID-19) (Ding et al.,
2020; Zong et al., 2020). A growing body of pharmacological and
physiological investigations has demonstrated that A4. tsao-ko has reg-
ulating gastrointestinal function, antioxidant (Cui et al., 2017; ), anti-
inflammatory (Hong et al., 2021b; Wang et al., 2021b), antibacterial
(Tang et al., 2020), and antitumor (Chen et al., 2020), and so on. A4.
tsao-ko could also treat or assist in the treatment of metabolic syn-
drome in the human body, including diabetes (He et al., 2021a; He
et al., 2021b), hyperlipidemia (Shim et al., 2021), hyperglycemia and
obesity (Hong et al., 2021a). In addition, the chemical components
of A. tsao-ko have been studied to some extent, especially with regard
to the relationship between chemical composition and pharmacologi-
cal effects. At present, more than 490 chemical components have been
isolated from A. tsao-ko alone. The most extensive research on volatile
oil components has confirmed the pharmacological effects of volatile
oil, and the 2020 edition of the Chinese Pharmacopoeia stipulates that
the volatile oil content of 4. tsao-ko seed clusters must be higher than

1.4% (ml/g) for inclusion in medicine. At the same time, A. tsao-ko
non-volatile components and their pharmacological activities are being
explored, such as polyphenols and flavonoids (Liu et al., 2021;Zhang
et al., 2021). It is noteworthy that indenoids are chemical constituents
specific to A. tsao-ko and can be used as its quality markers. After com-
prehensive phytochemical and pharmacological analysis, both the
crude extract and purified compounds of 4. tsao-ko have certain phar-
macological effects (He et al., 2020b; He et al., 2021b; Zhang et al.,
2021). In recent years, several novel chemical components have been
isolated from A. tsao-ko, including Diarylheptanoids, Flavanol-fatty
alcohol hybrids, and Flavanol-menthane conjugates. They have been
shown to have potential antidiabetic activity, further providing a
new direction for the pharmacological study of A. tsao-ko. The above
study shows that A4. tsao-ko is a CHM with outstanding medicinal
value. Unfortunately, even though researchers have confirmed the
medicinal value of A4. tsao-ko, the number of available precursor mole-
cules and herbal preparations is very small, and many of the findings
have not yet been applied to real life. In addition, 4. tsao-ko is an
important cash crop that brings high economic benefits to the local
population in southwestern China, as well as in countries such as Viet-
nam and Myanmar (Liu et al., 2021).

The available information about A. tsao-ko was collected through
Web of Science, Google Scholar, PubMed, Baidu Scholar, Science
Direct, China Knowledge Infrastructure (CNKI), and Springer Search.
The keywords used included A. tsao-ko, A. tsao-ko essential oil, sec-
ondary metabolites, chemical composition, biological activity, phar-
macology, traditional medicinal use, safety, and other related words.
The literature of A. tsao-ko traditional and folk uses was retrieved
from CNKI and Duxiu Search (https://www.duxiu.com/). The molec-
ular structures of all compounds shown in the text were generated by
ChemBioDraw Ultra 14.0. The botany research information of A.
tsao-ko was obtained through the Plant Plus of China website
(https://www.iplant.cn). The economic value of A.tsao-ko can be
obtained from Chinese herbal medicine industry information portal
(https://www.zyctd.com/).

In recent years, the pharmacology of A. tsao-ko has been exten-
sively studied by the scientific community. However, there is a lack
of systematic compilation of available data on their phytochemical
compounds and pharmacological activities to provide a complete over-
view of their medicinal properties. In this context, the review summa-
rized the traditional uses, distributions, phytochemical compounds,
pharmacological properties, geographic traceability, and species iden-
tification technology of the botanical drugs, to guide readers to have
a comprehensive understanding of this medicinal and food homology
plant.

2. Botanical studies

According to Flora of China (https://www.iplant.cn/frps), 4.
tsao-ko is a perennial herb with tufted stems, which belongs
to the ginger cardamom genus. The tree can be up to 3 m tall,
the whole plant will emit a spicy smell, and the underground
part is similar to ginger; Its leaves are green, Surface smooth,
leaf apex is slightly sharp and oval-shaped, approximately 40—
70 c¢cm in length and about 10-12 cm in width (Fig. [ I). Its
ligule is entire, apically obtuse, generally 0.8-1.2 cm long; yel-
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Fig. 1
naturally; H: Dried fruit; I: Leaves.

low or pale-yellow flowers serried inserted on the thick rachis,
with 5-30 flowers per inflorescence, pedicels 10 cm or longer,
surrounded by scales (Fig. 1 F), usually blooms from April
to June; Its fruits are gray-brown or red-brown, oval-shaped,
densely packed together when fresh, there are obvious longitu-
dinal groove and prism, the top with a protuberant base col-
umn, was round, the base with fruit peduncle or fruit
peduncle mark (Fig. 1| D and E). In general, A. tsao-ko has
round, fusiform, ellipsoidal and conical fruit shapes, and there
are studies that use fruit shape as a basis for classifying vari-
eties . The shape of A. tsao-ko correlates with its chemical
characteristics, with the most significant variation in volatile
oil content, particularly in the rounded A. tsao-ko, which has
the highest volatile oil content (Ma and Zhang et al., 2008).
It has tough skin, removing skin, white or yellowish-brown
septum in the middle, and the seeds are conical polyhedral,
reddish-brown, and covered with grayish-white membranous,
its fruiting period is generally from September to December
(Fig. 1 C). The dried fruit is roughly 2-5 cm in length, the peri-
carps of which are grayish-brown to brown with longitudinal
furrows and ribs, and is accompanied by a unique fragrance
(Fig. 1 G and H). In conclusion, A4. tsao-ko has very specific
characteristics, with unique macroscopic morphological fea-
tures and microscopic features of both seeds and fruits, so it
can be identified by observing the characteristics of the seeds
and fruits. According to related reports, 4. tsao-ko has unique
distribution characteristics, it is mainly distributed in high alti-
tude areas from 22°71'11”7 to 27°87'53” north latitude,
97°90'86" ~ 105°63'33" east longitude, including southwestern
China, Vietnam, northern Laos, Japan, and south Korea.

A. tsao-ko: A: Harvesting; B: Fresh fruit; C: Different fruit shapes; D: Fruit ear; E: Growth environment; F: Flower; G: Dry

Fig. 2 shows the main distribution areas of 4. tsao-ko in
China, with the largest area under cultivation in Yunnan pro-
vince (Yang et al., 2017, Liu et al., 2019; Ma et al., 2021). Ele-
vation is a definite influence on the yield of 4. tsao-ko, when A.
tsao-ko are transplanted from a low-latitude or low-altitude
growth environment to a high-latitude or high-altitude growth
environment, the number of flowers per inflorescence will
increase, and the fruit rate will decrease (Yang et al., 2014).
Therefore, in the process of cultivation and introduction of
A. tsao-ko, a comprehensive consideration of its species and
suitable habitat is required.

3. Traditional clinical applications

According to the theory of traditional Chinese medicine
(TCM), human health is related to the balance of yin and
yang. Once the yin and yang are imbalanced in the human
body, many diseases will occur. At this time, TCM will treat
diseases by adjusting the balance between yin and yang for
each disease. TCM has many medicinal features, including
wide efficacy, safe use, and sufficient clinical experience
(Table S1). The history of 4. tsao-ko used as medicine was first
recorded in “Taiping Huimin Heji Bureau Prescription”, called
“Cao Guo”. 4. tsao-ko, Amomum Roxb, and Alpinia kat-
sumadai Hayata are divided into one category by Shizhen Li
in the masterpiece of “Ben Cao Gang Mu”, and proposed
the effect of “Warming spleen and stomach, dispersing cold
and heat”. After textual research, the efficacy of A. tsao-ko is
recorded in “Bao Qing Ben Cao Zhe Zhong”, including non-
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toxic, warming the middle, remove the malign qi, stop vomit-
ing, treatment of cholera, treatment of alcohol poisoning,
warming spleen and stomach. According to “Yin Shan Zheng
Yao”, A. tsao-ko has the effects of treating heart and abdom-
inal pain, stopping vomiting, lowering qi. Tsaoko-
Anemarrhenae decoction from “Wen Bing Tiao Bian” is
obtained by a decoction of A. tsao-ko, Anemarrhena asphode-
loides Bunge, and Pinellia ternata. It is used for the treatment
of malaria, clearing heat and dampness, eliminating turbidity,
and regulating qi. In addition, the efficacy of A. tsao-ko has
been recorded in Chinese classics such as “Ben Cao Bei Yao”,
“Ben Cao Qiu Zhen” and “Ben Cao Co Xin” in Qing Dynasty,
and mainly warming the middle, removing food stagnation,
prevent the attack of malaria, phlegm-resolving, and so on.
In Chinese Pharmacopoeia (Commission, 2020) documented,
A. tsao-ko is pungent, warm, returning to the spleen and stom-
ach meridian. It has the effects of clearing heat and removing
dampness, preventing the attack of malaria, expelling-phlegm,
etc. And it can treat syndrome or pattern of accumulation of
cold-dampness, flatulence in the lower abdomen, vomiting,
malaria causes chills and fever, pestilence causes fever. In addi-
tion, A. tsao-ko is also very popular among Chinese folk.
Research has found that a total of 10 ethnic minorities use
A. tsao-ko to treat diseases (Table S2), the fruits of A. tsao-
ko are the main medicinal parts, other sites are not commonly
used medicinally. There are many prescriptions about 4. tsao-
ko with significant medicinal effects.

4. Clinical applications

Classical prescriptions have been passed down in China for
thousands of years and have been continuously improved
and verified. They have the characteristics of safety, reliability,
and rich clinical experience (Wang et al., 2023). Compared
with laboratory studies with less clinical time, it has a more
reliable basis for treatment. Studies have shown that many
classical prescriptions can provide ideas for modern pharma-
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Main distribution of A. tsao-ko in China.

cological research (Zhao et al., 2023). For example, Tsaoko-
Anemarrhenae Decoction, which is composed of eight kinds
of CHMs such as A. tsao-ko and Anemarrhena asphodeloides,
etc., has a good treatment for epilepsy. Moreover, it can block
abnormal cortical discharge, thereby achieving anti-epileptic
effects (Gan, 2004; Gao et al., 2018; Zhang et al., 2002). In
addition, Shao Chaodi used this prescription to treat chronic
renal failure, and the effect was remarkable (Wang et al.,
2017). Shipiyin, is composed of CHMs such as 4. tsao-ko,
Atractylodes macrocephala, etc. In He Dongmei’s clinical
study, 86 patients with intractable diarrhea were divided into
a treatment group (treated with Shipiyin) and a control group
(treated with Sishen) pill treatment, the results showed that the
effective rate of the treatment group was 96.4%, and the total
effective rate of the control group was 70%. Shipiyin had a
more significant clinical effect on refractory diarrhea. In addi-
tion, Shipiyin can improve heart function by reducing serum
N-terminal pro-B-type natriuretic peptide (NT-proBNP) and
Caspase-3 (CASP3) protein expression in heart failure model
rats, and inhibiting cardiomyocyte apoptosis in heart failure
rat models, thereby delaying heart failure (Lei et al., 2021).
Shipiyin combined with diosmin can better improve the clinical
symptoms, which provides a new clinical program for the
treatment of lymphedema with integrated Chinese and western
medicine after breast cancer surgery (Hu et al., 2021). Da-
Yuan-Yin is composed of 11 CHMs such as Houpoea offici-
nalis and A. tsao-ko, and so on. Liang Qiaoqiu’s clinical studies
have confirmed that it has the effect of adjuvant treatment of
bronchitis. Compared with conventional treatment, Da-Yuan-
Yin is added to the conventional treatment, and the cure rate
has increased from 64.5% to 87.1%. This prescription has also
achieved good curative effects in the treatment of COVID-19.
Its mechanism may be through the combination with
angiotensin-converting enzyme II (ACE2) to act on targets
such as prostaglandin-endoperoxide synthase 2 (PTGS2), heat
shock protein 90 alpha (HSP90AAT1), and estrogen receptor 1
(ESR1) to regulate multiple signals access, which may have a
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therapeutic effect on COVID-19 (Zong et al., 2020). In sum-
mary, the improvement of traditional medicinal methods can
lead to effective therapeutic results and is a new pathway for
the treatment or adjunctive treatment of modern diseases.
For the industry of drug development, these methods can pro-
vide new ideas for the development of Chinese patent drug.

5. Chemical compounds

With the development of modern pharmacology, the explo-
ration of natural medicines to replace the original chemical
agents to prevent and treat diseases has attracted more and
more attention from researchers. What exciting is that there
are abundant natural chemical resources in natural plants
(Wu et al., 2012). 4. tsao-ko is not only seasoning for cooking,
but also a CHM with outstanding medicinal value. As we all
know, chemical compounds are the material basis of CHM
in the treatment of diseases. The research on the chemical com-
ponent of A. tsao-ko could be traced back to the middle of the
20th century. Japanese researchers isolated and identified 1,8-
citric acid and geranioic acid from AEO (Li et al., 1975). As
shown in Table S3 and Fig. 3, a total of 493 compounds that
have been isolated from A. tsao-ko were reviewed, this study
subdivides them into 20 categories, and their structural formu-
lae are shown in Tables 1-9. The effect of drying temperature
on the quality of A. tsao-ko is greater and is mainly related
to the changes in the volatile components of 4. tsao-ko. Under
high temperature drying (850 C and 1000 C), A. tsao-ko is rich
in monoterpenes such as o-thujene, a-pinene, terpinolene,
neral, 1,8-cineole, and so on (Wang et al., 2021a). Many stud-
ies have shown that these compounds have antioxidant, anti-
cancer, sedative, anti-inflammatory, and antibacterial
properties (Caceres et al.,, 2017; Ito and Ito, 2013; Melo
Junior et al., 2017; Ruberto and Baratta, 2000). The content
of (E)-2 unsaturated aldehydes is relatively high when dried
at relatively low temperatures (25 °C, 40 °C, 55 °C, 70 °C), this

chemical compound is closely related to the antibacterial activ-
ity (Ma et al., 2019). The content of such compounds decreases
rapidly when the drying temperature is greater than 70 °C
(Wang et al., 2021a).

5.1. AEO and its volatile compounds

Since the Middle Ages, essential oil (EO) has been widely used
in agriculture, food seasoning, cosmetics, and fragrance indus-
tries. With the development of modern pharmacology, EOs
have also been widely used in the pharmaceutical and func-
tional food industries. In nature, EOs have the function of
plant protection, reducing the appetite of herbivores by scent
to protect plant survival. In addition, EOs can attract animals
and insects to pollinate plants and spread seeds, or repel
unfriendly organisms that are harmful to plants (Bakkali
et al., 2008). EOs are also often used as bacteriostatic agents,
and many studies have collectively showed that their bacterio-
static function is by affecting the normal function of cell mem-
branes, disrupting the stability of the lipid layer, affecting
cellular energy metabolism and the reductase system (Da
Costa Lima and de Souza, 2021; Rossi et al., 2022). At present,
many volatile oil compounds have been isolated from 4. tsao-
ko, mainly including monoterpenes (1-34), oxygenated
monoterpenes (35-95), sesquiterpenes (96-116), oxygenated
sesquiterpenes (117-127), diterpenoids (128—131), aromatics
(132-156), aliphatics (157-248), and ketones (249-264).
Among them 1,8-cineole (70), a-citral (93), o-pinene (2), f5-
pinene (3), limonene (18), decanal (166), linalool (40), o-
terpineol (41), geraniol (42), nerolidol (97) are the main chem-
ical compounds.

5.2. Phenolics

Phenolics are important biologically active compounds, char-
acterized by a phenolic structure (containing one or more
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Table 1 Structure of terpenoids in 4. tsao-ko.
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Table 1 (continued)
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Table 1 (continued)
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hydroxyl groups on an aromatic ring), which can be divided
into different groups according to the number of phenolic
rings in the structure and the bonding elements between phe-
nolic rings (Scalbert et al., 2005). It was of great significance
in plant physiology and protection of plants from external
aggression. At the same time, it also imparts a variety of bio-
logical activities to plants (Denny, 2007). The biological activ-
ity of phenolic compounds appears to be related to the
presence and number of hydroxyl groups. Among them, the
conjugation and resonance relationship had a great correlation
with its antioxidant activity (Leopoldini et al., 2004). In recent
years, a large number of phenolic compounds from A. tsao-ko
were obtained by various extraction techniques (Li et al.,
2017a; Shi et al., 2021;Wang et al., 2009).

5.3. Contains the chemical components of C6-C3-C6

Flavones are secondary metabolites which are widely present
in plants and possess C6-C3-C6 as the basic carbon frame-
work. It is extensively reported for exhibiting various biologi-

cal properties. In recent years, researchers have isolated a large
number of flavonoids from A. tsao-ko (Zhang et al., 2021; Kim
et al., 2019a). Flavonoids are classified into various sub groups
according to the substitution pattern of ring C. The oxidation
state of the heterocyclic ring as well as the position of B ring
are important in the classification as flavone glycosides (326—
327), flavonoids (328-335), flavonoid (336-347), flavanone
(348-362), chalcone and its derivatives (363-375).

5.4. Diarylheptanoids

Diarylheptanoids are an important bioactive compound in 4.
tsao-ko with a 2,6-epoxy pyran ring structure that inhibits a-
glucosidase activity and has potential as a new antidiabetic
drug candidate. 11 new and 13 known diarylheptanoids were
isolated from the active part of A. tsao-ko under the guidance
of bioassay. The enzyme kinetic study suggested that diaryl-
heptanoids as the active constituents of A. tsao-ko with o-
glucosidase inhibitory effects (He et al., 2020a). Thirteen new
and four known 2,6-epoxydiarylheptanes were also isolated
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successively from A. tsao-ko, and 2,6-epoxydiarylheptane-like
compounds were proposed as new antidiabetic drug candidates
(He et al., 2020b).

5.5. Bicyclic nonane and steroids

Bicyclic nonane is a unique chemical in A4.tsao-ko, a class of
compounds with a bicyclic parent nucleus formed by a hexane
ring and a pentane ring as the basic framework. One study iso-
lated two bicyclic nonane from A. tsao-ko, both of which have
inhibited LPS-induced NO production in BV2 microglial cells
and are potential anti-inflammatory substances (Lee et al.,
2008). Steroids are a class of compounds with the basic back-
bone structure of cyclopentane polyhydrophenanthrene as the
parent nucleus, which usually bears two angular methyl groups
and a side chain or oxygen-containing group containing a dif-
ferent number of carbon atoms. Qiu et al. (2012) analyzed and
identified the active ingredients of A. fsao-ko by ultrasonic
extraction combined with combined gas chromatography-
mass spectrometry, and proved that 4. tsao-ko contained ster-
oidal compounds such as Stigmasterol and y-Sitosterol. In
addition, based on spectroscopic methods including MS, H-
NMR, C-NMR, DEPTI135, and HMQC spectroscopy, two
more steroid compounds were isolated from A. tsao-ko
(Zhang et al., 2014).

Table 3 Structure of aliphatic compounds in 4. tsao-ko.

5.6. Flavanol-fatty alcohol hybrids and flavanol-menthane
conjugates

19 new flavanol-fatty alcohol mixtures were isolated from A.
tsao-ko for the first time and were named tsaokoflavanols A-
S (434-452), in vivo experiments showed significant o-
glucosidase and PTPIB inhibitory activities (He et al.,
2020a). The following year, eight more rare flavanol-
menthane-conjugates were isolated from A. tsao-ko and were
named amomutsaokins A-H (453-460). It is interesting to note
that compounds 453-456 are formed due to flavanol-menthane
conjugates with the menthane part linked at the C-6 position
of flavanol. Pharmacological studies have shown their inhibi-
tory effect on three diabetes-related proteins (PTP1B, TCPTP
and o--glucosidase) (He et al., 2021b).

5.7. Other compounds

According to the systematic pre-test study of phytochemical
composition, 4. tsao-ko also contains sugars, proteins, tan-
nins, saponins, anthraquinones, coumarins, lactones, cardiac
glycosides, steroids, oils, and anthocyanins in a variety of
chemical compounds (Liu et al., 2011). According to research
reports, A. tsao-ko is also rich in amino acids and mineral
nutrients. An automatic amino acid analyzer was used to
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Table 4 Structure of ketones in A. tsao-ko.
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determine the content of 17 amino acids in 4. tsao-ko, and the
ICP method was used to determine the content of 9 mineral
nutrients. It was found that the highest amino acid content
was cereals and up to 3.01 g-kg~'; Manganese content of the
five trace elements was the highest and up to 822 mg-kg™'
(Pu et al., 2015).

6. Pharmacological properties

In Asia, A. tsao-ko has long been used as a spice or seasoning
in food, has a long history of use and has played an important
role in human civilization and national history. In China, 4.
tsao-ko is also a traditional Chinese medicinal material that
can treat diseases, as documented in the Chinese Pharma-
copoeia (2020). Modern pharmacological studies have proved
that it can regulate gastrointestinal function, antibacterial (Liu
et al., 2018; Shim et al., 2021), insecticidal (Wang et al., 2014),
antioxidant (Cui et al., 2017), anti-inflammatory (Lee et al.,
2019), neuroprotective (Zhang et al., 2016), anti-tumor
(Zhang et al., 2015), anti-diabetes (Saeedi et al., 2019) and
other activities (Fig. 4 and Table S4).

6.1. Regulate metabolic syndrome

Metabolic syndrome (MS) is one of the major medical and
public health problems in the world. The main symptoms
include complex metabolic disorders such as obesity, hyper-
glycemia, hypertension, and hyperlipidemia (Liu et al., 2023).
Studies have shown that the active substances in CHM can
reduce inflammation, resist oxidative stress, inhibit a-amylase

and «-glucosidase, regulate intestinal flora, and inhibit the dif-
ferentiation of preadipocytes (Li et al., 2023). A. tsao-ko as
TCM, has the effect of regulating human metabolic syndrome.
A large number of studies have shown that AEO, polyphenols,
and flavonoids of A. tsao-ko are effective factors for regulating
metabolism (He et al., 2021a, He et al., 2021b). This review
summarises the research status of A. tsao-ko in regulating
blood sugar and blood lipids, treating diabetes, and cardiovas-
cular diseases (Fig. 5). In the future, it can be further studied
for its potential medicinal value in other types of diseases,
and promote the development of TCM health industry.

6.1.1. Anti-diabetes

According to the International Diabetes Federation Diabetes
Atlas, 9th edition: in the absence of effective control measures,
the number of people with diabetes is expected to reach 578
million in 2030 (Saeedi et al., 2019). In the human body, a-
amylase and a-glucosidase are the key enzymes for digesting
and absorbing carbohydrates. Inhibiting their activity will
delay the absorption of carbohydrates and increase in blood
glucose levels after meals. At present, there are two main meth-
ods of lowering blood sugar, insulin injection, and oral hypo-
glycemic drugs, and they have good clinical effects. However,
it was a pity that these clinical drugs will cause adverse side
effects for the human body during the treatment process,
which are very painful for the patients. A. tsao-ko contains bio-
logically active substances that can lower blood sugar. In
countries such as India, Pakistan, and China, Amomum subu-
latum Roxb and A. tsao-ko is considered to be effective drug
for treating diabetes (Hussain et al., 2018). The water extracts



Traditional clinical applications, phytochemistry and pharmacological properties 13

(v/v) of Amomum subulatum Roxb and A. tsao-ko (seed and
peel) have significant inhibitory activity on a-amylase and o-
glucosidase. At the concentration of 4.0 mg/mL, the seed
extracts of A. tsao-ko extracts were relatively analogous to
acarbose activity that exhibited maximum o-amylase and o-
glucosidase inhibitory activity of 83.9% and 54% respectively.
In vivo, polar fractions of A. tsao-ko have anti-oxidative and
hypoglycemic activity in mice, this component could be epicat-
echin (Yu et al., 2010). In addition, under the guidance of
LCMS and Dbioassay, two complicated flavanol-
monoterpenoid hybrids (Compounds 453 and 457) were iso-
lated from A. tsao-ko, with strong a-glucosidase inhibitory

Table 5 Structure of polyphenols in A. tsao-ko.

activity, with ICsy values of 18.8 and 38.6 pmol/L (acarbose,
ICso = 213 umol/L), which can be used as an anti-diabetic nat-
ural compound. They have selective inhibitory effect on
PTPIB (ICsy: 201.45 ~ 317.51 gm.), and an inhibitory effect
on the chemical component of a-glucosidase (ICsqy: 3.73 ~ 76.
23 pm) (He et al., 2021a). Docking simulation proved the
importance of the hemiacetal hydroxy, the orientation of 3,4-
dihydroxyphenyl, and the length of alkyl in binding with o-
glucosidase and PTP1B (He et al., 2020a). In vitro, the 1Cs,
values of o-amylase and o-glucosidase were 14.23 and
1.76 mg/mL. In vivo, a high-fat diet and streptozotocin com-
bined to induce type 2 diabetes model in rats were established,

o 0 o o)
o)
pepheviisenlognen jogwes
HO HO HO HO
265 266 267 268 269 OH 270 271 272

OH
282

288

.

294 295

296 &

300 301

HOJQ
HO o~

280

o
~ _
H Y O e N @;OH ~o A0 \QVO
283 284 285 286 287
OH
/O:©\/ b \/@\/ /@iOH -
5 \@/
289 290 291
/@\/ HO OH HO
0 \©\/ \Q\/V /\/\/\/©/

~o O
~
HO
\O : O \O O/ \O O/ :©\/O
: OH ™~ ~

(continued on next page)



14

G. He et al.

Table 5 (continued)
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and the model was used for 6 weeks with A. tsao-ko extracts
After treatment, it was found that the fruit extract can signif-
icantly improve the impaired glucose tolerance, and reduce the
levels of fasting blood glucose, insulin, malondialdehyde, and
increase the level of superoxide dismutase. Combined with
histopathological findings, the findings suggest that A. tsao-
ko extract retains the structure and function of the pancreas,
and exhibits good anti-diabetic activity both in vivo and
in vitro (Zhang et al., 2021). Methanol extracts of A. tsao-ko
could obviously inhibit a-glucosidase activity and improve glu-
cose tolerance in mice (Xie et al., 2021). Although most of the
pharmacological activities of A. tsao-ko are obtained through
in vitro experiments, these valuable research results provide
some evidence for clarifying the therapeutic mechanism of A.
tsao-ko. It can be used as a potential medicinal resource, such
as functional food to reduce blood glucose and lipid levels or
as a new candidate drug for anti-diabetes.

6.1.2. Anti-obesity and hypolipidemic activity

According to statistics, up to now, the incidence of dyslipi-
demia in Chinese adults has exceeded 25%. Hyperlipidemia
is mainly divided into two types: Primary and secondary.
The former is mainly caused by genetic factors and dietary
habits; the latter is mainly caused by other intermediate pri-
mary diseases, such as diabetes and obesity (Nanayakkara
et al., 2021). At present, the drugs for the treatment of hyper-
lipidemia are mainly statins, including simvastatin. However,
long-term use of these drugs can cause many side effects, such
as myalgia and liver damage. In recent years, some studies
have found that 4. tsao-ko has bioactive compounds that
can improve hyperlipidemia, which provides a research idea
for the development of new hypolipidemic drugs. A. tsao-ko
has the effect of inhibiting the activity of lipase, the inhibitory
effect of (2E,7Z) -tetradeca-2,7-dienoic acid and (E)-tetradec-
2-enoic acid on lipase were compared with that of Orlistat.
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Table 6 Structure of flavone and diarylheptanoids in 4. tsao-ko.
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Table 6 (continued)
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Table 6 (continued)
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Table 6 (continued)
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Table 6 (continued)
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The concentration was 50 pg/mL, the lipase inhibition effect of
two compounds were better than Orlistat (Liu et al., 2018).
Ethanol extract of A. tsao-ko (EAT) can improve obesity
and hyperlipidemia in C57BL/6 mice with a high carbohydrate
diet. Histological analysis showed that the mice taking EAT
orally for 84 days lost weight, and EAT improved plasma
cholesterol, triglyceride, and other indicators of the mice.
The contents of TC and TG, as well as lipid droplets of
HCD-induced hepatic accumulation in the liver tissue, were
suppressed by EAT (Park et al., 2021). Studies have also
shown that EAT can improve obesity caused by menopause
(Ghani et al., 2020). Menopause is the natural cessation of

menstruation due to the loss of ovarian function, which can
lead to serious physiological complications, such as obesity.
Menopause will cause a decrease in estrogen, which will
increase glucose intolerance, insulin resistance, and redistribu-
tion of fat into the abdominal cavity, which will lead to obesity
and related metabolic syndrome in women. Shim et al. (2021)
found that EAT significantly decreased OVX-induced body
weight gain and fat accumulation, significantly prevented
OVX-induced deterioration of bone mineral density and
microstructure of trabecular tissues, and significantly inhibited
osteoclast differentiation by downregulating NF-xB/Fos/
NFAT cl signaling in osteoclasts. It can be seen that A.
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tsao-ko can be used as a raw material for the development of
effective natural fat inhibitors. In addition, Compounds 237,
117, 273, and 311 can inhibit the differentiation of 3 T3-L1
cells in a concentration-dependent manner, and the percentage
of differentiated cells is lower at higher concentrations. Among
them, compounds 237 and 273 have strong anti-lipid activity,
but their specific mechanisms of action are not clear (Hong
et al., 2021b).

6.1.3. Anti-cardiovascular disease

Cardiovascular diseases, a list of cardiovascular diseases
related to the heart or blood vessels, mainly including stroke
and ischemic heart disease, are among the top 10 causes of
death in humans and a leading cause of disability (Hsu
et al., 2021). Hypercholesterolemia is also one of the main risk
factors for cardiovascular diseases. It has been reported that
improving blood HDL-C levels or reducing blood TC and
LDL-C levels can effectively prevent cardiovascular diseases
(Bianconi et al., 2021). The risks of cardiovascular disease
can be reduced by changing environmental risk factors, such
as diet and regulating the component of intestinal flora to pre-
vent (Hsu et al., 2021). Targeted therapy of intestinal microor-
ganisms plays an important role in the prevention and
treatment of cardiovascular diseases. Gut microbiota may
directly or indirectly affect the risks of cardiovascular disease,
and that gut microbiota in early life is associated with cardio-
vascular disease later part of life (Zhao et al., 2021). The
polyphenolic extracts and volatile oil in A. tsao-ko have the
activities of regulating the mRNA and protein expressions of
enzymes and transporters of cholesterol absorption and meta-
bolism. It can effectively improve cholesterol plasma TC con-
centrations and atherosclerosis in hamsters fed with a 0.1%
cholesterol diet. In addition, the polyphenolic extracts and
volatile oil in A. tsao-ko restore the deteriorating intestinal
microbiota and promote the growth of Ruminococcus-2 by
inhibiting the growth of Allobaculum and Desulfovibrio (Liu
et al., 2021).

6.2. Anti-cancer

A study found that the methanolic extract of A. tsao-ko has
cytotoxic activity, and diarylheptane compound 421 can be
separated through the guidance of biological activity. Com-
pound 421 had cytotoxicity against lung cancer A549
(ICso = 4.9 pg/mL) and melanoma SK-Mel-2 cells (IC5y =
11.4 npg/mL), comparable to cisplatin (ICsy = 7.4 and
10.0 pg/mL) (Moon et al., 2005). Furthermore, Yang et al.
(2010) use of MTT method to study the AEO and its main
bioactive substances (42 and 70) on human tumor cell lines
(HepG2, Bel7402, Hela, A549, SGC-7901) and normal human
cell lines (HL-7702, HUVEC) toxicity. By comparing with the
anti-tumor drug mitomyecin, it was found that the ICs, value of
AEO on all cancer cell lines was higher than that of mito-
mycin. AEO was less sensitive to the cytotoxicity of human
normal cell lines HL-7702 (ICso: 163.91 £ 5.11 ~ 272.41 £+ 0.
97 pg/mL) and HUVEC (ICsy: 2.54 + 0.13 ~ 16.04 £ 0.04 pg/
mL) (Yang et al., 2010). In addition, there are research reports,
which use the MTT method to determine the chemical com-
pounds in A. tsao-ko antiproliferative activities against
HepG-2, SMMC-7721, Hela, and A549 human cancer cell
lines. A. tsao-ko also has strong anti-tumor activity against

HepG-2, SMMC-7721, Hela, and A549 cell lines (Zhang
et al., 2015). Zhang and Yang (2015) established the Hy,
tumor-bearing mice model to study the inhibitory effect of
AEO on tumor cell growth. AEO could inhibit the prolifera-
tion of 6-10B cells in a dose-dependent manner, and its ICs,
for 24 h was 0.14 mg/mL. AEO can induce apoptosis by up-
regulating the expression of Bax protein and down-regulating
the expression of Bcl-2 protein, thereby achieving the effect
of inhibiting the growth of tumor cells. Its pharmacological
mechanism may be induced apoptosis of 6-10B cells through
the mitochondrial apoptosis pathway, thereby exerting itself
effectively (Gao et al., 2021). Moreover, EAT has been con-
firmed to have anti-ovarian cancer activity, and angiogenesis
was a key factor in the growth of tumor cells (Pradeep et al.,
2014). The inhibition rates of 4. tsao-ko on SPHK1/2 enzyme
activities were 59.75% and 22.75%, respectively, which could
induce cell cycle arrest and apoptosis, exerting anticancer
effects (Lee et al., 2019a). EAT did not influence vascular
endothelial cells directly, but decreased IL-6 and VEGF
secreted by ovarian cancer cells to inhibit angiogenesis through
inhibition of p-STAT3 and NF-kB activation. And p-STAT3
and NF-kB could adjust each other and IL-6 and VEGF also
mediates p-STAT3 and NF-kB too, which created a loop. EAT
interrupted p-STAT3/NF-kB/IL-6 and VEGF loop through
induced ER stress, achieving an anti-tumor effect (Chen
et al., 2020).

6.3. Anti-inflammation

Inflammation is a harmful and irritating biological reaction
triggered by the immune system due to pathogens, damaged
cells, toxic compounds, and other factors, leading to acute or
chronic inflammation in the body, which will cause patholog-
ical changes in the body (Chen et al., 2018; Medzhitov, 2010).
Controlled inflammatory factors can be served as a defense
mechanism for human health, but uncontrolled inflammatory
factors can also lead to various inflammatory diseases in the
human body (Zhou et al., 2016). In the studies of A. tsao-ko,
researchers found that A. tsao-ko contains natural chemical
compounds with good anti-inflammatory effects, including ter-
penoids and flavones. It has been reported that luteolin can
induce the expression of OH-1 through Nrf, signaling to exert
anti-inflammatory activity, thereby protecting body cells from
various inflammatory factors (Akram et al., 2015). The extract
and isolate of A. tsao-ko can effectively inhibit inductive nitric
oxide synthase, it is of great significance for developing NO
inhibitors to fight against inflammation (Mariotto et al.,
2007). 2,8-decadiene-1,10-diol had anti-inflammatory activity
in lipopolysaccharide-stimulated RAW 264.7 cells. 2,8-
decadiene-1,10-diol can inhibit the production of NO by
downregulating inducible NO synthase. Moreover, 2,8-
decadiene-1,10-diol suppressed the production of pro-
inflammatory cytokines such as interleukin-6 and tumor necro-
sis factor-a. 2,8-decadiene-1,10-diol can inhibitory the expres-
sion of inflammatory proteins by mediated through the
inactivation of mitogen-activated protein kinases (MAPKs),
mainly extracellular signal-regulated kinase, c-Jun-N-terminal
kinase, and p>*MAPK and inhibition of nuclear factor-kB
(NF-xB) pathways including degradation of inhibitor of kB-
o and nuclear localization of NF-kB (Kim et al., 2016). In
LPS-induced RAW 264.7 macrophages, the methanol extract
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Table 7 Structure of bicyclic nonane and steroids in A. tsao-ko.

431

of A. tsao-ko reduced the production of NO by inhibiting indu-
cible NO synthase (iNOS) expression, and increased heme
oxygenase-1 (HO-1) expression at the protein and mRNA
levels (Shin et al., 2015). Compound 33 can inhibit the exces-
sive production of NO-induced by lipopolysaccharide, thus
achieving the purpose of inhibiting the expression of pro-
inflammatory cytokines (Hong et al., 2021b). Compounds
373, 374, and 375 were obtained from A. tsao-ko, with a chal-
cone skeleton, which showed obviously inhibitory effects on
the NO production with ICsy values up to 22.5 pm (Kim
et al, 2019b). In addition, compound 33 with the anti-
inflammatory effect was exerted by inhibiting the NO produc-
tion via down-regulation of iNOS in LPS-stimulated
RAW264.7 cells (Hong et al., 2021b).

6.4. Anti-bacterial

At present, bacterial infection was the main source of infec-
tious diseases. Bacteria have certain drug resistance, which
may lead to the death of infected patients in severe cases
(Stracy et al., 2022). The problem of bacterial resistance has
become one of the major global health threats, so the develop-
ment of new antibacterial agents has a very important role in
medical research. The broad-spectrum inhibitory effect of A4.
tsao-ko on fungi, pathogenic bacteria, Gram-positive, Gram-
negative bacteria, and Trichomonas vaginalis. The AEO exhib-
ited moderate to potent broad-spectrum antimicrobial activity
against 5 g-positive and 2 g-negative bacteria (MIC:2.94-5.86
mg/ml) (Cui et al., 2017). By intramuscular administration,
AEO at the lowest effective dose of 0.92 g/kg/d protected mice
from S. aureus or E. coli infection with a 100% survival rate
(Dai et al., 2016a). The bacteriostatic mechanism of AEO to
foodborne bacteria Escherichia coli may be through the change
of permeability and integrity of cell membrane, resulting in
leakage of nucleic acid and protein, MIC and MBC of

3.13 mg/mL and 6.25 mg/mL (Guo et al., 2017). In previous
studied, compared with most of which exhibited intact geno-
mic DNA, the cells cultured with AEO had numerous cells
with condensed chromatin, significant nuclear fragmentation
(Yang et al., 2010). In vitro, AEO had obvious anti-MRSA
activity and had a synergistic effect and additive effect with
other antibiotics, which can reverse the activity of MRSA
against B-lactam antibiotics multidrug resistance. Xu et al.
(2017) used the microfluidic method to determine the frac-
tional inhibitory concentration (FIC) indexes of three kinds
of B-lactam antibiotics (amoxicillin, cefalexin, and cefepime),
AEO and three antibiotics synergy effects can reach 80%,
and effectively enhances the therapeutic effect of antibiotics
on MRSA. The extracts had anti-quorum (QS) sensing and
anti-biofilm activities against gram-positive and gram-
negative bacteria. Furthermore, the anti-QS activity of the A.
tsao-ko extract (0.5-4 mg/ml) by using C. violaceum a biosen-
sor strain and biofilm formation by crystal violate assay. It was
found that minimum inhibitory concentration (MIC) for Sta-
phylococcus aureus (Gram-positive), Salmonella Typhimurium,
and Pseudomonas aeruginosa (Gram negative) were 1, and
2 mg/ml respectively (Rahman et al., 2017).

Trichomoniasis, caused by the flagellate protozoan Tri-
chomonas vaginalis, is the most common non-viral sexually
transmitted disease (STD) and is often treated with the drug
S-nitroimidazole. Over time, many strains of Trichomonas
vaginalis have developed resistance to these therapeutic drugs
(Osmari et al., 2020). Scientists found that AEO and com-
pound 42, had a certain therapeutic effect on the strain. After
the strain was treated with AEO and compound 42, the nuclear
membrane was damaged, nuclei were dissolved, and the chro-
matin was accumulated; In the cytoplasm, numerous vacuoles
appeared, rough endoplasmic reticulum dilated, the number of
ribosomes was reduced, organelles disintegrated, the cell mem-
brane was partially damaged, with cytoplasmic leakage, and
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Table 8 Structure of flavanol-fatty alcohol hybrids and flavanol-menthane conjugates in A. tsao-ko.
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cell disintegration was observed (Dai et al., 2015a). Further-
more, food-borne pathogens are a large group of bacteria that
affect human health. Among them, Bacillus subtilis and Liste-
ria monocytogenes have a greater impact on human health.
Studies have found that A. tsao-ko extract can destroy the cell
wall, cell morphology, and cell integrity of the two bacteria,
thereby inhibiting the growth of Bacillus subtilis and Listeria
monocytogenes (Tang et al., 2020). According to reports, A.
tsao-ko also has good anti-pneumococcal activity (inhibition
rate greater than 99%). The researchers tested the extract
and isolates of A. tsao-ko for inhibitory activity against pneu-
monia, the MIC was 50 pg/mL, equal to the chloramphenicol
positive control (Liu et al., 2018c). According to previous stud-
ies, the mechanism of the antibacterial activity of 4. tsao-ko
can be summarized into the following two aspects: On the
one hand, it acts on the biofilm system of microbial cells,
resulting in the destruction of the membrane structure and
the increase in membrane permeability, resulting in the leakage
of intracellular ions and contents; On the other hand, it acts on
the enzyme system of microbial biochemical reactions, and the
enzyme system is destroyed, resulting in cell death, thereby
exerting bacteriostatic activity (Alvarez-Martinez et al.,
2021). The broad-spectrum antibacterial activity of 4. tsao-
ko against microorganisms, especially pathogenic bacteria,
makes A. tsao-ko a potential natural resource for the develop-
ment of bacteriostatic agents and antibiotics, which also gives
a hint to the probable mechanism of its clinical application
such as foodborne and infectious diseases.

6.5. Antioxidation

Numerous studies have shown that cancer, arteriosclerosis or
other diseases, and aging are all related to the production of
excess free radicals (Martemucci et al., 2022). Antioxidants
can effectively remove the free radicals generated by the
human body due to continuous contact with the outside world,
thereby avoiding the harm free radicals brings to the human
body to the greatest extent (Sharma et al., 2018). Therefore,
antioxidation is an important step in preventing diseases and
resisting aging, and one of the important directions for the
development of health and skincare products. A. tsao-ko has
a very strong antioxidant capacity, mainly fat-soluble ingredi-
ents, of which catechin and their derivatives had a similar free
radical scavenging ability to vitamin C (Yan, 2014). There are
reports that catechin and catechol derivatives showed strong
activities in both the DPPH radical scavenging activity and
antioxidant activity assays. The study also explained that the
difference in radical scavenging ability of Protocatechuic acid
(265) and Protocatechualdehyde (322) may be because car-
boxyl groups can form intermolecular hydrogen bonds, while
aldehyde groups cannot. Because of this bonding, the
electron-with-drawing capacity of compound 265 is decreased,
which leads to the weakening of its activity toward DPPH free
radicals (Martin et al., 2000). In addition, AEO and their nat-
ural compounds have been extensively studied due to their
strong aroma and strong antioxidant capacity (Ni et al.,
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Table 9 Structure of other compounds in A4. tsao-ko.
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2021). There are reports that AEO obtained from A. tsao-ko
can be explored as a potent natural antimicrobial and antiox-
idant preservative ingredient in food industry. The ICs, values
of AEO determined by DPPH radical scavenging activity and
B-carotene/linoleic acid bleaching assay were 5.27 and 0.63 mg/
mL (Cui et al., 2017a). Ethanol (95%) extract and ethyl acetate
extract of A. tsao-ko had significant DPPH free radical scav-
enging activity, and the compounds with antioxidant activity
were mainly concentrated in ethyl acetate extract (Zhang
et al., 2015). In addition, studies have shown that polyphenolic
active substances isolated from A. tsao-ko have certain DPPH
and ABTS free radical scavenging capabilities, with 1Csq val-
ues of 42.46 pg/mL and 85.47 pg/mL, respectively. And the
concentration of polyphenols was positively correlated with
its antioxidant activity (Li et al., 2017a). Studies have evalu-
ated the antioxidant activities of 12 compounds, such as 3,4-
dihydroxy benzoic acid and Meso-Hannokinol, which were
isolated from A. tsao-ko. It was found that showed good

DPPH radical scavenging activity in a dose-dependent man-
ner. When the concentration was 100 pg/mL, 3.4-dihydroxy
benzoic acid showed the best DPPH free radical scavenging
activity, and its free radical scavenging rate was more than
90%, which was close to the DPPH free radical scavenging
activity of vitamin C at the same concentration (Liu et al.,
2018a). Methanol extracts of A. tsao-ko possessed high flavo-
noid content (1.21 mg QE/g DW), the results of in vitro exper-
iments showed that A. tsao-ko has a strong oxygen-free radical
absorption capacity, the ability to scavenge ABTS free radical
antioxidants, and the iron reduction capacity (Zhang et al.,
2021).

6.6. Neuroprotection
According to the research results of Zhang et al. (2014), flavo-

noids in A. tsao-ko have the biological activity of inhibiting
H,0,-induced apoptosis of PC-12 cells. In this study, eight
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Fig. 4 Pharmacological action and mechanism of A. tsao-ko.

bioactive compounds were isolated from the 4. tsao-ko, all of
which had the effects of enhancing the viability of damaged
PC-12 cells, of which quercetin had the most significant effect.
In previous studies, it has also been shown that quercetin can
effectively inhibit the biological activity of the iNOS/NO sys-
tem and adrenocorticotropic hormone, thereby exerting neuro-
protective effects (Zhang et al., 2011). A. tsao-ko has chemicals
that protect against nerve damage caused by exogenous drugs,
GG-A and GG-B could protect the PC-12 cells against H,O,
induced injury by reversing the H,O, induced cells viability
loss, and their protective effects were close to that of VC
(50 pg/mL) (Zhang et al., 2016). After treatment with com-
pounds GG-A and GG-B the decreasing trend of H,O»-
induced cell viability was inhibited in a dose-dependent man-
ner, and the researchers also found that GG-B showed higher
activity in enhancing the cell viability. In addition, some stud-
ies have shown that A. tsao-ko has anti-epileptic biological
activity. Its ethanolic extract significantly reduced the time
and duration of seizures in PTZ animals (Wang et al.,
2021c). Gao et al. (2018) used Tsaoko-Anemarrhenae decoc-
tion to study epileptic rats (SPF grade SD male rats) models,
the anti-epileptic mechanism of Tsaoko-Anemarrhenae decoc-
tion was discussed from the perspective of miRNA regulation.
The mechanism was to down-regulate the expression of miR-
29 and up-regulate the expression of miR-21 to target and reg-

ulate the expression of apoptosis-related genes Bax, P53, and
Bcl-2, inhibit cell apoptosis and play an anti-epileptic effect.

6.7. Regulate gastrointestinal function

In China, in addition to being used as condiments and spices,
A. tsao-ko used as a traditional medicine for the treatment of
digestive diseases and infectious diseases. The researchers
obtained a lot of inspiration from the classical Chinese pre-
scriptions, combined with the characteristics of modern phar-
macology, improved the prescriptions, and obtained good
clinical effects in the treatment of diseases. In traditional med-
icine, A. tsao-ko is often used in TCM to treat abdominal pain
and diarrhea. According to this principle, Dai, (2003) used A.
tsao-ko to treat 42 patients with abdominal distension after
cesarean section and found that the effective rate of the treat-
ment could reach 92.7%, which showed the effect of A4. tsao-ko
postpartum abdominal distension to promote gastrointestinal
gas, and the fruit has no toxic side effects and can be widely
used in postpartum women with abdominal distension.
Yang, (2011) studied the effects of the volatile oil of A. tsao-
ko on gastric emptying and intestinal propulsion in mice.
The results showed that volatile oil of A. tsao-ko could signif-
icantly or inhibit promote the gastric emptying ability of mice.
The intestinal peristalsis of the mouse indicates that AEO has a
significant inhibitory effect on intestinal propulsion. At the
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same time, with the increase of the dose, the inhibitory effect of
AEO on intestinal propulsion also increases. A study showed
that the water extract of A. tsao-ko could promote the peristal-
sis of the small intestine of constipated mice, and effectively
improve the symptoms of constipation in mice (Yang et al.,
2020). Recently, studies have used GC-MS combined with net-
work pharmacological analysis to construct a component-
target pathway network, revealing that there are 12 com-
pounds in A. tsao-ko that play a potentially critical role in
the treatment of dyspepsia. And through KEGG enrichment
analysis of 17 signal pathways, the results show that the signal
pathway of regulation of lipolysis (hsa04923) and serotonergic
synapse (hsa04726) play an important role in the treatment of
dyspepsia.

In summary, the mechanism of A4. tsao-ko in the treatment
of dyspepsia may be related to a variety of compounds, target
genes, and signal pathways (Shi et al., 2021). In regulating gas-
trointestinal function, oral decoction has low production cost,
significant curative effect, and no toxic side effects have been
found, so it can be clinically promoted. However, its functional
mechanism is still unclear, and its physiological regulation
mechanism can be explored through the results of these clinical
applications and in vivo experimental results combined with
modern pharmacological research.

6.8. Other pharmacological properties

A. tsao-ko also has anti-allergic active ingredients. Studies have
shown that EAT (80%) contain the compounds helichrysetin
and cardamomin, and the inhibitory rate of f-
hexosaminidase released by RBL-2H3 cells at a concentration
of 50 uM is 99.1% and 21.3%, indicating that 4. tsao-ko has
threshing inhibitory effect and has the potential to be used
as a natural anti-allergic drug (Shim et al., 2021a). In addition,
the ethanolic extract of A. tsao-ko can significantly prevent
ovx-induced deterioration of bone mineral density and trabec-
ular tissue microstructure, and significantly inhibit osteoclast
differentiation by down-regulating the osteoclast NF-kB/Fos/
NFATCI signaling pathway (Shim et al., 2021). A. tsao-ko
was reported that volatile oil extracted by steam distillation
and then separated by separation technology had toxic effects
on Triboliumcastaneum (Herbst) and Lasiodermaserricorne
(Fabricius). The exposure toxicity results showed that were
considered together, suggest that the AEO and the two com-
pounds show potential to be developed as natural insecticides/-
fumigants for control of stored product insects (Wang et al.,
2014). Furthermore, polyphenolic and AEO can alleviate
hypercholesterolemia in hamsters through the interaction of
gut flora (mainly Ruminococcaceae) and bile acid metabolism
at the population level. The mechanism may be to improve
hypercholesterolemia by increasing the production of short-
chain fatty acids, which increases the mutual communication
between the intestinal flora and host cells, inhibited the activity
of HMG-CoA-R (Liu et al., 2021).

7. Origin identification and variety identification
7.1. Origin identification

As we all know, the material basis of CHM is different chem-
ical compounds, especially the secondary metabolites of

plants. Different growth environments will produce different
secondary metabolites, resulting in differences in quality. The
geographic origin of the fruit directly affects its flavor and
medicinal effects of A. tsao-ko. A. tsao-ko originates from dif-
ferent regions, and its component is bound to be different.
Among modern regulatory techniques, chromatography and
its combined techniques have been successfully used to assess
the quality of botanical drugs from different geographic
sources. However, the pharmacological effect of A. tsao-ko is
the result of the multi-component synergistic effect among its
chemical compounds. Therefore, the overall efficacy of A.
tsao-ko cannot be evaluated if only the labeled compounds
are considered (Huang et al., 2018). In recent years, spec-
troscopy technology has been widely used in the identification
of CHM, with the advantages of low cost, green, non-
destructive and fast analysis (Liu et al., 2020; Pei et al., 2019;
Wang et al., 2021a). Studies have shown that the use of infra-
red spectroscopy and ultraviolet—visible spectroscopy, com-
bined with chemometrics and data fusion strategies, can
effectively identify the geographic origin of A. tsao-ko ((Liu
et al., 2021). The application of spectral technology provides
a fast and nondestructive means for the geographic traceability
of A. tsao-ko, and provides a theoretical basis for the establish-
ment of A. tsao-ko quality evaluation system.

7.2. Variety identification

In recent years, two varieties of yellow-flowered fruit (A. tsao-
ko) and white-flowered fruit (Amomum paratsao-ko) have been
discovered in the planting area of Yunnan Province (Qin et al.,
2021). Both A. tsao-ko and Amomum paratsao-ko belong to the
genus Amomum Roxb in the Zingiberaceae. The fruits are sim-
ilar in shape and used. The traditional method of observing the
macroscopic characteristics is difficult to distinguish, so during
the harvest period, they are often mixed. Luo, (2014) used
traits and microscopic identification to identify the two vari-
eties. However, regardless of trait identification or microscopic
identification, the characteristics are very similar and it is dif-
ficult to distinguish. Huang et al. (2014) used GC-MS to study
the volatile oil compounds of the two varieties. Although the
morphological characteristics of the two varieties are similar,
the chemical substances and content contained in them are
very different, so the two varieties must be identified. For a
long time, the data fusion strategy of vibrational spectroscopy
combined with chemometric methods is often used in the iden-
tification of CHMs (Li and Wang, 2018; Wang et al., 2020).
Qin et al. (2021) combined GC-MS or NIR with multivariate
analysis to develop a discriminatory model, the classification
accuracy rate is 100%. The identification method solves the
problem that it is difficult to distinguish the two species, and
provides a reference for distinguishing A4. tsao-ko from its con-
formis. This study provides a theoretical basis for the identifi-
cation of specificity between A. tsao-ko and its related species.

8. Economic value

8.1. Applications and market dynamics

The main uses of 4.tsao-ko were in the food industry, where it was
used as food additives for more than 90% of the time and as Chi-
nese patent medicine for less than 5%. As a flavoring and aroma-
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tizing agent, A.tsao-ko is commonly used in the food industry,
mainly in dried fruits, powders, and flavorings (Zhang et al.,
2014). There are many types of Chinese patent medicines with
CHM compatibility, such as tou gu sou feng wan, yi shen wan,
kai yu shu gan wan, kuan xion li ge wan, jie bai wan (Pu et al.,
2015) (Fig. 6). Furthermore, although fewer products are com-
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mercially available, A.tsao-ko is used in the cosmetic industry.
There is considerable potential for sun protection products based
on AEOQ, since they have a good UV absorption effect, making
them suitable for perfumery and skin care products.
Considering A. tsao-ko unique characteristics, the price is in
a stable phase, according to the survey. Due to its distinctive

Fig. 6 Example of the application of A4.tsao-ko (Image material from https://cn.bing.com/.).
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aroma, 4. tsao-ko has an important position in the flavoring
market. Meanwhile, 4. tsao-ko is a traditional CHM in South-
east Asia and is in steady demand, albeit in smaller quantities.
The price of A4. tsao-ko has remained relatively stable since
2016. In 2017, the price of A. tsao-ko rose suddenly as a result
of a drought and a snow and ice disaster in 2016. There is a
fourfold increase in price in July compared to expected. As
new stock appeared in August, the price of A. tsao-ko gradu-
ally decreased until September 2018, when it leveled off. There
was no significant fluctuation in A. tsao-ko’s price following
this period. Recently, there has been a gradual decline in the
price, possibly due to the policy of vigorous A. tsao-ko cultiva-
tion (Figure S1).

8.2. The economic value of cultivating

At present, A. tsao-ko of China’s market is in short supply and
must be imported from Vietnam, Myanmar, and other coun-
tries, and imports are increasing. Its cultivation has the advan-
tages of low investment (30,000-45,000 yuan/hm®, quick
results (4 to 5 years for flowering and fruiting), long benefit
time (up to 20 years), and high economic value. It is poverty
alleviation in China’s southwest border region. The pillar
industry to tackle tough problems (Liu et al., 2017; Zhang
et al., 2011). A survey showed that as of 2018, the total output
value of A. tsao-ko reached 350 million, the national annual
consumption of A4. tsao-ko and dried fruit was about 12,550
tons, and the world’s total output of A. tsao-ko and dried fruit
was about 12,550 tons, showing a market situation in short
supply. Nujiang prefecture regards A. tsao-ko as a core indus-
try to help peasants increase their income, helping the poor to
increase their income per capita by more than 2,700 yuan (Liu
et al., 2021). In addition, Vietnam is also one of the main pro-
ducers of the international market of A. tsao-ko, which is of
great significance for the Vietnamese people to get rid of pov-
erty and become rich.

In summary, the cultivation of A4. tsao-ko is of great signif-
icance, and the development of spice and TCM cultivation can
increase the income of the western provinces of China and pro-
mote economic development. Regrettably, due to the high
price in recent years, the planting volume of A. tsao-ko has
increased greatly, coupled with the lack of planting and pro-
duction standards, research on variety selection, planting tech-
nology, processing methods, and insect control technology has
led to product quality varies. Therefore, it is necessary to
explore effective management mechanisms and production
standards.

9. Conclusion

A. tsao-ko is not only a widely used spice but is also an important
medicinal plant which may be considered as potential nutraceutical
and pharmaceutical agents. Available literature has demonstrated that
A. tsao-ko has medicinal value and presence of a variety of bioactive
compounds that play an important physiological role in human health.
In modern pharmacology, A. tsao-ko is used to assist in the treatment
of cancer, inflammatory, cardiovascular disease, diabetes, gastroin-
testinal diseases, and so on. With the rapid development of extraction
and isolation techniques, many novel active substances have been iso-
lated from A. tsao-ko, including Diarylheptanoids, Flavanol-fatty alco-
hol  hybrids and  Flavanol-menthane  conjugates,  which
pharmacological studies have shown to have hypoglycemic pharmaco-

logical studies have shown that they have hypoglycemic effects and can
be used as potential raw materials for the development of treatments
for diabetes. However, despite this multiplicity of potentially pharma-
cological activity that A. tsao-ko possess, more in-depth information is
required concerning how exactly exposure to their compounds achieves
a specific molecular response. In the future, further in-depth investiga-
tions on the following aspects should be emphasized to increase the
popularity and application of A. tsao-ko in functional food, medicine,
and other fields: (1) the extraction and structure—activity relationships
of bioactive monomers in A. tsao-ko; (2) the distribution, metabolism,
and toxicology of different Chemical compounds from A. tsao-ko in
the human body; (3) Increase clinical trials to determine the specific
efficacy of active ingredients in A. tsao-ko.
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