molecules

Review

Radix Asteris: Traditional Usage, Phytochemistry and
Pharmacology of An Important Traditional Chinese Medicine

Ke-Jie Li !, Yang-Yang Liu ?, Dong Wang 3, Pei-Zheng Yan 2, De-Chao Lu # and Dong-Sheng Zhao >*

check for
updates

Citation: Li, K.-J; Liu, Y.-Y,; Wang,
D.; Yan, P-Z.; Lu, D.-C.; Zhao, D.-S.
Radix Asteris: Traditional Usage,
Phytochemistry and Pharmacology
of An Important Traditional Chinese
Medicine. Molecules 2022, 27, 5388.
https:/ /doi.org/10.3390/
molecules27175388

Academic Editors: Jianfeng Wang

and Lizi Yin

Received: 27 July 2022
Accepted: 22 August 2022
Published: 24 August 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Experimental Center, Shandong University of Traditional Chinese Medicine, Jinan 250355, China

College of Pharmacy, Shandong University of Traditional Chinese Medicine, Jinan 250355, China

Shandong Academy of Pharmaceutical Sciences, Jinan 250101, China

International Education College, Shandong University of Traditional Chinese Medicine, Jinan 250355, China
*  Correspondence: dongshengpw2008@163.com; Tel. /Fax: +86-531-89628172

W N e

Abstract: Radix Asteris (RA), also known as ‘Zi Wan’, is the dried root and rhizome of Aster tataricus
L. f., which has been used to treat cough and asthma in many countries such as China, Japan,
Korea and Vietnam. This article summarizes the available information on RA in ancient Chinese
medicine books and modern research literature: its botanical properties, traditional uses, chemical
composition, pharmacological activity, toxicity and quality control. Studies have shown that RA
extracts contain terpenes, triterpenoid saponins, organic acids, peptides and flavonoids, and have
various pharmacological activities such as anti-inflammatory, anti-tumor, anti-oxidation, and anti-
depression. RA is considered to be a promising medicinal plant based on its traditional use, chemical
constituents and pharmacological activities. However, there are few studies on its toxicity and the
consistency of its components, which indicates the need for further in-depth studies on the toxicity
and quality control of RA and its extracts.

Keywords: Aster tataricus L. f.; traditional uses; chemical constituents; pharmacology; quality control

1. Introduction

Radix Asteris (RA) is the dried root and rhizome of Aster tataricus L. f. belonging to the
Asteraceae family [1]. It is widely distributed in the low mountain shady slope wetlands,
mountain tops and low mountain grasslands and swamps in the northeast and northwest
of China, North Korea, Japan and eastern Siberia, Russia [2].

RA was first recorded in Shen Nong’s Materia Medica (Shen-Nong-Ben-Cao-Jing)
as having effects of moistening the lungs and lowering the qi, eliminating phlegm and
relieving cough in the treatment of diseases such as cough and asthma [3,4]. Modern phar-
macological studies show that RA extract can effectively reduce the frequency of coughs
induced by ammonia in mice [5]. Saponins and 4-hydroxyphenylacetic acids isolated
from RA have the potential to treat acute lung injury [6,7]. Shionone, as a marker and a
content determination index for RA quality control in the Chinese Pharmacopoeia (2020),
is considered to be an active ingredient in RA extract for its expectorant and antitussive
activities in mouse models [1]. In addition, RA extract has also been reported to have
anti-tumor, antibacterial, antioxidant and other activities [8].

Although much relevant literature has been published on its chemical constituents and
biological activities, there is no systematic summary of the body of scientific information
describing RA with an emphasis on its medicinal value. Therefore, this study systemat-
ically reviews the botany, ethnopharmacology, chemical composition, pharmacological
activities, toxicity and quality control related to RA. The aim is to provide a valuable
comprehensive reference for the further development and utilization of this important
natural medicinal resource.

Molecules 2022, 27, 5388. https:/ /doi.org/10.3390/molecules27175388

https://www.mdpi.com/journal /molecules


https://doi.org/10.3390/molecules27175388
https://doi.org/10.3390/molecules27175388
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/molecules
https://www.mdpi.com
https://orcid.org/0000-0003-3265-5442
https://doi.org/10.3390/molecules27175388
https://www.mdpi.com/journal/molecules
https://www.mdpi.com/article/10.3390/molecules27175388?type=check_update&version=1

Molecules 2022, 27, 5388

2 of 26

2. Methodology

In September 2021, our team began to collect information on RA, including from
Web of Science, CNKI, China Duxiu Scholar, Wanfang Data Platform, PubMed, Google
Scholar, SciFinder Scholar, Springer, and Baidu Scholar, as well as ancient Chinese Materia
Medica writings. Considering language and text limitations, this article only utilizes
Chinese and English texts. Searches were carried out for RA using a combination of
keywords, including: “Radix Asteris”, “Aster tataricus L. {.”, “ Aster” and “Aster genus”,
“Pharmacological Activity”, “Chemical Ingredients”, “Toxicity” and “Quality Control”;
literature on protection and plant cultivation excluded. The scientific names and photos of
RA were obtained from Flora of China [2]. In January 2022, the traditional usage of RA began
to be summarized and the chemical compositions were produced by ChemDraw. In March
2022, pharmacology, toxicology knowledge and quality control began to be summarized,
and a legend was drawn.

3. Botany and Ethnopharmacology
3.1. Botany

RA (Figure 1) is a perennial herb with a sloping rhizome. Stems, about 40-50 cm high,
are erect and stout, with fibrous dead leaf fragments at the base. Plants are sparsely shaggy,
with sparse leaves and ribbed and furrowed adventitious roots. There can be many flower
heads, 2.5-4.5 cm in diameter, arranged in compound corymbs at the stem and branch
ends. Often there can be about 20 ligulate flowers, tube length 3 mm, tongue blue-purple,
15-17 mm long, 2.5-3.5 mm wide with many veins [2].

Figure 1. The aerial parts (A), roots (B), and TCM decoction pieces (C) of Radix Asteris.

3.2. Ethnopharmacology

RA was first recorded in the ancient medical work Shen Nong Ben Cao Jing (Han
Dynasty), and subsequently written about in many ancient herbal works, such as the Wu
Pu Materia Medica (Wei Jin, 420-589 AD), the Ben Cao [ing Shu (Ming, 1625 AD), and the Ben
Cao Feng Yuan (Qing, 1695 AD) for its multiple effects of “warming” the lungs, relieving
coughs, eliminating phlegm and lowering qi. The records of RA in ancient Materia Medica
are listed in Table 1.
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Table 1. Radix Asteris prescriptions throughout the Chinese dynasties.

Title Writer Dynasty or Year Characteristic and/or Indication Dose
Many medical . .
S.h en-Nong-Ben-Cao- scientists in the Han Eastern Han Dynasty it tE.iSteS bitter, is pungent and not 25-15¢g
Jing toxic.
Dynasty
Ming-Yi-Bie-Lu Hong-Jing Tao Han Dynas Itis pungent and non-toxic. It can - 5 4
8 88 ynasty treat asthma and pediatric epilepsy. ' &
Wu-Pu-Ben-Cao PuWu Northern and Southern It is pungent and non-toxic. 25-15¢g
Dynasties
Yao-Xine-Lun Quan Zhen Tang Dvnas It is bitter in taste and flat in nature. 2515
8 g Dynasty Nourishes, treats heat deficiency ' &
It tastes bitter, is pungent and mild in
. C R nature, and is non-toxic. It can treat
Qian-Jin-Yi-Fang Si-Miao Sun Tang Dynasty; 682 AD coughing, pus and blood, palpitations, 25-15¢g
asthma, and epilepsy in children.
It can treat lung disease and vomiting
Ri-Hua-Zi-Ben-Cao Ri Hua Zi Tang Dynasty of blood, reduce phlegm and quench ~ 2.5-15¢g
thirst
. ) It tastes bitter and pungent, and is
Ben-Cao-Meng-Quan Jia-Mo Chen X[]gl & Dynasty; 1565 warm in nature. It mainly treats cough 2.5-15g
and asthma
. . Ming Dynasty; 1578 It tastes bitter, warm in nature,
Ben-Cao-Gang-Mu Shi-Zhen Li AD non-toxic, and mainly treats coughs 25-15¢
. . Ming Dynasty; 1624 It is bitter and pungent, treats cough
Jing-Yue-Quan-Shu Jie-Bin Zhang AD and asthma 25-15¢g
It tastes bitter, and is warm in nature,
. . non-toxic, it regulates the spleen and
Ben-Cao-Dong-Quan Mu Shen Qing Dynasty; 1661 AD stomach, relieves phlegm and relieves 25-15¢
cough
. . . . . It tastes bitter and pungent, and
Ben-Cao-Xiang-Jie Yue Min Qing Dynasty; 1681 AD mainly treats blood phlegm 25-15¢g
It is pungent and warm in nature, can
Ben-Cao-Bei-Yao Ang Wang Qing Dynasty; 1694 AD  nourish the lungs, mainly treats cough 2.5-15¢g
and blood in sputum
Ben-Cao-Bian-Du Bing-Cheng Zhang Qing Dynasty; 1887 AD Itis warm in nature and treats 25-15¢g

wind-cold cough

RA were excavated in spring and autumn, and braided and dried in the sun, or
directly dried after removal of the knotted rhizomes (commonly known as “mother roots”)
and sediment. It is called “Sheng Zi Wan” when directly dried and “Mi Zi Wan” when
processed with refined honey [9]. In 1963, RA was included in the Pharmacopoeia of the
People’s Republic of China. In most cases, RA is used in combination with other TCMs to
form prescriptions for the treatment of wind-cold coughs, asthma, consumptive coughs,
vomiting, puss formation and bleeding. Ten representative formulations containing RA are
listed in Table 2.
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Table 2. Traditional prescriptions containing Radix Asteris.

Route of

Preparation Composition Preparations ~ Administra- Dosing Clinic Use Reference
Name tion Frequency
Belamcanda chinensis(L.) DC.,
Ep_hedm sinica Stapf, Zingiber cold phlegm
officinale Rosc., Asarum sieboldii Oral . . .
Shegan Mahuang . . . . - . stagnation lung Jin-Gui-Yao-Luve,
Miq., Aster tataricus L. ., Tussilago ~ Decoction administra- b.id
Soup . . . - and throat Han Dynasty
farfara L., Schisandra chinensis tion syndrome
(Turcz.) Baill.,, Ziziphus jujuba Mill., y
Pinellia ternata (Thunb.) breit.
Pinellia ternata (Thunb.) Breit.,
Aster tataricus L. f., Euphorbia .
) . S - Occasional
helioscopia L., Zingiber officinale .
h ] Oral wheezing and . .
Ze Qi Soup Rosc,, Cynanchuim glaucescens . Decoction administra- b.id coughing, body Jin-Gui-Yao-Lve,
(Decne.) Hand.-Mazz., Glycyrrhiza ) - A Han Dynasty
Vo . tion swelling,
uralensis Fisch., Scutellaria
. . . . restlessness
baicalensis Georgi, Panax ginseng C.
A. Mey., Cinnamomum cassia Presl
Glycyrrhiza uralensis Fisch., Aster
tataricus L. f., Morus alba L.,
Platycodon grandiflorum (Jacq.) Oral Obstructed throat,  Sheng-Ji-Zong-
Zi Wan Soup A.DC., Prunus armeniaca Decoction administra- b.i.d shortness of Lu, Han
L.var.ansu Maxim., Asparagus tion breath Dynasty
cochinchinensis (Lour.) Merr.,
Bambusa tuldoides Munro
Stgn?ong se.sszllfolza (Miq.) Mig., Oral Tai-Ping-Sheng-
. Fritilaria cirrhosa D.Don, Aster . . . Cough and fever .
Bai Bu Powder . . Decoction administra- b.id ) > Hui-Fang, Song
tataricus L. f., Pueraria lobata tion in children Dvnast
(Willd.) Ohwi, Gypsum ynasty
Cough, . T
. . Aster tataricus L. f., Rubia . Oral‘ . . hematemesis, Ji-Feng-Pu-Ji
Zi Wan Pills o Pill administra- b.id . Fang, Song
cordifolia L. - hemoptysis due
tion 7 Dynasty
to lung injury
. . . . Oral .
Zi Wan Bai Hua Aster tataricus L. f., Tussilago farfara . .. . . Tu-Jing-Ben-Cao,
Powder L., Stemona sessilifolia (Miq.) Miq. Decoction ?iirrrlumstra— bid persistent cough Song Dynasty
Trachelos permum jasminoides
(Lindl.) Lem., Aster tataricus L. f.,
o ; Zheng-He-
Cimicifuga foetida L., Belamcanda Oral Choking in the Sheng-Ji-Zong-
Luo Shi Soup chinensis (L.) DC., Decoction administra- b.id & o 8
X . throat Lu, Yuan
Platycodon grandiflorum (Jacq.) tion Dvnast
A.DC., Akebia quinata (Thunb.) ynasty
Decne, Poria cocos (Schw.) Wolf.
Panax ginseng C. A. Mey.,
Astragalus membranaceus (Fisch.) Oral Lung deficiency Yong-Lei-Qian-
Bu Fei Soup Bge., Rehmannia glutinosa Libosch.,  Decoction administra- b.i.d cough and Fang, Yuan
Schisandra chinensis (Turcz.) Baill., tion asthma Dynasty
Aster tataricus L. f., Morus alba L.
Platycodon grandiflorum (Jacq.)
A.DC., Schizonepeta tenuifolia Briq.,
Aster tataricus L. ., Stemona Oral . . .
Zhi Sou Powder sessilifolia (Miq.) Miq., Cynanchum  Powder administra- b.id ;izrt\ecﬁﬂ?s chronic g{fugxéz_szvu’
glaucescens (Decne.) Hand.-Mazz., tion g Lynasty
Glycyrrhiza uralensis Fisch., Citrus
reticulata Blanco
Perilla frutescens (L.) Britt., Aster
tataricus L. £., Platycodon
. gmndzﬂoz"um Y acq.)' A'.DC" . . Oral. . . stuffy nose and Bian-Zheng-Lu,
Er Zi Soup Glycyrrhiza uralensis Fisch., Citrus Decoction administra- b.id cough Qing Dynast
aurantium L., Scutellaria baicalensis tion & &Ly y

Georgi., Trichosanthes kirilowii
Maxim.
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4. Chemical Composition

To date, 135 compounds (Table 3) have been isolated from RA, mainly including
terpenes, organic acids, peptides, flavonoids and other compounds. These are listed in
Table 3.

Table 3. Compounds and activities isolated from Radix Asteris.

No Compound Name Resource References
Terpenes
1 Shionoside A Roots T. Nagao et al. [10]
2 Shionoside B Roots T. Nagao et al. [10]
3 Epifriedelinol Roots T. Nagao et al. [10]
4 Aster saponin A Roots T. Nagao et al. [11]
5 Aster saponin B Roots T. Nagao et al. [11]
6 Aster saponin C Roots. T. Nagao et al. [11]
7 Aster saponin D Roots T. Nagao et al. [11]
8 Aster saponin E Roots T. Nagao et al. [12]
9 Aster saponin F Roots T. Nagao et al. [12]
10 Aster saponin Ha The ground part T. Nagao et al. [13]
11 Aster saponin Hb The ground part T. Nagao et al. [13]
12 Aster saponin Hc The ground part T. Nagao et al. [13]
13 Aster saponin Hd The ground part T. Nagao et al. [13]
14 Foetidissimoside A The ground part T. Nagao et al. [13]
15 Aster batanoside F Roots Y. Shao et al. [14]
16 Aster batanoside B Roots Y. Shao et al. [15]
17 Aster batanoside C Roots Y. Shao et al. [15]
18 Aster lingulatoside A The whole plants S.Yuetal. [16]
19 Aster lingulatoside B The whole plants S.Yuetal. [16]
20 Aster lingulatoside C The whole plants Y. Shao et al. [17]
21 Aster lingulatoside D The whole plants Y. Shao et al. [17]
22 Astertarone A Roots Akihisa et al. [18]
23 Shionone Roots and rhizomes Akihisa et al. [18]
24 Friedelin Roots and rhizomes Akihisa et al. [18]
25 Astertarone B Roots A. Toshihiro et al. [19]
26 Friedelan-3-ol Roots V. Lanzotti et al. [20]
27 Aster shionone A Roots and rhizomes W.B. Zhou et al. [21]
28 Aster shionone B Roots and rhizomes W.B. Zhou et al. [21]
29 Aster shionone C Roots and rhizomes W.B. Zhou et al. [21]
30 Aster shionone D Roots and rhizomes W.B. Zhou et al. [21]
31 Aster shionone E Roots and rhizomes W.B. Zhou et al. [21]
32 Aster shionone F Roots and rhizomes W.B. Zhou et al. [21]
33 Shion-22(30)-en-3,21-dione Rhizomes B.Z. Wen et al. [22]
34 Shion-22-methoxy-20(21)-en-3-one Rhizomes B.Z. Wen et al. [22]
35 Shion-22-methoxy-20(21)-en-33-ol Rhizomes B.Z. Wen et al. [22]
36 2,3,24-Trihydroxyolean-12-en-28-oic acid Roots and rhizomes S. Yupeng et al. [23]
37 23-Hydroxybetulinic acid Roots and rhizomes S. Yupeng et al. [23]
38 Echinocystic acid Roots and rhizomes S. Yupeng et al. [23]
39 Betulinic acid Roots and rhizomes S. Yupeng et al. [23]
40 Oleanic acid Roots and rhizomes S. Yupeng et al. [23]
41 Taraxerol Roots and rhizomes S. Yupeng et al. [23]
42 Betulin Roots and rhizomes S. Yupeng et al. [23]
43 Taraxasterol Roots and rhizomes S. Yupeng et al. [23]
44 Beta-Amyrin Roots and rhizomes S. Yupeng et al. [23]
3-O-a-L-arabinopyranosyl-
45 (1—6)- (5-D—trihygi]oxyolgan-12-en-28-oic acid The underground parts X.D. Suetal. [6]
46 Aster saponin G The underground parts X.D.Suetal. [6]
47 Aster saponin C2 The underground parts X.D. Suetal. [6]
48 Aster saponin A2 The underground parts X.D.Suetal. [6]
49 Aster saponin G2 The underground parts X.D.Suetal. [6]
50 Aster saponin H The underground parts X.D. Suetal. [6]
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Table 3. Cont.

No Compound Name Resource References
Organic acids
51 Pyrogallic acid Roots and rhizomes S. Yupeng et al. [23]
52 Protocatechuate Roots and rhizomes S. Yupeng et al. [23]
53 Chlorogenic acid Roots and rhizomes S. Yupeng et al. [23]
54 Caffeic acid Roots and rhizomes S. Yupeng et al. [23]
55 Ferulic acid Roots and rhizomes S. Yupeng et al. [23]
56 Benzoic acid Roots and rhizomes S. Yupeng et al. [23]
57 Isoferulic acid Roots and rhizomes S. Yupeng et al. [23]
58 Methyl caffeate Roots and rhizomes S. Yupeng et al. [23]
59 Cynarin Roots and rhizomes S. Yupeng et al. [23]
60 Paeonol Roots and rhizomes S. Yupeng et al. [23]
61 Succinic acid Roots and rhizomes S. Yupeng et al. [23]
62 2,2-dimethylsuccinic acid Roots and rhizomes S. Yupeng et al. [23]
63 4-hydroxybenzoic acid Roots and rhizomes S. Yupeng et al. [23]
64 Cryptochlorogenic acid Roots and rhizomes S. Yupeng et al. [23]
65 3,4-dicaffeoylquinic acid Roots and rhizomes S. Yupeng et al. [23]
66 3,5-dicaffeoylquinic acid Roots and rhizomes S. Yupeng et al. [23]
67 4,5-dicaffeoylquinic acid Roots and rhizomes S. Yupeng et al. [23]
68 Docosyl caffeate separately Roots and rhizomes S. Yupeng et al. [23]
69 Vanillic acid Roots and rhizomes S. Yupeng et al. [23]
Peptides
70 Asterinin A Roots D. Cheng et al. [24]
71 Asterinin B Roots D. Cheng et al. [24]
72 Asterinin C Roots D. Cheng et al. [24]
73 Astin] Roots H. Morita et al. [25]
74 Asterinin D Roots D.L. Cheng et al. [26]
75 Asterinin E Roots D.L. Cheng et al. [26]
76 Astin H Roots H. Morita et al. [27]
77 Astin G Roots H. Morita et al. [27]
78 Astin E Roots H. Morita et al. [27]
79 Astin I Roots H. Morita et al. [27]
80 Astin F Roots H. Morita et al. [27]
81 Astin D Roots H. Morita et al. [27]
82 Astin A Roots H. Morita et al. [27]
83 Astin B Roots H. Morita et al. [27,28]
84 Astin C Roots H. Morita et al. [27]
85 Astin K Roots and rhizomes H. Xu et al. [29]
86 Astin M Roots and rhizomes H. Xu et al. [29]
87 Astin N Roots and rhizomes H. Xu et al. [29]
88 Astin O Roots and rhizomes H. Xu et al. [29]
89 Astin P Roots and rhizomes H. Xu et al. [29]
90 Astin L Roots and rhizomes S. Yupeng et al. [23]
Flavonoids
91 Kaempferol Roots and rhizomes T.B. Ng et al. [30]
92 Quercetin Roots and rhizomes S. Yupeng et al. [23,30]
93 Dihydromyricetin Roots and rhizomes S. Yupeng et al. [23]
94 Schaftoside Roots and rhizomes S. Yupeng et al. [23]
95 Isoschaftoside Roots and rhizomes S. Yupeng et al. [23]
96 Apigenin-5- rhamnoside Roots and rhizomes S. Yupeng et al. [23]
97 Myrictrin Roots and rhizomes S. Yupeng et al. [23]
98 Hyperoside Roots and rhizomes S. Yupeng et al. [23]
99 Rutin Roots and rhizomes S. Yupeng et al. [23]
100 Isoquercitrin Roots and rhizomes S. Yupeng et al. [23]
101 Luteolin-7- galacturonide Roots and rhizomes S. Yupeng et al. [23]
102 Genistin Roots and rhizomes S. Yupeng et al. [23]
103 Isorhamnetin-3-O- neohespeidoside Roots and rhizomes S. Yupeng et al. [23]
104 Quercitrin Roots and rhizomes S. Yupeng et al. [23]
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Table 3. Cont.

No Compound Name Resource References

105 Kaempferol-7-O-f3-D-glucopyranoside Roots and rhizomes S. Yupeng et al. [23]
106 Isorhamnetin-3-O- glucoside Roots and rhizomes S. Yupeng et al. [23]
107 Myricetin Roots and rhizomes S. Yupeng et al. [23]
108 Hesperidin Roots and rhizomes S. Yupeng et al. [23]
109 Liquiritigenin Roots and rhizomes S. Yupeng et al. [23]
110 Baicalin Roots and rhizomes S. Yupeng et al. [23]
111 Luteolin Roots and rhizomes S. Yupeng et al. [23]
112 Biorobin Roots and rhizomes S. Yupeng et al. [23]
113 Naringenin Roots and rhizomes S. Yupeng et al. [23]
114 Genistein Roots and rhizomes S. Yupeng et al. [23]
115 Apigenin Roots and rhizomes S. Yupeng et al. [23]
116 Diosmetin Roots and rhizomes S. Yupeng et al. [23]
117 Isorhamnetin Roots and rhizomes S. Yupeng et al. [23]
118 Baicalein Roots and rhizomes S. Yupeng et al. [23]
119 Wogonin Roots and rhizomes S. Yupeng et al. [23]
120 Acacetin Roots and rhizomes S. Yupeng et al. [23]
121 Genkwanin Roots and rhizomes S. Yupeng et al. [23]
Other compounds

122 Scopoletin Roots and rhizomes T.B. Ng et al. [30]
123 Emodin Roots and rhizomes T.B. Ng et al. [30]
124 Esculin Roots and rhizomes S. Yupeng et al. [23]
125 Esculetin Roots and rhizomes S. Yupeng et al. [23]
126 Fraxetin Roots and rhizomes S. Yupeng et al. [23]
127 Isoscopoletin Roots and rhizomes S. Yupeng et al. [23]
128 Psoralen Roots and rhizomes S. Yupeng et al. [23]
129 Xanthotoxin Roots and rhizomes S. Yupeng et al. [23]
130 Bergapten Roots and rhizomes S. Yupeng et al. [23]
131 Rhein Roots and rhizomes S. Yupeng et al. [23]
132 Emodin anthrone Roots and rhizomes S. Yupeng et al. [23]
133 5-Hydroxymethyl-2- furaldehyde Roots and rhizomes S. Yupeng et al. [23]
134 Benzaldehyde Roots and rhizomes S. Yupeng et al. [23]
135 p-Hydroxybenzaldehyde Roots and rhizomes S. Yupeng et al. [23]

4.1. Terpenes

Terpenoids are the most abundant class of compounds in RA, including triterpenoids

(Table 3, Figure 2 (3,22—44)), mono-glycosides (Table 3, Figure 2 (1,2)), and triterpenoid
saponins (Table 3, Figure 2 (4-21,45-50)), with a total of 50 identified from its different
parts, in which there are five from the aerial parts (Table 3, Figure 2 (10-14)), four from
the whole plant (Table 3, Figure 2 (18-21)) and 41 from the underground parts (roots and
rhizomes). Triterpenoid saponins are one of the important active ingredients [31] and the
main ingredient with an expectorant effect [32]. Shionone, as a specific triterpene, has been
used as a marker compound for quality control of RA in the Chinese Pharmacopoeia [1].
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Figure 2. Structures of terpenes isolated from Radix Asteris.
4.2. Organic Acids

Organic acids are an important class of compounds in RA, and play an important role
in anti-stress, anti-thrombosis and anti-inflammatory treatments [30]. Up to now, a total of
19 organic acids, mainly aromatic organic acids and only two saturated chain organic acids,
have been found in the root and rhizome of RA (Table 3, Figure 3 (61-62)) [23,33].
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4.3. Peptides

Peptide are also important active ingredients in RA. 21 peptides are isolated from
RA, including oligopeptides (Table 3, Figure 4 (70-72)), acyclic peptides (Table 3, Figure 4
(70-75)), and mainly chlorinated cyclic peptides (Table 3, Figure 4 (76,78-90)), among which
cyclic peptides have unique anti-tumor and immunosuppressive activities [29].
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Figure 4. Structures of peptides isolated from Radix Asteris.

4.4. Flavonoids

Flavonoids are a class of important active components in RA with multiple bioactivi-
ties, such as antioxidant and anti-hemolysis activities [30]. Two aromatic rings linked by
three carbon bridges construct their basic carbon frame. A total of 32 flavonoids were found
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in RA, including mainly flavonoids and flavanols, as well as isoflavones (Table 3, Figure 5
(102,115)) and dihydro-flavonoids (Table 3, Figure 5 (108,109)).

- nIQH

(103) (104) (105)

Figure 5. Cont.
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Figure 5. Structures of flavonoids isolated from Radix Asteris.
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4.5. Other Compounds

Besides the compounds mentioned above, 14 other components are found in the roots
and rhizomes of RA, such as coumarins (Table 3, Figure 6 (122,124-130)), anthraquinones
(Table 3, Figure 6 (123,131,132)), and aldehydes (Table 3, Figure 6 (133-135)). Among
these, emodin (Table 3, Figure 6 (132)) has a high medicinal value for its anti-tumor and
anti-inflammatory activities [34].
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Figure 6. Structures of other compounds isolated from Radix Asteris.
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Inhibiting hemolysis, lipid peroxidation and superoxide
radical generilinnpl]

5. Pharmacological Activity

Numerous pharmaceutical studies of RA show its significant pharmacological ac-
tivities: anti-inflammatory, antitumor, antioxidant, and antidepressant. Their molecular
mechanisms are presented in Figure 7.

L. N Inhibit inflammatory factors (COX-2, prostaglandin E,,
Anti-inflammatory activity
interlceukin-6, and interleukin-1 beta)[42]

Antitumor activity HL-60, L1210, P388, SGC-7901, C6[47]

Increase the firing rate of VTA DA neurons[24]

Staphylococcus aureus, Pasteurella suis, Escherichia coli,
[53]

Streptococcus and Salmonella

Antiviral activity Hepatitis B virus cells[22

— Treat diabetes and relieve constipation[31.57]

Figure 7. The molecular pharmacological activity mechanisms of Radix Asteri.

5.1. Anti-Inflammation Activity

Inflammation is a cellular response triggered by foreign stimuli and pathogen invasion
and is an innate immune mechanism [35]. However, unregulated inflammation can lead to
allergies, cancer and atherosclerosis [36].

Asthma is a heterogeneous disease characterized by chronic airway inflammation
involving multiple cells and cellular components [37,38]. Studies have shown [39] that
Fr-75 eluted in RA extract could inhibit KCl-, Ach- and KCI-, Ach- and His-induced tracheal
ring contraction (3.91-250 pg/mL) possibly by reducing intracellular Ca?* concentration.
Therefore, it can be speculated that RA may treat asthma by inhibiting tracheal ring
contraction and reducing lung inflammation.

Research by Zhang et al. [40] showed that the ethanolic extract of RA root had in-
hibitory effect on lipopolysaccharide (LPS)-induced C6 cell inflammation. Su et al. [6]
demonstrated that aster saponin B in RA could dose-dependently suppress the inducible
nitric oxide synthase (iNOS), and cyclooxygenase-2 (COX-2) protein levels were dose-
dependently suppressed by aster saponin B in LPS-activated RAW 264.7 cells. Its molecular
mechanism may be related to inhibition of the phosphorylation and degradation of NF-«B
and subsequent prevention of the translocation of NF-kB p65 to the nucleus. Besides,
lachnophyllol acetate in the root of RA could inhibit the production of inflammatory factors
(Prostaglandin E2, Interleukin-6 and Interleukin-13) and inflammatory enzymes (inducible
nitric oxide synthase and cyclooxygenase 2) as a potential inhibitor for the broad treatment
of inflammatory diseases [41].

In addition, an in vivo study [3] showed that the Fr-50 fraction (40, 80 mg/kg) of
a 70% ethanolic extract from RA root significantly enhanced tracheal phenol red secre-
tion, prolonged latency, reduced cough frequency, and suppressed mouse ear edema.
Wang et al. [42] found that extract of RA could reduce the edema and hemorrhage in the
bladder of rats with interstitial cystitis, and extract of RA significantly reduced other pyrol-
ysis of in vivo and in vitro death-related proteins. These results indicated that the different
extracts of RA attenuated the inflammatory reaction by inhibiting various inflammatory
mediators (Figure 8).
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Figure 8. Anti-inflammatory mechanisms of Radix Asteris.

5.2. Anti-tumor Activity

The essence of cancer is that cells have undergone malignant changes to become
malignant cells [43,44]. A variety of studies have shown that RA has a certain inhibitory
effect on the growth of malignant tumor cells.

Yu et al. [17] revealed aster lingulatosides A and B from the whole plant of RA.
In vitro experiments showed that they were effective against human leukemia HL-60 DNA
synthesis. Cell experiments on peptides in RA carried out by Morita et al. [26] showed that
cyclic peptides exhibited moderate cytotoxic activity against cultured tumor cells such as
L1210 (IC50 = 15 ug/mL), P388 (IC50 = 7 ug/mL) and KB cell lines (IC50 = 14 ug/mL),
exhibiting moderate cytotoxic activity, while a cyclopeptide showed no antitumor activity
against 5-180 ascites in vivo. Besides, the water-soluble polysaccharides isolated from
RA had complete tumor growth inhibitory activity on SGC-7901 cells, indicating that
polysaccharides in RA has anticancer potential [8]. This conclusion was also proved by
Du Lei et al. [45] as a result of the finding that polysaccharide ATP-II in RA could inhibit
the proliferation of glioma C6 cells, and lead to sustained regression of gliomas in rats and
induction of apoptosis in transplanted tumor tissue. It can be seen that the inhibition of RA
on tumor cells is achieved by its active components inhibiting their proliferation.

5.3. Antioxidation Activity

Various compounds in RA, including quercetin, kaempferol, hemoglobin and emodin,
exhibited strong inhibitory effects on the generation of superoxide free radicals, in which
quercetin and kaempferol could inhibit hemolysis, lipid peroxidation and superoxide
radical generation [30]. Similar to quercetin and kaempferol, scopoletin and emodin also
showed inhibitory effect on superoxide radical production. In addition, caffeoquinic acid
in RA also has strong antioxidant effects [46—48].

5.4. Antidepressant Activity

Depression is a serious public health threat, and studies have shown that both genetic
factors and mental stress can induce depression [49]. Yupeng et al. [23] used the UHPLC-
Q-TOF-MS technique to identify 131 compounds in RA, and used a brain slice model to
evaluate the effect of 50 of these on the ventral tegmental area (VTA). When investigating
the effect of dopamine (DA) on the spontaneous firing of neurons, 5 out of 50 compounds
identified in RA (i.e., chlorogenic acid, hesperidin, ferulic acid, protocatechuic acid and
quercetin) were found to significantly increase the neurological effect, the effects on the
firing rate of VTA DA neurons suggesting that these five compounds have significant
antidepressant effects. Simultaneous determination of nine compounds in RA using HPLC-
MS/MS showed that kaempferol, quercetin, chlorogenic acid, caffeic acid and ferulic
acid were high, indicating that quercetin, chlorogenic acid and ferulic acid may play an
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important role in antidepressant [50]. However, its antidepressant mechanism still needs
further research.

5.5. Antibacterial Activity

Xiao-Wu et al. [51] conducted an in vitro antibacterial test on the ethanol extract and
alkaloid extract of RA using the test tube dilution method and the paper disc method, and
the results showed that the ethanol extract of RA had strong inhibitory effects against golden
yellow Staphylococcus, Pasteurella suis, Streptococcus and Salmonella. In addition, the
RA alkaloid extract exhibited a strong inhibitory and antibacterial effect on Staphylococcus
aureus, Pasteurella suis, Escherichia coli, Streptococcus and Salmonella.

5.6. Antiviral Activity

Astershionone C, a triterpenoid from the roots and rhizomes of RA, showed cy-
totoxic activity in B virus cells by inhibiting their DNA replication [21]. Besides, the
triterpenoids shion-22-methoxy-20(21)-en-3-one and shion-22(30)-en-3,21-dione in RA
exhibited inhibitory activity separately against HBeAg (IC50 = 0.83 pg/mL) and HA
(IC50 =11.18 ng/mL), as well as HBsAg (IC50 = 0.89 and 4.49 ug/mL) both [22]. At present,
it is mainly reported that the Terpenoids in RA have a certain antiviral activity, but there
are few studies on the antiviral principle, so further research is needed.

5.7. Other Activities

Besides the activities mentioned above, other bioactivities are reported. Scopoletin in
RA could effectively treat diabetes and reduce oxidative stress [30]. Polyphenols rich in RA
root extract could significantly reduce the body weight and blood glucose concentration of
rats [46].

It is recorded in ancient herbal works that RA also has the effect of moisturizing
the intestines and relieving constipation, which is also elucidated by modern research
showing that the water decoction of RA can play a laxative role by regulating the content of
neurotransmitters [52-54]. In an experiment in vivo, at doses of 0.16 g/mL and 0.8 g/mL,
RA extract significantly promoted the transport of charcoal through the small intestine,
reduced the amount of residual feces, and increased the water content of feces in the
colon. In addition, RA extract could effectively relieve colon pathological damage caused
by loperamide. Studies in vitro have shown that RA extract could effectively inhibit the
adsorption of Ach and calcium chloride in rat duodenum. Therefore, it is speculated that
RA extract may relieve constipation mainly by antagonizing the binding of acetylcholine
to muscarinic receptors, inhibiting the influx of Ca®* and provoking an anti-inflammatory
response [55].

6. Toxicity

Apart from the pharmacological activities of RA, there is a lack of any systematic
toxicity assessment. Only a few studies on its toxicity have been reported.

Peng et al. [56] found that different extracts (i.e., petroleum ether, ethyl acetate, n-butyl
alcohol, lower aqueous phases, 75% alcohol) from RA exhibited toxicity mainly to the liver
mainly, as well as the heart to a lesser extent, among which petroleum ether extract showed
the strongest toxicity, followed by the ethyl acetate extract, the n-butanol extract, the low
water phase extract and the 75% ethanol extract. In addition, the saponins in RA have
hemolytic effects, so that preparations containing RA should not be used for intravenous
injection [6].

Lei et al. [57] used serum biochemical indexes (ALT, AST, TBIL) detection and liver
tissue pathological section examination to research the toxicity of RA. After a single ad-
ministration, the ALT and AST serum indexes of the mice in the LDO (0.023 g/kg) dose
group were significantly increased, while there was no significant difference in TBIL index.
Results of histopathological examination showed that the toxic partition of RA in the LD0
dose could cause mild cell edema in the liver of mice, and inflammatory cell infiltration and
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punctate necrosis of liver cells were seen in the hepatic lobules and portal areas; meanwhile,
the LD100 (0.10 g/kg) dose caused different degrees of steatosis and cell edema in the
mouse hepatocytes, necrosis of hepatocytes, and infiltration of inflammatory cells into the
hepatic lobules and portal areas.

Cyclic peptide astin B in RA could cause oxidative stress-related inflammation in
hepatocytes, as evidenced by increased reactive oxygen species (ROS) levels, decreased
intracellular glutathione (GSH) levels, and enhanced c-Junn-terminal kinase (JNK) phos-
phorylation, as well as induction of autophagy in L-02 cells [28].

Jian-Wei et al. [58] found that oral administration of RA water decoction has strong
acute toxicity causing liver injury. The LD50 dose of RA decoction could significantly
increase the contents of various biochemical indexes and liver weight coefficients in serum
and liver homogenates and lead to significant changes in liver tissue morphology in mice.
However, the combined decoction of RA and coltsfoot can significantly reduce its toxicity,
which is also one of the important reasons for the compatibility of TCM.

7. Quality Control

It is necessary to establish a fast, effective and accurate quality control method for
TCMs due to their complexity and the diversity of their chemical components. In the 2020
edition of the Chinese Pharmacopoeia, shionone is measured by high-performance liquid
chromatography (HPLC) as a marker to control the quality of RA, with a minimum total
proportion of 0.15% in the “Sheng Zi Wan”, and no less than 0.10% in the “Mi Zi Wan” [1].
Currently, many measurement methods, such as thin layer chromatography, high perfor-
mance liquid chromatography (HPLC), and ultra-high performance liquid chromatography
(UHPLC), have been used to evaluate the quality of RA and its related products.

Kai-Xue et al. [59] measured the ointment yield and pH value of 14 batches of honey-
processed RA standard decoction, and used high performance liquid chromatography
to establish an HPLC fingerprint, and identify 12 common peaks, among which simple
quantitative analysis of three was carried out. The evaluation method was accurate and
reliable, and provided a reference for the quality control of RA and related preparations.

Gui-Mei et al. [60] used shionone as a reference substance to establish a thin-layer
chromatography method to investigate 10 batches of RA. The results showed that 10 batches
of honey-made RA decoction pieces showed spots with the same color in the positions
corresponding to shionone, and the content of shionone was 0.12-0.24%. Therefore, this
method can be used for the quality detection of honey-processed RA decoction pieces.

Guiyang et al. [61] established the HPLC fingerprint of RA medicinal materials and
compared the fingerprint characteristics of eight batches of RA medicinal materials from
different sources. The results showed that the method is simple, fast and accurate to detect
the quality of RA.

8. Conclusions

This review provides a comprehensive summary of the botany, traditional uses, chemi-
cal composition, pharmacological activity, toxicity and quality control studies of RA, which
is traditionally used to treat symptoms such as coughs and phlegm. Modern pharmaco-
logical studies have shown that RA has anti-inflammatory, anti-cancer, antioxidant and
anti-depressant effects. Up to now, a total of 135 chemical constituents have been found in
RA, among which terpenoids and flavonoids are the main components. Although many
scientists have carried out a series of studies on RA, there are still shortcomings. First of
all, although the research on the composition of RA is relatively comprehensive at present,
RA is often used in clinical prescriptions. At present, there is a lack of research on the
composition of RA, which makes it difficult for readers to know the contribution of RA
to the efficacy of medicine. Second, there is a lack of a complete series of studies on RA,
from animal studies to clinical studies. In addition, there are relatively few toxicological
studies, and there is a lack of toxicity mechanism studies. Finally, the pharmacological
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research mechanism of RA and its chemical constituents mostly focuses on the regulation
of signaling pathways, and lacks exploration of specific targets.
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