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Editorial on the Research Topic

Ethnopharmacological Responses to the Coronavirus Disease 2019 Pandemic

1 INTRODUCTION

The pandemic of coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection, has led to severe impact on health globally. There is no effective
therapy for SARS-CoV-2 infection except the preventive effects of a vaccine. Several medicines (PF-
07321332, EXO-CD24, BRII-196, and BRII-198 etc.) against SARS-CoV-2 infection are under
development; but the clinical efficacy of these medicines has not been evaluated rigorously. The
outputs and prices make them less accessible, especially in low-and middle-income countries
(LMIC). The lack of effective medicines has led to the very high global demand for various forms of
traditional medicines (TM) as a potential treatment option for COVID-19. Simultaneously, the use of
herbal medicines and supplements (especially those with anti-infective and immunomodulatory effects as
well as those used as a supportive therapy) has increased dramatically as a part of adjuvant therapy in
economically developed countries, which is often not reported to health care professionals (Bhamra et al.
2021; Smith et al.). In many LMIC regions including in China, India, South Korea, Thailand, the Americas
and Africa, TMs are accessible and widely used and numerous TM therapies have started to be
investigated as potential treatments. Some of the claims made, however, are very high and seem
implausible. We reiterate that these TM treatments should be seen as a part of a broader package of
adjuvant and symptomatic treatments and that scientists have a specific responsibility to ascertain a
balanced and critical assessment of the evidence as well as the gaps (Heinrich 2010).

For example, traditional African medicine (TAM), traditional Chinese medicine (TCM),
traditional Indian medicine (TIM), and traditional Persian medicine (TPM) have shown
unique potentials to be used generally as a therapy against COVID-19. This is linked to
reported immunomodulatory, anti-inflammatory, antiviral, antioxidant, antihistamine, and
bronchodilator effects (Bahramsoltani and Rahimi; Ahmad et al.; Attah et al.; Mosleh et al;
Saggam et al.). This widespread use and the existing preliminary evidence highlight the need of

Frontiers in Pharmacology | www.frontiersin.org 7

December 2021 | Volume 12 | Article 798674


http://crossmark.crossref.org/dialog/?doi=10.3389/fphar.2021.798674&domain=pdf&date_stamp=2021-12-03
https://www.frontiersin.org/articles/10.3389/fphar.2021.798674/full
https://www.frontiersin.org/articles/10.3389/fphar.2021.798674/full
https://www.frontiersin.org/articles/10.3389/fphar.2021.798674/full
https://www.frontiersin.org/researchtopic/14125
https://www.herbalgram.org/resources/herbalgram/issues/131/table-of-contents/hg131-mkrpt/
https://www.frontiersin.org/articles/10.3389/fphar.2020.571434/full
https://www.frontiersin.org/articles/10.3389/fphar.2020.578970/full
https://www.frontiersin.org/articles/10.3389/fphar.2021.596855/full
https://www.frontiersin.org/articles/10.3389/fphar.2021.624006/full
https://www.frontiersin.org/articles/10.3389/fphar.2021.623795/full
http://creativecommons.org/licenses/by/4.0/
mailto:m.heinrich@ucl.ac.uk
https://doi.org/10.3389/fphar.2021.798674
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org/journals/pharmacology#editorial-board
https://doi.org/10.3389/fphar.2021.798674

Wang et al.

Editorial: Covid-19: Ethnopharmacological Responses

FIGURE 1 | COVID-19 papers focusing on different local and traditional medical systems (TMs) (A) in PubMed. and (B) represented in this research topic.
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clinical evidence from rigorous randomized controlled trials
(RCTs) and meta-analysis, as well as in vitro and in vivo
studies to assess the efficacy and the mechanisms of TMs
against COVID-19.

This research topic is a collection of 37 articles focusing on the
adjuvant effects, pharmacological characteristics, efficacy and
safety of TMs, and the potential mechanisms against COVID-
19 of TM formulations, medicinal plants, and active components.

2 USAGE OF TMS IN THE TREATMENT OF
COVID-19 AND RELATED SYMPTOMS

To get a view of the usage of TMs in the treatment of COVID-19, we
searched PubMed to illustrate the proportion of different kinds of
TMs with the time range from January 1, 2019 to August 12, 2021. In
total, 231 studies of TMs on COVID-19 were retrieved. Among these
studies, most abundant were studies on TCM (nearly 80%; 181/231);
followed by studies which could not be classified into a specific
geographical region or traditional medicine system (28 studies) (cf.
also Brendler et al., 2021). The rest of the studies covered traditional

medicine systems Ayurveda (Indian medicine), traditional, African,
Unani, Kampo, and medicines from Bangladesh, Iran, Indonesia and
Turkey (Figure 1A) (Ai et al,, 2020; Ayatollahi et al., 2021; Benarba
and Pandiella, 2020; Chen et al., 2021; Fakhri et al., 2021; Ge and He,
2020; Jha et al., 2021; Kim, 2021; Kalhori et al., 2021; Lem et al., 2021;
Li et al,, 2020; Lim et al, 2021; Liu et al, 2020; Luo et al., 2020;
Majnooni et al., 2020; Ma et al., 2021; Mandal et al., 2021; Peter et al.,
2021; Qiu et al,, 2020; Remali and Aizat, 2021; Ren et al., 2021; Silveira
et al., 2020; Spicer, 2021; Verma et al., 2020; Wu et al., 2020; Wu et al,
2021; Yang et al., 2020; Zhang et al., 2020; Zhou et al., 2020).
This research topic includes research on TCM, herbal medicine
generally, Ayurvedic medicine, African, and Iranian medical traditions
(Figure 1B), with TCM studies accounting for nearly 50% (17/37).

3 EVIDENCE-BASED MEDICINE OF TM
STUDIES IN THE TREATMENT OF
COVID-19

Rigorous assessment on the level of evidence is of critical
importance to guide future research and clinical management
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o Insilcoapproaches N 58 4
ST Gerieral reviews based on other respiratory viral =~~~ """ N, T
__________________ diseases and butnot focusingon COVID19_ 20 6
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FIGURE 2 | Publication on TM associated with COVID-19.

on COVID-19 by TMs. Looking at the top level of evidence
regarding the study of TMs on COVID-19 (Figure 2), in PubMed
there are 21 systematic reviews (SRs) and meta-analyses and 3
SRs in this research topic. In PubMed 12 randomized controlled
trials (RCTs) are recorded, and 11 of these RCTs evaluated the
efficacy and safety of TCM in the treatment of COVID-19 and
the other RCT (published on Frontiers in Pharmacology but
not this research topic), tested oral use of a combined
curcumin and piperine tablet, which are commonly used in
India. We noted that we have no RCT papers but three high-
quality SRs in this research topic. Two of these three SRs
performed meta-analysis and synthesized the current
evidence to evaluate the clinical and safety of TCM
intervention in the treatment of COVID-19. Beyond these
RCT studies and meta-analysis, however, we can see that the
majority of TMs-related COVID-19 studies indicate a
relatively low level of evidence. There remains a dearth of
original research on this topic, and those opinion papers or
descriptive reviews have much overlap of ideas and cited
references resulting in the risk of a limited scientific impact.
With the limitation of good in vivo and in vitro SARS-Cov-2
models, we found a very limited body of scientific evidence.
However, we found many in silico papers using molecular
docking or network pharmacology that offer hypothetic leads
based on TMs. Such non-validated in silico studies on TMs
are, without associated in vivo, in vitro or clinical evidence, of
limited relevance for informing clinical practice in COVID-
19 and can easily be misleading. Some review papers have
been written based on experiences with other respiratory viral
diseases but not based on COVID-19, specifically. These
review papers were usually published in the early period of
the pandemic, with a very limited knowledge regarding to
COVID-19 at the time. These reviews may inspire new ideas
for future studies on COVID-19, or of future management of
a pandemic, considering the potential similarities of corona
viruses and common courses of respiratory diseases and

inflammatory responses. For instance, TCM treatments
were broadly used and played an important role in other
respiratory diseases, such as the severe acute respiratory
syndrome (SARS) in 2003, the Influenza A (HIN1) in
2009, the Middle East Respiratory Syndrome (MERS) in
2012, and H7N9 avian influenza in 2013 (Xi et al.; Zhuang
et al.), which may have some inspirations to understand the
treatment of COVID-19. Collectively, although there is a
growing body of publications on TMs against COVID-19,
we need to be aware that we still lack high-quality clinical
evidence, which highlights the importance of future clinical
studies.

4 EMPHASIS ON THE CLINICAL
EVIDENCES OF TMS IN THE TREATMENT
OF COVID-19

Two SRs in this research topic evaluated the clinical efficacy of
TCM in the treatment of COVID-19 and concluded that the
interventions were safe in COVID-19 patients (Liang et al;
Wang et al.). One of these illustrated that TCM in combination
with conventional therapy was better than conventional
therapy alone. The purported beneficial effects included
increasing the recovery rate of main symptoms of cough
and fatigue, shortening the duration of main symptoms of
fever, cough and fatigue, but were not suggestive of an increase
the recovery rate of main symptoms of fever (Liang et al.).
Another SR and meta-analysis focusing on low-risk-of-bias
RCTs showed moderate confidence that compare to routine
treatment alone, TCM plus routine treatment could reduce the
incidence of unfavourable events of clinical deterioration,
acute respiratory distress syndrome (ARDS), mechanical
ventilation, and death). However, the treatment was not
found to reduce the level of positive tests using the SARS-
CoV-2 nucleic acid test, and on chest X-ray images could
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shows improvements based (Wang et al.). Considering ARDS
is the most common complications of COVID-19 (about 7.
4-41.8% of COVID-19 patients developed ARDS), as well as
one of the most dangerous (the mortality rate of COVID-19
patients with ARDS was 30.4-52.4%), the potentially
favourable effect of specific TCM formula may indicate
significant merit in further mechanistic studies (Wang et al.).

5 PERSPECTIVES

TMs have been used extensively in preventing and treating
COVID-19 worldwide and in this short period a significant
number papers have been published including a considerable
share in this RT. These publications attracted considerable
attention and have impacted on the fast-evolving discussion
about the use of TMs. A wider debate is about the future role
of TMs. Some countries including Thailand and the PR China
have embraced TM as a potential strategy for ongoing treatment
and/or prevention of COVID-19. In some cases, very strong
claims about what can be achieved have been made, and these too
may warrant further research attention. In many countries,
however, the use of TMs as a strategy for COVID-19 is not
accepted, resulting in such treatments becoming limited to over-
the-counter self-treatment, often in unregulated or informal
settings. An example is the dramatic rise of elderberry-based
products (Sambucus nigra L.) sold in the United States in 2020
(Smith et al, 2021). Here the systematic assessment of
opportunities to use such treatments as adjuvants and their
appropriate role in the self-management of respiratory
conditions more generally needs to be developed further.
However, we should keep in mind to the lack of high-quality
evidence-based TM-based treatments of COVID-19. More
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Background: Coronavirus Disease 2019 (COVID-19) is an emerging and rapidly evolving
disease, with no recommended effective anti-coronavirus drug treatment. Traditional
Chinese Patent Medicines (CPMs) have, however, been widely used to treat COVID-19 in
China, and a number of clinical practice results have shown them to have a significant role
in its treatment. Consequently, numerous guidelines and expert consensus have
recommended the use of CPMs to treat COVID-19.

Aim of the Study: The objectives of this review are to provide up-to-date information on
the pharmacology and clinical research on CPMs in the treatment of COVID-19, discuss
the research findings, and to better guide clinical application and scientific research on
CPMs in the treatment of COVID-19.

Methods: The frequencies of CPM recommendations by guidelines and expert
consensus for treatment of COVID-19 in China were ranked. This report identifies the
top 10 CPMs, which include Huoxiang Zhengqi capsule (HXZQC), Lianhua Qingwen
capsule (LHQWC), Jinhua Qinggan granule (JHQGG), Shufeng Jiedu capsule (SFJDC),
Tanreqing injection (TRQI), Xiyanping injection (XYPI), Xuebijing injection (XBJI), Shenfu
injection (SFl), Shengmai injection (SMI), and Angong Niuhuang pill (AGNHP). Relevant
studies from 2000 to 2020 on these top 10 CPMs, covering usage, dosage, mechanism,
curative effect, and precautions, were collected from pharmacopoeia, reports, and theses
via library and digital databases (including PubMed, CNKI, Google Scholar, Web of
Science, and Elsevier).

Results: The properties of the top 10 CPMs included antiviral, antibacterial, anti-
inflammatory, antipyretic and analgesic, anti-acute lung injury, anti-shock, immune
regulation, and enhancement of pulmonary function. In addition, clinical research results
and Chinese treatment data showed that the CPMs had good therapeutic efficacy in the
treatment of COVID-19, and adverse reactions were minimal.
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Conclusions: Knowledge of the characteristics of the top 10 CPMs and precautions that
should be taken may help clinicians to rationally improve therapeutic efficacy, and
promote the role of Chinese Medicine in the control of the COVID-19 global epidemic.

Keywords: COVID-19, Chinese Patent Medicines, pharmacological action, clinical application, Traditional

Chinese Medicine

INTRODUCTION

COVID-19 is an emerging and rapidly evolving epidemic. The
cumulative number of confirmed cases globally reached
1,040,772 on April 4, 2020, comprising 149,790 (14.39%) cured
cases, and 55,698 (5.35%) deaths. The causative organism has
been designated as the 2019 novel coronavirus (2019-nCoV). On
January 30, 2020, the epidemic was declared a public health
emergency of international concern by the World Health
Organization (WHO) (Fisher and Heymann, 2020). On
February 11, 2020, the WHO Director-General, Tedros
Adhanom Ghebreyesus, announced that the disease caused by
this new coronavirus was “COVID-19,” which is an acronym for
“coronavirus disease 2019.” The virus seems to be highly
contagious and had quickly spread to 119 countries and regions
by March 12, 2020. The clinical spectrum of COVID-19 varies
from asymptomatic or paucisymptomatic forms to clinical
symptoms characterized by respiratory failure that necessitates
mechanical ventilation and support in an intensive care unit
(ICU), to multiorgan and systemic manifestations in terms of
sepsis, septic shock, and multiple organ dysfunction syndromes
(MODS) (Wu and McGoogan, 2020). Currently, there is no
effective anti-coronaviral drug that is recommended for
treatment of COVID-19, and no vaccine is available. There is no
evidence supporting the efficacy of broad-spectrum antibiotics,

Abbreviations: COVID-19, Coronavirus Disease 2019; CPMs, Chinese Patent
Medicines; TCM, Traditional Chinese Medicine; HXZQC, Huoxiang Zhengqi
capsule; LHQWC, Lianhua Qingwen capsule; JHQGG, Jinhua Qinggan granule;
SFJDC, Shufeng Jiedu capsule; TRQI, Tanreqing injection; XYPI, Xiyanping
injection; XBJI, Xuebijing injection; SFI, Shenfu injection; SMI, Shengmai
injection; AGNHP, Angong Niuhuang pill; WHO, World Health Organization;
ICU, intensive care unit; MODS, multiple organ dysfunction syndromes; AIV,
avian influenza virus; LPS, lipopolysaccharide; IFN-y, interferon-y; IgG,
immunoglobulin G; IBS, irritable bowel syndrome; IL-1, interleukin-1; IL-2,
interleukin-2; IL-6, interleukin-6; IL-8, interleukin-8; IL-10, interleukin-10; IL-
17, interleukin-17; IL-10, interleukin-10; IL-1B, interleukin-1B; TNF-c, tumor
necrosis factor alpha; MCP-1, macrophage chemotactic factor-1; 5-HT, 5-
hydroxytryptamine; LDH, lactate dehydrogenase; CRP, C-reactive protein; PCT,
procalcitonin; AST, aspartate aminotransferase; ALT, glutamate transaminase;
MDA, malondialdehyde; ATP, adenosine triphosphate; SOD, superoxide
dismutase; ROS, reactive oxygen species; CPE, cytopathic effect; WBC, white
blood cell; Th, T helper cell; NK, natural killer; MAPK, mitogen-activated protein
kinase; PI3K, phosphatidylinositol 3 kinase; NF-kB, nuclear factor kappa B; HLA-
DR, human leukocyte antigen-DR; ICAM-1, intracellular adhesion molecule 1;
VCAM-1, vascular cell adhesion molecule 1; TXA2, thromboxane A2; ANP, atrial
natriuretic peptide; BALF, bronchoalveolar lavage fluid; URI, upper respiratory
infection; SARS, severe acute respiratory syndrome; MERS, Middle East
respiratory syndrome; RCTs, randomized controlled trials; CAP, community
acquired pneumonia; COPD, chronic obstructive pulmonary disease; AECOPD,
acute exacerbation of chronic obstructive pulmonary disease; MRSA, methicillin-
resistant Staphylococcus aureus; SIRS, systemic inflammatory response syndrome;
APACHE-I], acute physiology and chronic health evaluation II.

gamma globulin, interferon, or corticosteroid therapy for COVID-
19. Treatment is symptomatic, and oxygen therapy represents the
major intervention for patients with severe infection. Mechanical
ventilation may be necessary in cases of respiratory failure
refractory to oxygen therapy (Huang et al., 2020; Zhang
et al., 2020).

Traditional Chinese Medicine (TCM) has a long history and
has played an important role in the prevention and treatment of
serious epidemic diseases. During the development of the COVID-
19 epidemic, more than 3,100 TCM medical staff were deployed to
Hubei province, and TCM was included in the guidelines for the
diagnosis and treatment of COVID-19. Currently, the total
number of confirmed cases treated by TCM has reached 60,107
(Gao, 2020). The decoctions, CPMs, acupuncture, and other TCM
treatments have been comprehensively used for treatment, mainly
based on syndrome differentiation. Specific CPMs have been
widely employed to treat COVID-19 with remarkable
therapeutic effects (National Health Commission of the People’s
Republic of China and National Administration of Traditional
Chinese Medicine, 2020).

CPMs are approved by the National Drug Regulatory Authority
of China and processed according to prescribed methods using
Chinese herbal medicines as raw materials, guided by the theory of
TCM. They are available in different dosage forms, such as pill,
tablet, capsule, granule, or injection. The use of CPMs is guided by
syndrome differentiation and overall analysis of signs and
symptoms. Provinces of China have prepared therapeutic
schedules for the treatment of COVID-19 based on actual
conditions (see Table 1). Many guidelines and expert consensus
in China have recommended using CPMs to treat COVID-19. In
this article, we identify the top 10 recommended CPMs to treat
COVID-19 (Figure 1). The list of CPMs includes Huoxiang Zhenggi
capsule (HXZQC), Lianhua Qingwen capsule (LHQWC), Jinhua
Qinggan granule (JHQGG), Shufeng Jiedu capsule (SFJDC),
Tanreqing injection (TRQI), Xiyanping injection (XYPI),
Xuebijing injection (XBJI), Shenfu injection (SFI), Shengmai
injection (SMI), and Angong Niuhuang pill (AGNHP).
Information on the drugs include the recommended guidelines,
drug ingredients, indications, pharmacological research, clinical
research, usage and dosage, adverse reactions, and precautions.

RELEVANT INFORMATION ON THE
CLINICAL APPLICATION OF HXzZQC

Recommended Therapeutic Regimens
HXZQC has been recommended in 20 therapeutic regimens for
COVID-19 in China (see detailed information in Tables 1 and 2).
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TABLE 1 | Therapeutic regimens for COVID-19 in China.

Serial Therapeutic regimen of COVID-19 Website Date of issue
No.

1 National Health Commission of the People’s Republic of China. Guideline  http://www.nhc.gov.cn/yzygj/s7653p/202003/ Mar. 03, 2020
on Diagnosis and Treatment of COVID-19 (Trial 7th edition) 46c9294a7 dfedcef80dc7f5912eb1989.shtml

2 Beijing Municipal COVID-19 TCM Preventive and Therapeutic Regime http://zyj.beijing.gov.cn/sy/tzgg/202003/t20200307_1682382.html  Mar. 06, 2020
(Trial Version IV)

3 Tianjin Municipal COVID-19 TCM Preventive and Therapeutic Regime http://wsijk.tj.gov.cn/art/2020/2/21/art_70_71264.html Feb. 20, 2020
(Trial Version 1)

4 Hebei Provincial COVID-19 TCM Therapeutic regime (Trial Version V) https://mp.weixin.qg.com/s/9QTaGDwBVKQyWX-VrjulgQ Feb. 13, 2020

5 Gansu Provincial TCM Preventive and Therapeutic Regime of Novel http://wsjk.gansu.gov.cn/file.jsp?contentld=83488 Feb. 01, 2020
Coronavirus Infected Pneumonia (Trial Version )

6 Guangdong Provincial COVID-19 TCM Therapeutic Regime (Trial Version Il)  http://szyyj.gd.gov.cn/zwgk/gsgg/content/post_2902010.html Feb. 18, 2020

7 Shaanxi Provincial TCM Therapeutic Regime of Novel Coronavirus http://sxwjw.shaanxi.gov.cn/art/2020/2/2/art_10_67602.html Feb. 02, 2020
Infected Pneumonia (Trial Version Il)

8 Hunan Provincial TCM Diagnosis And Treatment Scheme of Novel http://tcm.hunan.gov.cn/tcm/xxgk/tzgg/202002/t20200203 _ Feb. 03, 2020
Coronavirus Infected Pneumonia (Trial Version lI) 11168981.html

9 Jilin Provincial TCM Therapeutic Regime of Novel Coronavirus Infected http://jltcm.jl.gov.cn/tzgg/xgdt/202001/t20200126_6654768.html  Jan. 26, 2020
Pneumonia (Trial Version 1)

10 Technical Guidelines of Sichuan Province on TCM Prevention and Control  http://wsjkw.sc.gov.cn/scwsjkw/zcwj11/2020/2/6/ Feb. 05, 2020
of COVID-19 ac6fea21a3ad490aala73c9d70004ad6.shtml

11 Shanghai Municipal COVID-19 TCM Diagnosis And Treatment Scheme http://wsjkw.sh.gov.cn/zyygz2/20200224/ Feb. 24, 2020
(Trial Version II) a1f1aab9745e4490867 cb4aaf40eaadO.html

12 Jiangxi Provincial COVID-19 TCM Preventive and Therapeutic Regime http://www.jxhfpc.gov.cn/doc/2020/02/21/140518.shtml Feb. 21,2020
(Trial Version Ill)

13  COVID-19 TCM Therapeutic Regime of Guangxi Zhuang Autonomous http://wsjkw.gxzf.gov.cn/zwgk/zfxxgkml/wsjszh/zyzy/2020/0224/  Feb. 24, 2020
Region (Trial Version ) 1752.html

14 TCM Preventive and Therapeutic Regime for Novel Coronavirus Infected  http://www.xjhfpc.gov.cn/info/2074/17765.htm Jan. 30, 2020
Pneumonia of the Xinjiang Uygur Autonomous Region

15 Hainan Provincial COVID-19 TCM Preventive and Therapeutic Regime http://wst.hainan.gov.cn/swjw/xxgk/0200/0202/202003/ Feb. 14, 2020
(Trial Version ll) t20200305_2756534.html

16 Heilongjiang Provincial COVID-19 TCM Preventive and Therapeutic http://www.hljdaily.com.cn/article/90/154485.html Feb. 26, 2020
Regime (Version Ill)

17 Guizhou Provincial COVID-19 TCM Preventive and Therapeutic Reference  http://atcm.guizhou.gov.cn/xwzx/zyyw/202002/t20200219_ Feb. 19, 2020
Regime (Version l) 50116162.html

18  Shanxi Provincial of TCM Preventive and Therapeutic Regime of Novel http://www.sx.chinanews.com/news/2020/0201/162758.html Feb. 01, 2020
Coronavirus Infected Pneumonia (For Trial Implementation)

19 Jiangsu Provincial COVID-19 TCM Diagnosis and Intervention Regime http://www.jstcm.com/article_info.asp?id=10042 Feb. 18, 2020
(Trial Version ll)

20  COVID-19 TCM Diagnosis and Treatment Scheme of the Nei Monggol http://wjw.nmg.gov.cn/doc/2020/02/18/292482.shtml Feb. 14,2020
Autonomous Region (Trial Version Il)

21 Liaoning Provincial TCM Diagnosis and Treatment Scheme of Novel http://wsjk.In.gov.cn/wst_zdzt/xxgzbd/tzgg/202002/t20200203_ Feb. 03, 2020
Coronavirus Infected Pneumonia (Trial Version ) 3733244.html

22 Anhui Provincial COVID-19 TCM Therapist Consensus http://wjw.ah.gov.cn/ahtcm/NewsDetail.aspx?id=987 Feb. 18, 2020

23  Shandong Provincial TCM Diagnosis and Treatment Scheme of Novel http://wsjkw.shandong.gov.cn/ztzl/rdzt/qlzhfkgz/fkdt/202002/ Jan. 31, 2020
Coronavirus Infected Pneumonia t20200201_2513391.html

24 TCM Preventive and Therapeutic Regime for Novel Coronavirus Infected  http://wsjkw.nx.gov.cn/info/1040/13360.htm Jan. 28, 2020
Pneumonia of the Ningxia Hui Autonomous Region (For Trial
Implementation)

25  TCM Diagnosis and Treatment Scheme and Preventive Scheme for Novel — https://www.tjh.com.cn/html/2020/0208/28991.shtml Feb. 08,2020

Coronavirus Infected Pneumonia of Tongji Hospital, Tongji Medical
College, Huazhong University of Science & Technology

Ingredients of HXZQC

Pogostemon cablin (Blanco) Benth. (Guanghuoxiang),
Atractylodes macrocephala Koidz. (Baizhu), Magnolia officinalis
Rehder & E.H.Wilson (Houpo), Pinellia ternata (Thunb.)
Makino (Banxia), Perilla frutescens (L.) Britton (Zisu), Angelica
dahurica (Hoffm.) Benth. & Hook.f. ex Franch. & Sav. (Baizhi),
Citrus x aurantium L. (Chenpi), Poria cocos (Schw.) Wolf
(Fuling), Platycodon grandiflorus (Jacq.) A.DC. (Jiegeng),
Glycyrrhiza uralensis Fisch. ex DC. (Gancao), Ziziphus jujuba
Mill. (Dazao), Areca catechu L. (Binglang), and Zingiber officinale

Roscoe (Shengjiang). Basic information on HXZQC is provided

in the Supplementary Table.

Indications for the Treatment of COVID-19

With HXZQC

HXZQC is used for cold outside and inside damp indications
during the clinical observation period of COVID-19 and early
stage of the disease (mild case). The indicative symptoms include
weakness, headache and dizziness, abdominal fullness and

distention, vomiting, and diarrhea.
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Jinhua Qinggan
granule

[China SFDA approval
number: Z20160001]

Huoxiang Zlhengql Amgong Niaheng
capsule g
[China SFDA (State Food and o SI?I;IAI i
Drug Administration) approval [China approval

number: Z53021615] number: Z11020959]

Anti-virus (coronavirus) (Liu, 2009; Li RF et al., 2020; Cheng et al., 2020; Qi etal., D
2016; Bao et al., 2019; Zheng et al., 2009; Liu, 2015) 3)4)5)(e) Shengmai injection

® Antipyretic and analgesic (Han, 2016; Lyu et al., 2020; Duan et al., 2020; Wang, 2016; [China SFDA approval @
Wang et al., 2016; Zhang et al., 2014) (1)(2)(3)(4)(5)a0) number: Z33020021]

® Immune-regulation (Li et al., 2017; Ding et al., 2017; Qi et al., 2016; Ma et al., 2019;
Zheng and Gu, 2009; Teng et al., 2012; Zhang et al., 2017; Du et al., 2001; Ma et al.,
2015) WEEEEEEER

© Anti-inflammation (He et al., 2006; Tang et al.. 2015: Qi et al.. 2016: Ma et al.. 2018: Shenfu injection
Liu et al., 2016; Nie et al., 2012; Li TT Qiu et al., 2012; Wang et al., 2015; [China SFDA approval

Zhang F et al., 2010) (A)2)3)[)5)(6)@)(& number: Z51020664]

© Anti-acute lung injury (Li et al., 2019; Tao et

Zhang et al., 2014; Lin and Zhan, 2010) (2] SEEEEE—
® Anti-airway mucus hypersecretion (Liu W et al., 2019) (5] N
© Improve pulmonary function (Lin et al., 2007) (8] X[%ibug;%;“]ecuoln
; ; ina approval
© Anti- iu etal., 2019b) (8
Ani shock.(I iu etal., 2019b) (8) e RO
® Anti-bacteria (Wang et al., 2011) (5]
—

9) Shengmai injection (SMI), and 10) Angong Niuhuang pill (AGNHP).

Xiyanping
injection
[China SFDA approval
number: Z20026249]

FIGURE 1 | The top 10 CPMs for the treatment of COVID-19: 1) Huoxiang Zhenggi capsule (HXZQC), 2) Lianhua Qingwen capsule (LHQWC), 3) Jinhua Qinggan
granule (JHQGG), 4) Shufeng Jiedu capsule (SFJDC), 5) Tanreqing injection (TRQI), 6) Xiyanping injection (XYPI), 7) Xuebijing injection (XBJI), 8) Shenfu injection (SFl),

TABLE 2 | List of recommended CPMs in therapeutic regimens for COVID-19.

Drug name Therapeutic regimens of COVID-19 Number of “therapeutic

regimens”
AGNHP 2-13, 15-19, 21-23, 25 21
HXZQC 1, 4-8, 10-16, 18, 19, 21-25 20
XBJI 1-4,6,7,10-13, 15,16, 17-25 20
LHQWC 1,2, 4-7,11-16, 18, 19, 21-25 19
SFI 1-4,6,10-13, 15, 16, 18-25 19
SMI 1,3,6,7,10-13, 15, 16, 18-25 18
SFJDC 1,4-7,11-13, 16, 18, 19, 21-24 15
XYPI 1,8,6,7,10-13, 15, 20-25 15
JHQGG 1,2,4-7,11,12,18, 21, 22, 24, 25 13
TRQI 1-8,6, 7, 11-13, 16, 19, 21, 22 12

Progress of Pharmacological Research on
HXZQC

Modern pharmacological studies have found that HXZQC has
antiviral, anti-inflammatory, and immune regulatory activities,
improves gastrointestinal discomfort and other properties (see
Table 3).

Research by Zhonghua Liu et al. (Liu, 2009) revealed that
HXZQC inhibited the lung index of mice infected with avian
influenza virus (AIV) H5NI1, reduced the development of
lung disease, and enhanced the antiviral capacity of mice
infected with AIV. The death rate of the infected mice was
reduced through regulation of the gastrointestinal tract and
strengthening of the stomach Qi. Hongkun Zhang (Zhang,
2013) found that HXZQC inhibited growth of Vibrio
parahaemolyticus, Candida albicans, Staphylococcus aureus,
and Streptococcus pneumoniae. Research by Wang et al. (2012)
found that HXZQC inhibited lipopolysaccharide (LPS)-stimulated

expression of proinflammatory cytokines by macrophages and
inhibited epithelial barrier disorder induced by interferon-y (IFN-
v), regulating immunity and improving gastroenteric function.
Research by Chunyuan Li et al. (Li et al, 2017) showed that
HXZQC significantly improved the thymus coefficient, spleen
coefficient and immunoglobulin G (IgG) levels of mice with
dampness obstructing spleen-stomach, and enhanced the
immune function of the mice. Studies by Yinghui He et al. (He
et al,, 2006) and Shaobo Zong et al. (Zong et al., 2015) discovered
that HXZQC had therapeutic effects in mice with Bacillus
dysenteriae and Salmonella typhimurium-induced diarrhea (BSD
mice), mice with bacterial enteritis, and model rats with diarrhea-
predominant irritable bowel syndrome (IBS). Clinical symptoms
were significantly improved, which might be due to effects on the
balance of CD4" and CD8" T lymphocytes, and reduction of
interleukin-2 (IL-2), interleukin-10 (IL-10), interleukin-1f (IL-
1B), and tumor necrosis factor alpha (TNF-c) levels. The results
suggested that HXZQC, via immune-regulation and anti-
inflammatory activity, could have therapeutic effects against
many gastrointestinal disorders. Research by Hefei Huang et al.
(Huang et al., 2016) showed that HXZQC extracts had a positive
regulatory effect on intestinal dysfunction, and had therapeutic
efficacy in model rats with diarrhea-predominant IBS. Efficacy was
mediated by improving serum NO levels and reducing the
concentrations of 5-hydroxytryptamine (5-HT), plasma motilin,
and colonic somatostatin.

Clinical Research on HXZQC

Modern clinical studies have shown that HXZQC has therapeutic
effects against viral diseases, such as gastrointestinal-type cold,
influenza, upper respiratory infection (URI), and viral enteritis
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TABLE 3 | Pharmacological functions and clinical research on top 10 CPMs for the treatment of COVID-19.

Drug Pharmacological Mechanism Clinical Therapeutic efficacy
name action application
HXZQC Regulate the Inhibits LPS and epithelial barrier disorder, stipulate expression ~ Children with  Shortens anti-diarrheal time and total course of time in
immunity and of proinflammatory cytokine of macrophage (Wang et al., rotavirus treating children with rotavirus enteritis (Ma and Wang,
improve the 2012). Improve thymus coefficient, spleen coefficient, enteritis 2012).
gastroenteric immunoglobulin G (IgG) level of the mice (Li et al., 2017).
function Regulates effect of the balance of CD4* and CD8" T
lymphocytes, and reduction of IL-2, IL-10, IL-1B and TNF-a.
level (He et al., 2006; Zong et al., 2015). Improves serum NO
level of rats, reduces concentration of 5-HT, and
downregulates the level of plasma motilin and colonic
somatostatin (Huang et al., 2016).
Anti-virus Inhibits Avian Influenza Virus H5N1 regulating the Influenza Extends relief time of fever symptom, relieves time of
gastrointestinal tract (Liu, 2009). muscle aches and relieves time of fatigue (Han, 2016).
Inhibition effect of - Cold Relieves fever, nasal congestion, running nose,

vibrio
parahaemolyticus,
Candida albicans,
staphylococcus
aureus and
diplococcus
pneumonia (Zhang,
2013)

LHQWC  Anti-virus

Anti-acute lung
injury

JHQGG  Anti-virus

SFJDC

Anti-virus

Anti-inflammation

Immune-regulation

Anti-acute lung
injury

Inhibits proliferation of influenza virus and regulates immune
response to viral infection (Ding et al., 2017; Yao et al., 2020).
Inhibits SARS-CoV-2 replication, affects virus morphology and
exerts anti-inflammatory activity in vitro (Li R. F. et al., 2020).

Inhibits expression and secretion level of MCP-1, reduces
infiltration of mononuclear macrophages (Li et al., 2019).

Reduces LDH and MDA level, increases content of GSH-Px,
and relieves the exudation of inflammatory cells in the alveolar
cavity (Ping et al., 2016). Downregulates expression of IKK/IxB/
NF-xB signaling pathway (Cui et al., 2016). Reduces protein
expression and mRNA expression of inflammatory cytokines in

lung tissues through reducing content of inflammatory
cytokines in mice blood (Tang et al., 2015).

Decreases average level of CRP and IFN-y in serum of the
influenza patients, and decreases inflammatory response (Qi

et al., 2016).

Improves mice pneumonia symptoms caused by influenza
virus, reduce lung index of the mice infected with HIN1, and
significantly reduces mortality rate of the infected animals (Liu
et al., 2010; Lv et al., 2013; Qiu et al., 2014; Bao et al., 2019).
Reduces the WBC count, and reduces the serum transcription
factor NF-kB, chemokine MCP-1, inflammatory mediator BK

and COX-2 level (Ma et al., 2018).

Reduces levels of B lymphocytes, CD8+ proportion, IL-1a, IL-
1B, IL-2, IgM, IgG, etc., reduces quality of thymus, spleen and
lung of pneumonia mice, and increase CD4+/CD8+ and NK

cell proportion (Ma et al., 2019).

Inhibition of the MAPK/NF-kB signaling pathway, and down-
regulation of NF-kB mRNA expression (Tao et al., 2014). The

Acute gastro-
enteritis

COVID-19

H1N1

Influenza

URI

Chronic
obstructive
pulmonary
COVID-19

HIN1
Influenza

Acute URI +
fever

CAP

AECOPD

Bacterial
acute

spontaneous sweating, headache, cough and spitting,
fatigue and weakness, body ache and other cold
symptoms (Wu, 2010; Zhao et al., 2017).

Improves total response rate and clinical symptoms.

Improves the fever, weakness, cough, short breath,
chest distress, anorexia and other clinical symptoms of
COVID-19, reduces the ratio of common to severe
(Cheng et al., 2020; Hu et al., 2020; Lyu et al., 2020).
Lianhua Qingwen granule combined with Abidole can
effectively relieve clinical symptoms of mild COVID-19
patients, regulate expression of related inflammatory
factors, improve the curative effect and reduce the rate
of severe illness (Liu et al., 2020; Yu P. et al., 2020).
Improves cough, sore throat, body ache and other
symptoms of the patients infected with HIN1 virus,
and reduces the duration of fever (Duan et al., 2011;
Zhao P. et al., 2014).

LHQWC has better total response rate, symptom
improvement rate and body temperature recovery rate
than the control group (Wang et al., 2019).

Improves the patients’ nasal congestion, fever,
headache, sore throat, weakness, aches in the limbs,
intolerance of cold and other clinical symptoms (Li,
2019).

Improves the condition of the patients with AECOPD,
and reduces release of inflammatory mediators (Dong
et al., 2014).

Alleviates symptoms of fever, cough, fatigue and
sputum (Duan et al., 2020).

Shortens antipyretic time (Wang C. et al., 2011).
Reduces the serum levels of cytokines and improve
their immune function (Li et al., 2013; Qi et al., 2016).
Improves respiratory symptoms (Wang and Qiu, 2018)

Shortens recover time of multiple symptoms and signs
such as fever, reduces levels of PCT, CRP and WBC
and other indicators (Wang, 2016).

Reduces levels of IL-8, TNF-a,, CRP and PCT (Yu H. X.
et al., 2020) and increases arterial blood gas PaO,
(Wang, 2015).

(Continued)
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TABLE 3 | Continued

Drug Pharmacological
name action

Mechanism

Clinical
application

Therapeutic efficacy

TRQI Anti-virus

Anti-bacteria

Anti-inflammation

Anti-airway mucus
hypersecretion

Anti-acute lung
injury

XYPI Anti-virus

Anti-acute lung
injury

Inhibition effect of
staphylococcus
aureus and
pneumonia
streptococcus (Yu
et al., 2009)

XBJI Anti-inflammation

Anti-acute lung
injury

Immune-regulation

action might be closely related with ERK signaling pathway (Li
etal., 2017).

Inhibition of intracellular proliferation and enhancement of body
immunity of mice infected with influenza virus (Zheng and Gu,
2009). Destroys MRSA biofilm, and induces its death, and
when in combined use with vancomycin or linezolid below the
MIC concentration (Yang et al., 2018).

Destroys the bacterial biofilm (Wang Y. et al., 2011).

Inhibits release of inflammatory factors such as TNF-a., IL-6
and NO, and inhibits airway inflammation caused by LPS
through MAPK/NF-B pathway (Liu et al., 2016).

Regulates the IL-17 signaling pathway and its downstream
protein MUC5AC (Liu W. et al., 2019).

Improves blood flow status of capillaries in the alveolar walls
while repressing LPS-induced inflalmmatory cascade (Li et al.,
2005).

Inhibits proliferation of human rhinovirus in mice (Liu, 2015).

Inhibits release of proinflammatory cytokines such as IL-10,
IL4, etc., and could promote the proinflammatory cytokines/
anti-inflammatory cytokines to tend to be balanced, and inhibit
excess anti-inflammatory responses during the course of acute
lung injury (Nie et al., 2012).

Downregulates expression of inflammatory cytokines
stimulated by Pam3CSK4 and activating MAPK, PI3K/Akt and
other pathways (Li T. T. et al., 2020). Reduces TNF-q, IL-6 and
IL-10 level of mice with sepsis, prevents the neutrophils from
infiltrating the lung and kidney, inhibit Th1/Th2, Th17 and Tregs
balance (Zhang et al., 2006; Chen et al., 2018).

Reduces TNF-a. level, alleviates the degree of pulmonary tissue
edema and inflammatory cell infiltration (Zhang et al., 2014).

Blocks p-38 MAPK and NF-kB 65 pathways (Liu et al., 2014);
reduces IL-1, IL-6 and TNF-a level, improves CD4*/CD8* T
lymphocyte ratio and NK cell relative activity (Teng et al., 2012).

bronchitis and  Shortens recovery time of body temperature, duration

Pneumonia

Viral
pneumonia

Acute
bronchitis
Acute attack
of chronic
bronchitis
CAP

Tuberculosis
accompanied
by infection

AECOPD

Viral
pneumonia
Severe
pneumonia

Upper
respiratory
infection

COVID-19

SIRS

Severe
pneumonia

SCAP

AECOPD

of cough and the course of treatment, and increases
oxygen index (Wang et al., 2014).

A systematic review: TRQI had advantages in response
rate of treatment, average length of stay (Pan, 2016).

Improves response rate, reduce fever, cough, crackles
and X-ray shadow absorption (Wang et al., 2016)
Improves clinical symptoms (Gao et al., 2019).

Improves clinical effect and the symptom of cough with
expectoration, shortens the duration of fever and
promotes shadow absorption on chest radiography
and the hemogram recovery (Jiang et al., 2009).

A systematic review: TRQI might have the same overall
effect with some antibacterial drugs in treating patients
with tuberculosis accompanied by lung infection (Lian
et al., 2018).

Reduction of the patients’ serum IL-8 and NE level,
and improvement of airway inflammation reaction and
mucus hypersecretion (Li et al., 2010). A systematic
review: improves clinical effect and lung function of
AECOPD patients, reduces pCO,, and shortens the
length of stay (Zhong et al., 2010).

Increases the cure rate, and improve the symptoms
and signs (Li, 2015; Qi et al., 2018)

Shortens the course of disease, improves the
treatment efficiency, reduces incidence rate of
antibiotic resistance, reduces occurrence of double
infection, further improves the prognosis and reduces
the mortality rate (Zhang and Wang, 2015). Reduces
leukocytes, improve oxygen index, lower CPIS score,
promotes absorption of pulmonary inflammation,
shortens the duration of mechanical ventilation and
length of stay in ICU, and improves clinical effect (Yang
et al., 2014).

Improves symptoms of the patients (Liu and Li, 2015).

Improves the inflammatory markers and prognosis of
severe COVID-19 patients (Wen et al., 2020).
Expression of CD4*, CD4*/CD8*, CD14*/HLA-DR
increased, and improves systematic status of the SIRS
patients (Zhao W. et al., 2014).

Reduces the level of inflammatory factors, improves
the total treatment efficiency (Qi et al., 2011), reduces
infectious indicators and the average length of stays
(Zhu et al., 2014).

Improves primary endpoint-pneumonia severity index,
reduces mortality rate in 28 days, and shortens the
duration of mechanical ventilation (Song et al., 2019).
Lowers the inflammatory indicators, improve cough,
expectoration, short breath and other clinical
symptoms, and shortens their length of stay (Chen
etal, 2011; Zhu et al., 2019).

(Continued)
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TABLE 3 | Continued

Drug Pharmacological Mechanism Clinical Therapeutic efficacy
name action application

Anti-oxidation Improves activity of SOD, reduce ROS level (Jin et al., 2018). Sepsis Reduces mortality rate of sepsis patients in 28 days,
Downregulates MDA (Luo and Zhou, 2017). the APACHE-II and body temperature (Li et al., 2018).

SFI Anti-acute lung Increases the wet/dry weight ratio of lung tissues, neutrophil Sepsis Lowers IL-6 level, regulate balance between pro-
injury ratio in BALF, protein content, lung tissue MDA and serum NO inflammatory factors and anti-inflammatory factors (Qiu
(Lin and Zhan, 2010). Reduces activation of NF-kB of lung et al., 2012). Increases CD4" and CD8*T cell counts in
tissue (Ai et al., 2006). Reduces expression level of p65, P50 peripheral blood and upregulated HLA-DR expression
mRNA and protein in lung tissues and TNF-a. level in serum in monocytes (Zhang et al., 2017).
(Liu et al., 2019a).
Anti-shock Increases content of ATP and taurine, and reduces content of ~ Severe Decreases level of TNF-o,, IL-6 and IL-8 (Lv et al.,
AMP in the heart (Liu et al., 2019b). pneumonia of  2017).
elderly
Acute lung Improves respiratory rate, oxygen index, and lowers
injury the ICAM-1, ET-1 and NO level (Ma et al., 2019).
Respiratory Improves serum prealbumin, oxygen index, shortens
failure the duration of mechanical ventilation (Li, 2013)
SMI Improve pulmonary Raises NO level, dropping oxygen free radical levels and COPD Improves pulmonary function index, blood gas index,
function decreases lipid peroxidation (Lin et al., 2007). Lowers IgG index and disappearance time of lung rale (Huang
expression of NF-xB and activity of INOS in lung tissues (Liu et al., 2019).
et al., 2009).
Anti-inflammation Inhibits expression of ICAM-1 and VCAM-1 (Liu et al., 2015).
Inhibits generation of inflammatory cytokines of ischemia-
reperfusion rats, lowers expression level of TNF-o,, IL-6, IL-8,
etc. (Wang et al., 2015)

Immune-regulation  Inhibits monocyte MCP-1 (Liu et al., 2015). Increases the Prevent Improves microcirculation, protect the organ functions,
content of serum immunoglobulin IgG and the number of T inflammatory  and prevents further occurrence and development of
cells, enhances the phagocytic function of macrophages (Du response systemic inflammatory response syndrome (Guo et al.,
et al., 2001). 2004).

Improve puimonary Raises NO level, dropping oxygen free radical levels and

function decreases lipid peroxidation (Lin et al., 2007). Lowers
expression of NF-xB and activity of INOS in lung tissues (Liu
et al., 2009).

AGNHP  Anti-inflammation Inhibits release of superoxide radical; reverses changes in Hyperpyrexia, Promotes consciousness, improves the neurologic

cortical monoamine neurotransmitters (Zhang F. et al., 2010; coma caused function (Feng and Yang, 2015), shortens average

Zhu and Sun, 2014). Lowers serum LPS level and lung by severe defervescence time (Long and Wu, 2014) and

myeloperoxidase (MPO) content (Zhang et al., 2009). Lowers infectious moderates effect on Th1/Th2 (Ma and Zhou, 2015).

total LDH activity, and changes percentage of isomerase (Tang  diseases

et al., 2005). Viral Reduces body temperature, avoids convulsion,

encephalitis promotes consciousness, and alleviates cerebral

edema and brain cell damage (Zhang and Dong,
2014).

Neuroprotective Regulates Th17/Treg balance, inhibits chronic inflammation, Pneumonia Reduces PCT and improves immune function (Zhuo

effect reduces plague collagen fibers, and reduces inflammatory cells and Wen, 2017).
infiltration (Fan et al., 2020)

Antipyretic and - ACI Neuroprotective effect (Han et al., 2019).

analgesic intracerebral

hemorrhage

(see Table 3). The Diagnosis and Treatment Scheme of Severe
Acute Respiratory Syndrome (SARS) (Version 2004) (Chinese
Medical Association and China Association of Chinese Medicine,
2004) recommended that HXZQC could be used for advanced
stage pulmonary closure.

Research by Shuping Ma et al. showed that, compared with
the control group (Ribavirin, interferon), HXZQC + Western
medicines (Ribavirin, interferon) had a significant effect on
antidiarrheal time and shortened the total time course in the
treatment of children with rotavirus enteritis (p < 0.05) (Ma and
Wang, 2012). Xiaoping Han et al. (Han, 2016) randomized 78
influenza patients into control and observation groups. Patients

in the control group were given oral oseltamivir phosphate, while
patients in the observation group received HXZQC in addition to
oseltamivir phosphate. Compared with those in the control
group, patients in the observation group had faster relief of
fever symptoms, muscle aches, and fatigue (p < 0.05). The total
response rate in the observation group was 97.44%, which was
higher than the 82.05% of the control group (p < 0.05). The
results showed that HXZQC enhanced the efficacy of oseltamivir
phosphate in the treatment of influenza. Xingzhou Wu (Wu,
2010) randomized 90 cold dampness patients into two groups:
the treatment group received HXZQP, while the control group
received Ribavirin injection + Compound paracetamol and
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amantadine hydrochloride capsules. The total response rate in
the treatment group was 88.9% compared to 77.1% in the control
group (p < 0.05). Patients in the treatment group exhibited
greater improvements in aversion to cold, fever, nasal
congestion, running nose, spontaneous sweating, headache,
cough and spitting, fatigue and weakness, body ache, and other
cold symptoms compared to the control group. Hongjie Zhao
et al. studied the efficacy and safety of HXZQC in the treatment
of gastrointestinal-type cold by systematic evaluation. A total of
680 patients in eight randomized controlled trials (RCTs) were
included in the research, and the results showed that the group
receiving HXZQC had a significantly better clinical response
than the group using Western medicines alone. The effects of
HXZQC were superior to Western medicines in improving single
symptoms (such as aversion to cold, fever, bowel sound and
diarrhea) (Zhao et al., 2017). Dandan Yu et al. conducted a meta-
analysis of 44 studies, including a total of 4,153 patients with
acute gastroenteritis. The results showed that treatment with
HXZQP + conventional therapy or norfloxacin tablets was
superior to a single Western medicine in terms of total
response rate and improvement of clinical symptoms (Yu
et al., 2019).

Usage and Dosage of HXZQC

Oral administration, four capsules, twice a day.

Adverse Reactions of HXZQC

Potential drug eruption, purpura, shock, asthma, intestinal
obstruction, upper gastrointestinal hemorrhage, hypoglycemia
of childhood, infantile convulsions.

HXZQC Precautions

1) Nourishing traditional Chinese medicines should not be taken
during the period of medication. 2) It is advisable that patients
are on a light diet during the period of medication.

RELEVANT INFORMATION ON THE
CLINICAL APPLICATION OF LHQWC

Recommended Therapeutic Regimens
LHQWC has been recommended in 19 therapeutic regimens for
treatment of COVID-19 in China (see detailed information in
Tables 1 and 2).

Ingredients of LHQWC

Forsythia suspensa (Thunb.) Vahl (Lianqiao), Lonicera japonica
Thunb. (Jinyinhua), Ephedra equisetina Bunge (Zhimahuang),
Prunus armeniaca L. (Chaoxingren), Gypsum fibrosum (Shigao),
Isatis tinctoria L. (Banlangen), Dryopteris crassirhizoma Nakai
(Guanzhong), Houttuynia cordata Thunb. (Yuxingcao),
Pogostemon cablin (Blanco) Benth. (Guanghuoxiang), Rheum
palmatum L. (Dahuang), Rhodiola rosea L. (Hongjingtian),
Mentholum (Bohenao), and Glycyrrhiza uralensis Fisch. ex DC.
(Gancao). Basic information on LHQWC is provided in the
Supplementary Table.

Indications for the Treatment of COVID-19

With LHQWC

LHQWC is used during the clinical observation period of
COVID-19, and wind-heat invading lung in early stage of the
disease (mild case). The indicative symptoms are fever, mild
aversion to cold, cough, weakness, headache and body pain, sore
throat, and constipation.

Progress of Pharmacological Research on
LHQWC

Modern pharmacological studies have shown that LHQWC has
antiviral, immune-regulatory, anti-inflammatory, and
antioxidant properties, efficacy against lung injury, and other
effects (see Table 3).

LHQWOC significantly inhibited SARS-CoV-2 replication in
Vero E6 cells and markedly reduced the production of pro-
inflammatory cytokines (TNF-o, IL-6, CCL-2/MCP-1, and
CXCL-10/TP-10) at the mRNA level. Furthermore, LHQWC
treatment resulted in abnormal virion particle morphology in
cells. LHQWC significantly inhibits SARS-CoV-2 replication,
affects virus morphology and exerts anti-inflammatory activity in
vitro (Li R. F. et al., 2020).

In vitro experiments have shown significant antiviral activity
against SARS-CoV, AIV H7N9, dual HIN1/H3N2, together with
inhibition of Middle East Respiratory Syndrome (MERS)-CoV
activity to a certain degree (Yao et al., 2020). Yuewen Ding et al.
used MTT and plaque reduction assays to show that LHQWC
inhibited proliferation of multiple strains of influenza virus, and
reduced virus titer and levels of inflammatory cytokines in the
lungs of infected mice. The results indicated that LHQWC acted
as a broad-spectrum antiviral and, in particular, regulated the
immune response to viral infection (Ding et al., 2017). Qi Li et al.
discovered that LHQWC not only reversed LPS-stimulated
expression of macrophage chemotactic factor-1 (MCP-1) by
macrophages, but also significantly improved pulmonary
edema in a mouse model of acute lung injury. Inhibition of
expression and secretion of MCP-1 in lung tissues of model mice
was accompanied by reduced infiltration of mononuclear
macrophages and reduction of inflammatory injury (Li et al,
2019). Fen Ping et al. studied the effects of LHQWC on rats with
oxidative lung injury caused by fine particulate matters (PM 2.5).
The results showed that LHQWC significantly reduced lactate
dehydrogenase (LDH) and malondialdehyde (MDA) serum
levels in rats with lung injury, increased levels of glutathione
peroxidase (GSH-Px), reduced pathological damage of lung
tissues, and inhibited exudation of inflammatory cells into the
alveolar cavity. Together, the data indicated that LHQWC
protected against oxidative stress injury in the lungs of rats
(Ping et al.,, 2016). Wenwen Cui et al. studied the impact of
LHQWC in a mouse model of acute lung injury caused by
intratracheal infusion of LPS. LHQWC alleviated the
inflammatory response in lung tissues by downregulating the
IKK/IkB/nuclear factor (NF)-«B signaling pathway, thus,
protecting mice from acute lung injury (Cui et al., 2016).
Siwen Tang et al. studied the effects of LHQWC intervention
on pathological lung tissue injury in mice and expression of
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inflammatory cytokines caused by exposure to automobile
exhaust. The results showed that LHQWC reduced protein and
mRNA expression of inflammatory cytokines in lung tissue by
reducing blood levels of inflammatory cytokines, thus, protecting
against lung tissue injury caused by automobile exhaust (Tang
et al., 2015).

Clinical Research on LHQWC

Modern clinical studies have shown that LHQWC has
therapeutic effects against viral diseases, such as COVID-19,
SARS, MERS, influenza, and human infection with H7N9 avian
influenza. It can also be used to treat URI, chronic obstructive
pulmonary disease (COPD) and other conditions (see Table 3).
LHQWC has been recommended in diagnosis and treatment
schemes such as China’s SARS Diagnosis and Treatment Scheme
(Version 2004) (Chinese Medical Association and China
Association of Chinese Medicine, 2004), MERS Diagnosis and
Treatment Scheme (Version 2015) (National Health and Family
Planning Commission of People’s Republic of China, 2015),
China’s Influenza Diagnosis and Treatment Scheme (Version
2019) (National Health Commission of the People's Republic of
China and National Administration of Traditional Chinese
Medicine, 2019), and Diagnosis and Treatment Scheme for
Human Infection with H7N9 Avian Influenza (Version 1,
2017) (National Health and Family Planning Commission of
People's Republic of China, 2017).

Ke Hu et al. conducted a prospective multicenter open-label
randomized controlled trial on LHQWC capsule in confirmed
cases of COVID-19. Patients (284) were randomized to receive
usual treatment alone or in combination with LHQWC capsules
(four capsules, thrice daily) for 14 days. The primary endpoint
was the rate of symptom (fever, fatigue, coughing) recovery. The
recovery rate was significantly higher in the combined treatment
group compared with the control group (91.5% vs. 82.4%, p =
0.022). The median time to symptom recovery was markedly
shorter in the combined treatment group (median: 7 vs. 10 days,
p <0.001). Time to recovery of fever (2 vs. 3 days), fatigue (3 vs. 6
days) and coughing (7 vs. 10 days) was also significantly shorter
in the combined treatment group (all p < 0.001). The rate of
improvement in chest computed tomographic manifestations
(83.8% vs. 64.1%, p < 0.001) and clinical cure (78.9% vs. 66.2%,
p = 0.017) were also higher in the combined treatment group.
However, the two groups did not differ in the rate of conversion
to severe cases or viral assay findings (p > 0.05). No serious
adverse events were reported (Hu et al., 2020).

Ruibing Lyu et al. conducted clinical research on 63 patients
receiving conventional therapy in combination with LHQWC
(treatment group) and 38 patients receiving only conventional
therapy (control group). Clinical data were collected 10 days
after the treatment. A comparison between the two groups was
performed in terms of disappearance rates of cardinal symptoms
(fever, cough, and weakness), duration of fever and
disappearance rates of other individual symptoms and signs.
The disappearance rates of fever, cough, and weakness in the
treatment group were 86.7%, 55.6%, and 82.5%, respectively,
which were higher than those in the control group (67.7%,

30.6%, and 58.6%; p < 0.05). The median duration of fever was 6
days in patients in the treatment group and 7 days in the control
group. There was no statistically significant difference between
the groups (p = 0.171). The disappearance rates of short breath
and moist crackles (68.2% and 56.0%) were higher than those in
the control group (20.0% and 20.0%, p < 0.05). There were four
cases of aggravation in the treatment group (6.4%) and six cases
in the control group (15.8%), with no statistically significant
difference (p > 0.05). There were no obvious adverse reactions in
the treatment group (Lyu et al., 2020).

Dezhong Cheng et al. conducted a multi-center retrospective
analysis of the therapeutic effect of LHQWC in 51 COVID-19
patients. The control group was treated with simple nutritional
support, symptomatic treatment, antiviral therapy and
antimicrobial therapy. The treatment group was combined
with LHQWC (6 g/bag) on the basis of the control group, one
bag each time, 3 times a day. The clinical data of patients treated
for 7 days were collected. The results showed that combined
application of LHQWC significantly improved fever, weakness,
cough, shortness of breath, chest distress, anorexia, and other
clinical symptoms of COVID-19. Improvements of the main
symptoms and reduced incidence of the severe form suggested
that LHQWC could be effective in the treatment of patients with
COVID-19 (Cheng et al., 2020).

Ping Yu et al. conducted a study on the therapeutic effect of
LHQWC combined with Abidole in the treatment of mild
COVID-19. A total of 295 patients were randomly divided into
two groups. The control group (n = 148) was treated with
Abidole (0.2 g per day) orally, and the observation group (n =
147) was treated with LHQWC (6 g, thrice daily) combined with
Abidole. The results showed that the total effective rate of the
observation group was significantly higher than that of the
control group (80.95% vs 64.86%), and the rate of severe
illness was significantly lower than that of the control group
(14.29% vs 23.65%). After 7 days of treatment, the scores for the
main TCM syndromes (fever, fatigue, cough, dry throat, chest
tightness) and the levels of C-reactive protein (CRP) and
procalcitonin (PCT) in the observation group were
significantly lower than those in the control group (p < 0.05),
while white blood cells (WBC) and lymphocyte (LYM) were
significantly higher than those in the control group. The effective
rate of chest computerized tomography (CT) in the observation
group was 69.39%, which was higher than that in the control
group (62.84%), but the difference was not statistically significant
(p > 0.05). There were no serious drug-related adverse reactions
in either group. The results show that LHQWC combined with
Abidole can effectively relieve clinical symptoms in patients with
mild COVID-19, regulate the expression of related inflammatory
factors, improve the curative effect and reduce the rate of severe
illness (Yu P. et al., 2020).

Lili Liu et al. conducted a retrospective analysis of the
therapeutic effect of LHQWC in 32 COVID-19 patients. The
patients were divided into two groups: Group A + L, in which 18
patients received Abidole (0.2 g, thrice daily) combined with
LHQWGC; and Group L, in which 14 patients received LHQWC
alone. During treatment there was one critical case in each group.
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Abnormal liver function was observed in 14 cases (77.78%) in
Group A + L and 8 cases (57.14%) in Group L. Antibiotic
treatment was applied in 17 cases (94.44%) in Group A + L
and 13 cases (92.86%) in Group L. Glucocorticoid use was
reported in 10 cases (55.56%) in Group A + L and 9 cases
(64.29%) in Group L. Compared with Group L, significantly
faster recovery of temperature (t = =2.471, p = 0.019), recovery of
respiratory symptoms (t = -2.918, p = 0.007), chest CT
inflammation absorption (t = -2.937, p = 0.006), time until
two consecutive negative virus nucleic acid tests (t = -2.930, p =
0.006), and shorter hospital stay (t = —2.785, p = 0.009) were
observed in Group A + L. Abidor combined with LHQWC can
be used to treat COVID-19, with good tolerance, to shorten the
course of treatment (Liu et al., 2020).

Zhongping Duan et al. conducted a random, double-blind,
and positive-drug parallel control clinical trial on the efficiency
and safety of LHQWC against HIN1. It was found that LHQWC
reduced disease severity and the duration of symptoms. The drug
was also well tolerated, indicating that LHQWC might become
an alternative therapeutic measure against HIN1 viral infection
(Duan et al,, 2011). Pan Zhao et al. found by meta-analysis that
LHQWC improved cough, sore throat, body ache, and other
symptoms of patients infected with HIN1 virus, reduced the
duration of fever, and was more effective than oseltamivir (Zhao
P.etal, 2014). Shiheng Wang et al. conducted a systematic review
of the literature on efficacy and safety of LHQWC in treating viral
flu. The results showed that LHQWC gave a better total response
rate, symptom improvement rate and body temperature recovery
rate than the control group in treating viral flu, but consideration
of its safety was important (Wang et al., 2019). Li Tiehui et al.
compared the clinical therapeutic effect of LHQWC and vitamin C
Yingiao Tablets in patients with URIL, and found that LHQWC
significantly improved nasal congestion, fever, headache, sore
throat, weakness, aches in the limbs, intolerance of cold, and
other clinical symptoms. LHQWC had high efficacy and safety,
and was therefore worthy of promotion (Li, 2019). Dong Liang
et al. conducted clinical research on 100 patients with COPD, and
discovered that LHQWC improved conditions in patients with
acute exacerbation of chronic obstructive pulmonary disease
(AECOPD), especially those in the high risk subgroup. The
mode of action might be related to its ability to reduce release of
inflammatory mediators (Dong et al., 2014).

Usage and Dosage of LHQWC:

Oral administration, four capsules, 3 times a day.

Adverse Reactions of LHQWC

Possible nausea, vomiting, diarrhea, stomach discomfort,
heartburn, poor appetite, and other gastrointestinal adverse
reactions; there might be abnormal liver function, palpitations
or rash, and other side effects occasionally.

LHQWC Precautions

1) Pregnant and lactating women should use with caution. 2) It
contains ephedrae herba (Mahuang), so should be used with
caution by athletes and patients with high blood pressure and

heart disease. 3) Those with previous history of liver disease or
with abnormal liver function should use with caution. 4) It
contains rheum, so the dose should be reduced appropriate in
subjects who experience increased stool frequency and shapeless
stools after administration. 5) Nourishing traditional Chinese
medicine should not be taken at the same time.

RELEVANT INFORMATION ON THE
CLINICAL APPLICATION OF JHQGG

Recommended Therapeutic Regimens
JHQGG has been recommended in 13 therapeutic regimens of
COVID-19 in China (see detailed information in Tables 1 and 2).

Ingredients of JHQGG

Forsythia suspensa (Thunb.) Vahl (Lianqiao), Lonicera japonica
Thunb. (Jinyinhua), Ephedra equisetina Bunge (Zhimahuang),
Prunus armeniaca L. (Chaoxingren), Gypsum Fibrosum
(Shigao), Scutellaria baicalensis Georgi (Huanggqin), Fritillaria
thunbergii Miq. (Zhebeimu), Anemarrhena asphodeloides Bunge
(Zhimu), Arctium lappa L. (Niubangzi), Artemisia annua L.
(Qinghao), Mentha canadensis L. (Bohe), and Glycyrrhiza
uralensis Fisch. ex DC. (Gancao). Basic information on
JHQGG is provided in the Supplementary Table.

Indications for the Treatment of COVID-19

With JHQGG

JHQGG is used to treat the syndrome of wind-heat invading lung
during the clinical observation period of COVID-19 and the
early stage of the disease (mild case). Indicative symptoms are
fever, mild aversion to cold, weakness, cough, headache and body
pain, and sore throat.

Progress of Pharmacological Research

on JHQGG

Modern pharmacological studies have found that JHQGG has
antiviral, immune-regulatory, and anti-inflammatory effects (see
Table 3).

Jianping Qi et al. showed that JHQGG significantly decreased
the average levels of C-reactive protein (CRP) and IFN-y in serum
of influenza patients. Patients exhibited decreased inflammatory
response and improved immune function after treatment, which
might be due to the antiviral activity of the main ingredients, such
as Lonicerae japonicae flos, Scutellariae radix, Forsythiae fructus,
and Artemisiae annuae herba (Qi et al., 2016).

Clinical Research on JHQGG
Modern clinical studies have shown that JHQGG has therapeutic
efficacy against viral diseases (see Table 3). JHQGG has been
recommended in China’s Influenza Diagnosis and Treatment
Scheme (Version 2019).

COVID-19 outpatients (123) were randomly divided into a
treatment group (JHQGG two bags per time, 3 times a day,
combined with routine treatment for 5 days, n = 82) and a

Frontiers in Pharmacology | www.frontiersin.org

21

July 2020 | Volume 11 | Article 1066


https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles

Zhuang et al.

Chinese Patent Medicines and COVID-19

control group (only routine treatment, n = 41). The addition of
JHQGG significantly alleviated fever, cough, fatigue, sputum and
anxiety, and the hospitalization rate tended to be lower than in the
control group (Duan et al., 2020). In treatment of HIN1, use of
JHQGG alone or in combination with oseltamivir effectively
shortened fever duration. The duration of fever in patients
treated with oseltamivir in combination with JHQGG was
significantly shorter (19%) than in those treated with oseltamivir
alone, suggesting that JHQGG could serve as an alternative
therapeutic measure against HIN1 (Wang C. et al, 2011).
Jianping Qi observed 174 cases of influenza patients and found
that JHQGG significantly reduced serum levels of cytokines and
improved immune function (Qi et al., 2016). A double-blind,
randomized and controlled study on JHQGG in treating influenza
syndrome of wind-heat invading lung by Guogin Li et al. showed
that it was effective and safe (Li et al., 2013).

Usage and Dosage of JHQGG

Taken after dissolving in boiled water, one bag, 3 times a day.

Adverse Reactions of JHQGG

Potential for nausea, vomiting, diarrhea, stomach discomfort,
heartburn, poor appetite and other gastrointestinal adverse
reactions; there might be abnormal liver function, palpitations,
or rash occasionally.

JHQGG Precautions

1) Those with deficiency-cold in spleen and stomach should use with
caution. 2) It contains ephedrae herba (Mahuang), so should be used
with caution by athletes and patients with high blood pressure and
heart disease. 3) Those with previous history of liver disease or with
abnormal liver function should use with caution. 4) Nourishing
traditional Chinese medicine should not be taken at the same time.

RELEVANT INFORMATION ON THE
CLINICAL APPLICATION OF SFJDC

Recommended Therapeutic Regimens
SFJDC has been recommended in 15 therapeutic regimens of
COVID-19 in China (see detailed information in Tables 1 and 2).

Ingredients of SFUDC

Reynoutria japonica Houtt. (Huzhang), Forsythia suspensa
(Thunb.) Vahl (Liangiao), Isatis tinctoria L. (Banlangen),
Bupleurum chinense DC. (Chaihu), Patrinia scabiosifolia Link
(Baijiangcao), Verbena officinalis L. (Mabiancao), Phragmites
australis (Cav.) Trin. ex Steud. (Lugen), and Glycyrrhiza
uralensis Fisch. ex DC. (Gancao). Basic information on SFJDC
is provided in the Supplementary Table.

Indications for the Treatment of COVID-19
With SFJDC

SFJDC is used to treat external wind-heat syndrome during the
clinical observation period of COVID-19 and the early stage of

the disease (mild case). Indicative symptoms are fever, aversion
to cold, cough with yellow phlegm, weakness, and sore throat.

Progress of Pharmacological Research

on SFJDC

Modern pharmacological studies have found that SFJDC has
antiviral, antibacterial, and anti-inflammatory properties and
protects against lung injury (see Table 3).

Yanyan Bao et al. evaluated the broad-spectrum antiviral
activity of SFJDC by cytopathic effect (CPE) inhibition. A total
of eight viruses, including HIN1, herpes simplex (HSV),
respiratory syncytial virus, adenovirus (ADV) and Coxsackie
virus, were evaluated. SFJDC had significant in vitro broad-
spectrum antiviral activity and the best inhibitory effect was
against parainfluenza virus (PIV). Similar results were obtained
from in vivo experiments (Qiu et al.,, 2014; Bao et al,, 2019). Ying
Liu et al. used HIN1 FM1 and PR8 strains to induce nasal drip
infection in an immunocompromised mouse pneumonia model.
Therapeutic and preventive effects of SFJDC were observed
against HINI infection in vivo. The results showed that SFJDC
influenced the immune function of the mice, improved
pneumonia symptoms caused by influenza virus, reduced the
lung index of mice infected with HINI, significantly reduced
mortality, and had good therapeutic efficacy (Liu et al., 2010).
Research by Weiwei Lv et al. found that SFJDC had inhibitory
activity against multiple viruses and bacteria. Its antiviral activity
was inferior to that of Ribavirin, but its cytotoxicity was lower.
Both antiviral activity and antibacterial action were superior to
those of Qingkailing granules (QKLG) (Lv et al.,, 2013). Li Ma
et al. used a mouse pneumonia model induced by Streptococcus
pneumoniae to study the anti-inflammatory mechanism of
SEJDC. They discovered that it reduced white blood cell (WBC)
count, reduced serum levels of the transcription factor nuclear
factor kappa B (NF-«B), MCP-1, inflammatory mediator BK and
COX-2, thus, having a therapeutic effect in the model (Ma et al.,
2018). Further studies found that SFJDC had a significant
immune regulatory function, reducing levels of B lymphocytes,
CD8" cells, interleukin-1at (IL-10v), IL-1p, IL-2, IgM, and IgG to
improve lung function in mice with pneumonia. SFJDC increased
the CD4%/CD8" ratio and number of natural killer (NK) cells,
thus, having a therapeutic effect in the pneumonia model (Ma
et al, 2019a; Ma et al,, 2019b). Zhengang Tao et al. observed a
protective function of SFJDC against endotoxin LPS-induced rat
lung injury. Their results showed that SFJDC inhibited the LPS-
induced inflammatory response, and reduced LPS-induced lung
injury. Its mechanism of action might be inhibition of the MAPK
(mitogen-activated protein kinase)/NF-xB signaling pathway and
downregulation of NF-kB mRNA expression (Tao et al., 2014).
Yanmei Li et al. used a Pseudomonas aeruginosa (PAK)-induced
KM mouse acute lung injury model to explore the mode of action
of SFJDC in treatment of acute lung injury. They found that
SFJDC significantly alleviated lung injury in the model and its
mode of action might be related to the ERK signaling pathway (Li
et al., 2017).
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Clinical Research on SFJDC

SFJDC comes from “Detoxification Powder,” and is mainly used
to treat fever, parotitis, amygdalitis, plague, and other diseases.
Recent studies have shown that SFJDC has good clinical efficacy
against viral diseases (such as MERS, influenza, human infection
with H7N9 avian influenza) and respiratory diseases (such as
acute URI, AECOPD, pneumonia, etc.) (see Table 3). SEJDC has
been recommended in diagnosis and treatment schemes such as
MERS Diagnosis and Treatment Scheme (Version 2015), China’s
Influenza Diagnosis and Treatment Scheme (Version 2019), and
Diagnosis and Treatment Scheme for Human Infection with
H7N9 Avian Influenza (Version 1, 2017).

Lei Wang et al. conducted a retrospective analysis of 87 patients
with acute URI + fever, and found that patients treated with
SEJDC had a significantly higher total response rate than those in
the control group. SFJDC effectively improved respiratory
symptoms in patients with acute URI + fever (Wang and Qiu,
2018). In the treatment of community acquired pneumonia
(CAP), application of SFJDC shortened recovery time, reduced
the duration of fever and reduced the levels of procalcitonin
(PCT), CRP, WBC, and other indicators, effectively shortening
the course of treatment (Wang, 2016). Hongxia Yu et al. evaluated
the impact of SFJDC on inflammation-associated cytokines in
patients with AECOPD. The results showed that SFJDC
significantly reduced the levels of interleukin-8 (IL-8), TNF-o,
CRP, and PCT, and had significant therapeutic efficacy against
AECOPD (Yu H. X. et al,, 2020). Tiling Wang et al. added SFJDC
treatment to conventional treatment in 60 mild and moderate
AECOPD patients and compared with 60 patients receiving
conventional treatment as the control group. After 1 week, the
treatment group had significantly higher arterial blood gas PaO,
than the control group, without any adverse reactions (Wang,
2015). Research showed that treatment of bacterial acute
bronchitis and pneumonia with a combination of antibacterial
drugs and SFJDC significantly shortened recovery of body
temperature, duration of cough and the course of treatment
compared with antibacterial drug alone. Chunlan Wang et al.
observed that combined use of SFJDC and antibiotics significantly
improved body temperature, blood sugar, ALT (glutamate
transaminase), AST (aspartate aminotransferase) and other
indicators compared with the control group, and patients had a
higher oxygen index than the control group. The results suggested
that SFJDC had a significant protective function against lung
injury, and the mechanism might be related to inhibition of
inflammatory response by SFJDC (Wang et al., 2014).

Usage and Dosage of SFJDC

Oral administration, four capsules, 3 times a day.

Adverse Reactions of SFUDC

Occasional nausea.

SFJDC Precautions

(1) Use is forbidden in those with allergic constitution or who are
allergic to the drug. (2) Use is forbidden in those with deficiency-
cold in spleen and stomach.

RELEVANT INFORMATION ON THE
CLINICAL APPLICATION OF TRQI

Recommended Therapeutic Regimens
TRQI has been recommended in 12 therapeutic regimens of
COVID-19 in China (see detailed information in Tables 1 and 2).

Ingredients of TRQI

Scutellaria baicalensis Georgi (Huangqin), Ursi fellis pulvis
(Xiongdanfen), Forsythia suspensa (Thunb.) Vahl (Liangiao),
and Lonicera japonica Thunb. (Jinyinhua). Basic information
on TRQI is provided in the Supplementary Table.

Indications for the Treatment of COVID-19
With TRQI

TRQI is used for syndromes of epidemic toxin lung closure and
phlegm-heat lung obstruction in the progressive stage of
COVID-19 (critical case). Indicative symptoms are fever,
cough, cough with difficulty in expectoration, chest distress,
and shortness of breath.

Progress of Pharmacological Research

on TRQI

Modern pharmacological studies have shown that TRQI is
effective against influenza virus, destroys bacterial biofilm,
inhibits airway inflammation, and improves lung injury (see
Table 3).

Research by Jinsu Zheng et al. discovered that TRQI improved
pathological injury of lung tissues in mice infected with influenza
virus, and had significant antiviral activity in influenza virus
infected mice. The antiviral activity of TRQI might be due to its
inhibition of cellular proliferation and enhancement of immunity
(Zheng and Gu, 2009). Weifeng Yang et al. discovered that TRQI
could destroy methicillin-resistant Staphylococcus aureus
(MRSA) biofilm and induce its death. When combined with
vancomycin or linezolid below the minimal inhibitory
concentration (MIC) concentration, synergistic anti-biofilm
activity was observed that was significantly higher than when
using TRQI alone (Yang et al., 2018). Research by Yi Wang et al.
showed that the efficacy of TRQI in the treatment of acute
pneumonia was mediated by destruction of bacterial biofilm,
which is different to the mechanism of penicillin (Wang Y. et al.,
2011). Wei Liu et al. discovered that TRQI might treat airway
mucus hypersecretion by regulating the interleukin-17 (IL-17)
signaling pathway and its downstream protein MUC5AC. An in
vivo experiment showed that TRQI could significantly inhibit
excessive secretion of LPS-stimulated MUC5AC and expression
of TNF-0, interleukin-6 (IL-6), IL-8, and IL-17A in terms of
protein and mRNA levels (Liu W. et al, 2019). Animal
experiments conducted by Wei Liu et al. showed that TRQI
inhibited airway inflammation caused by LPS through the
MAPK/NF-kB pathway, and showed a dose-dependent effect
(Liu et al, 2016). Li Wen et al. found that TRQI improved
signs and symptoms in AECOPD patients, which might be
mediated by reduction of serum IL-8 and neutrophil elastase
(NE) levels, and improved airway inflammation and mucus
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hypersecretion (Li et al., 2010). Research by Li Pengtao et al.
discovered that TRQI improved blood flow in capillaries of the
alveolar walls while repressing the LPS-induced inflammatory
cascade, which was the pharmacological basis for its effective
alleviation of acute lung injury and prevention of decreased
arterial partial oxygen pressure (Li et al., 2005).

Clinical Research on TRQI

Modern clinical studies have shown that TRQI has therapeutic
efficacy against infectious diseases, such as viral pneumonia,
MERS, human infection with H7N9 avian influenza, acute
bronchitis, acute attack of chronic bronchitis, CAP, tuberculosis
accompanied by infection, and AECOPD (see Table 3). TRQI has
been recommended in MERS Diagnosis and Treatment Scheme
(Version 2015) and Diagnosis and Treatment Scheme for Human
Infection with H7N9 Avian Influenza (Version 1, 2017).

A systematic evaluation of eight published randomized and
controlled trials that included a total of 590 adult patients with
viral pneumonia found that TRQI had advantages in terms of
response rate, faster change of chest radiography, average length
of stay, and other aspects (Pan, 2016). Research results from
Jinzhi Liang et al. showed that there was no statistically
significant difference in the clinical effect of combined TRQI
and Ribavirin or TRQI alone in the treatment of hand-foot-and-
mouth disease. Both treatments were superior to that of
Ribavirin alone (Liang et al,, 2013). Research by Wang Pei
et al. showed that potential benefits of TRQI in the treatment
of acute bronchitis included improved response rate, and
reduced fever, cough, crackles, and X-ray shadow absorption
(Wang et al., 2016). Research results of Lini Gao et al. showed
that combined use of TRQI and Western medicines was more
effective than Western medicines alone in the treatment of acute
bronchitis and gave superior improvement of clinical symptoms
(Gao et al, 2019). Hongli Jiang et al. showed by systematic
evaluation that administration of TRQI to treat CAP on the basis
of antibiotics and symptomatic treatment significantly improved
clinical symptoms. Cough with expectoration was improved, the
duration of fever was shortened and recovery of chest
radiography and hemogram were promoted without significant
adverse reactions (Jiang et al., 2009). Lian Xiong et al. showed by
systematic evaluation that TRQI might have the same overall
effect as some antibacterial drugs in treatment of patients with
tuberculosis accompanied by lung infection, but improved
efficacy was observed in combination with antibacterial drugs.
This might be due to the bacteriostatic effects of TRQI and
elimination of inflammatory mediators (Lian et al., 2018). A total
of 14 trials and 954 patients were included in a study by Yunqging
Zhong, and the results showed that combined use of TRQI and
antibacterial drugs improved the clinical effects and lung
function in AECOPD patients, reduced pCO,, and shortened
the length of stay without serious adverse reactions (Zhong
et al., 2010).

Usage and Dosage of TRQI

20 ml once for adults, 40 ml once for severe patients, with
addition of 250-500 ml 5% glucose or 0.9% sodium chloride;
intravenous drip at less than 60 drops per min, once a day.

Adverse Reactions of TRQI

1) Some patients may have dizziness, chest distress, nausea,
vomiting, and diarrhea. 2) Flushing, rash or itching and other
allergic reactions occasionally. 3) Rarely, palpitations, chill and
difficulty breathing. 4) Extremely rarely, allergic shock. 5) Other
adverse reactions: dry mouth, fever, periorbital facial edema,
discomfort at infusion site.

TRQI Precautions

1) Use is forbidden in those with liver and renal failure; 2) Use is
forbidden in those with severe lung and heart disease
accompanied by heart failure; 3) Use is forbidden in pregnant
women and infants less than 24 months; 4) It should be used
alone and must not be mixed with other drugs; 5) Dilution ratio
of the liquid shall be no lower than 1:10 (liquid: solvent) and the
diluted liquid must be used within 4 h.

RELEVANT INFORMATION ON THE
CLINICAL APPLICATION OF XYPI

Recommended Therapeutic Regimens

XYPI has been recommended in 15 therapeutic regimens of
COVID-19 in China (see detailed information in Tables 1
and 2).

Ingredients of XYPI
Andrographolide total sulfonate. Basic information on XYPI is
provided in the Supplementary Table.

Indications for the Treatment of COVID-19
With XYPI

XYPI is used for syndrome of exuberance of internal heat toxin
in progressive stage of COVID-19 (critical case). Indicative
symptoms are fever, sore throat, cough with yellow phlegm
and chest distress. It could also be used to treat viral infection
combined with mild bacterial infection.

Progress of Pharmacological Research on
XYPI

The main ingredient of XYPI is andrographolide total sulfonate,
which is antipyretic, anti-inflammatory, antiviral, antibacterial
and immune-regulatory (see Table 3).

Yang Yu et al. conducted in vivo experiments with XYPI, and
discovered that it could significantly protect mice infected with
Staphylococcus aureus and Streptococcus pneumoniae, and
significantly inhibited citric acid-induced cough frequency in
guinea pigs (Yu et al, 2009). Using in vitro experiments, Lu
Wang et al. studied the inhibitory effect of XYPI on inflammatory
factors released by LPS-stimulated mouse mononuclear
macrophages. The results showed that XYPI significantly
inhibited the release of inflammatory factors such as TNF-o and
IL-6 (Wang et al., 2008). Yinglan Nie et al. explored the mode of
action of XYPI in the treatment of acute lung injury by observing
its effect on cytokine content in bronchoalveolar lavage fluid
(BALF) following LPS-induced acute lung injury. The results
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showed that XYPI could play an anti-inflammatory role by
modulating the balance of pro-inflammatory/anti-inflammatory
cytokines and prevent excess anti-inflammatory responses during
the course of acute lung injury (Nie et al, 2012). Qi Liu et al.
observed antiviral activity of XYPI against human rhinovirus-
induced mouse infections. XYPI significantly reduced the virus
titer in trachea-lung tissue homogenate of infected mice, effectively
inhibiting proliferation of human rhinovirus in mice. Respiratory
lesions were alleviated in tested animals, survival rate was
improved, there were few adverse reactions, and it was an
efficient and safe drug against human rhinovirus infection. Its
specific mode of action, however, was unclear (Liu, 2015).

Clinical Research on XYPI

XYPI is a broad-spectrum antiviral Chinese patent medicine that
is widely used to treat acute URI, viral pneumonia and
pulmonary infection in clinical practice with good efficacy.
Recent studies have discovered that it can also inhibit some
viruses and bacteria, and could be used to treat influenza, human
infection with H7N9 avian influenza, capillary bronchitis and
other diseases (see Table 3). XYPI has been recommended in
China’s Diagnosis and Treatment Scheme for Human Infection
with H7N9 Avian Influenza (Version 2017).

Xiuping Yin et al. used the association rule method to analyze
drug combinations, including XYPI in patients with pulmonary
infection. The results showed that it could play a role as
alternative or as a supplement to antibiotics in the treatment of
pulmonary infection, but the safety and rationality of its use in
drug combinations required further study in clinical practice (Yin
et al, 2015). Guangming Li et al. conducted a retrospective
analysis of 92 patients with viral pneumonia and found that
XYPI was more effective than Ribavirin, providing significant
improvement of symptoms (Li, 2015). Ruihan Qi et al. analyzed
the therapeutic effect of XYPI in the treatment of viral pneumonia
by systematic evaluation and found that it was more effective than
Ribavirin. XYPI increased the cure rate, improved signs and
symptoms, and reduced the incidence of adverse reactions (Qi
et al, 2018). Lili Zhang et al. used XYPI in combination with
Western medicine to treat severe pneumonia of the elderly in
clinical practice. The results showed that it significantly shortened
the course of disease, improved treatment efficiency, reduced the
incidence of antibiotic resistance, reduced occurrence of double
infection, improved the prognosis, and reduced mortality (Zhang
and Wang, 2015). Zhixu Yang et al. observed the clinical effect of
XYPI in treating the syndrome of phlegm-heat obstructing lung of
severe pneumonia from the perspective of traditional Chinese
medicine. The results showed significant improvements that
included reduced fever, reduced numbers of leukocytes,
improved oxygen index, lower clinical pulmonary infection
score (CPIS), and reduced pulmonary inflammation. It also
shortened the duration of mechanical ventilation and length of
stay in ICU, and improved the clinical effect (Yang et al., 2014). In
addition, XYPI has also shown significant efficacy in the treatment
of URL Xiaowen Liu et al. conducted a retrospective analysis of
660 patients with acute URI and found that the total response rate
in the XYPI treatment group was significantly higher than that of

the control group. The difference was statistically significant (Liu
and Li, 2015).

Usage and Dosage of XYPI

1) Intramuscular injection. Adults: 50-100 mg, 2 or 3 times a day.
2) Intravenous drip. Adults: 250-500 mg a day, diluted with 0.9%
sodium chloride or 5% glucose.

Adverse Reactions of XYPI

The main adverse reactions are allergic reaction, damage to the
skin, damage to the digestive system, damage to the respiratory
system, and general damage to the cardiovascular system. These
are manifested by rash, itching, shivering, facial blushing, fever,
cyanosis, difficulty breathing, nausea, vomiting, palpitations,
chest distress, and allergic shock.

XYPI Precautions

1) Use is forbidden in pregnant women and children under 1
year of age. Use with caution in the elderly above 75 years of age.
2) Use is forbidden in those with a history of allergic or severe
adverse reactions to this drug or preparations containing
andrographolide total sulfonate. 3) Enhanced monitoring is
recommended in patients using XYPI for the first time; pay
close attention to reactions during administration, especially if
discovering abnormalities within 30 min of administration. Stop
administration immediately and take active rescue measures. 4)
When used in combination with other injections, XYPI should
be administered first. Other injections can be infused after
flushing or replacing the infusion tube.

RELEVANT INFORMATION ON THE
CLINICAL APPLICATION OF XBJI

Recommended Therapeutic Regimens

XBJI has been recommended in 20 therapeutic regimens of
COVID-19 in China (see detailed information in Tables 1
and 2).

Ingredients of XBJI

Carthamus tinctorius L. (Honghua), Paeonia lactiflora Pall.
(Chishao), Conioselinum anthriscoides ‘Chuanxiong’
(Chuanxiong), Salvia miltiorrhiza Bunge (Danshen), and
Angelica sinensis (Oliv.) Diels (Danggui). Basic information on
XBJI is provided in the Supplementary Table.

Indications for the Treatment of COVID-19
With XBJI

XBJI is used for syndrome of blood-stasis and toxins in the
progressive stage of COVID-19 (critical case). Indicative
symptoms are fever, dyspnea and tachypnea, palpitations, and
dysphoria. It could also be used for treatment of infection-
induced systemic inflammatory response syndrome and
multiple-organ dysfunction syndrome in the stage of impaired
organ function.
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Progress of Pharmacological Research

on XBJI

Modern pharmacological studies have shown that XBJI is anti-
inflammatory, antioxidant, immune-regulatory, and protects
against acute lung injury (see Table 3).

Tiantian Li et al. found that in mice with MRSA-induced
sepsis, XBJI protected the infected mice by downregulating
expression of inflammatory cytokines stimulated by
Pam3CSK4, MAPK, PI3K (phosphatidylinositol 3 kinase)/Akt
and other pathways, thus, inhibiting the inflammatory response
(Li T. T. et al., 2020). Shuwen Zhang et al. and Xi Chen et al.
found that XBJI significantly reduced TNF-a, IL-6, and IL-10
levels in mice with sepsis, prevented neutrophil infiltration of
lung and kidney, modulated T helper cell (Th) 1/Th2, Th17, and
Tregs balance, reduced inflammatory response, and improved
survival rate in mice with infectious shock (Zhang et al., 2006;
Chen et al., 2018). Mingwei Liu et al. studied rats with paraquat-
induced acute lung injury and discovered that XBJI could
enhance immunity, reduce expression of inflammatory factors,
and protect against acute lung injury by blocking p-38 MAPK
and NF-xB p65 pathways, (Liu et al, 2014). Research by Yin
Teng et al. found that XBJI in combination with conventional
treatment significantly reduced interleukin-1 (IL-1), IL-6, and
TNEF-a levels, improved CD4"/CD8" T lymphocyte ratio and NK
cell relative activity, reduced inflammatory response, and
enhanced cellular immunity in patients with severe pneumonia
(Teng et al., 2012). Research by Hui Jin et al. showed that XBJI
significantly improved the activity of superoxide dismutase
(SOD), reduced reactive oxygen species (ROS) levels and
protected against oxidative damage in mice under high-
temperature stimulation (Jin et al., 2018). Research by Luo
Peng et al. showed that XBJI downregulated MDA levels,
upregulated SOD levels, and alleviated LPS-induced acute lung
injury in rats (Luo and Zhou, 2017). In a rat model of oleic acid
or LPS-induced acute lung injury, XBJI reduced TNF-a. levels,
alleviated pulmonary tissue edema and inflammatory cell
infiltration, and protected against lung injury (Zhang et al,
2014). Research by Yuexia Ma et al. showed that although
XBJT had no direct antiviral effect in mice with HIN1 severe
pneumonia; it alleviated lung injury and protected against death,
which might be due to its regulation of inflammatory cytokine
levels in the early stage (Ma et al., 2015).

Clinical Research on XBJI
Modern clinical studies have shown that XBJI in combination
with conventional treatment has therapeutic effects in relevant
diseases, such as MERS, human infection with H7N9 avian
influenza, CAP, severe pneumonia, systemic inflammatory
response syndrome, COPD and sepsis (see Table 3). XBJI has
been recommended in MERS Diagnosis and Treatment Scheme
(Version 2015) and Diagnosis and Treatment Scheme for
Human Infection with H7N9 Avian Influenza (Version 1, 2017).
Clinical research by Wen Long et al. randomly divided 60
severe COVID-19 patients into routine treatment (n = 20), XBJI
50 ml (n = 20), and XBJI 100 ml (n = 20) groups. On the basis of
conventional treatment, XBJI (50 ml) was injected twice a day for

7 days in the XBJI 50 ml group, or 100 ml twice a day for 7 days
in the XBJI 100 ml group. After treatment, the white blood cell
count (WBC) and lymphocyte count (LYM) of the three groups
increased, while CRP and ESR decreased. Compared with the
routine treatment group, the WBC count in the XBJI 100 ml
group after treatment significantly increased (x10°/L: 7.12 + 0.55
vs. 5.67 £ 0.51, p < 0.05), and the levels of CRP and ESR in the
XBJI 50 ml and 100 ml groups significantly decreased [CRP (mg/
L): 32.3 + 4.6, 28.0 + 6.2 vs. 37.3 £ 5.9; ESR (mm/h): 45.9 £ 5.7,
40.5 + 7.4 vs. 55.3 + 6.6, all p < 0.05]. Compared with the XBJI
50 ml group, the increase of WBC, and the decrease of CRP and
ESR were more significant in the XBJI 100 ml group [WBC
(x10°/L): 7.12 % 0.55 vs. 5.82 + 0.49; CRP (mg/L): 28.0 + 6.2 vs.
32.3 + 4.6; ESR (mm/h): 40.5 + 7.4 vs. 45.9 + 5.7, all p < 0.05].
The APACHE II score of three groups decreased. In the XBJI
100 ml group, the APACHE II score after treatment was
significantly lower than those in the routine treatment and
XBJI 50 ml groups (12.3 + 1.5 vs. 16.5 = 1.6, 15.9 + 1.4, both
p <0.05). After treatment, the 2019-nCoV nucleic acid test in the
three groups partly turned negative: nine cases in the routine
treatment group, eight cases in the XBJI 50 ml group and nine
cases in the XBJI 100 ml group, with no significant differences
(p > 0.05). The conditions of patients in the three groups were
improved after treatment. Eight cases in the routine treatment
group were transformed into common type and one case into
critical type; nine cases and 12 cases in the XBJI 50 ml and 100 ml
groups, respectively, were transformed into the common type.
Patients in the XBJI 100 ml group improved more obviously than
in the XBJI 50 ml and routine treatment groups (both p < 0.05).
The XBJI injection can effectively improve the inflammatory
markers and prognosis of severe COVID-19 patients (Wen
et al., 2020).

Clinical research by Qi Fei et al. showed that, of 80 patients
with severe pneumonia, those receiving a combination of XBJI
and conventional treatment exhibited reduced levels of blood
LDH, al-acid glycoprotein (0t1-AG) and ol-antitrypsin (oul-
AT). Body temperature was reduced significantly and secretion
of TNF-o, IL-6, IL-8, and other cytokines was inhibited. The
total treatment efficiency was up to 80%, compared to 67.5% in
the control group (Qi et al., 2011). An RCT study comprised of
33 centers and 710 patients conducted by Yuanlin Song et al.
showed that XBJI in combination with conventional treatment
significantly improved the primary endpoint, pneumonia
severity index, in patients with severe CAP (the control group
vs XBJI Group, 46.33% vs 60.78%, p < 0.001). There was also
significantly reduced mortality in 28 days (24.65% vs 15.87%, p =
0.006), the duration of mechanical ventilation was shortened (11
vs 16.5 d, p = 0.012) and length of stay in ICU was reduced (12 vs
16 d, p = 0.004) (Song et al., 2019). Mingjin Zhu et al. conducted
a meta-analysis of 12 studies with a total of 860 patients and
showed that XBJI in combination with conventional treatment
was superior to the treatment group in improving total response
rate in patients with severe pneumonia. Infectious indicators
(WBC, CRP, CPIS) and inflammatory cytokine (IL-6, IL-8, TNF-
o) levels were reduced, and the average length of stay in hospital
was reduced (Zhu et al, 2014). Wei Zhao et al. studied 56
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patients with systemic inflammatory response syndrome (SIRS)
and found that after 7 d treatment with XBJI in combination with
conventional treatment, body temperature, WBC, and acute
physiology and chronic health evaluation II (APACHE-II)
score improved more significantly compared to the control
group (p < 0.05). Expression of CD4", CD4"/CD8", CD14"/
HLA-DR (human leukocyte antigen-DR) increased significantly,
and the combination regulated the SIRS immune state and
improved systemic status of the patients (Zhao W. et al., 2014).
Clinical research found that XBJI in combination with
conventional treatment lowered TNF-o, CRP, and other
inflammatory indicators in AECOPD patients and had a
certain therapeutic effect. In patients with accompanying SIRS,
the combination significantly improved cough, expectoration,
shortness of breath, and other clinical symptoms, and shortened
hospital stay (Chen et al., 2011; Zhu et al., 2019). Meta-analysis
by Chengyu Li et al. included sepsis patients from 16 RCTs (total
1,144 cases), and evidence of moderate intensity showed that
XBJI in combination with conventional treatment effectively
reduced the mortality rate of sepsis patients over 28 d (934/
1144, p < 0.00001), APACHE-II score (792/1144, p < 0.00001)
and body temperature (362/1144, p < 0.00001) (Li et al., 2018).

Usage and Dosage of XBJI

Intravenous injection. 1) Systemic inflammatory response
syndrome: 50 ml plus 100 ml 0.9% sodium chloride injection
for intravenous drip, completed in 30-40 min, twice a day. Three
times a day for severe patients. 2) Multiple-organ dysfunction
syndrome: 100 ml plus 100 ml 0.9% sodium chloride injection
for intravenous drip, completed in 30-40 min, twice a day. Three
or four times a day for severe patients.

Adverse Reactions of XBJI

Allergic reactions: skin flush, rash, itching, palpitations, cyanosis,
laryngeal edema, allergic shock, etc. Cardiovascular system:
palpitations, cyanosis, increase, or decrease of blood pressure,
arrhythmia. Nervous system: dizziness, headache. Respiratory
system: difficulty breathing, chest distress, labored breathing,
shortness of breath, and cough. Digestive system: nausea,
vomiting, stomach ache, diarrhea, and abnormal liver function.
Others: facial edema, conjunctival congestion, abnormal tears,
phlebitis, lumbago, backache, and local numbness.

XBJI Precautions

1) Not for use in pregnant women and children under 14
(inclusive) years of age. 2) The product must not be mixed with
others, and must be used with caution in combination with others.
When used in combination with other drugs, 50 ml 0.9% sodium
chloride injection must be used between doses. 3) Allergic history,
family allergic history and patient history of medications should be
queried before administration. 4) During administration, special
attention should be given to the initial 30 min of intravenous drip.
In case of abnormality, the drug should be discontinued
immediately and symptomatic treatment administered. 5)
Monitoring of administration should be enhanced in older
patients and in patients receiving TCM injection for the first time.

RELEVANT INFORMATION ON THE
CLINICAL APPLICATION OF SFI

Recommended Therapeutic Regimens
SFI has been recommended in 19 therapeutic regimens of
COVID-19 in China (see detailed information in Tables 1 and 2).

Ingredients of SFI

Panax ginseng C.A.Mey. (Hongshen) and Aconitum carmichaeli
Debeaux (Fuzi). Basic information on SFI is provided in the
Supplementary Table.

Indications for the Treatment of COVID-19
With SFI

SFI is used for deliverance due to sudden yang deficiency in the
progressive stage of COVID-19 (critical case). Indicative
symptoms are dyspnea, pale complexion, and severe symptoms
are unconsciousness, drip sweat, and cold limbs.

Progress of Pharmacological Research

on SFI

Modern pharmacological studies have shown that SFI has
functions, including anti-shock, and protection from lung
injury (see Table 3).

Yuhang Ai et al. explored the effects and mechanism of SFI in
an LPS-induced lung injury model in rats. The results indicated
that SFI might protect the lung by reducing activation of NF-xB
in lung tissue (Ai et al., 2006). Research by Xia Liu et al. found
that SFI improved the inflammatory response of rat lung tissue in
an LPS shock model by reducing expression of p65 and p50
mRNA and protein in lung tissue and serum TNF-o (Liu et al.,
2019a). Li Lin et al. studied the impact of SFI on LPS acute lung
injury in rats, and found that SFI significantly increased the wet/
dry weight ratio (W/D) of lung tissue, neutrophil ratio in BALF,
protein content, lung tissue MDA, and serum NO. It significantly
alleviated injury in lung tissue, indicating that SFI had an
important preventive and therapeutic effect on LPS-induced
acute lung injury (Lin and Zhan, 2010). Xi Liu et al. used the
LPS intravenous injection method to establish a septic shock
model in rabbits. Administration of SFI significantly improved
mean arterial pressure (MAP), reduced LPS, LDH, and AST
serum levels, and significantly improved the morphology of
heart, liver, and kidney. In addition, SFI increased levels of
adenosine triphosphate (ATP) and taurine in the heart, while
reducing the level of adenosine monophosphate (AMP) in the
heart. The results showed that SFI had a significant protective
effect against LPS-induced septic shock (Liu et al., 2019b).

Clinical Research on SFlI

SFI is composed of Panax ginseng C.A.Mey. and Aconitum
carmichaeli Debeaux, and has properties that include
enhancing cardiac function, increasing blood pressure, and
protecting ischemic myocardium. It is widely used to rescue
from shock (infectious or cardiogenic shock) caused by various
reasons, cardiac failure, and arrhythmia in clinical practice.
Recent studies have shown that SFI significantly protects
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against lung injury (see Table 3). SFI has been recommended in
China’s SARS Diagnosis and Treatment Scheme (Version 2004),
the MERS Diagnosis and Treatment Scheme (Version 2015), and
the Diagnosis and Treatment Scheme for Human Infections with
H7N9 Avian Influenza (Version 2017).

Qiu Z.L. et al. observed a therapeutic effect of SFI in patients
with severe sepsis and an impact on the expression levels of serum
IL-6 and IL-10. They found that SFI significantly lowered IL-6
levels in patients with severe sepsis and regulated the balance
between pro- and anti-inflammatory factors, thus, improving the
therapeutic effect (Qiu et al., 2012). Ning Zhang et al. randomized
160 patients with sepsis into an SFI treatment group and a
conventional treatment group. By collecting post-treatment
immunological parameters, they conducted a comparative
analysis of the impact on immune function. The results showed
that patients in the SFI treatment group had increased CD4" and
CD8" T cell counts in peripheral blood and upregulated HLA-DR
expression in monocytes. In addition, the SFI treatment group had
a better response than the control group for duration of
vasopressor administration and APACHE-II score. The results
showed that SFI enhanced cellular immune function in patients
with septic shock and might become an important adjunctive
therapy for sepsis patients (Zhang et al., 2017). Another study
found that SFI played an active role in the treatment of severe
pneumonia in the elderly. Among 89 elderly patients with severe
pneumonia, the SFI treatment group had significantly decreased
levels of TNF-o, IL-6, and IL-8 7 days after administration,
indicating that SFI effectively reduced inflammatory mediators,
thus, playing an active therapeutic effect (Lv et al., 2017). Min Ma
et al. conducted clinical research on 80 patients with traumatic
acute lung injury, and found that SFI significantly improved
respiratory rate, improved the oxygen index, and reduced levels
of intracellular adhesion molecule 1 (ICAM-1), endothelin-1 (ET-
1), and NO, thus, improving prognosis of these patients. This
study provided a potential new therapy for traumatic acute lung
injury (Ma et al, 2019). Jie Li et al. observed an impact of SFI
intervention on duration of mechanical ventilation in patients
with respiratory failure. The results showed that the total response
rate in the SFI group was higher than that of the control group. SFI
significantly improved serum prealbumin and high-sensitivity
CRP levels in patients with respiratory failure and improved
their oxygen index, thus, shortening the duration of mechanical
ventilation (Li, 2013).

Usage and Dosage of SFI
1) Intravenous drip: 20-100 ml, diluted in 250-500 ml of 5%-
10% glucose injection. 2) Intravenous injection: 5-20 ml, diluted
in 20 ml of 5%-10% glucose injection.

Adverse Reactions of SFI

Dizziness, headache, shivering, fever, palpitations, chest distress,
chest pain, difficulty breathing, nausea, retching, abdominal pain,
rash, itching, rash or swelling, pain, and other discomfort in local
infusion site.

SFI Precautions

1) To be used with caution in pregnant women. 2) Avoid direct
mixing with coenzyme A, VitK3, and aminophylline. 3) Prepared
drug should be used within 4 h.

RELEVANT INFORMATION ON THE
CLINICAL APPLICATION OF SMI

Recommended Therapeutic Regimens
SMI has been recommended in 18 therapeutic regimens of
COVID-19 in China (see detailed information in Tables 1 and 2).

Ingredients of SMI

Panax ginseng C.A.Mey. (Hongshen) and Ophiopogon japonicus
(Thunb.) Ker Gawl. (Maidong). Basic information on SMI is
provided in the Supplementary Table.

Indications for the Treatment of COVID-19

With SMI

SMLI is used for the syndrome of deficiency of both qi and yin and
deficiency of pulse in the progressive stage of COVID-19 (critical
case). Indicative symptoms are weakness and shortness of breath,
tachypnea, palpitations, dry mouth, sweating, and even
dysphoria and cold limbs.

Progress of Pharmacological Research

on SMi

Modern pharmacological studies have shown that SMI has
functions that include protection from inflammatory shock,
protection of heart and lung function, and immunoregulation
(see Table 3).

Y. Z. Zhang et al. observed that SMI had strong anti-shock
and neuroprotective properties in LPS-induced shock, possibly
due to inhibition of brain lipid peroxidation and improvement of
SOD activity (Zhang Y. Z. et al., 2010). SMI suppressed apoptosis
of lung tissue cells during pulmonary ischemia/reperfusion
injury in rabbits, resulting in attenuation of pneumocyte injury
by raising NO levels, lowering oxygen free radical levels, and
decreasing lipid peroxidation (Lin et al., 2007). It has also been
reported that SMI reduced expression of NF-kB and activity of
inducible nitric oxide synthase (iNOS) in lung tissues of rats
poisoned by paraquat, and significantly alleviated erythrocyte
diapedesis in the alveolar space (Liu et al., 2009). Research by
Shuhua Xu et al. showed that SMI improved cardiac function and
significantly improved hemodynamics in rats with cardiac
failure. In addition, it improved the oxygen supply to tissues
and the capacity of the tissues to use oxygen, thus, improving
oxygen metabolism (Xu and Liu, 2010). SMI also inhibited
expression of ICAM-1 and vascular cell adhesion molecule 1
(VCAM-1) to alleviate inflammatory infiltration following
ischemia/reperfusion, and alleviated myocardial ischemia/
reperfusion injury caused by multiple inflammatory responses
(Liu et al., 2015). It also inhibited generation of inflammatory
cytokines in rats subjected to ischemia/reperfusion, reduced
serum expression of TNF-o, IL-6, IL-8, etc., thus, alleviating
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inflammatory factor-induced cardiomyocyte injury and
improving immune function (Wang et al., 2015). Research by
Xuan Liu et al. discovered that SMI inhibited MCP-1, which
indicated that SMI might be important in the inhibition of
monocyte and macrophage activation (Liu et al, 2015). Lihua
Du discovered that SMI significantly increased the weights of
thymus and spleen in mice, raised serum IgG levels and the
number of T cells, enhanced the phagocytic function of
macrophages and had a significant immunomodulatory effect.

Clinical Research on SMI

SFI has often been used to treat shock caused by various factors,
COPD, systematic inflammatory response syndrome and other
diseases in clinical practice (see Table 3). SMI has been
recommended in China’s SARS Diagnosis and Treatment
Scheme (Version 2004) and MERS Diagnosis and Treatment
Scheme (Version 2015).

Biao Deng et al. studied 71 patients with shock and found that
SMI in combination with conventional Western medicine had
definite therapeutic efficacy, shortened the course of disease,
reduced the length of hospital stay, and lowered the fatality rate
(Deng et al., 2006). Hefeng Qin observed 68 patients with
infectious shock and found that SMI had good clinical efficacy.
It significantly improved CRP, PCT and TNF-o serum levels,
and shortened the recovery time of vital signs with few adverse
reactions (Qin, 2014). Wang Xian’an et al. observed 80 patients
treated for infectious shock, and discovered that SMI in
combination with ulinastatin had a significant therapeutic
effect, enhancing immune function, and alleviating the
inflammatory response (Wang et al., 2017). X. Huang et al.
evaluated 23 RCT's with a total of 1,804 participants to study the
impact of SMI on COPD. The results showed that SMI not only
increased the total clinical response rate, but also improved
pulmonary function, blood gas, and IgG indexes, and
shortened the time for disappearance of lung rales. The results
indicated that SMI in combination with Western medicine might
have a positive effect in the treatment of COPD (Huang et al,
2019). Zongjun Fang et al. studied 38 patients with COPD. The
control group (18 cases) received conventional Western
medicine, while 20 cases (the treatment group) received SMI in
addition. The results showed that patients in the treatment group
had better vital capacity, forced expiratory volume in 1 s (FEV1),
maximal breathing capacity (MBC), maximal inspiratory
pressure (MIP), load breathing time, arterial blood gas analysis,
and Burp dyspnea scores than the control group or the pre-
treatment patients. The treatment group also had significantly
improved respiratory function and clinical symptoms (Fang
et al, 1998). Changxing Guo et al. randomized 33 patients
with systemic inflammatory response syndrome into a
conventional Western medicine treatment group (15 cases)
and SMI + conventional treatment group (18 cases). After
treatment, patients in the SMI treatment group had increased
prostacyclin PGI2 and PGI2/thromboxane A2 (TXA2) in blood
to a certain extent compared to patients in the conventional
treatment group. Patients in the SMI group also had decreased
levels of TXA2, atrial natriuretic peptide (ANP) and endothelin,

and there were significant differences between the two groups.
The results indicated that SMI could play an active role in
improving microcirculation, protecting organ functions, and
preventing further occurrence and development of systemic
inflammatory response syndrome (Guo et al., 2004).

Usage and Dosage of SMI
Intravenous drip, 20-60 ml diluted with 250-500 ml of 5%
glucose injection.

Adverse Reactions of SMI

The adverse reactions mainly include immediate hypersensitivity,
predominantly skin allergy manifested by itching, rash, systematic
urticaria, and then allergic shock; there may also be serious
abdominal distension, corneal edema, abnormal vision,
hypotension, ascending vascular pain, acute hepatic damage,
sinus arrest, and drug fever.

SMI Precautions

1) Not to be used in newborns, infants, pregnant women, or
those with an allergic constitution. 2) Not for administration by
intravenous injection. The administration speed should not be
too fast. In those receiving the drug for the first time, the initial
administration should be at 15 drips/min for 10 min. If there are
no abnormalities, the speed of administration can be increased to
normal, which is generally controlled at 40-50 drips/min. 3) This
drug has a pressor response, and blood pressure should be
monitored in hypertensive patients.

RELEVANT INFORMATION ON THE
CLINICAL APPLICATION OF AGNHP

Recommended Therapeutic Regimens
AGNHP has been recommended in 21 therapeutic regimens of
COVID-19 in China (see detailed information in Tables 1
and 2).

Ingredients of AGNHP
Curcuma kwangsiensis S.G.Lee & C.F.Liang (Yujin), Calculus

Bovis (Niuhuang), Cornu Bubali (Shuiniujiao), Coptis chinensis
Franch. (Huanglian), Cinnabaris (Zhusha), Moschus (Shexiang),
Margarita (Zhenzhu), Realgar (Xionghuang), Scutellaria
baicalensis Georgi (Huangqin), Gardenia jasminoides J.Ellis
(2zhizi), and Cinnamomum camphora (L.) J.Presl (Bingpian).
Basic information on AGNHP is provided in the
Supplementary Table.

Indications for the Treatment of COVID-19
With AGNHP

AGNHP is used for the syndrome of epidemic toxin lung closure
and inner blocking causing collapse in the progressive stage of
COVID-19 (critical case). Indicative symptoms are hyper-pyretic
convulsions, coma and delirium, difficulty breathing,
and dysphoria.
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Progress of Pharmacological Research on
AGNHP

Modern pharmacological studies have shown that AGNHP has
antipyretic, analgesic, anti-inflammatory, and neuroprotective
effects (see Table 3).

Zuguang Ye et al. discovered that AGNHP could significantly
reduce the body temperature of hyperpyrexic rabbits in a fever
model induced by intravenous injection of typhoid Vi
polysaccharide vaccine in rabbit ear (Ye et al, 2003). Feng
Zhang, Kunjie Zhu et al. found in an LPS-induced intracerebral
inflammation model that AGNHP antagonized the toxic effect of
LPS on dopaminergic neurons, inhibited release of superoxide
radical, and reverse changes in cortical monoamine
neurotransmitters. It was speculated that its impact on cortical
monoamine neurotransmitters might be one of the mechanisms
by which AGNHP promoted consciousness in LPS brain damage
(Zhang F. et al., 2010; Zhu and Sun, 2014). Research by Dan Zhang
et al. showed that AGNHP lowered serum LPS and lung
myeloperoxidase (MPO) levels in a rat model of sepsis (Zhang
et al., 2009). Yishan Tang et al. found that AGNHP lowered total
LDH activity in serum and brain tissue, and changed the
percentage of isomerase in a rat pertussis-induced infectious
cerebral edema model (Tang et al., 2005). Fan Q et al.
discovered that AGNHP had anti-atherosclerotic effects in the
high fat diet-induced ApoE™~ mouse model at early- and mid-
stage via regulation of Th17/Treg balance. It inhibited chronic
inflammation, reduced plaque collagen fibers, and reduced
inflammatory cell infiltration (Fan et al., 2020).

Clinical Research on AGNHP

Modern clinical studies have shown that AGNHP has
therapeutic effects against hyperpyrexia, coma caused by severe
infectious diseases, and viral encephalitis and severe pneumonia
of infants (see Table 3).

Yueming Feng et al. conducted a systematic evaluation and
found that AGNHP could be used to promote consciousness of
coma patients with acute cerebral infarction (ACI) and improve
neurologic function. This may be due to the ability of AGNHP to
alleviate the inflammatory response, reduce cerebral edema, and
promote recovery of neurologic function (Feng and Yang, 2015).
Haijun Zhang et al. discovered through clinical observation that
AGNHP could be used to treat viral encephalitis in children.
AGNHP rapidly reduced body temperature, prevented
convulsions, promoted consciousness, and alleviated cerebral
edema and brain cell damage (Zhang and Dong, 2014).
Research by Zhulin Zhuo et al. found that AGNHP with the
adjuvant, Ribavirin was efficacious in acute severe viral
pneumonia of children, significantly reduced PCT and
improved immune function (Zhuo and Wen, 2017). Yanling
Shi discovered through clinical observation that AGNHP in
combination with sodium phosphate improved anoxic
conditions and myocardial damage in patients with neonatal
asphyxia and myocardial damage (Shi, 2019). Xie Long et al. in a
study of 70 patients with ACI and central hyperpyrexia found
that combined use of conventional Western medicine and
AGNHP reduced the duration of fever and significantly

improved the prognosis (Long and Wu, 2014). Hanwei Liu et al.
conducted a systematic review of relevant literature on AGNHP
treatment of ACI and cerebral hemorrhage. The results showed
that adjuvant treatment with ANP (AGNHP) appeared to
improve the total response rate and neurologic deficit score in
patients with ACI and acute intracerebral hemorrhage (AIH)
(Han et al,, 2019). Research by Ma et al. showed that ANP had
a moderating effect on Th1/Th2 in cerebral infarction patients (Ma
and Zhou, 2015).

Usage and Dosage of AGNHP

Oral administration. 3 g, once a day.

Adverse Reactions of AGNHP

Overdose administration might cause mercurial nephrosis or
allergic reaction and other adverse reactions. Improper use of
this product might cause hypothermia.

AGNHP Precautions

1) Nasogastric administration can be used in patients unable to
take orally because of high fever and coma. The pills can be
dissolved in warm but not hot water. The water or decoction
used to dissolve the pills should be controlled at 40-60°C. The
use of boiling water is forbidden for two reasons: first, to avoid
increased decomposition of realgar and cinnabar by high
temperature, and reduce generation of the highly toxic arsenic
trioxide, free arsenium, and mercury. Research has shown that
arsenic trioxide in realgar preparations is not significantly
changed below 60°C but begins to increase at 80°C. The
decoction used for dissolving AGNHP should therefore not
exceed 60°C secondly, musk, borneol and other aromatic
substances are volatile. Boiling water could result in excess
volatilization, thus, reducing efficacy. 2) Must not be used with
nitrate, nitrite, ferrite or sulfate drugs. 3) Not for use in pregnant
women. 4) It contains cinnabar and realgar, and should not be
taken at high doses for long periods. Should be used with caution
in those with hepatic and renal dysfunction. (5) It contains musk,
so athletes should use with caution.

DISCUSSION AND CONCLUSIONS

It is a critical moment in the battle to defeat the current outbreak
of novel coronavirus. For this specific indication, rapid
performance of TCM can contribute as an alternative measure.
TCM can effectively prevent the disease from transforming into
severe and critical disease. In severe cases, TCM has won time for
recovery by improving symptoms (The State Council Information
Office of the People’s Republic of China, 2020). Treatment practice
for COVID-19 has shown that early intervention with TCM is an
important method to improve cure rate, shorten the course of
disease, delay disease progression and reduce mortality rate. For
example, the total response rate of Qingfei Paidu Decoction was
more than 90% in Shanxi and Hebei provinces (He et al., 2020).

CPMs have played an important role in preventing and treating
epidemic diseases in China because they are convenient to use,
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easily stored and cost-effective. The positive role of CPMs has been
emphasized in the “Diagnosis and Treatment of COVID-19 (Trial
Version 7)” and other therapeutic regimens. During the medical
observation period and early stage of COVID-19, HXZQC,
LHQWC, SFJDC, and JHQGG can be selected according to
different clinical manifestations. At the same time, they can also
promote immunity against the virus. For severe and critical disease,
the choice shall be made according to different syndromes during
clinical treatment. For viral infections combined with mild bacterial
infections, XYPI and TRQI can be used; for high fever with
disturbance of consciousness, AGNHP can be used; for systemic
inflammatory response syndrome or multiple organ function
failure, XBJI is recommended; SMI can be used for
immunosuppression; and SFI can be used for shock. Furthermore,
the reason that TCM works is not only because it inhibits the virus,
but also because it might block infection, regulate the immune
response, inhibit the inflammatory storm, and promote repair of the
body. Moreover, the prevention and control measures of COVID-
19 have fully reflected the ideology of “preventive treatment
of disease”.

Physicians should pay attention to the reasonable application of
CPM:s to treat COVID-19. Severe patients are prone to septic shock,
and liver and kidney dysfunction. In patients with related
underlying diseases, drug metabolism and clearance are reduced.
Treatment options: hepato-renal toxic drugs should be avoided to
reduce the risk of drug accumulation and poisoning. For example,
AGNHP contains cinnabar and realgar, and should not be taken for
a long time. People with liver and kidney dysfunction should use
with caution. TRQI should be carefully selected because it
aggravates liver and kidney function; LHQWC and JHQGG

contain ephedrae herba (Mahuang), and doctors need to monitor
patients’ blood pressure, heart condition and combined use of
antihypertensive drugs. In clinical application of XBJI, SFI and
other traditional Chinese medicine injections, attention should be
paid to the choice of solvent and the interval between infusions with
other drugs. As is well known, clinicians use CPMs under the
guidance of the theory of TCM. Foreign doctors and patients
wishing to use CPMs to treat COVID-19 should exercise caution,
especially in countries where they may be used incorrectly without
the knowledge of TCM theory.

There are some limitations within this paper. First, as there is
little direct clinical evidence for the prevention of COVID-19, the
reported studies are from previous reports on the prevention of
SARS, MERS, H7N9, and HINT1 influenza by CPMs, which can
only be considered as indirect evidence in respect of the current
outbreak. Secondly, the programs for prevention of COVID-19
were issued shortly after the outbreak. Chinese medicine experts
suggested CPMs to treat COVID-19 based on their previous
experience in the prevention and treatment of similar diseases
combined with their initial understanding of the disease. The
actual effects of these programs need to be verified in clinical
application, and updated and improved according to the
evidence of new research on COVID-19.

For future studies, we recommend prospective cohort studies,
RCTs or registry studies to evaluate the effect of CPMs in
prevention of COVID-19. Some clinical trial protocols to treat
COVID-19 using the top 10 CPMs are ongoing (see Table 4). At
present, since COVID-19 has not yet been controlled, a series of
prospective population studies with rigorous design and large
sample should commence with protocol registration, and

TABLE 4 | Registration information on clinical trial protocols for the top 10 CPMS in the treatment of COVID-19.

CPMS Registration Registration Clinical research unit Registration title
Number Date
XYPJ ChiCTR2000029756 ~ 2020/2/12  Renmin Hospital of Wuhan University ~ Clinical study of nebulized Xiyanping injection in the treatment of novel
(Wuhan, China) coronavirus pneumonia (COVID-19)
ChiCTR2000030117 ~ 2020/2/23  Jiangxi Qingfeng Pharmaceutical Co., A multicenter, randomized, open, parallel controlled trial for the evaluation of
Ltd. (Ganzhou, China) the effectiveness and safety of Xiyanping injection in the treatment of common
type novel coronavirus pneumonia (COVID-19)
ChiCTR2000030218  2020/2/25  Fifth People’s Hospital of Ganzhou Study of Pinavir/Ritonavir tablets (Trade Name: Kelizhi) Combined with
(Ganzhou, China) Xiyanping injection for novel coronavirus pneumonia (COVID-19)
LHQWC ChiCTR2000029433 2020/2/1 Hebei Yiling Hospital (Shijiazhuang, A randomized, open-label, blank-controlled trial for Lian-Hua Qing-Wen
China), Renmin Hospital of Wuhan Capsule/granule in the treatment of suspected novel coronavirus pneumonia
University (Wuhan, China) (COVID-19)
ChiCTR2000029434 2020/2/1 Hebei Yiling Hospital (Shijiazhuang, A randomized, open-label, blank-controlled trial for Lian-Hua Qing-Wen
China), Renmin Hospital of Wuhan Capsule/granule in the treatment of novel coronavirus pneumonia (COVID-19)
University (Wuhan, China)
TRQI ChiCTR2000029432 2020/2/1 The First Affiliated Hospital of A real world study for the efficacy and safety of large dose Tanreqing injection
Guangzhou University of Chinese in the treatment of patients with novel coronavirus pneumonia (COVID-19)
Medicine (Guangzhou, China)
ChiCTR2000029813  2020/2/14  Shanghai Public Health Clinical Clinical trial for Tanreqing capsules in the treatment of novel coronavirus
Center (Shanghai, China) pneumonia (COVID-19)
XBJI ChiCTR2000029381 2020/1/27  The First Affiliated Hospital of A prospective comparative study for Xue-Bi-Jing injection in the treatment of
Guangzhou Medical University novel coronavirus pneumonia (COVID-19)
(Guangzhou, China)
ChiCTR2000030388 2020/3/1 Jingzhou First People’s Hospital Efficacy and safety of Xue-Bi-Jing injection in the treatment of severe cases of
(Jingzhou, China) novel coronavirus pneumonia (COVID-19)
SFJDC  ChiCTR2000030043  2020/2/21 Peking University Third Hospital Shen-Fu injection in the treatment of severe novel coronavirus pneumonia

(Beijing, China)

(COVID-19): a multicenter, randomized, open-label, controlled trial
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implementation in a timely manner, to produce reliable evidence
for CM prevention of COVID-19 or similar emerging respiratory
infectious diseases in the future.
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The Severe Acute Respiratory Syndrome-related Coronavirus 2 (SARS-CoV-2) or novel
coronavirus (COVID-19) infection has been declared world pandemic causing a
worrisome number of deaths, especially among vulnerable citizens, in 209 countries
around the world. Although several therapeutic molecules are being tested, no effective
vaccines or specific treatments have been developed. Since the COVID-19 outbreak,
different traditional herbal medicines with promising results have been used alone or in
combination with conventional drugs to treat infected patients. Here, we review the recent
findings regarding the use of natural products to prevent or treat COVID-19 infection.
Furthermore, the mechanisms responsible for this preventive or therapeutic effect are
discussed. We conducted literature research using PubMed, Google Scholar, Scopus,
and WHO website. Dissertations and theses were not considered. Only the situation
reports edited by the WHO were included. The different herbal products (extracts) and
purified molecules may exert their anti-SARS-CoV-2 actions by direct inhibition of the virus
replication or entry. Interestingly, some products may block the ACE-2 receptor or the
serine protease TMPRRS2 required by SARS-CoV-2 to infect human cells. In addition,
natural products were shown to inhibit the SARS-CoV-2 life-cycle related proteins such as
papain-like or chymotrypsin-like proteases. In conclusion, we suggest that natural
products could be used alone or in combination as alternative medicines to treat/
prevent COVID-19 infection. Moreover, their structures may offer clues for the
development of anti-SARS-CoV-2 drugs.

Keywords: Severe Acute Respiratory Syndrome-related Coronavirus 2 (SARS-CoV-2), Coronavirus Disease 2019
(COVID-19), plants, natural products, ACE2

INTRODUCTION

The Severe Acute Respiratory Syndrome-related Coronavirus 2 or novel coronavirus (COVID-19)
infection has been declared world pandemic resulting in thousands of deaths in 216 countries
around the world. The disease appeared in late December 2019 in Wuhan (China) as a result of
zoonotic transmission (Mackenzie and Smith, 2020). Actually, the Severe Acute Respiratory
Syndrome-related Coronavirus 2 (SARS-CoV-2) was shown to share 96% of the genomic
identity with the related bat coronavirus (Zhou et al., 2020). Moreover, the SARS-CoV-2 genome
was found to be 91.02% identical to that of the Pangolin-CoV, raising the possibility that the latter
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acted as an intermediate zoonotic host between bats and humans
(Zhang T. et al., 2020). Till now, no vaccines or specific
treatments for SARS-CoV-2 have been developed, although
extraordinary efforts are being made (Amanat and Krammer,
2020). Some therapeutic approaches have been suggested such as
nucleoside analogs, Remdesivir, anti-inflammatory drugs or
Lopinavir/Ritonavir to treat COVID-19. At present, more than
200 clinical trials, some of them analyzing these drugs or others,
have been registered in clinicaltrials.gov. Nevertheless, the
clinical usefulness of these drugs against COVID-19 infection
remains unclear (Li et al., 2020).

Herbal traditional medicines have been used in China since
the first days of the COVID-19 outbreak. Indeed, these
traditional medicines were shown to result in the recovery of
90% of the 214 patients treated (Hong-Zhi et al., 2020).
Furthermore, some traditional herbal medicines prevented
SARS-CoV-2 infection of healthy persons and improved the
health state of patients with mild or severe symptoms (Hong-Zhi
et al,, 2020). Similar promising results were reported in Zhejiang
Province — China (Xu K. et al.,, 2020). Chinese traditional
medicines known as Shu Feng Jie Du and Lianhuagingwen
have been recommended due to their demonstrated efficacy
against previous influenza A (HIN1) or SARS-CoV-1 (Lu,
2020). A group of experts from the Zhongnan Hospital of
Wuhan University included the use of traditional medicines in
the guidelines for the treatment and prevention of COVID-19.
Several methods using medicinal plants were recommended for
the prevention of COVID-19. Moreover, to treat the disease, the
experts recommended the use of different herbal mixtures
according to the disease-stage (Jin et al., 2020).

This review focuses on the possible uses of herbal traditional
medicines and natural products in the prevention and treatment
of COVID-19 infection (Table 1).

SARS-COV-2

SARS-CoV-2 belongs to the 3 genus, Nidovirales order of the
Coronaviridae family. SARS-CoV-2 is an enveloped, single (+)
stranded RNA, with symmetric helical nucleocapsid (Khan et al.,
2020). The virus encodes twenty different proteins including four
main structural proteins (S: spike; E: envelope; M: membrane; N:
nucleocapsid), and several nonstructural proteins such as RNA-
dependent RNA polymerase (RdRp), coronavirus main protease
(3CLpro), and papain-like protease (PLpro) (Chen et al., 2020).

The angiotensin converting enzyme II (ACE2) was found to
be a key functional receptor for the SARS-CoV-2 allowing its
attachment to human and bat cells and therefore its replication
(Walls et al., 2020; Zhou et al., 2020). SARS-CoV-2 binds the
host cells through interaction between the receptor binding motif
of the spike protein—receptor binding domain (RBD) and the
ACE2 receptor. This interaction will trigger conformational
changes of the C-terminal S2 subunit (responsible for virus-cell
membrane fusion) of the spike protein. The complex S protein-
ACE2 is then proteolytically processed by the host cell-type 21T

transmembrane serine protease TMPRSS2 leading to the ACE2
cleavage and therefore to viral entry into the host cell (Jiang et al.,
2020; Rabi et al., 2020). After entry and uncoating, the genomic
RNA is translated into two polyproteins (ppla and pplab) which
undergo a proteolytic cleavage generating 15-16 nonstructural
proteins. The double-membrane vesicle is then formed from the
rearrangement of cellular membrane induced by the nonstructural
proteins. On the other hand, the genomic RNA is transcribed
into subgenomic RNA which in turn leads to the synthesis of
structural (spike, envelope, membrane, and nucleocapsid) and
accessory proteins. Finally, virions are assembled in the ER-
Golgi intermediate complex, and then released via the secretory
pathway (Fung and Liu, 2020).

SARS-CoV-2 shares several genetic and clinical similarities
with other coronaviruses of the 3 genus such as SARs-CoV and
NL63 (Fani et al,, 2020). Indeed, the entry of both viruses needs
their interaction with the ACE2 receptor. However, some
differences have been reported among these strains such as the
length of the S protein and the structure of the receptor binding
region (Ceccarelli et al,, 2020). On the other hand, a high
nucleotides homology has been found between SARS-CoV-2
and SARS-CoV in addition to a high homology (95-100%) that
has been demonstrated between the proteins of the two strains.
Actually, S2 and N proteins of SARS-CoV-2 and SARS-CoV share
99 and 90% similarities, respectively (Xu J. et al., 2020).

NATURAL PRODUCTS WITH ANTI-SARS-
COV-2 EFFECTS

Runfeng et al. (2020) studied the inhibitory effects and anti-
inflammatory potential of a Chinese herbal mixture called
Lianhuagingwen (a mixture of 11 medicinal species, a mineral
medicine called gypsum and menthol) against SARS-CoV-2
(Table 2). Traditionally, Lianhuagingwen has been widely used
to treat fever, cough, fatigue, influenza, bronchitis, pneumonia,
and early stage of measles (Ding et al., 2017), and has been
included in phase II clinical trial in the USA (Gao et al., 2020).
This herbal mixture was recommended by the Chinese National
Health Commission to treat or manage COVID-19 (Yang Y.
et al., 2020). The anti-SARS-CoV-2 activity was assessed in Vero
E6 cells using cytopathic effect inhibition and plaque reduction
assays. The herbal mixture inhibited SARS-CoV-2 replication in
a dose-dependent manner with an ICs, of 411.2 pg/ml.
Furthermore, the mixture was able to suppress the release of
pro-inflammatory cytokines (TNF-o, IL-6, CCL-2/MCP-1, and
CXCL-10/IP-10) in a dose-dependent manner (Runfeng et al.,
2020). These results could be interesting since the cytokine storm
has been shown to be one of the COVID-19 lethal complications.
In a previous study, among the 61 molecules identified in this
herbal mixture, seven (arctiin, forsythoside A, gallic acid,
isoliquiritigenin, kaempferol, rutin, and secoxyloganin)
exhibited important antiviral activities with ICs, ranging from
4.9 + 0.1 (kaempferol) to 47.8 £+ 1.5 pM (secoxyloganin) (Wang
etal., 2016). Wang et al. (2020) reported results in four COVID-
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TABLE 1 | Natural products tested against coronaviruses.

Plant (Family/part) Product Model/Strains Inhibitory assay Dosage/duration Control Effects Reference
Alnus japonica (Thunb.) Hirsutenone In vitro FRET 0-200 pM/60 min  Curcumin (viral A dose-dependent inhibition of the SARS-  Park et al., 2012b
Steud. (Ethanol extract) SARS-CoV- PLpro protease inhibitor) CoV- PLpro activity (ICsg = 4.1 £ 0.3 pM
(Betulaceae/bark) while that of curcumin was 5.7 + 0.3 pM)
Angelica keiskei (Mig.) Koidz ~ Xanthoangelol E In vitro FRET 0,12.5,25,50uM NS A dose-dependent inhibition of SARS- Park et al., 2016
(Umbelliferae/leaves) (Ethanol extract) SARS-CoV- PLpro Cell-based cis-cleavage CoV- PLpro activity
SARS-CoV- 3CL(pro) inhibition assay (ICs0 = 1.2 £ 0.4 uM)
A dose-dependent inhibition of SARS-
CoV- 3CL(pro) activity (ICso=11.4 + 1.4
uM)
Aglaia perviridis Hiern Myricetin In vitro FRET 0.01-10 pM NS Inhibition of the SARS-CoV helicase by Yu et al.,, 2012
(Meliaceae/whole) Angiotensin affecting the ATPase activity
converting enzyme (ICs0=2.71 £ 0.19 uM)
(ACE) from rabbit
lung
Cibotium barometz (L.) Ethanol and methanol  In vitro Cytopathic effect 0, 25, 50, 100, and  Vero EB6 cells without Both extracts inhibited the SARS-CoV- Wen et al., 2011
J.Sm. extracts SARS-CoV virus inhibition 200 pg/ml extracts (negative replication at concentrations of 25 and
(Dicksoniaceae/rhizomes) propagated in Vero ELISA control) 200 pg/ml.
E6 cells FRET SARS-CoV-infected ECso were found to be 8.42 and >10 pg/

Cullen corylifolium (L.) Medik.

(Leguminosae/seeds)

Ecklonia cava
(Laminariaceae/whole)

Paulownia tomentosa
(Thunb.) Steud.
(Scrophulariaceae/fruits)

Quercus infectoria G. Olivier

(Fagaceae/bark)

Rheum sp.
Polygonum sp.
(Polygonaceae/whole)

Salvia miltiorrhiza Bunge

(Lamiaceae/roots)

Psoralidin
(Ethanol extract)

Dieckol
(Ethanol extract)
Tomentin E

(Methanol extract)

Ethanol-water extract

Emodin

Cryptotanshinone
(n-hexane extract)

Dihydrotanshinone |
(n-hexane extract)

In vitro
SARS-CoV- PLpro

In vitro
SARS-CoV- 3CL(pro)
In vitro

SARS-CoV- PLpro

In vitro

In vitro
Vero cells

In vitro
SARS-CoV- PLpro

In vitro
SARS-CoV- 3CL(pro)

Fluorogenic assay

FRET

Fluorogenic assay

Reverse phase high
performance liquid
chromatography (RP-
HPLC)

Luciferase assay

FRET

FRET

0-100pM

0-200 pM

0, 6.25, 12.5, 25
UM

330 pg/ml

0, 10, 50, 100,

200, and 400 uM

0-200 pM/30 min

0-200 puM/60 min

Vero EB cells (positive
control)

Valinomycin (reference
antiviral standard)

NS

Positive controls:
hesperetin (60 uM),
daidzein (105 uM),
aloeemodin (132 uM)
NS

Methanol solution

(negative control)

NS

NS

NS

ml, respectively.

Inhibition of SARS-CoV PLpro in a dose-
depenedent manner with ICso = 4.2 + 1.0
uM

Inhibition of the SARS-CoV- 3CL(pro)
activity

(ICs0 = 2.7 £ 0.6 uM)

A dose-dependent inhibition of SARS-
CoV-PLpro (ICsp = 5.0 + 0.06 M)

Inhibition of ACE activity by 93.9 +2.5%

Blockage of the binding SARS-CoV S
protein and ACE2

Minimal active concentration: 10 uM
ICs0 = 200 UM

A dose- and time-dependent inhibition of
the SARS-CoV- PLpro activity in a slow-
binding inhibition mechanism
(ICs0=0.8+0.2 uM)

A dose-dependent but not time-
dependent inhibition of the SARS-CoV-
3CL(pro) activity (ICso = 14.4 £ 0.7 uM)

Kim et al., 2014

Park et al., 2013

Cho et al., 2013

Sharifi et al., 2013

Ho et al., 2007

Park et al., 2012a
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TABLE 1 | Continued

Plant (Family/part)

Product

Model/Strains

Inhibitory assay

Dosage/duration

Control

Effects

Reference

Sambucus javanica subsp.
chinensis (Lindl.) Fukuoka
(Adoxaceae/stem)

Scutellaria baicalensis Georgi
(Labiatae/whole)

Torreya nucifera (L.) Siebold
& Zucc.
(Taxaceae/leaves)

Tribulus terrestris L.
(Zygophyllaceae/fruits)

95% ethanol extract

Caffeic acid
Chlorogenic acid
Gallic acid

Scutellarein

Amentoflavone
(Ethanol extract)

Terrestrimine
(Methanol extract)
Lianhuagingwen
(Herbal mixture)

dissolved in DMSO and

then in serum-free
DMEM

Herbacetin

Pectolinarin

Rhoifolin

In vitro

HCoV-NL63 in LLC-

MK2 cells

In vitro

In vitro

SARS-CoV- 3CL(pro)

In vitro

SARS-CoV PLpro
In vitro
SARS-CoV-2 virus
propagated in Vero
E6 cells

In vitro

SARS-CoV- 3CL(pro)

In vitro

SARS-CoV- 3CL(pro)

In vitro

SARS-CoV- 3CL(pro)

Cytopathic effect
inhibition

FRET

FRET

Fluorogenic assay

Cytopathic effect
inhibition

FRET

FRET

FRET

0, 1,10, and
50 ug/ml/36 h

0, 10, 50, and
100 uM/36 h

0.01-10 pM

0-300 pM

1,10, 100, 1,000
UM
0-600 pg/ml/72 h

1,2.5, 20 pM/16 h

1,2.5, 20 pM/16 h

1,2.5,20 uM/16 h

Virus-infection only with

no test extract

Inhibition of the SARS-

CoV helicase by
affecting the ATPase
activity

Positive controls:
Apigenin (ICso =
280.8 + 21.4 uM)
Luteolin (ICsq =
20.0 £ 2.2 yM)
Quercetin (ICso =
23.8 + 1.9 uM)
NS

Remdesivir (5 uM)

NS

NS

NS

Inhibition of:

-Viral cytopathicity

(ICs0 = 1.17 £ 0.75 pug/ml)
-Virus attachment

(ICs0 = 15.75 + 6.65 ug/mL)
-Plaque formation

4.67 +1.21 pg/mL

Inhibition of viral cytopathicity
(ICs0 = 3.54 £ 0.77 uM)
Inhibition of viral cytopathicity
(ICs0 = 43.45 + 6.01 uM)
Inhibition of viral cytopathicity
(ICs0 = 71.48 = 18.40 uM)
Inhibition of the SARS-CoV helicase by
affecting the ATPase activity
(ICs0 = 0.86 + 0.48 M)

A dose-dependent inhibition of SARS-
CoV- 3CL(pro) activity
(ICs0=8.3 1.2 uM)

Inhibition of SARS-CoV - PLpro with
ICs0 = 156.8 £ 0.6 UM

Inhibition of the SARS-CoV-2 replication
(ICs0 = 412.2 pg/ml vs 0.651 pM for the
control)

Inhibition of the plaque formation of the
SARS-CoV-2

Reduction of TNF-o,, IL-6, CCL-2/MCP-1,
and CXCL-10/IP-10 expression

A dose-dependent inhibition of SARS-
CoV- 3CL(pro) activity

(ICs0 = 33.17 M)

A dose-dependent inhibition of SARS-
CoV- 3CL(pro) activity

(ICs0 = 37.78 uM)

A dose-dependent inhibition of SARS-
CoV- 3CL(pro) activity

(ICso = 27.45 pM)

Weng et al., 2019

Yu et al., 2012

Ryu et al., 2010

Song et al., 2014

Runfeng et al.,
2020

Jo et al,, 2020

Jo et al,, 2020

Jo et al,, 2020

FRET, Fluorescence resonance energy transfer; GSEA, Microarray and Gene Set Enrichment Analysis; NS, Not specified.
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TABLE 2 | Traditional uses of the medicinal species and mixtures with possible

anti-SARS-CoV-2 effects.

Plant (family) Traditional References
uses
Medicinal species
Alnus japonica (Thunb.) Cancer, Chietal,, 2018
Steud. Blood and
(Betulaceae) lymphatic
disorders,
Gastroenteric
disorders,
Fever.
Angelica keiskei (Mig.) Koidz.  Tonic, Kil et al., 2017
(Umbelliferae) Galactagogue, Du et al., 2019
Diuretic,
Laxative,
Analeptic.
Berberis integerrima Bunge Hypertension, Nasab and Khosravi, 2014

(Berberidaceae)

Cibotium barometz (L.) J. Sm.
(Dicksoniaceae)

Crataegus laevigata (Poir.) DC.
(Rosaceae)

Ecklonia cava
(Lessoniaceae)

Gentiana scabra Bunge
(Gentianaceae)

Onopordum acanthium L.
(Asteraceae)

Paulownia tomentosa (Thunb.)
Steud.
(Scrophulariaceae)

Cullen corylifolium (L.) Medik.
(Leguminosae)

Abdominal ache,
Blood
purification,
Fever.
Osteoporosis,
Osteoarthritis,
Inflammations,
Rheumatism,
Lumbago,
Dysuria,
Age-related
leucorrhoea.
Hyperlipidemia,
Arteriosclerosis,
Hypertension,
Cardiac
disorders.
Inflammations,
Asthma,
Diabetes,
Cancer.
Inflammatory
skin diseases,
Gallbladder
disorders,
Jaundice,
Leucorrhea.
Hypertension,
Homeostasis,
Bacterial
infections.
Bacterial and
viral infections,
Inflammations,
Asthma,
Hypertension,
Hemorrhoids,
Gonorrhea,
Erysipelas.
Eczema,
Osteoporosis,
Colitis,
Pollakiuria,
Leukoderma,
Asthma,
Spermatorrhea,
Bleeding.

Sadat-Hosseini et al., 2017
Shi et al., 2020

Wu and Yang, 2009

Copra-Janitijevi¢ et al., 2018

Cho et al., 2020
Yun et al., 2018
Park E. Y. et al., 2012

Yang et al., 2019

Sharifi et al., 2013
Jietal, 2015

Leeetal., 2018

Xu et al., 2020a
Zhu et al., 2019

TABLE 2 | Continued

Plant (family)

Traditional
uses

References

Quercus infectoria G. Olivier
(Fagaceae)

Salvia miltiorrhiza Bunge
(Lamiaceae)

Sambucus javanica subsp.
chinensis (Lindl.) Fukuoka
(Adoxaceae)

Senna tora (L.) Roxb.
(Fabaceae)

Taxillus chinensis (DC.) Danser
(Loranthaceae)

Torreya nucifera (L.) Siebold &
Zucc.
(Taxaceae)

Tribulus terrestris L.
(Zygophyllaceae)

Dioscorea polystachya Turcz.
(Dioscoreaceae)

Herbal mixtures
Lianhuagingwen
Composition

Forsythiae Fructus [Forsythia
suspensa (Thunb.) Vahl],
Lonicerae Japonicae Flos

Diarrhea,
Dysentery,
Gonorrhea,
Hemorrhages,
Infections,
Inflammations.
Inflammations
Cardiovascular
and circulatory
disorders,
Menstrual
disorders,
Atherosclerosis,
Cancer,
Hyperglycemia.
Bacterial
infections,
Inflammations,
Liver disorders.
Constipation,
Liver disorders,
Inflamsmations,
Vision disorders.
Liver and kidney
disorders,
Miscarriage,
Rheumatic
arthralgia,
Metrorrhagia,
Pregnancy-
related Bleeding,
Dizziness.
Stomachache,
Hemorrhoids,
Rheumatoid
arthritis,
Nervous
disorders,

Viral infections.
Inflammation,
Oxidative stress,
Cancer,
Cardiovascular
disorders,
Hormonal
disorders,
Muscle aches,
Chest pain,
Pruritus.
Inflammations,
Liver disorders,
Diabetes,
Hyperthyroidism,
Digestive
disorders,
Cancer.

Respiratory tract
infectious
diseases,

Viral infections,

Tayel et al., 2018
Chokpaisarn et al. (2017)

Wei et al., 2020
Liang et al., 2020

Zhang et al., 2010

Lee et al., 2019

Liu et al., 2019

Kalpana et al., 2019

Tian et al., 2020

Koo et al., 2017
Ma et al., 2018

Runfeng et al., 2020
Ding et al., 2017
Gao et al., 2020

(Continued)

(Continued)
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TABLE 2 | Continued

Traditional References

uses

Plant (family)

[Lonicera japonica Thunb.],
Ephedrae Herba (honey-fried)
|[Ephedra sinica

Stapf, Ephedra

intermedia Schrenk & C. A.
Mey. or Ephedra

equisetina Bunge.],
Armeniacae Semen Amarum
(stir-baked) [Prunus
armeniaca L.

var. ansu Maxim., Prunus
sibirica L., Prunus
mandshurica (Maxim.) Koehne
or Prunus armeniaca L.],
Gypsum Fibrosum, Isatidis
Radix [/satis tinctoria L.],
Dryopteris Crassirhizomatis
Rhizoma [Dryopteris
crassirhizoma Nakai],
Houttuyniae Herba
[Houttuynia cordata Thunb.],
Pogostemonis Herba
[Pogostemon cablin (Blanco)
Benth], Rhei Radix & Rhizoma
[Rheum palmatum L., Rheum
tanguticum (Maxim. ex Regel)
Balf. or Rheum

officinale Baill.], Rhodiolae
Crenulatae Radix et Rhizoma
[Rhodiola crenulata (Hook.f. &
Thomson) H.Ohba], menthol
and Glycyrrhizae Radix et
Rhizoma [Glycyrrhiza uralensis
Fisch. ex DC., Glycyrrhiza
inflata Batalin, or Glycyrrhiza
glabra L.].

Shu Feng Jie Du
Composition

Rhizoma Polygoni

Cuspidati [Reynoutria
Japonica Houtt.]

Fructus Forsythiae [Forsythia
suspensa (Thunb.) Vahl]
Radix Isatidis [/satis

tinctoria L]

Radix Bupleuri [Bupleurum
chinense DC.]

Herba Patriniae [Patrinia
scabiosifolia Link]

Herba Verbenae [Verbena
officinalis L.

Rhizoma Phragmitis
[Phragmites australis subsp.
australis]

Radix Glycyrrhizae [Glycyrrhiza
uralensis Fisch. ex DC.]

Inflamsmations,
Fever.

Influenza,

Viral infections,
Immune
regulation.

Song et al., 2013
Yang Y. et al. (2020)
Xia et al., 2020

19 patients treated using a combination of lopinavir/ritonavir
(Kaletra®) and arbidol with capsules of Shufeng Jiedu (a Chinese
traditional medicine). After treatment, three patients were found
COVID-19 negative and experienced significant improvements

of the symptoms. In another study on 132 patients with COVID-
19 living in northeast Chongqing (China), the traditional
Chinese medicine was applied in almost 92% of them. The
study concluded that the best therapeutic approach was a
combination of Kaletra and the traditional medicine (Wan
et al, 2020). Recently, Lung et al. (2020) demonstrated that
theaflavin could be used as an important anti-SARS-CoV-2 drug
using in silico approaches. Indeed, theaflavin showed promising
docking affinities in the catalytic pocket of the SARS-CoV-2
RNA-dependent RNA polymerase. Nevertheless, it is worthy to
point out that their bioavailability could limit their use since they
are not absorbed in relevant amounts and that the theaflavin
skeleton was found to resist to the degradation by the microbiota
(Pereira-Caro et al., 2017). By searching single cohort studies
undertaken regarding the efficacy of herbal medicines against
SARS and HINI influenza viruses, it has been concluded that
medicinal species, usually used as herbal formula, could be an
interesting preventive approach for high-risk populations
(medical staff and their families’ members, people living in
COVID-19 outbreak areas, old populations). Six herbal species
were found to be the most frequently used including Astragalus
mongholicus Bunge, Glycyrrhiza glabra L., Saposhnikovia
divaricata (Turcz. ex Ledeb.) Schischk., Atractylodes lancea
(Thunb.) DC., Atractylodes macrocephala Koidz., Lonicera
japonica Thunb., and Forsythia suspensa (Thunb.) Vahl. These
species are the ingredients of the Chinese traditional medicine
Yupingfeng powder (Luo et al., 2020). On the other hand, the
ethanol extract of Sambucus javanica subsp. chinensis (Lindl.)
Fukuoka stem exerted promising anti-human coronavirus NL63
effects with ICsy ranging from 1.17 (virus yield) to 15.75 pg/ml
(virus attachment). The extract significantly decreased virus
yield, plaque formation, and virus attachment. Furthermore,
three of its major phenolic acids (caffeic, chlorogenic, and
gallic acid) were shown to inhibit the NL63 replication and
virus attachment. Caffeic acid was the most potent phenolic acid
(Weng et al., 2019). Phenolic acids are characterized by their
metabolizing ability by the microbiota enhancing their
bioavailability. Moreover, their antiviral potential could be
increased with the alkyl chain length (Kumar and Goel, 2019).
However, their efficacy is still controversial due to their low
absorption and instability in alkaline and neutral media, which
could limit their use in pure form. Therefore, the clinical utility of
phenolic compounds as anti-SARS-CoV-2 agents remains
debatable since their bioavailability, delivery mechanisms and
efficient doses should be further studied using in vivo models.
Wen et al. (2011) evaluated 200 Chinese herbal extracts for their
anti-SARS-CoV effect using a cell-based assay. Among them, six
extracts [rhizomes of Gentiana scabra Bunge; tuber of Dioscorea
polystachya Turcz.; seed of Senna tora (L.) Roxb.; stem and leaves of
Taxillus chinensis (DC.) Danser; and two extracts of Cibotium
barometz (L.) J.Sm. rhizome] were found to significantly inhibit
SARS-CoV growth and replication. IC5, values ranged from 25 to
200 pg/ml. By using FRET assay, the study demonstrated that
extracts obtained from tuber of Dioscorea polystachya Turcz. and
rhizome of Cibotium barometz (L.) ].Sm. caused marked inhibition of
SARS-CoV- 3CL protease with ICs, of 39 and 44 pg/ml, respectively.
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Owing to its importance as a key protein for SARS-CoV
genome replication, SARS-CoV helicase still remains a target of
novel antiviral drugs. Sixty-four natural molecules originated
from 15 medicinal species were evaluated regarding their
inhibitory activity of SARS-CoV helicase. Myricetin and
scutellarein (Figure 1) significantly inhibited the SARS-CoV
helicase activity. At 10 uM, myricetin (IC5y = 2.71 + 0.19 uM)
and scutellarein (IC5y = 0.86 + 0.48 uM) were able to inhibit 90%
of the ATPase activity of the SARS-CoV helicase. Accordingly,
Myricetin and scutellarein were suggested to be promising future
anti-SARS drugs (Yu et al., 2012).

SARS-CoV-2 life-cycle related proteins are considered
promising targets of antiviral drugs. Therefore, molecules and/
or products able to inhibit these proteins may be used to treat or
even prevent the SARS-CoV-2 infections (Table 1).

NATURAL PRODUCTS AS ACE2-
BLOCKERS

The penetration of the SARS-CoV-2 genome into the host cells
occurs as a result of the SARS-CoV-2 spike protein binding to
host receptors (Sigrist et al., 2020). By using phylogenetic
analysis and critical site of ACE2 structure, different animals
such as cat, pigeon, and sheep were predicted to be important
intermediate hosts for SARS-CoV-2 (Qiu et al., 2020). Hoffmann
et al. (2020) demonstrated that the ACE2 receptor is used by
SARS-CoV-2 to enter human cells. Moreover, they reported that
the use of TMPRSS2 inhibitors may be a promising therapeutic
approach against SARS-CoV-2. TMPRSS2 is a transmembrane
serine protease that cleaves both ACE2 and the S protein.
Recently, Ortega et al. (2020) used in silico approaches to
understanding the relationship between changes in SARS-CoV-
2 Spike protein and ACE2 receptor. They demonstrated superior
affinity of SARS-CoV-2 spike protein towards human ACE2 as
compared to that of the Bat-CoV spike and ACE2. This study
supported the idea that the ACE2 receptor may be the key
“bridge” used by SARS-CoV-2 to transmit among humans. Chen
et al. (2020) confirmed that although SARS-CoV and SARS-
CoV-2 RBD of spike glycoprotein had 72% of structural
similarities, SARS-CoV-2 RBD exhibited higher interaction
with ACE2. ACE2 inhibitors are thought to indirectly alter the

Scutellarein

Myricetin

FIGURE 1 | Natural products that act as SARS-CoV helicase activity.

RBD binding site and therefore block SARS-CoV-2 infection.
Likewise, Wrapp et al. (2020) found that the SARS-CoV-2 spike
exhibited a higher affinity to ACE2 than SARS-CoV. Adedeji
etal. (2013) demonstrated that early blocking of SARS-CoV with
ACE2 inhibitors was one of the mechanisms used by novel
efficient anti-SARS drugs. Nonetheless, it has been shown in
three recent studies on COVID-19 that hypertension and
diabetes mellitus significantly enhanced the risk of COVID-19
infection, in spite of using ACE2 inhibitors (Guan et al., 2019;
Yang X. et al.,, 2020; Zhang J. J. et al., 2020). ACE2 inhibitors,
angiotensin II type-I receptor blockers, and ibuprofen lead to
ACE2 upregulation which justifies the urgent need to use and/or
identify alternative ACE2 blockers (Fang et al.,, 2020). Hence,
medicinal plants-derived products or natural products able to
selectively block the ACE2 receptor without inhibiting the
enzyme activity may be useful to prevent and/or treat SARS-
CoV-2 spread in humans without increasing ACE2 expression in
patients and therefore increased risk for COVID-19.

Since important similarities exist between the sequences of
ACE and ACE2 (Guy et al, 2005), molecules with inhibitory
effects toward ACE may exert the same effect toward ACE2 and
thus lead to reduce the viral entry. However, further studies
should be undertaken to evaluate this hypothesis. Patten et al.
(2016) reviewed the medicinal plants for their inhibitory effects on
ACE2. They reported 141 medicinal species belonging to 73
families and 49 purified natural compounds with documented
ACE inhibitory potential. Moreover, 16 medicinal species (16
families) were found to be able to block the angiotensin type 1A
receptor in vitro. Sharifi et al. (2013) identified four Iranian
medicinal species able to inhibit more than 80% of ACE activity
in vitro. These active species were: Berberis integerrima Bunge.,
Crataegus laevigata (Poir.) DC., Onopordum acanthium L.,
and Quercus infectoria G. Olivier. At 330 pg/ml, Quercus
infectoria G. Olivier. was found to be the most active and
caused 94% ACE inhibition. This important inhibitory activity
might be attributed to its higher phenolic content and enhanced
antioxidant potential. In spite of the important ACE inhibition
and antioxidant activities exhibited by Q. Infectoria extract, the
presence of condensed tannins compromised its usefulness due
to their interference in the functions of ACE. On the other
hand, B. integerrima, C. microphylla and O. acanthium were
found to have both important ACE inhibitory activities and
enhanced antioxidant potential without the presence of tannins
(Sharifi et al., 2013). These species could be promising sources of
antiviral molecules. Indeed, viral infections are accompanied by
oxidative stress which in turn promotes virus replication.
Antioxidant species decrease the ROS production in infected
cells and target different oxidative stress-related signalling
pathways resulting in reduction of viral spread (Fedoreyev et al.,
2018). Walls et al. (2020) demonstrated that SARS-CoV-2 and
SARS-CoV bind with similar affinities to ACE2. In another
study, 25 Chinese herbal families were found to significantly
inhibit the interaction SARS-CoV - ACE2. Among them, species
belonging to Polygonaceae, Labiatae, Oleaceae, Magnoliaceae,
Lauraceae, and Nelumbonaceae exhibited the most important
inhibitory effects. These inhibitory effects were attributed to
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emodin (1,3,8-trihydroxy-6-methylanthraquinone) (Figure 2)
produced in high levels in in genus Rheum and Polygonum.
Emodin blocked the interaction SARS-CoV S protein and ACE2
in a dose-dependent manner with an ICs; of 200 uM (Ho et al., 2007).

NATURAL PRODUCTS TARGETING THE
TMPRSS2

The type II transmembrane serine-proteinase serine type 2 RSS2
type II transmembrane serine protease that cleaves the S spike
proteins of SARS-CoV and MERS and ACE2 (Iwata-Yoshikawa
et al,, 2019). Recently, Hofftmann et al. (2020) demonstrated that
besides using ACE2 receptor to enter the host cells, SARS-CoV-2
uses also TMPRSS2 for S protein priming. After the interaction
between the S spike protein (SARS-CoV-2) and the ACE2 (host
cell), the complex is cleaved by the TMPRSS2 to facilitate viral
entry (Rabi et al., 2020). Matsuyama et al. (2020) found that an
important TMPRSS2 expression in cells makes them highly
susceptible to SARS-CoV-2. Since SARS-CoV-2 viral entry is
conditioned by its binding to the ACE2 receptor, and the latter
should be cleaved by the TMPRSS, finding agents able to
suppress or downregulate the TMPRSS2 expression in human
cells could represent a promising therapeutic or preventive
approach (Schlagenhauf et al., 2020). Several studies have
demonstrated that natural products could downregulate or
suppress TMPRSS2. It has been shown that kaempferol was
able to inactivate TMPRSS2 expression by 49.14 and 79.48% at 5
and 15 UM, respectively (Da et al., 2019). Likewise, sulforaphane
(an isothiocyanate) was found to downregulate the TMPRSS2
expression through the release and translocation of the Nrf2
(nuclear factor (erythroid-derived 2)-like 2) (Gibbs et al., 2009;
Meyer and Jaspers, 2015). Mamouni et al. (2018) found that a
standardized flavonoids formulation including luteolin,
quercetin, and kaempferol significantly suppressed TMPRSS2
expression. In spite of the diverse biological effects attributed to
the three flavonoids, this study has demonstrated that at low
concentrations, they exhibited an important synergic effect.
Nonetheless, the efficacy and safety of these compounds in
COVID-19 patients is still unclear. Moreover, modes of
administration, the health of the patients’ digestive system, and
disease stage may limit the clinical usefulness of such
formulations and compounds (Fuzimoto and Isidoro, 2020).

OH O OH 0]
HO
L ok
HsC OH
Emodin Caffeic acid
FIGURE 2 | Natural products that act as inhibitors of ACE2.

Xu et al. (2012) demonstrated that cryptotanshinone at 0.5 uM
effectively exhibited anti-TMPRSS2 activity (Figure 3).

NATURAL PRODUCTS TARGETING THE
PAPAIN-LIKE PROTEINASE (PLPRO)

PLpro is one of the nonstructural proteins encoded by the SARS-
CoV-2 genome. This protease is vital for virus replication since it
contributes to the cleavage of viral polyproteins (PP1A and
PP1AB) into effector proteins (Jiang et al., 2020). Moreover,
PLpro has been found to be an antagonist of the host’s innate
immunity (Yuan et al., 2015; Li et al., 2016). Actually, PLpro was
shown to target the interferon production by blocking the IRF3
phosphorylation, dimerization, and nuclear translocation and
NF-xB signaling pathways (by preventing IxBo. degradation)
(Wong et al., 2016). These effects were shown to occur in Toll-
like receptor 3 and retinoic acid-inducible gene 1 pathways.
Moreover, it has been demonstrated that SARS-CoV PLpro
inhibits the TLR7 pathway via inactivation of TRAF3/6-TBK1-
IRF3/NF-xB/AP1 signalling pathways (Yuan et al., 2015).

Recently, Arya et al. (2020) screened FDA-approved drugs for
their in silico inhibitory potential of PLpro. They demonstrated that
sixteen FDA-approved drugs (Biltricide, Cinacalcet, Procainamide,
Terbinafine, Pethidine, Labetalol, Tetrahydrozoline, Ticlopidine,
Ethoheptazine, Levamisole, Amitriptyline, Naphazoline,
Formoterol, Benzylpenicillin, Chloroquine, and Chlorothiazide)
exhibited important binding affinity to SARS-CoV-2 PLpro
suggesting their possible effectiveness as anti-SARS-CoV-2
agents. Likewise, Disulfiram (an alcohol-aversive drug) was
found to be a competitive inhibitor of SARS-CoV PLpro (Lin
et al., 2018).

Several compounds have been shown to target the SARS-CoV
PLpro (Figure 4).

Cinnamic Amides From Tribulus terrestris
Several natural compounds were found to possess promising
PLpro inhibitory effects. Indeed, Song et al. (2014) demonstrated
that six cinnamic amides (N-trans-Feruloyloctopamine, N-trans-
Coumaroyltyramine, N-trans-Caffeoyltryamine, Terrestrimine,
N-trans-Feruloyltryamine, and Terrestriamide) extracted from
Tribulus terrestris L. fruits were able to inhibit SARS-CoV PLpro
in a dose-dependent manner. PLpro inhibitory ICs, of these
compounds were found to be 15.8-70.1 uM. Terrestrimine [(E)-
N-(1-hydroxy-2-(4-hydroxyphenyl)-2- oxoethyl)-3-(4-hydroxy-
3-methoxypheny) acrylamide] showed the best inhibitory
activity of SARS-CoV PLpro with an ICsy of 15.8 + 0.6 uM.
The presence of a polar substituent (ketone or alcohol) on the
methylene groups (C8and C7’) was associated with enhanced
inhibitory activity.

Flavonoids From Cullen corylifolium (L.)
Medik.

Ethanolic extract of Cullen corylifolium (L.) Medik. seeds
showed an important inhibitory effect of SARS-CoV PLpro
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Quercetin

Sulforaphane

FIGURE 3 | Natural products that act as inhibitors of TMPRSS2.

with an ICso of 15 pg/ml. Furthermore, six flavonoids
present in the extract (Bavachinin, neobavaisoflavone,
isobavachalcone,40 —O-methylbavachalcone, psoralidin, and
corylifol A) inhibited SARS-CoV PLpro activity in a dose-
dependent manner with ICs, estimated to be 4.2-38.4 puM.
The highest inhibitory effect was exerted by psoralidin

Tomentin E
R1=OCH3,R2 = OH, R3=H, R4 = OH

FIGURE 4 | Natural products that act as inhibitors of PLpro.

(ICsp = 4.2 + 1.0 uM) and isobavachalcone (IC5y = 7.3 £
0.8 uM) (Kim et al., 2014).

Flavonoids From Paulownia tomentosa
(Thunb.) Steud.

Cho et al. (2013) identified five new geranylated flavonones,
tomentin A, tomentin B, tomentin C, tomentin D, tomentin E
from the ethanolic extract of Paulownia tomentosa (Thunb.)
Steud. fruits. These flavonoids besides seven other knowns
resulted in significant inhibition of SARS-CoV PLpro in a dose-
dependent manner with ICs, of 5.0 and 14.4 uM. Tomentin E
exhibited the highest inhibitory effect with an ICsy of 5.0 £ 0.06
uM. It has been found that molecules with 3,4-dihydro-2H-pyran
moiety possessed higher inhibition. The P. tomentosa flavonoids
were found to be reversible, mixed inhibitors.

Chalcones From Angelica keiskei (Miq.)
Koidz

Park et al. (2016) investigated the inhibitory potential of nine
alkylated chalcones (isobavachalcone, 4-hydroxyderricin,
xanthoangelol, xanthoangelol F, xanthoangelol D, xanthoangelol
E, xanthoangelol B, xanthoangelol G, xanthokeistal A) and four
coumarins extracted from the ethanolic extract of Angelica keiskei
(Migq.) Koidz. The alkylated chalcones inhibited SARS-CoV PLpro
in a significant dose-dependent manner with ICs, ranging from
1.2 + 0.4 to 464 £ 7.8 uM. On the other hand, the analyzed
coumarins did not show a significant inhibitory effect toward
SARS-CoV PLpro. Kinetic studies revealed that isobavachalcone
was a mixed inhibitor whereas the other chalcones were

o o 0._0 OH
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noncompetitive. Interestingly, xanthoangelol E, an -OOH
substituted analogue, exhibited the most enhanced inhibitory
effect (ICsp = 1.2 + 0.4 uM), which was 40-fold higher when
compared to other tested chalcones. This important inhibitory
activity of xanthoangelol E was confirmed using in silico studies.

Tanshinones From Salvia miltiorrhiza
Bunge

Salvia miltiorrhiza Bunge ethanolic extract (30 pg/ml) caused
88% inhibition of SARS-CoV PLpro. Moreover, seven bioactive
tanshinones (tanshinone IIA, tanshinone IIB, methyl tanshinonate,
cryptotanshinone, tanshinone I, dihydrotanshinone I, and
rosmariquinone) were identified from the n-hexane fraction. These
tanshinones were evaluated with regard to inhibition of SARS-CoV
PLpro activity using a fluorometric assay. Both molecules exhibited
important inhibitory time-dependent activities with ICs, of 0.8 to 30
uM. The dimethyl tetrahydronaphthalen structure was associated
with enhanced inhibitory potential. The results obtained showed that
cryptotanshinone was the most potent inhibitor of SARS-CoV
PLpro with an ICsy of 0.8 + 0.2 uM. Kinetic investigations
demonstrated that rosmariquinone was a mixed-type inhibitor of
SARS-CoV PLpro, whereas the other tanshinones were noncompetitive
inhibitors (Park et al., 2012a).

Diarylheptanoids From Alnus japonica
(Thunb.) Steud.

Park et al. (2012b) used activity-guided fractionation to identify nine
diarylheptanoids (platyphyllenone, hirsutenone, platyphyllone,
platyphyllonol-5-xylopyranoside, hirsutanonol, oregonin,

rubranol, rubranoside B, and rubranoside A) from the ethanol
extract of Alnus japonica (Thunb.) Steud. They evaluated their
SARS-CoV PLpro inhibitory effect using a continuous
fluorometric assay. The results showed that hirsutenone,
hirsutanonol, oregonin, rubranol, rubranoside B, and rubranoside
A exerted a significant dose-dependent inhibitory activity towards
SARS-CoV PLpro with ICsy ranging from 3 to 44.5 uM.
Hirsutenone possessed the most potent inhibitory effect with ICs,
of 4.1 + 0.3 uM which was less important than that of the reference
inhibitor curcumin (5.7 uM). The enhanced inhibitory potential of
diarylheptanoids seems to be related to the presence of o,f-
unsaturated carbonyl, and catechol groups.

NATURAL PRODUCTS TARGETING THE
CHYMOTRYPSIN-LIKE PROTEASE [3CL
(PRO)]

3CL(pro) belongs to the 16 nonstructural proteins of the SARS-
CoV-2. Since it plays an important role in the SARS-CoV-2
replication process polyproteins, 3CL(pro) is considered a
potential therapeutic target for anti-COVID-19 drugs (Zhang L.
et al, 2020). Different natural compounds exhibited promising
anti3CL(pro) activities (Figure 5).

Alkylated Chalcones From Angelica
keiskei (Miq.) Koidz

Inhibitory potential toward SARS-CoV- 3CL(pro) of alkylated
chalcones and coumarins extracted from Angelica keiskei (Miq.)
Koidz was investigated using a fluorescence resonance energy
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FIGURE 5 | Natural products that act as inhibitors of 3CL(pro).
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transfer (FRET) method. Except for coumarins, alkylated
chalcones exhibited marked inhibitory effects in a dose-
dependent fashion. ICs, ranged from 11.4 + 1.4 to 129.8 + 10.3
uM. Moreover, xanthoangelol E (Figure 5) was found to be the
most potent SARS-CoV- 3CL(pro) inhibitor. Kinetic studies
showed that both alkylated chalcones were competitive
inhibitors (Park O. K. et al,, 2016). Since xanthoangelol E was
also found to inhibit SARS-CoV- PLpro (Park O. K. et al., 2016)
it could be a promising candidate in the therapeutic approach
against COVID-19.

Phlorotannins From Ecklonia cava (Algae)
Park et al. (2013) isolated nine phlorotannins from the ethanolic
extract of brown Alga Ecklonia cava. These phlorotannins were
assessed regarding their inhibitory effects towards SARS-CoV-
3CL(pro) using a cell-free based assay. Eight phlorotannins
(triphloretol A, eckol, dioxinodehydroeckol, 2-phloroeckol, 7-
phloroeckol, fucodiphloroethol G, dieckol, and phlorofucofuroeckol
A) were shown to be competitive inhibitors of SARS-CoV- 3CL
(pro) in a dose dependent manner. ICsy ranged from 2.7 + 0.6
(dieckol) to 164.7 + 10.8 uM (triphloretol A). Moreover, six
phlorotannins (dioxinodehydroeckol, 2-phloroeckol, 7-phloroeckol,
fucodiphloroethol G, dieckol, and phlorofucofuroeckol A) resulted in
a significant micromolar dose-dependent inhibition of SARS-CoV-
3CL(pro) cis-cleavage activity. Of the tested molecules, diekcol
(possessing two eckol groups linked by a diphenyl ether) exhibited
the best inhibitory effect of SARS-CoV-3CL(pro). Molecular docking
studies corroborated this result since diekcol possessed the lowest
binding energy (11.51 kcal/mol) towards SARS-CoV-3CL(pro).
Diekcol was shown to form strong H bonds to the catalytic
dyad (Cys145 and His41). Nevertheless, the bioavailability of
phlorotannins and the inter-individual differences regarding their
metabolization is still a substantial limitation to validate their
usefulness. Gut microbiota composition seems to play a critical
role in determining their health benefits (Corona et al, 2016).
Moreover, the complexity of their structures due to the diversity of
structural linkages and the different structural and conformational
isomers for the same molecular weight, in addition to the absence
of analytical standards and the lack of clear relationship between
their structure and bioactivity may be another limitation to their
clinical use (Li et al., 2017).

Tanshinones From Salvia miltiorrhiza
Bunge

Park O. K. et al. (2012) investigated the inhibitory potential of
Salvia miltiorrhiza Bunge towards SARS-CoV-3CL(pro). They
found that Salvia miltiorrhiza Bunge ethanolic extract (30 ug/ml)
resulted in 60% inhibition of SARS-CoV-3CL(pro). Furthermore,
they demonstrated that six tanshinones of the plant (lipophilic
fraction) exerted marked inhibition of SARS-CoV-3CL(pro) in a
dose- but not-time- dependent manner. ICs, was estimated at
14.4-89.1 puM. Dihydrotanshinone I exhibited the most
important inhibitory effect with an ICso of 14.4 = 0.7 uM.
With regard to the kinetic mechanism of SARS-CoV-3CL(pro)
inhibition, Salvia miltiorrhiza Bunge tanshinones were found to
be noncompetitive inhibitors.

Biflavonoids From Torreya nucifera (L.)
Siebold & Zucc.

Four biflavonoids (amentoflavone, bilobetin, ginkgetin, and
sciadopitysin) were isolated from the ethanol extract of
Torreya nucifera (L.) Siebold & Zucc. leaves and evaluated for
their SARS-CoV-3CL(pro) inhibitory effect by using a FRET
method. All biflavonoids exhibited a marked inhibitory effect of
SARS-CoV-3CL(pro) with ICsq of 8.3-72.3 uM. This inhibitory
effect was stronger than that of eight diterpenoids isolated from
the T. nucifera extract (ICsq: 49.6-283.5 pM). Amentoflavone
exerted the most important inhibitory activity since it possessed
the lowest ICsq (8.3 + 1.2 uM). Moreover, its inhibitory potential
was more important than that of apigenin (IC5, = 280.8 + 21.4
uM), quercetin (IC5o = 23.8 + 1.9 uM) and luteolin (IC5o = 20.0 £
2.2 uM). Molecular docking demonstrated that amentoflavone
showed a good affinity with SARS-CoV-3CL(pro) and formed
strong hydrogen bonds. An apigenin moiety at position C-30 of
flavones was suggested to be responsible for a better inhibitory
effect (Ryu et al., 2010).

Flavonoids

Seven flavonoids (Quercetin, Puerarin, Daidzein, gallocatechin
gallate, epigallocatechin gallate, epigallocatechin, ampelopsi)
were evaluated for their inhibitory effects of SARS-CoV-3CL(pro)
expressed in Pichia pastoris GS115. At 200 uM, gallocatechin
gallate, epigallocatechin gallate, and quercetin were able
to inhibit the SARS-CoV-3CL(pro) activity by 91, 85, and 82%,
respectively. Gallocatechin gallate was found to be a competitive
inhibitor of SARS-CoV-3CL(pro) with ICs, of almost 47puM.
Molecular docking studies confirmed the important inhibitory
potential of gallocatechin gallate owing to the hydrophobic
and H-bonds interaction formed with the active site of
SARS-CoV-3CL(pro) (Nguyen et al., 2012). Nonetheless, it is
difficult to predict how these H-bonds may contribute to the
biological functions of the supposed active molecules (Chen
et al,, 2016). Furthermore, the strength of the H-bonds is not
evaluated in this study which could limit the selectivity of the
tested molecules since an important number of weak H-bonds
often increase their affinity and therefore their interaction with
off-target proteins.

Jo et al. (2020) evaluated the inhibitory effect of 64 flavonoids
towards SARS-CoV-3CL(pro) using the FRET method. They
found that at 20 uM, rhoifolin, herbacetin, and pectolinarin
possessed the higher inhibitory effect, with IC50 values of 27.45,
33.17,and 37.78 UM, respectively. In addition, molecular docking
revealed that flavonoids possessed an important binding affinity for
SARS-CoV-3CL(pro) owing to their hydrophobic aromatic rings
and hydrophilic hydroxyl groups.

Figure 6 summarizes the possible anti-SARS-CoV 2 actions
of natural products.

CRITICAL CONSIDERATIONS

In the present review, 15 in vitro studies were included. They
were from Korea (9/15), Taiwan (3/15), China (2/15), and Iran
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(1/15). Most of the studies (10/15) were published between 2011
and 2018 whereas only two studies (Runfeng et al., 2020; Jo et al.,
2020) were published in 2020 and one study (Weng et al., 2019)
in 2019. Of them, only one study (Runfeng et al., 2020)
investigated the antiviral activity against SARS-CoV-2, and
another (Weng et al., 2019) on the human coronavirus NL63,
whereas the other studies were not cell-based. Three studies used
plant extracts and one study (Runfeng et al., 2020), a herbal
mixture of 11 Chinese plants. Ethanol, methanol, and water were
the solvents used to prepare the plant extracts included in these
studies. Most of the studies were conducted with isolated natural
compounds belonging to different phytochemical classes.
Phenolic compounds were the most frequently reported.
When studies were analyzed using the best practice
recommendations in phytopharmacological research (Heinrich
et al., 2020), several concerns were detected especially regarding
reporting data and outcomes. A large number of natural products
reported in this review such as phenolic acids, quercetin, or
kaempferol belong to phytochemical classes known to possess a
broad spectrum of biological activities both in vitro and in vivo.
Therefore, most of the studies failed to demonstrate the specificity of
such products. In addition, all the included studies did not consider
the drugability of the “active” compounds or extracts and presented
an insufficient interpretation of the obtained data. Likewise, all the
studies presented limitations regarding concepts and methods and
also in the development of the project. In fact, all the studies
investigating herbal extracts and isolated compounds did not
consider the sustainable sourcing of the species nor the registration
standards of both compounds or accepted plants’ names. Likewise,

the included studies presented serious bias concerning the dose range
and the toxic doses. On the other hand, eight studies did not report
the use of control, whereas the other studies did not justify the choice
of the positive controls used for comparison. This could be
considered as a risk of bias resulting in possible limitations in the
methodology of the studies. Besides, the lack of full taxonomic
validity has been detected in all these studies.

It has been reported that ICs, of chloroquine inhibition of SARS-
CoV-2 replication was found to be 1.13 to 547 uM (Smit et al,
2020) whereas that of SARS-CoV was 8.8 uM (Keyaerts et al., 2004).
On the other hand, ICs, of ivermectin was found to be ~2 UM (Caly
et al,, 2020). Therefore, molecules with ICs, ranging from 0 to 10
uM have been considered as possible active molecules against
SARS-CoV-2. Accordingly, few natural molecules reported in the
included studies could be considered active against SARS-CoV-2
including amentoflavone, dieckol, hirsutenone, cryptotanshinone,
xanthoangelol E, tomentin E, psoralidin, scutellarein, myricetin, and
caffeic acid. Nevertheless, most of these active molecules are
phenolic compounds characterized by a low bioavailability and
rapid elimination (Gorniak et al., 2019) which could compromise
their clinical usefulness in the context of COVID-19.

Despite the promising possible anti-SARS-CoV-2 effects
exhibited by both plant extracts and natural molecules, several
limitations should be considered. Overall, due to the recent
outbreak, the clinical usefulness of these products needs to be
demonstrated since the current data are still immature, and no
final conclusions have been validated. As shown in Table 2, for
some species, there was no relationship between the traditional
ethnopharmacological uses and the anti-SARS-CoV-2 effects. In
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spite of that, these plants are currently used to treat or manage
symptoms reported in SARS-CoV-2 disease such as fever,
inflammations, or cardiovascular and circulatory disorders.
Moreover, efficacy and safety of the active natural products
should be further studied in vivo and clinically validated in
COVID-19 patients. Importantly, bioavailability, modes of
administration, safe doses, time of exposure, pharmacokinetic
profile, the health of the patients’ digestive system, and disease
stage are to be considered in the evaluation of the beneficial
effects of natural products against SARS-CoV-2. On the other
hand, further studies are needed to clarify the mechanisms and
pathways targeted by such products, which will help to improve
their clinical usefulness. Assessing the effects of combinations of
active natural products with validated antiviral drugs could be a
promising alternative to explore.

CONCLUSION

Medicinal plants and natural products are still considered
promising alternatives to prevent or treat several diseases. Since
the outbreak of the COVID-19 pandemic in December 2019,
various traditional herbal medicines have been used and resulted
in positive health effects among COVID-19 patients, mainly in
China. In the present review, we have discussed the possible
potential uses of medicinal plants and/or natural products to
prevent or even treat COVID-19. Although the studies evaluating
the anti-SARS-CoV-2 effects of medicinal plants are still insufficient
and relatively immature, some natural products with ICs, below
10 puM could be considered as promising anti-SARS-CoV-2 agents
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Clinical Studies on the Treatment of
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Traditional Chinese Medicine—A
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and Shufei Fu™

7 College of Traditional Chinese Medicine, Tianjin University of Traditional Chinese Medicine, Tianjin, China, 2 Graduate
School, Tianjin University of Traditional Chinese Medicine, Tianjin, China, 3 Clinical Department, First Teaching Hospital of
Tianjin University of Tradlitional Chinese Medicine, Tianjin, China

Objective: This study aims to analyze the current situation and characteristics of
traditional Chinese medicine for treatment of novel coronavirus pneumonia, clarify its
clinical advantages and provide a reference for clinical treatment.

Methods: Clinical randomized controlled trials, clinical control trials and case series
research involving the use of Chinese medicine for novel coronavirus pneumonia
treatment were selected from PubMed, Chinese Journal Service Platform of CNKI, VIP,
and WanFang Data Knowledge Service Platform from the establishment of the library to
11:00 am on April 15, 2020. The published information, research design, intervention
measures and research observation index were statistically analyzed.

Results: Twenty studies were included. The research methods were mainly clinical
controlled trials. The observation indicators were mostly fever improvement time, cough
improvement time, shortness of breath improvement time, chest CT and CRP
examination. Maxing Ganshi (Ephedrae Herba, Armeniacae Semen Amarum,
Glycyrrhizae Radix Et Rhizoma, and Gypsum Fibrosum) decoction was the core
prescription. The most frequently used drugs were Glycyrrhizae Radix Et Rhizoma
(Gancao), Ephedrae Herba (Mahuang), Armeniacae Semen Amarum (Kuxingren),
Atractylodis Rhizoma (Cangzhu), and Scutellariae Radix (Huangqin). The most
frequently used drug combination was Ephedrae Herba (Mahuang)-Armeniacae Semen
Amarum (Kuxingren). The most frequently used Chinese patent medicine was Lianhua
Qingwen capsule/granule.

Conclusions: Traditional Chinese medicine has widely used for novel coronavirus
pneumonia in China. It is worthy of global attention. Also, high-quality randomized
controlled clinical trials on the effectiveness and safety of traditional Chinese medicine in
the treatment of novel coronavirus pneumonia need to carry out.

Keywords: novel coronavirus pneumonia, traditional Chinese medicine, clinical research, Drug application rule,
literature analysis
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TCM Treatment for NCP

INTRODUCTION

Recently, new coronary pneumonia (NCP) outbreaks worldwide,
according to the daily information released by the Chinese State
and Regional Health Committees’ daily information as of 21:31
on April 16, 2020, China has confirmed a total of 83,798 cases
and 3,352 cumulative deaths; among the cumulative confirmed
cases of 2,019,857 worldwide, 135,165 died and 1,422,853
remained infected (Dingxiangyuan, 2020). The epidemic trend
in regions outside of China has greatly erupted, overseas
outbreaks have escalated, and more than 20 countries and
regions have been infected. Except for Antarctica, all
continents have confirmed cases. How to effectively treat NCP
remains a key problem. The Office of the State Administration
of Traditional Chinese Medicine and the General Office of the
National Health And Health Commission have issued seven
editions of the “Diagnosis and Treatment Plan of Novel
Coronavirus Infection Pneumonia”; each version of the
diagnosis and treatment plan has always emphasized the active
role of Chinese medicine in the treatment and the strengthening
of its combination with Western medicine to promote medical
treatment and achieve good results (National Health
Commission of the People’s Republic of China, 2020). In an
interview, Zhong Nanshan affirmed the role of Chinese medicine
in treatment of NCP; Chinese medicine can effectively suppress
inflammatory damages and can also be popularized in foreign
countries (Tencent News, 2020a). The article aimed to
systematically organize clinical research by literature metrology
and data mining methods, analyze the current situation of
clinical treatment research in Chinese medicine, explore the
clinical treatment characteristics of Chinese medicine and
provide a reference for global clinical treatment of NCP.

MATERIALS AND METHODS

Search Strategy

Two reviewers (ZZ and NG) independently isolated the useful
information from the database. Studies that used Chinese
medicine to treat NCP were selected from PubMed, Chinese
Journal Service Platform of CNKI, VIP, and WanFang Data
Knowledge Service Platform. Advanced search was conducted
using the following terms: “NCP” or “Novel Coronavirus
Infection” or “New Coronavirus” “2019-nCoV” “COVID-19”
“SARS-CoV-2” containing “Chinese and Western medicine” or
“Chinese medicine” or “Traditional Chinese medicine” or
“prescription.” The search time was from the establishment of
the library to 11:00 on 15 April 2020.

Inclusion and Exclusion Criteria

Inclusion criteria: All studies on clinical treatment of NCP in
Chinese medicine that state complete treatment options and
processes and are classified as clinical control trials (CCT),

Abbreviations: NCP, new coronary pneumonia; CCT, clinical control trials; RCT,
randomized controlled trials; CS, case series studies; TCM, Traditional
Chinese medicine.

randomized controlled trials (RCT), and case series studies
(CS) were included.

Exclusion criteria: Studies categorized as review, basic research,
regional epidemiological research, experience summary, and
syndrome analysis were excluded.

Data Extraction and Analysis

Noteexpress, a document management software program, was
used to manage the studies obtained from different databases. An
access database was established to extract information on the
publication of the literature (author, time of issue, issue journal,
type of fund), research design (number of cases, subject gender
and age), intervention measures (prescription, traditional
Chinese medicine), research observation indicators and other
information for statistical analysis. For eligible studies, two
review authors (ZZ, and GN) extracted the data independently.
Disagreements were resolved through consultation with a third
party (ES).The law of the prescription use of Chinese medicine
was analyzed statistically through the “Traditional Chinese
medicine inheritance auxiliary system.”

RESULTS

Description of Studies

We identified 757 potentially relevant articles. After removal of
duplicates, 625 records remained. After going through the titles
and abstracts, we exclude 605 papers. By reading the full text of
the remaining 46 articles, 26 were exclude because they were case
reports. Ultimately, 20 studies were included in present study
(Bin et al., 2020; Cheng and Li, 2020; Cheng et al., 2020; Ding
et al,, 2020; Duan et al., 2020; Fang et al., 2020; Fu et al., 2020;
Gong et al., 2020; Hu et al., 2020; Lv et al., 2020; Qv et al., 2020;
Shi et al., 2020; Wang Y. et al,, 2020; Wang T. et al., 2020; Xia
et al,, 2020; Xiao et al., 2020; Yang Q. et al., 2020; Yang Z. et al,,
2020; Yao et al., 2020; Zhu et al., 2020). Among these studies, 2
RCTs, 10 CCTs and 8 CSs were included, which accounted for
10.00%, 50.00% and 40.00% of the total number of studies,
respectively. The specific screening process is shown in Figure 1.

Basic Characteristics of the Literature

The basic characteristics of the 20 trials are summarized in
Tables 1 and 2. The first study on clinical treatment involving
Chinese medicine for treatment of NCP was published on
February 6, 2020 (Gong et al., 2020). After February 15, the
volume of studies published began to increase. By March 25, 19
articles were published. By April 4, the volume of literature
published showed a downward trend. The total number of
observations was 1,810, of which 1,021 and 789 were males
and females, respectively. The age ranged from 0.6 to 95 y. The
largest number of subjects in the study was 308 (Wang T. et al,,
2020), and the minimum number of study cases was 13 (Cheng
and Li, 2020). About the research areas, the worst-affected area,
Hubei region, had the largest volume of studies, accounting for
more than 50%, followed by Henan and Anhui regions. 12 trails
were funded by research projects. All trials adopted decoction or
patent medicine of traditional Chinese medicine (TCM) therapy
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FIGURE 1 | Literature screening process and results.

combination with western treatment in the trial group for NCP.
While the control group only adopted western treatment. For the
severity of included subjects, most RCTs and CCTs included
subjects who were the mild or common type, while the subjects
in CS were common type and serious type. Three studies
mentioned death cases (Bin et al., 2020; Xia et al., 2020; Yang
Q. et al,, 2020). One study mentioned there were no death cases
(Wang T. et al.,, 2020). The other 16 studies did not mention the
death condition. Adverse reactions were reported in eight
studies, while no mention in the other studies. Specific
research characteristics of RCTs and CCTs are shown in Table
1 and CSs are shown in Table 2.

Analysis of the Law of Prescription

Use in TCM

Frequency Analysis of Single Chinese Herbal Medicine
The statistical analysis showed that 34 traditional Chinese
medicine prescriptions, involving 106 traditional Chinese
medicines, were used in 20 clinical studies. The frequency of
traditional Chinese medicine use was sorted. The top three drugs
were Glycyrrhizae Radix Et Rhizoma (Gancao), Ephedrae Herba
(Mahuang), and Armeniacae Semen Amarum (Kuxingren).
Ephedrae Herba (Mahuang) aids in freeing lung, relieving
cough and asthma and releasing exterior syndrome;
Armeniacae Semen Amarum (Kuxingren) helps to depress qi
and relieve cough and asthma; and Glycyrrhizae Radix Et
Rhizoma (Gancao) facilitates in relieving cough and reducing
sputum and coordinating of drugs. The three drugs are

commonly used for cough and sputum and are also the
basic components of Maxing Ganshi decoction in traditional
Chinese medicine to treat cough and asthma. In the included
prescriptions, 24 drugs were found with a frequency of =5
(Table 3). According to the traditional Chinese medicine
category to sort out the 106 traditional Chinese medicines, the
top 3 most frequently used are heat-clearing medicines, exterior
syndrome-relieving medicines and phlegm-resolving and cough
and asthma-relieving medicines, followed by damp-resolving
medicines, tonify medicines, and damp-draining diuretic
medicines. The details are presented in Table 4.

Analysis of the Association Rules of Traditional
Chinese Herbal Medicine

The association rules of traditional Chinese medicine for the
included prescriptions were analyzed. The support was set to
20%. The results showed 10 associations of traditional Chinese
medicine with a confidence of above 0.8. The association of
traditional Chinese medicine with a confidence of 1 was Gypsum
Fibrosum (Shigao)->Armeniacae Semen Amarum (Kuxingren),
Tsaoko Fructus (Caoguo) -> Arecae Semen (Binglang). The
association of traditional Chinese medicine with a confidence
level of above 0.86 was Gypsum Fibrosum (Shigao) -> Ephedrae
Herba (Mahuang), Gypsum Fibrosum (Shigao), Armeniacae
Semen Amarum (Kuxingren) -> Ephedrae Herba (Mahuang),
Ephedrae Herba (Mahuang), Arecae Semen (Binglang) ->
Atractylodis Rhizoma (Cangzhu), Ephedrae Herba (Mahuang),
Arecae Semen (Binglang) -> Armeniacae Semen Amarum
(Kuxingren), Atractylodis Rhizoma (Cangzhu), Arecae Semen
(Binglang) -> Ephedrae Herba (Mahuang). Table 5 presents
the analysis of specific association rules.

Analysis of Chinese Herbal Medicine Combinations
Network

The relationship among different drug combinations was
visualized using the network display function of the traditional
Chinese medicine inheritance auxiliary system. The results
showed that Ephedrae Herba (Mahuang)-Armeniacae Semen
Amarum (Kuxingren) had the highest support, as the most
common core combination, followed by Pinelliae Rhizoma
(Banxia)-Poria (Fuling), Ephedrae Herba (Mahuang)-
Glycyrrhizae Radix Et Rhizoma (Gancao) and Ephedrae Herba
(Mahuang)-Atractylodis Rhizoma (Cangzhu). This result
indicates that commonly used clinical treatments for NCP
involve depressing qi, relieving cough, eliminating dampness
and eliminating phlegm. The Chinese herbal medicine
combinations network is presented in Figure 2.

Analysis of Application of Classical
Prescriptions of TCM

Studies involving the application of classical prescriptions of
TCM were collected and summarized. Six studies were obtained.
Among these classical prescriptions, Da Yuan decoction and
Ganlu Xiaodu pill were created by doctors Wu Youke (Ming
Dynasty and Ye Tianshi (Qing Dynasty) and who studied in
epidemic exogenous febrile diseases, while Maxing Ganshi
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TABLE 1 | Basic characteristics of the included studies (RCT and CCT).

Included trials Funding Study Study Sample characteristics type; Interventions Duration Fever
designs region male/female; age(y) improvement
time(d)
Trial Control Trial Control
YAO 0206 (Yao CCT  Hubei CT:21 CT: 21 Chinese patent WT1.2.6.7 T:46+£3.2
et al., 2020) M: 16, F: 5 M: 12, F: 9 drug C: 6.1 £3.1
57.1+14.0 62.4+£12.3 +WT1.2.6.7
LV 0217 (Lv et al., CCT  Hubei MT, CT: 63 MT, CT: 38  Chinese patent WT1.2.3.5.7.8 10d T: 6 (median)
2020) M: 28, F: 35 M: 18, F: 20  drug C: 7 (median)
59.1 £ 1561 602+ 17.01 +WT1.2.35.7.8
XIA 0218 (Xia et al., v CCT  Hubei CT: 27 CT: 13 decoction WT1.2.7.8 7-10d  T:2.64 +1.31
2020) ST: 7 ST: 5 +WT1.2.7.8 C:4.38 +1.90
M: 17, F: 17 M: 6, F: 12
54.18 +13.08 53.67 +12.70

Outcome index

1. Disappearance rate of
fever and cough

2. Disappearance rate of
fatigue

3. Fever improvement time
4. Disappearance rate of
anhelation, expectoration

5. Disappearance rate of
sore throat, choking
sensation in chest, dyspnea,
headache, nausea, anorexia,
diarrhea, muscle pain

6. Death rate

1. Disappearance rate of
fever, fatigue, cough

2. Disappearance rate of
anhelation, moist rale

3. Fever improvement time
4. Disappearance rate of
muscle pain, expectoration,
nasal obstruction, nasal
discharge, sore throat,
choking sensation in chest,
dyspnea, headache, nausea,
vomiting, anorexia, diarrhea
5. Aggravation rate

6. Death rate

1. Fever improvement time

2. Recovery time of cough,

fatigue, dyspnea, diarrhea)

3. Score of TCM syndrome
scale

4. Incidence of mild type to
severe type

5. Improvement rate of lung

Intergroup
differences

1.P<0.05

2.P>0.05

3.P>0.05
4.P<0.05

5.P>0.05

6.Not
mentioned

1.P<0.05

2.P<0.05

3.P>0.05
4.P>0.05

5.P>0.05
6. Not
mentioned

1.P<0.01
2.P<0.01

3.P<0.05

4.<0.05

5.P>0.05

Adverse
reactions

No adverse
response

No adverse
response

(Continued)
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TABLE 1 | Continued

Included trials Funding Study Study Sample characteristics type; Interventions Duration Fever Outcome index Intergroup Adverse
designs region male/female; age(y) improvement differences reactions
time(d)
Trial Control Trial Control
CT
6. Death rate 6. Trial 0%;
Control
5.6%
QU 0226 (Qv et al., N CCT  Anhui MT, CT: 40 MT,CT:30 Chinese patent +WT1.2 10d T:3.24 + 0.89 1. Improvement time of 1.P<0.05 Trail:
2020) M: 25, F: 15 M: 16, F: 14 drug+WT1.2 C:5.10 + 1.40 temperature, dry cough, 1 case of nausea;
40.65 +8.23  39.82 +6.40 nasal obstruction, Fever Control:
improvement time, sore 2 cases of nausea
throat, fatigue, diarrhea
2. Dime of nucleic acid test 2.P<0.05
turning negative
3. Death rate 3. Not
mentioned
DING 0303 (Ding RCT  Hubei MT: 10 MT: 11 decoction WT1.2.6 10d 1. Disappearance rate of 1.P<0.05
et al., 2020) CT: 36 CT: 34 +WT1.2.6 fever, cough, choking
ST: 5 ST: 4 sensation in chest and
M: 39, F: 12 M: 39, F: 10 anhelation
54.7+21.3 50.8 + 23.5 2. Disappearance rate of 2.P>0.05
nasal obstruction, abdominal
pain, and diarrhea
3. Improvement rate of ESR  3.P<0.01
4. Improvement rate of CRP, 4.P<0.05
IL-6
5. Improvement rate of TNF-  5.P>0.05
¥, TNF-o
6. Improvement rate of lung ~ 6.P<0.05
CT
7. Liver function 7.P>0.05
8. Death rate 8. Not
mentioned
SHI 0305 (Shi et al., \J CCT  Shanghai MT: 1 MT: 1 Chinese patent WT1.2.3.8 6d T:16 (4,42) 1. Clinical syndrome integral ~ 1.P<0.05
2020) CT: 40 CT: 14 drug C: 17.5(8,42) 2. Hospitalization time 2.P<0.05
ST: 8 ST: 3 +decoction 3. Course of disease, fever 3.P>0.05
M: 26, F: 23 M: 10, F: 8 +WT1.2.3.8 improvement time
47.94 +14.46 46.72 +17.40 4. Improvement rate of lung ~ 4.P>0.05
CT
5. Death rate 5. Not
mentioned

57
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TABLE 1 | Continued

Included trials Funding Study Sample characteristics type; Interventions Fever Outcome index Intergroup Adverse
male/female; age(y) improvement differences reactions
time(d)
Trial Control Trial Control
XIAO 0310 (Xiao MT: 100 MT: 100 Chinese patent WT1 T:2.25+1.12 1. Total effective rate 1.P<0.05 Trail:
et al., 2020) M: 64, F: 36 M: 66, F: 34  drug+WT1 C:3.08+1.64 2.LungCT 2.P<0.05 1 case of drug
60.90 +8.70 62.20 + 7.50 3. Fever improvement time 3.P<0.05 allergy: 2 cases of
4. Disappearance time of 4.P>0.05 abdominal pain and
cough, fatigue, dizziness, diarrhea;
nasal discharge Control:
5. WBC, Lymph% 5.P<0.05 2 cases of drug
6. Death rate 6. Not allergy, 1 case of
mentioned  abdominal pain and
diarrhea
CHENG 0311 CT: 51 CT: 51 Chinese patent WT1.2.8 T29+17 1. Disappearance rate and 1.P<0.05
(Cheng et al., 2020) M: 26, F: 25 M: 27, F: 24 drug+WT1.2.8 C:3.9+ 1.3 time of fever, fatigue, cough
555+ 12.3 558+ 11.6 2. Effective rate of main 2.P<0.05
symptoms
3. Disappearance rate of 3.P<0.05
expectoration, anhelation,
choking sensation in chest,
anorexia
4. Disappearance rate of 4.P>0.05
muscle pain, dyspnea,
nausea
5. Improvement rate of lung ~ 5.P>0.05
CT
6. Rate of turn to severe type 6.P<0.05
7. Death rate 7. Not
mentioned
FU 0320 (Fu et al., CT: 37 CT: 36 Chinese patent WT1.7 1. Accumulated points of 1.P<0.05 No adverse
2020) M: 19, F: 18 M: 19, F: 17 drug+WT1.7 fever, cough, dry throat and response
4526 +7.25 4468 +7.45 sore throat, choking
sensation in chest and
anhelation, fatigue
2. Effective rate, hospital 2.P<0.05
discharge rate
3. Absolute value of LYM, 3.P<0.05
CRP
4. WBC, LYM ratio 4.P>0.05
5. Death rate 5. Not
mentioned
WANG 0323 (Wang MT, CT: 10 MT,CT:10 decoction, WT 1.2.8. 1. Clinical symptoms 1.P<0.05
Y. et al., 2020) M: 5, F:. 5 M:5.F:5 incense+WT1. improved conditions (fatigue,
54.90 + 3.71 55.90 + 3.71 cough, dry throat, short of
breath)
(Continued)
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TABLE 1 | Continued

Included trials Funding Study Study Sample characteristics type; Interventions Duration Fever Outcome index Intergroup Adverse
designs region male/female; age(y) improvement differences reactions
time(d)
Trial Control Trial Control
2. Lung CT 2.P>0.05
3. Nucleic acid test turning 3.P>0.05
negative
4. Death rate 4. Not
mentioned
DUAN 0324 (Duan N CCT  Hubei MT: 82 MT:41 Chinese patent WT1.2.6.7 5d 1. Disappearance condition 1.P<0.01 Trail: 27 cases of
et al., 2020) M: 39, F: 43 M:23.F:18 drug of fever diarrhea
51.99 + 18.88 50.29 + 13.17 +WT1.2.6.7 2. Disappearance time of 2.P<0.05 Control:
fatigue, cough, no adverse
expectoration, diarrhea response
3. Disappearance time of 3.P>0.05
aversion to cold, bodily pain,
sore throat, pharyngalgia, dry
throat
4. Score of TCM syndrome  4.P<0.01
scale
5. Hamilton Anxiety Scale 5.P<0.01
6. Death rate 6. Not
mentioned
YANG 0414 (Yang V CCT  Hubei ST: 51 ST: 52 decoction WT1.2.6.7 1. CRP 1.P<0.01 Trail:
Z. et al., 2020) M: 28, F: 23 M: 24, F: 28  +Chinese 2. Albumin 2.P<0.05 2 cases of mild
61.57 +1.84 66.35 +1.82 patent drug 3. Cases number of 3.P<0.05 gastrointestinal
+WT1.2.6.7 absorption and improvement reactions
by lung CT
4. Cure rate 4.P>0.05
5. Death rate 5.
Trial 21.6%;
Control
30.77%

MT, mild type; CT, common type; ST, serious type;, WT, western treatment.

WT: 1. antiviral; 2. anti-infection/anti-inflammatory/antibiotics; 3. immunoregulation; 4. gastrointestinal regulation; 5. relieving cough and asthma; 6. oxygen therapy; 7. glucocorticoid; 8. nutritional support; 9. nigesics; 10. liver protection;

11. anti-anxiety.
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TABLE 2 | Basic characteristics of the included studies (CS).

Included trials Study Sample characteristics Interventions Duration Fever Outcome index Self before and after Adverse
region type; male/female; age improvement comparison reactions
(y) time(d)
CHENG 0219 Hubei CT:54 Chinese patent drug 7d 3.6+214 1. Disappearance rate of fever 1.80%, No
(Cheng and Li, M:29.F:25 +WT1.3.2.7 2. Disappearance rate of fatigue, 2.75.7%, 4.1 + 2.58 adverse
2020) 60.1 + 16.98 disappearance days of fatigue response
3. Disappearance rate of cough, 3.76.7%, 5.3 + 2.63
disappearance days of cough
4. Disappearance rate of choking sensation in  4.84.6%
chest
5. Disappearance rate of anhelation 5.100%
6. Disappearance rate of anorexia 6.40.0%
7. Disappearance rate of moist rale 7.89.5%
8. Effective rate 8.81.6%
9. Death rate 9. Not mentioned
WANG 0228 Jilin MT,CT,ST:50 decoction 7d 1. Total effective rate 1.98.00%
(Wang T. et al., M:30.F:20 +WT1.2.6.7 2. Disappearance rate of aversion to cold 2.100%
2020) 44,52 + 16.12 3. Disappearance rate of thirsty 3.100%
4. Disappearance rate of fever 4.96.96%
5. Disappearance rate of sweating 5.90.91%
6. Disappearance rate of nasal obstruction 6.73.33%
7. Disappearance rate of headache body 7.73.33%
ache
8. Disappearance rate of short of breath 8.72%
9. Disappearance rate of nausea 9.64.54%
10. Disappearance rate of choking sensation ~ 10.64%
in chest
11. Disappearance rate of diarrhea 11.63.64%
12. Disappearance rate of anorexia 12.55.56%
13. Disappearance rate of expectoration 13.30.30%
14. Disappearance rate of fatigue 14.25.93%
15. Disappearance rate of cough 15.10.53%
16. Death rate 16.0%
BIN 0229 (Bin Hubei MT:45 Chinese patent drug 1. Effective rate of mild patients 1.95.6%
et al., 2020) ST:10 +WT1.2.6.7 2. Effective rate of severe patients 2.90.0%
M:31.F:24 3. Death rate 3.9.1%
53.9 + 17.1
GONG 0309 Chongaing CT:188 decoction+WT1.2 1. Lymphocyte of severe patients 1.Gradually increase
(Gong et al., ST:37 2. Albumin of severe patients 2.Gradually increase
2020) M:125.F:100 3. CRP of severe patients 3.Drop to normal
0.6-82 4. CD4+,CD8+ of severe patients 4 Increase
5. Death rate 5. Not mentioned
FANG 0312 Hubei MT:90 decoction, Chinese 5.0+38 1. Remaining proportion of fever 1.0%
(Fang et al., CT:98 patent drug 2. Improvement time and remaining 2.6.3+£38, 0%
2020) ST:120 +WT1.2.7 proportion of diarrhea
M:156.F:152 3. Improvement time and remaining 3.85+4.424%
30-86 proportion of choking sensation in chest
4. Improvement time and remaining 471 +£3.6,3.6%
proportion of fatigue
(Continued)
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TABLE 2 | Continued

Included trials Funding Study Sample characteristics Interventions Duration Fever Outcome index Self before and after Adverse
region type; male/female; age improvement comparison reactions
(y) time(d)
5. Improvement time and remaining 5.10.4 +4.8,35.7%
proportion of cough 6. Not mentioned
6. Death rate
ZHU 0319 (Zhu Jiangsu CT:22 Chinese patent drug 1. Absolute value of LY 1.0bviously increase
et al., 2020) ST:A +decoction 2. CRP 2.0bviously decline
M:10.F:13 +WT1.2.6.7 3. Improvement rate of inflammatory change  3.65.2%
50.0 £ 13.0 absorption of lung CT
4. Time of nucleic acid test turning negative 411.6+0.8
5. Death rate 5. Not mentioned
HU 0320 (Hu N Henan CT:19 decoction+WT1.6 1. Effective rate 1.100%
et al., 2020) M:8.F:11 2. Hospitalization average time 2.(16.36 + 4.95)d
40.55 + 10.59 3. Fever, cough 3.Disappear
4. Shortness of breath, fatigue, sweating, 4.Relief
painful abdominal mass, nausea, anorexia,
diarrhea
5. Lung CT 5.0bvious improvement
6. Rate of turning to severe type 6.0%
7. Death rate 7. Not mentioned
YANG 0324 N Henan MT,CT:13 decoction 3+0.71 1. Improvement time of cough 1.(6 = 2)d
(Yang Z. et al., M:10,F:3 +WT1.2.3.4.5 2. Improvement time of fatigue 2.6 £ 1.10d
2020) 41.31 + 13.51 3. Improvement time of diarrhea 3.6 £2.12)d
4. Improvement time of choking sensation in ~ 4.(4 + 1.54)d

chest
5. Lung CT

6. NEUT, LY, LY/%, SCR

7. PLT, CRP, ALT, AST, TBIL, ALP, GGT,
BUN, LDH

8. Death rate

5.Most of them still had lesions,
and only 1 mild case was
cured

6.P<0.05

7.P>0.05

8. Not mentioned

MT, mild type; CT, common type; ST, serious type; WT, western treatment, WT: 1. antiviral; 2. anti-infection/anti-inflammatory/antibiotics; 3. immunoregulation; 4. gastrointestinal requlation; 5. relieving cough and asthma; 6. oxygen therapy; 7.
glucocorticoid; 8. nutritional support; 9. nigesics; 10. liver protection; 11. anti-anxiety.
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TABLE 3 | Frequency of traditional Chinese herbal medicine (frequency=>5).

Chinese name Latin name Freq.
Renshen Ginseng Radix Et Rhizoma 8
Shigao Gypsum Fibrosum 8
Taoren Persicae Semen 7
Chaihu Bupleuri Radix 7
Liangiao Forsythiae Fructus 7
Huangaqi Astragali Radix 6
Yiyiren Coicis Semen 6
Dahuang Rhei Radix Et Rhizoma 5
Baizhu Atractylodis Macrocephalae Rhizoma 5
Baishao Paeoniae Radix Alba 5
Zhimu Anemarrhenae Rhizoma 5
Chantui Cicadae Periostracum 5

No.  Chinese name Latin name Freq. No.
1 Gancao Glycyrrhizae Radix Et Rhizoma 18 13
2 Mahuang Ephedrae Herba 16 14
3 Kuxingren Armeniacae Semen Amarum 14 15
4 Huangqin Scutellariae Radix 12 16
5 Cangzhu Atractylodis Rhizoma 12 17
6 Fuling Poria 11 18
7 Banxia Pinelliae Rhizoma 11 19
8 Binglang Arecae Semen 10 20
9 Chenpi Citri Reticulatae Pericarpium 9 21
10 Houpo Magnoliae Officinalis Cortex 9 22
1 Caoguo Tsaoko Fructus 8 23
12 Guanghuoxiang Pogostemonis Herba 8 24
TABLE 4 | Frequency of types of traditional Chinese herbal medicine.
No Types Freq. Types of
Medicines
1 Heat-clearing medicines 65 23
2 Exterior syndrome-relieving medicines 55 16
3  Phlegm-resolving and cough and asthma-relieving 48 15
medicines
4 Damp-resolving medicines 43 7
5  Tonify medicines 42 15
6  Damp-draining diuretic medicines 30 9
7 Qi-regulating medicines 23 4
8  Blood-activating and stasis-resolving medicines 11 4
9  Interior-warming medicines 8 3
10 Resolving wind-damp medicines 6 4
11 Astringent medicines 5 3
12 Purgative medicines 5 1
13 Clearing away toxin and killing parasites medicines 2 2
14 Liver-calming and wind-extinguishing medicines 1 1

The frequency of application of Glycyrrhizae Radix Et Rhizoma (gancao) has not been
counted in the statistics, because of Glycyrrhizae Radix Et Rhizoma (gancao) commonly
used as harmonizing herb in TCM decoctions.

decoction was created by doctor Zhang Zhongjing (Han Dynasty)
who researched on exogenous cold induced febrile diseases.
Modern prescriptions are mostly added and subtracted by
classical prescriptions. For example, the Qingfei Paidu decoction
recommended by the State Administration of Traditional Chinese
Medicine is based on Maxing Ganshi decoction, Shegan Mahuang
decoction, Wuling powder and Xiao Chaihu decoction. The
classical prescriptions with a literature frequency of > 2 are
presented in Table 6.

(Periostracum Cicadae Cryptotympana atrata Fabricius)

Analysis of Application of Chinese Patent
Medicine

Given its convenient application, Chinese patent medicine has
gained increasing research attention. An analysis of the use of
Chinese patent medicine in 20 clinical studies showed that
Lianhua Qingwen capsules/granules are the most widely used.
These capsules have been widely studied to verify their clinical
efficacy. Lianhua Qingwen can act on coronavirus through
multiple components, targets and pathways via their broad-
spectrum antiviral, antibacterial and antipyretic; cough relief;
sputum reduction and immune regulation effects (Ling et al.,
2020). In the treatment of NCP, Xuebijing and other traditional
Chinese medicine injections have been used several times.
Xuebijing can antagonize endotoxins (Zhang, 2018; Wang,
2019) and inhibit the excessive release of inflammatory
mediators, such as interferon and interleukin (Tian et al., 2019),
thereby inhibiting inflammation and enhancing immunity (Diao
et al,, 2015). The academician Zhang Boli emphasized that the
early application of traditional Chinese medicine injection can
play a vital role in treating critical patients (Tencent news, 2020b).
Table 7 presents The commonly used Chinese patent medicine
for NCP.

Investigation of the Observation Indicators
In 20 studies on the treatment of NCP, the most commonly used
clinical observation and evaluation indices was fever improvement
time, followed by cough improvement time, shortness of breath
improvement time, chest CT, and TCM syndrome scale score. Some
articles also used the disappearance rate of other accompanying

TABLE 5 | Analysis of the association rules of traditional Chinese herbal medicine.

No. Chinese name Latin name Confidence coefficient
1 Shigao -> Kuxingren Gypsum Fibrosum -> Armeniacae Semen Amarum 1

2 Caoguo-> Binglang Tsaoko Fructus -> Arecae Semen 1

3 Shigao -> Mahuang Gypsum Fibrosum -> Ephedrae Herba 0.875
4 Shigao, Kuxingren -> Mahuang Gypsum Fibrosum, Armeniacae Semen Amarum -> Ephedrae Herba 0.875
5 Mahuang, Binglang -> Cangzhu Ephedrae Herba, Arecae Semen -> Atractylodis Rhizoma 0.875
6 Mahuang, Binglang -> Kuxingren Ephedrae Herba, Arecae Semen-> Armeniacae Semen Amarum 0.875
7 Cangzhu, Binglang ->Mahuang Atractylodis Rhizoma, Arecae Semen -> Ephedrae Herba 0.875
8 Kuxingren -> Mahuang Armeniacae Semen Amarum-> Ephedrae Herba 0.857
9 Banxia -> Fuling Pinelliae Rhizoma -> Poria 0.82
10 Fuling -> Banxia Poria -> Pinelliae Rhizoma 0.82
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FIGURE 2 | Commonly used Chinese herbal medicine combinations network diagram for NCP with different support rate. Support rate was (A) >20%, (B) >25%,

TABLE 6 | The commonly used classical prescriptions of TCM for NCP.

No. Classical Prescriptions

Components Latin name(Chinese name)

Source

Freq. Application

of TCM (year of completion) of cases
1 Ganlu Xiaodu Pil Amomi Fructus Rotundus(Doukou), Pogostemonis Herba(Guanghuoxiang), Acori  Secret of Medical Efficacy 3 40
Tatarinowii Rhizoma(Shichangpu), Menthae Haplocalycis Herba(Bohe), Forsythiae ~ AD 1831
Fructus(Lianqiao), Belamcandae Rhizoma(Shegan), Fritillariae Cirrhosae Bulbus
(Chuanbeimu), Scutellariae Radix (Huangqin), Artemisiae Scopariae Herba
(Yinchen), Talcum(Huashi), Akebiae Caulis(Mutong)
2 Maxing Ganshi Decoction  Ephedrae Herba(Mahuang), Armeniacae Semen Amarum(Kuxingren), Gypsum Treatise on Febrile 2 80
Fibrosum(Shigao), Glycyrrhizae Radix Et Rhizoma (Gancao) Diseases
AD 200
3 Huopo Xialing Decoction  Pogostemonis Herba (Guanghuoxiang), Sojae Semen Pragparatum (Dandouchi), Original Medical Theory 2 45
Amomi Fructus Rotundus (Doukou), Magnoliae Officinalis Cortex(Houpo), Pinelliae ~ AD 1861
Rhizoma (Banxia), Armeniacae Semen Amarum(Kuxingren), Poria (Fuling),
Polyporus(Zhuling), Alismatis Rhizoma(Zexie), Coicis Semen (Yiyiren)
4 Da Yuan Decoction Arecae Semen (Binglang), Magnoliae Officinalis Cortex (Houpo), Tsaoko Fructus Treatise on Acute 2 42
(Caoguo), Anemarrhenae Rhizoma(Zhimu), Paeoniae Radix Alba(Baishao), Epidemic Febrile Diseases
Scutellariae Radlix (Huangqin), Glycyrrhizae Radix Et Rhizoma(Gancao) AD 1642
5 Haogin Qingdan Artemisiae Annuae Herba(Qinghao), Bambusae Caulis In Taenias(Zhuru), Pinelliae  Revisiting of Treatise on 2 25
Decoction Rhizoma(Banxia), Poria (Fuling), Scutellariae Radix (Huangqin), Aurantii Fructus Acute Epidemic Febrile
(Zhiqiao), Citri Reticulatae Pericarpium (Chenpi), Talcum(Huashi), Indigo Naturalis Diseases
(Qingdai), Glycyrrhizae Radix Et Rhizoma(Gancao) AD 1956
6 Xuanbai Chengai Gypsum Fibrosum (Shigao), Rhei Radix Et Rhizoma (Dahuang), Armeniacae Item Differentiation of 2 18
Decoction Semen Amarum(Kuxingren), Trichosanthis Fructus (Gualou) Warm Febrile Diseases
AD 1798
7 Tingli Dazao Xiefei Descurainiae Semen Lepidii Semen (Tinglizi), Jujubae Fructus(Dazao) Synopsis of Golden 2 18
Decoction Chamber
AD 200
TABLE 7 | The commonly used Chinese patent medicine for NCP.
No. Chinese patent Components Latin name(Chinese name) Freq. Prop.
medicine
1 Lianhua Qingwen capsule/  Forsythiae Fructus(Liangiao), Lonicerae Japonicae Flos (Jinyinhua), Ephedrae Herba(Mahuang), Armeniacae Semen 7 35.00%
granule Amarum(Kuxingren), Gypsum Fibrosum (Shigao), Isatidis Radix(Banlangen), Dryopteridis Crassirhizomatis Rhizoma
(Mianma Guanzhong), Houttuyniae Herba(Yuxingcao), Pogostemonis Herba (Guanghuoxiang), Rhei Radix Et
Rhizoma(Dahuang), Rhodiolae Crenulatae Radix Et Rhizoma(Hongjingtian)
2 Xue Bi Jing Injection Carthami Flos(Honghua), Paeoniae Radix Rubra (Chishao), Chuanxiong Rhizoma (Chuanxiong), Salviae Miltiorrhizae 3 15.00%
Radix Et Rhizoma (Danshen), Angelicae Sinensis Radix(Danggui)
3 Shufeng Jiedu Capsule Polygoni Cuspidati Rhizoma Et Radix (Huzhang), Forsythiae Fructus (Lianqiao), Isatidis Radix (Banlangen), Bupleuri 3 15.00%

Radix (Chaihu), Herba Patriniae(Baijiangcao), Verbenae Herba (Mabiancao), Phragmitis Rhizoma (Lugen), Glycyrrhizae

Radix Et Rhizoma (Gancao)
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symptoms and CRP examination as observation indices. From
Table 1, we can see the fever improvement time in the trial group
was significantly shorter than that in the control group. In Table 8,
we listed the Chinese name, Latin name in Chinese pharmacopeia,
and Name in Medicinal Plant Names Services.

DISCUSSION

On the discussion of epidemic, the ancient Chinese doctor
Wu Youke from the Ming Dynasty pointed out it was caused
by epidemic pathogenic evils. Given its strong infectivity,

TABLE 8 | Drug name comparison table.

No. Chinese name Latin name in Chinese pharmacopeia Name in Medicinal Plant Names Services(MPNS)

1 Baijiangcao Herba Patriniae Patrinia scabiosifolia Link

2 Baishao Paeoniae Radix Alba Paeonia lactiflora Pall.

3 Baizhi Angelicae Dahuricae Radix Angelica dahurica (Hoffm.) Benth. & Hook.f. ex Franch. & Sav.

4 Baizhu Atractylodis Macrocephalae Rhizoma Atractylodes macrocephala Koidz.

5 Banlangen Isatidis Radlix Isatis tinctoria L.

6 Banxia Pinelliae Rhizoma Pinellia ternata (Thunb.) Makino

7 Binglang Arecae Semen Areca catechu L.

8 Bohe Menthae Haplocalycis Herba Mentha canadensis L.

9 Cangzhu Atractylodis Rhizoma Atractylodes lancea (Thunb.) DC.

10  Caoguo Tsaoko Fructus Lanxangia tsao-ko (Crevost & Lemarié) M.F.Newman & Skornick.

11 Chaihu Bupleuri Radlix Bupleurum chinense DC.

12 Chantui Cicadae Periostracum (Periostracum Cicadae Cryptotympana atrata -

Fab- ricius)

13 Chenpi Citri Reticulatae Pericarpium Citrus x aurantium L.

14 Chishao Paeoniae Radix Rubra Paeonia anomala subsp. veitchii (Lynch) D.Y.Hong & K.Y.Pan

15 Chuanbeimu Fritilariae Cirrhosae Bulbus Fritillaria cirrhosa D.Don

16 Chuanxiong Chuanxiong Rhizoma Conioselinum anthriscoides 'Chuanxiong'

17 Dahuang Rhei Radix Et Rhizoma Rheum palmatum L.

18  Dandouchi Sojae Semen Praeparatum Glycine max (L.) Merr.

19 Danggui Angelicae Sinensis Radix Angelica sinensis (Oliv.) Diels

20 Danshen Salviae Miltiorrhizae Radix Et Rhizoma Salvia miltiorrhiza Bunge

21 Dagingye Isatidis Folium Isatis tinctoria L.(Folium Isatidis)

22 Dazao Jujubae Fructus Ziziphus jujuba Mill.

23 Dihuang Rehmanniae Radix Rehmannia glutinosa (Gaertn.) DC.

24 Doukou Amomi Fructus Rotundus Alpinia hainanensis K.Schum.

25  Fangfeng Saposhnikoviae Radlix Saposhnikovia divaricata (Turcz. ex Ledeb.) Schischk.

26  Fengfang Vespae Nidus —_—

27  Fuling Poria Smilax glabra Roxb. ( Poria cocos (Schw. ) Wolf.)

28 Fuz Aconiti Lateralis Radix Pragparata Aconitum carmichaeli Debeaux (Radix Aconiti Lateralis Preparata)

29 Gancao Glycyrrhizae Radix Et Rhizoma Glycyrrhiza uralensis Fisch. ex DC.

30 Ganjiang Zingibneris Rhizoma Zingiber officinale Roscoe (Rhizoma Zingiberis)

31  Gegen Puerariae Lobatae Radix Pueraria montana var. lobata (Willd.) Maesen & S.M.Almeida ex
Sanjappa & Predeep

32 Gualou Trichosanthis Fructus Trichosanthes kirilowii Maxim.

33  Guanghuoxiang Pogostemonis Herba Pogostemon cablin (Blanco) Benth.

34 Guizhi Cinnamomi Ramulus Cinnamomum cassia (L.) J.Pres!

35 Honghua Carthami Flos Carthamus tinctorius L.

36 Hongjingtian Rhodiolae Crenulatae Radix Et Rhizoma Rhodiola crenulata (Hook.f. & Thomson) H.Ohba

37  Hongshen Ginseng Radix Et Rhizoma Rubra Panax ginseng C.A.Mey.

38 Houpo Magnoliae Officinalis Cortex Magnolia officinalis Rehder & E.H.Wilson

39  Huanglian Coptidis Rhizoma Coptis chinensis Franch.

40  Huangqi Astragali Radlix Astragalus mongholicus Bunge

41 Huangain Scutellariae Radix Scutellaria baicalensis Georgi

42 Huashi Talcum —_—

43 Huzhang Polygoni Cuspidati Rhizoma Et Radix Reynoutria japonica Houtt.

44 Jiangcan Bombyx Batryticatus -

45  Jianghuang Curcumae Longae Rhizoma Curcuma longa L.

46 Jinyinhua Lonicerae Japonicae Flos Lonicera japonica Thunb.

47 Kuxingren Armeniacae Semen Amarum Prunus armeniaca L.

48  Liangiao Forsythiae Fructus Forsythia suspensa (Thunb.) Vahl

49  Lugen Phragmitis Rhizoma Phragmites australis subsp. australis

50 Mabiancao Verbenae Herba Verbena officinalis L.

51 Mahuang Ephedrae Herba Ephedra sinica Stapf

52  Maidong Ophiopogonis Radix Ophiopogon japonicus (Thunb.) Ker Gawl.

(Continued)
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TABLE 8 | Continued

No. Chinese name Latin name in Chinese pharmacopeia Name in Medicinal Plant Names Services(MPNS)

53 Mianma Dryopteridis Crassirhizomatis Rhizoma Dryopteris crassirhizoma Nakai
Guanzhong

54 Moyao Myrrha Commiphora myrrha (T.Nees) Engl.

55  Mudanpi Moutan Cortex Paeonia x suffruticosa Andrews

56  Mutong Akebiae Caulis Akebia quinata (Thunb. ex Houtt.) Decne.

57  Niubangzi Arctii Fructus Arctium lappa L.

58  Pugongying Taraxaci Herba Taraxacum mongolicum Hand.-Mazz.

59  Qianhu Peucedani Radix Kitagawia praeruptora (Dunn) Pimenov

60  Qingdai Indigo Naturalis Persicaria tinctoria (Aiton) Spach

61 Qinghao Artemisiae Annuae Herba Artemisia annua L.

62 Renshen Ginseng Radix Et Rhizoma Panax ginseng C.A.Mey.

63  Sangbaipi Mori Cortex Morus alba L.

64 Shancigu Cremastrae Pseudobulbus Pleiones Pseudobulbus Pleione yunnanensis (Rolfe) Rolfe

65 Shegan Belamcandae Rhizoma Iris domestica (L.) Goldblatt & Mabb.

66  Shengjiang Zingiberis Rhizoma Recens Zingiber officinale Roscoe

67  Shengma Cimicifugae Rhizoma Actaea cimicifuga L.

68  Shichangpu Acori Tatarinowii Rhizoma Acorus calamus var. angustatus Besser

69  Shigao Gypsum Fibrosum -

70  Taizishen Pseudostellariae Radix Pseudostellaria heterophylla (Mig.) Pax

71 Taoren Persicae Semen Prunus persica (L.) Batsch

72 Tinglizi Descurainiae Semen Lepidii Semen Descurainia sophia (L.) Webb ex Prantl

73 Weilingxian Clematidis Radix Et Rhizoma Clematis chinensis Osbeck

74 Wumei Mume Fructus Prunus mume (Siebold) Siebold & Zucc.

75  Wuweizi Schisandrae Chinensis Fructus Schisandra chinensis (Turcz.) Baill.

76 Xinyi Magnoliae Flos Magnolia biondii Pamp.

77 Xixiancao Siegesbeckiae Herba Sigesbeckia orientalis L.

78  Xixin Asari Radix Et Rhizoma Asarum sieboldii Mig.

79  Xuanshen Scrophulariae Radix Scrophularia ningpoensis Hemsl.

80 Yinchen Artemisiae Scopariae Herba Artemisia capillaris Thunb.

81  Yiyiren Coicis Semen Coix lacryma-jobi var. ma-yuen (Rom.Caill.) Stapf

82  Yuxingcao Houttuyniae Herba Houttuynia cordata Thunb.

83 Zexie Alismatis Rhizoma Alisma plantago-aquatica subsp. orientale (Sam.) Sam.

84  Zhebeimu Fritiliariae Thunbergil Bulbus Fritillaria thunbergii Miq.

85 Zhimu Anemarrhenae Rhizoma Anemarrhena asphodeloides Bunge

86 Zhigiao Aurantii Fructus Citrus trifoliata L.

87  Zhuling Polyporus (Polyporus umbellatus(Pers.) Fr.) -

88 Zhuru Bambusae Caulis In Taenias Bambusa beecheyana Munro

89 Ziwan Asteris Radix Et Rhizoma Aster tataricus L.f.

The drugs were listed in the order of their Chinese name.
The top frequency that search term appeared in medicinal plant literature was chosen.
— — MPNS could not match the search term.

disease location and clinical characteristics, NCP can be named
“pulmonary epidemic disease” (Guo and Wan, 2020). The main
consensus regarding its pathogenesis is that the virus invades the
lungs and causes vital qi deficiency. The pathological nature is
dampness, heat, toxin, deficiency and stasis.

This study mainly uses bibliometrics and data mining methods
to obtain a systematic summary of clinical studies published at this
stage and systematically analyses the published information,
research design, intervention measures and observation
indicators. A summary of the research methods indicates that
only 2 RCT's were conducted. Most of the studies were CCT's and
CSs. Considering the large number of patients and the rapid spread
of the epidemic, the shortage of medical resources has led to the
unconditional implementation of RCT research. The treatment of
patients is the first priority at this time.

Regarding the time distribution of publications, the time
that research on traditional Chinese medicine treatment of NCP
was conducted synchronized with the epidemic. Furthermore, the
symptom improvement rate and symptom scores in the observation

and evaluation indicators fully reflect the characteristics of the
judgment standard of clinical efficacy of traditional Chinese
medicine. The total number of observation cases also reflects the
high participation of traditional Chinese medicine in this anti-
epidemic treatment. A clear understanding of Chinese herbal
medicines use has been achieved through the data mining and
analysis of prescriptions for treatment of NCP. In addition to
Glycyrrhizae Radix Et Rhizoma (Gancao), Ephedrae Herba
(Mahuang), Armeniacae Semen Amarum (Kuxingren)
Atractylodis Rhizoma (Cangzhu) and Scutellariae Radix
(Huangqin) are frequently used. An analysis of drug categories
showed that heat-clearing medicine, exterior syndrome-relieving
medicines, phlegm-resolving and cough and asthma-relieving
medicines, and humidifying drugs are frequently used. This
finding suggests that dampness and toxin accumulating in the
lung are the main pathogenesis of NCP. Ephedrae Herba
(Mahuang)-Armeniacae Semen Amarum (Kuxingren) had the
highest support and high confidence in the association rules,
which reflects the classic compatibility of Maxing Shigan
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decoction. About the high frequency Chinese herbal medicines,
most of it enters the lung meridian or spleen meridian. Chinese
medicine recognizes that NCP mainly involves the lung. The spleen
is the source of phlegm, and the lung is the sputum storage position,
phlegm and dampness caused by lung and spleen disease. The
results of clinical application analysis of Chinese patent medicines
reflect the participation in clinical treatment. Given their wide range
of applications and convenient application, Chinese patent
medicines play an important role in clinical treatment of the
epidemic in China. Traditional Chinese medicine for treatment of
NCP is worthy of global attention.

Our study has several limitations. Randomized controlled trials
are the most commonly used to judge the effectiveness of
interventions. This review only included two RCTs. And they did
not mention blinding method. In addition, the interventions,
treatment courses, and observation indicators of each study were
quite different, so meta-analysis cannot be done. High-quality RCT's
on the effectiveness and safety of traditional Chinese medicine in the
treatment of new coronary pneumonia need further study.
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Novel coronavirus (COVID-19) pneumonia has become a major threat to worldwide public
health, having rapidly spread to more than 180 countries and infecting over 1.6 billion
people. Fever, cough, and fatigue are the most common initial symptoms of COVID-19,
while some patients experience diarrhea rather than fever in the early stage. Many herbal
medicine and Chinese patent medicine can significantly improve these symptoms, cure
the patients experiencing a mild 22form of the illness, reduce the rate of transition from
mild to severe disease, and reduce mortality. Therefore, this paper summarizes the
physiopathological mechanisms of fever, cough, fatigue and diarrhea, and introduces
Chinese herbal medicines (Ephedrae Herba, Gypsum Fibrosum, Glycyrrhizae Radix et
Rhizoma, Asteris Radix et Rhizoma, Ginseng Radix et Rhizoma, Codonopsis Radix,
Atractylodis Rhizoma, etc.) and Chinese patent medicines (Shuang-huang-lian, Ma-xing-
gan-shi-tang, etc.) with their corresponding therapeutic effects. Emphasis was placed on
their material basis, mechanism of action, and clinical research. Most of these medicines
possess the pharmacological activities of anti-inflammatory, antioxidant, antiviral, and
immunity-enhancement, and may be promising medicines for the treatment or adjuvant
treatment of COVID-19 patients.

Keywords: COVID-19, traditional Chinese medicine, fever, cough, fatigue, diarrhea

INTRODUCTION

Novel coronavirus (Corona Virus disease 2019, COVID-19) pneumonia has become a massive
threat to global public health. It is highly infectious, with a relatively high mortality rate, causing a
sharp increase in the number of infections in a short period. Of even greater concern, is that some
people infected with COVID-19 do not have obvious symptoms in the initial stage, and become
potential super-communicators. More than 80,000 COVID-19 cases have been confirmed in China
so far. Surprisingly, by the end of April, 2020, novel infections were almost zero, the country was
recovering, and the epidemic in China was nearing completion. However, the virus is still causing
panic around the world. The Director-General of the World Health Organization (WHO) declared
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that COVID-19 can be characterized as a pandemic on March
11, 2020 (World Health Organization, 2020). The epidemic is
spreading rapidly in Italy, the United States, Spain, Germany,
Iran, France, South Korea, Japan, and other countries. More than
1.6 billion confirmed cases and 650,000 cumulative deaths have
been reported worldwide as of July 28, 2020. Although most of
these countries have a well-developed medical and health service
system, they are caught in the dilemma of shortage and
exhaustion of public medical resources. At the same time, they
are facing a sharp increase in the number of patients, which will
lead to a series of serious consequences, such as a severe shortage
of timely medical treatment, a high incidence of transition from
mild to severe disease, an increasing mortality of the severely-
affected patients, and a large-scale infection of medical staff.
Therefore, it is of great value and significance to share the
treatment experience of China in anti-epidemic to all countries
in the world, so that more infected people can get treatment, and
a greater public health crisis can be avoided.

At present, the transmission characteristics and clinical
symptoms of COVID-19 have been relatively fully recognized.
It is infectious and can be transmitted through respiratory
droplets, digestive tracts, and contact; and the population is
generally susceptible (Guan and Xian, 2020; Medical
Administration Bureau, 2020). The incubation period is about
7 days on average and up to 14 days. Fever, dry cough, and
fatigue are the main clinical manifestations. Half of the patients
developed dyspnea after 8 days. Severe patients rapidly
progressed to acute respiratory distress syndrome (ARDS),
septic shock, metabolic acidosis, and coagulation dysfunction
that are difficult to correct (Huang et al., 2020). However, there is
still a lack of effective means of treatment. The research and
development cycle of new drugs and vaccines is too long, so it is
the first choice to seek effective treatment strategies in the
existing treatment methods.

The COVID-19 belongs to the scope of “Wen Yi” in
traditional Chinese medicine (TCM). And TCM has unique
cognition and rich experience in diagnosis and treatment of
“Wen Yi”. The integration of traditional Chinese and western
medical treatments played a unique role in the prevention and
treatment of SARS in 2003 (Zhang et al., 2004). It may be one of
the reasons that the mortality rate in Mainland China (7%, 349/
5327) was lower than that in Hong Kong, (17%, 299/1755),
Taiwan (11%, 37/346), or even in the world (9.6%, 774/8096)
(Wu et al., 2008). Dr. J. Kenneth Baillie, a member of the WHO
panel on clinical management for COVID-19, suggested that
corticosteroid treatment should be avoided, and argued that
steroids have little benefit to patients, with harm outweighing
the benefit. He proposed that clinicians may give priority to
symptomatic and supportive treatment (Russell et al., 2020),
which is highly consistent with the concept of syndrome
differentiation and treatment in TCM. According to the
clinical observation of 34 cases carried out by Professor Zhang
Boli and others in the Wuhan Jiangxia makeshift hospital, the
disappearance rate of other concomitant symptoms, the clinical
cure rate, and the incidence of common type patient to severe
type in the integrated group were respectively 85.3%, 91.2%, and

5.9%. Compared with conventional western medical therapy,
treatment with TCM was significantly better than those in the
western medicine group (38.9%, 61.1%, and 33.3%). It was found
that the treatment of COVID-19 using an integration of TCM
and western medicine may significantly relieve the clinical
symptoms, shorten the course of the disease, and improve the
clinical cure rate, which is superior to the results using western
medicine alone (Xia et al., 2020). Moreover, the participation of
TCM in all provinces of China is as high as 90%, which has
demonstrated that TCM has made an important contribution to
the prevention and control of this epidemic.

Therefore, this review aimed to summarize various Chinese
herbal medicines (Table 1, Figure 1) and Chinese patent
medicines that have properties which would be beneficial in
treating symptoms associated with coronavirus infection (fever,
cough, fatigue and diarrhea). Additionally, evidence quality
evaluation criteria were established to select references suitable
for this study, as shown in Table 2. Based on the existing
literature, we sought drugs with scientific evidence that
improve the clinical manifestations of patients with COVID-
19, which may provide supplementary and alternative treatments
to underdeveloped or medically under-resourced areas. More
importantly, we hope to explore the potential drugs for COVID-
19 and provide novel ways and ideas for the prevention and
treatment of COVID-19.

FEVER

The Mechanism of Fever

Fever is known as a characteristic defensive host mechanism,
consisting of an increase in body temperature, occurring in
response to various types of infectious or non-infectious
stimuli(Aryal et al., 2019). Based on guidelines for the
management of febrile illnesses provided by authorities such as
the WHO and the Society of Critical Care Medicine and the
Infectious Disease Society of America, among others, equivalent
rectal temperature of > 38°C or axillary temperatures of > 37.5°C
are indicative of fever in both adults and children (Ogoina, 2011).
Fever is not only a disease, but also an important clinical
manifestation of many diseases (Dewitt et al., 2017). One of
the important clinical manifestations of COVID-19 is fever.
From January 1 to January 28, 2020, 136 (98.6%) of 138
consecutive confirmed COVID-19 patients in the Central
South Hospital of Wuhan University in China had clinical
manifestations of fever. Early fever generally lasts for 5 to 7
days, during which the virus is strong, but the patient’s vital
energy is not declining, approaching the turning point. Early
control can directly lead to the recovery. Therefore,
understanding the mechanism of fever is crucial for the
diagnosis, treatment, and prognosis of COVID-19 patients.

Material Basis of Fever

Fever is usually caused by the interaction of immune cells with
exogenous pyrogen and endogenous pyrogenic cytokines. The
peripheral fever signal is transmitted to the central temperature
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TABLE 1 | Descriptive table of the Chinese herbal medicines mentioned in this paper.

Number Scientific name Latin name Common name Local Chinese Parts used
name
1 Acorus tatarinowii Schott Acori Tatarinowii Rhizoma Grassleaf sweetflag Shi-chang-pu Rhizome
rhizome
2 Alisma orientale (Sam.) Juz. Alismatis Rhizoma — Ze-xie Rhizome
3 Amomum villosum Lour., Amomum villosum Lour. Amomi Fructus Villous amomum fruit Sha-ren Fruit
var. xanthioides (Wall. ex Baker) T.L.Wu & S.J.Chen,
Amomum longiligulare T.L.Wu
4 Angelica dahurica (Hoffm.) Benth. & Hook.f. ex Angelicae Dahuricae Radix Dahurian angelica root Bai-zhi Root
Franch. & Sav., Angelica dahurica var. formosana
(Boissieu) Yen
5 Angelica sinensis (Oliv.) Diels Angelicae Sinensis Radix Chinese angelica root Dang-gui Root
6 Arctium lappa L. Arctii Fructus Great burdock achene Niu-bang-zi Fruit
7 Areca catechu L. Arecaesemen Areca seed Bing-lang Seed
8 Areca catechu L. Arecae Pericarpium Areca peel Da-fu-pi Pericarpium
9 Aster tataricus L. f. Asteris Radix Aster root Zi-wan Root
10 Atractylodes lancea (Thunb.) DC., Atractylodes Atractylodis Rhizoma Atractylodes Cang-zhu Rhizome
chinensis (DC.) Koidz.
11 Atractylodes macrocephala Koidz. Atractylodis Macrocephalae Largehead atractylodes Bai-zhu Rhizome
Rhizoma rhizome
12 Aucklandia lappa DC. Aucklandiae Radix Common aucklandia root Mu-xiang Root
13 Bubalus bubalis Linnaeus Bubali Cornu Buffalo horn Shui-niu-jiao Homn
14 Bupleurum chinense DC. and Bupleurum Bupleuri Radix Chinese thorowax root Chai-hu Root
scorzonerifolium Willd.
15 Chaenomeles speciosa (Sweet) Nakai Chaenomelis Fructus Common floweringgince Mu-gua Fruit
fruit
16 Cinnamomum cassia (L.) J.Presl Cinnamomi Ramulus Cassia twig Gui-zhi Branch
17 Cinnamomum cassia (L.) J.Pres| Cinnamomi Cortex Cassia bark Rou-gui Bark
18 Citrus x aurantium L., Citrus sinensis (L.) Osbeck Aurantii Fructus Immaturus — Zhi-shi Fruit
19 Citrus grandis ‘Tomentosa’, Citrus grandis (L.) Citri Grandis Exocarpium Pummelo peel Hua-ju-hong Pericarpium
Osbeck
20 Citrus mediica L. Citri Sarcodactylis Fructus Finger citron Fo-shou Fruit
21 Citrus reticulata Blanco Citri Reticulatae Pericarpium Dried tangerine peel Chen-pi Pericarpium
pericarpium
22 Codonopsis pilosula (Franch.) Nannf., Codonopsis Codonopsis Radix Tangshen Dang-shen Root
pilosula Nannf.var.modesta (Nannf.) L.T.Shen,
Codonopsis tangshen Oliv.
23 Coix lacryma-jobi var. ma-yuen (Rom.Caill.) Stapf Coicis Semen - Yi-yi-ren Seed
24 Cryptotympana pustulata Fabricius Cicadae Periostracum Cicada slough Chan-tui Slough
25 Cuscuta australis R.Br., Cuscuta chinensis Lam. Cuscutae Semen Dodder seed Tu-si-zi Seed
26 Cynanchum stauntonii (Decne.) Schitr. ex H.Lév., Cynanchi Stauntonii Rhizoma et~ Willowleaf Bai-qgian Root and
Cynanchum glaucescens (Decne.) Hand.-Mazz. Radix rhizome
27 Descurainia Sophia (L.) Webb. ex Prantl Descurain Semen Pepperweed seed Ting-li-zi Seed
28 Dimocarpus longan Lour. Longan Arillus Langan aril Long-yan-rou Aril
29 Dryopteris crassirhizoma Nakai Dryopteridis Crassirhizomatis Male fern rhizome Mian-ma-guan- Rhizome
Rhizoma zhong
30 Ephedra sinica Stapf, Ephedra intermedia Schrenk et Ephedrae Herba Ephedra aerial parts Ma-huang Aerial parts
C. A. Mey and Ephedra equisetina Bunge
31 Epimedium brevicomu Maxim., Epimedium Epimedii Folium — Yin-yang-huo Leaf
sagittatum (Siebold & Zucc.) Maxim., Epimedium
pubescens Maxim., Epimedium koreanum Nakai
32 Eriobotrya japonica (Thunb.) Lindl. Eriobotryae Folium Loquat leaf Pi-pa-ye Leaf
33 Eucommia ulmoides Oliv. Eucommiae Cortex Eucommia bark Du-zhong Bark
34 Euodia rutaecarpa (Juss.) Benth., Euodia rutaecarpa  Euodiae Fructus Medicinal evodia fruit Wuzhuyu Fruit
(Juss.) Benth. var. officinalis (Dode) Huang, Euodia
rutaecarpa (Juss.) Benth. var. bodinieri (Dode) Huang
35 Fritillaria cirrhosa D.Don, Fritillaria unibracteata Fritilariae Cirrhosae Bulbus Fritillaria bulb Chuan-bei-mu Bulb
P.K.Hsiao & K.C.Hsia, Fritillaria przewalskii Maxim. ex
Batalin., Fritillaria delavayi Franch., Fritillaria
taipaiensis P.Y.Li, Fritillaria unibracteata var.
wabuensis (S.Y.Tang & S.C.Yueh) Z.D.Liu, Shu
Wang & S.C.Chen
36 Fritillaria usuriensis Maxim. Fritillariae Ussuriensis Bulbus — Ping-bei-mu Bulbus
37 Gardenia jasminoides J.Ellis Gardeniae Fructus — Zhi-zi Fruit
(Continued)
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TABLE 1 | Continued
Number Scientific name Latin name Common name Local Chinese Parts used
name
38 Glycine max (L.) Merr. Sojae Semen Praeparatum Fermented soybean Dan-dou-chi Seed
39 Glycyrrhiza uralensis Fisch., Glycyrrhiza inflata Batalin, Glycyrrhizae Radix et Rhizoma Licorice root Gan-cao Root and
Glycyrrhiza glabra L. rhizome
40 Gypsum Fibrosum Gypsum Fibrosum Gypsum Shi-gao
41 Houttuynia cordata Thunb. Houttuyniae Herba — Yu-xing-cao Herb
42 Hyriopsis cumingii (Lea), Cristaria plicata (Leach), Margaritifera Concha Margaritifera Zhen-zhu-mu Shell
Pteria martensii (Dunker)
43 Isatis indigotica Fortune ex Lindl. Isatidis Radix Isatis root Ban-lan-gen Root
44 Ligusticum chuanxiong Hort. Chuanxiong Rhizoma Szechwan lovage rhizome ~ Chuan-xiong Rhizome
45 Lonicera japonica Thunb. Lonicera Japonica Flos Honeysuckle flower Jin-yin-hua Flower
46 Lophatherum gracile Brongn. Lophatheri Herba Lophatherum herb Dan-zhu-ye Stem and leaf
47 Lycium barbarum L. Lycii Fructus Arbary wolfberry fruit Gou-qi-zi Fruit
48 Magnolia officinalis Rehder & E.H.Wilson, Magnolia Magnoliae Officinalis Cortex Officinal magnolia bark Hou-po Bark
officinalis var. biloba Rehder & E.H.Wilson
49 Mentha haplocalyx Briq. Menthae Haplocalycis Herba Peppermint Bo-he Aerial parts
50 Mongolian Astragalus membranaceus (Fisch.) Astragali Radix Milkvetch root Huang-qi Root
Bge.var.mongholicus (Bge.) Hsiao, Apodium
Astragalus membranaceus (Fisch.) Bge.
51 Morus alba L. Mori Cortex White mulberry root-bark Sang-bai-pi Root-bark
52 Myristica fragrans Houtt. Myristicae Semen Nutmeg seed Rou-dou-kou Seed
53 Paeonia lactiflora Pall. Paeoniae Radix Alba White peony root Bai-shao Root
54 Panax ginseng C.A.Mey. Ginseng Radix Et Rhizoma Ginseng root Ren-shen Root and
rhizome
55 Perilla frutescens (L.) Britton Perillae Folium — Zi-su Leaf
56 Perilla frutescens (L.) Britton Perillae Fructus — Zi-su-zi Fruit
57 Peucedanum praeruptorum Dunn Peucedani Radix — Qian-hu Root
58 Pheretima aspergillum (E.Perrier), Pheretima vulgaris ~ Pheretima Earthworm Di-long Body
Chen, Pheretima guillelmi (Michaelsen), Pheretima
pectinifera Michaelsen
59 Phragmites communis Trin. Phragmitis Rhizoma Reed rhizome Lu-gen Rhizome
60 Pinellia ternate (Thunb.) Makino Pinelliae Rhizoma Pinellia tuber Ban-xia Tuber
61 Platycodon grandiflorus (Jacq.) A. DC. Platycodonis Radix Platycodon root Jie-geng Root
62 Pogostemon Cablin (Blanco) Benth. Pogostemonis Herba Cablin patchouli herb Guang-huo-xiang  Aerial parts
63 Polygala tenuifolia Willd. Polygalae Radix — Yuan-zhi Root
64 Polygonum cuspidatum Siebold & Zucc. Polygoni Cuspidati, Rhizoma Et Giant knotweed rhizome Hu-zhang Root and
Radix rhizome
65 Polyporus umbellatus (Pers.) Fries Polyporus — Zhu-ling Sclerotium
66 Poria cocos (Schw.) Wolf Poria Indian bread Fu-ling Sclerotium
67 Prunus armeniaca L., Prunus sibirica L., Prunus Armeniacae Semen Amarum Apricot kernel Ku-xing-ren Seed
mandshurica (Maxim.) Koehne
68 Psoralea corylifolia L. Psoraleae Fructus Malaytea scurfpea fruit Bu-gu-zhi Fruit
69 Rehmannia glutinosa (Gaertn.) DC. Rehmanniae Radix Rehmannia root Di-huang Root
70 Rheum palmatum L., Rheumn tanguticum Maxim.ex Rhei Radix Et Rhizoma Rhubarb Da-huang Root and
Balf., Rheum officinale Baill. rhizome
71 Rhodiola crenulata (Hook. f. & Thoms.) H. Ohba Rhodiolae Crenulatae Radix et Rhodiolae root Hong-jing-tian Root and
Rhizoma rhizome
72 Schisandra Chinensis (Turcz.) Baill. Schisandrae Chinensis Fructus Schisandra fruit Wu-wei-zi Fruit
73 Schizonepeta tenuifolia (Benth) Briq. Schizonepetae Herba Fineleaf schizonepeta herb  Jing-jie Aerial parts
74 Scutellaria baicalensis Georgi ScutellariaeRadix Baical skullcap root Huang-qin Root
75 Stemona sessilifolia (Mig.) Miq., Stemona japonica Stemonae Radix Stemona root Bai-bu Root
(Blume) Miq, Stemona tuberosa Lour.
76 Tussilago farfara L Farfarae Flos Coltsfoot flower Kuan-dong-hua Flower
77 Ziziphus jujuba Mill. Ziziphus Jujuba Chinese date Da-zao Fruit
78 Ziziphus jujube Mill. var. spinosa (Bunge) Ziziphi Spinosae Semen Spine date seed Suan-Zao-ren Seed

HuexH.F.Chou

regulating center through humoral and neural pathways, thus
producing fever (Zeisberger, 1999). Exogenous pyrogen refers to
microorganisms and their metabolites from outside, and also the
most common fever activators, mainly including bacteria,
viruses, fungi, parasites, mycobacteria, efc. (Laupland, 2009).

The currently recognized major pyrogenic cytokines are
interleukin-1 (IL-1), interleukin-6 (IL-6), and tumor necrosis
factor-o (TNF-0) (Prajitha et al., 2018).

IL-1 represents a family of two agonists (IL-1a and IL-1B)
(Conti et al., 2004). Numerous studies have demonstrated the

Frontiers in Pharmacology | www.frontiersin.org

n

September 2020 | Volume 11 | Article 556885


https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles

Luo et al.

TCM for COVID-19

Metabolic product

O Bubali Corny
BJinxin oral liquid

Tryptophant

B Bupleuri Radix
0 Gypsum Ustum
O Scutellariac Radix
Lonicera Japonica Kl
|Shuang-Huang-Lian

Glutamate|

1L-1, IL-6,
TNF-0,PGE2

Pyrogenic
cytokines

Hydroxl free
radicall,

oxygen radical

NE | eAMP |

O Bupleuri Radix
O Qing-Kai-Ling
< injection

Neurotransmitter

Granular dysfunction

0 Astragali Radiy

3 Codonopsis Radix
0 Poria
| Yishen Buxue Capsule

NF-xB, JNK, p38MAPK
Oxidative stress

O Epimedium Linn
O Guipi decoction

Abnormal function of HPA axis

capacity of peripherally administered IL-1o and IL-1B to evoke
fever in a variety of species (Kluger, 1991; Dinarello, 1996). The
current explanation for this is that IL-1 induces intermediates,
prostaglandin E2 (PGE2), and cyclooxygenase 2 (COX-2), which
are considered necessary downstream events which mediate
peripheral IL-1-induced fever (Li et al, 2001; Ching et al,
2007). Receptors for IL-6 exist in two forms, a soluble receptor,
sIL-6R, and a membrane bound receptor, IL-6R (Vallieres and
Rivest, 1997). Injection of IL-6 into lateral ventricle can
upregulate COX-2 (Cao et al, 2001), increase the level of
PGE2 in CSF, and produce fever (Dinarello et al., 1991).
Recent research further confirms this view that the pyrogenic
effect of IL-6 is exerted by its binding to IL-6 receptors on brain
endothelial cells, and that the ligand binding in turn leads to
induced expression of the prostaglandin synthesizing enzyme
COX-2 via intracellular signaling involving the STAT3 pathway
(Eskilsson et al., 2014). Intravenous administration of
recombinant human TNF (rh TNF) into rabbits can cause
fever, and also reveals that the pyrogenic potential of rh TNF
is correlated with increased production of PGE2 (Nakamura
et al, 1988). TNF-a is the first member of the LPS-induced

FIGURE 1 | Therapeutic effect of Chinese Herbal Medicine on the main symptoms (fever, cough, fatigue and diarrhea) of COVID-19 in the early stage.
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cytokine cascade to appear following the injection of this
exogenous pyrogen (Roth et al., 1998). Again, the mechanism
is related to glutathione. It has been shown that the regulation of
TNF-o biosynthesis induced by LPS is redox sensitive and
requires the participation of the glutathione mediated signaling
pathway. In the presence of glutathione, it can activate the
activity of PGE synthase-1 (mPGES-1) to produce PGE2
(Wrotek et al., 2015).

The Humoral Transmission Pathway of Fever Signal

As mentioned above, the production of PGE2, a common
connection has been found in the three kinds of important
pyrogenic cytokines. Therefore, PGE2 is considered as the final
medium of fever (Roth and Blatteis, 2014). It has been shown that
PGE2 from peripheral or central all cause fever (Romanovsky
etal.,, 1999; Blatteis et al., 2000). The pyrogenic cytokines released
in the blood by exogenous pyrogen stimulation may play a role
outside the brain by binding and activating the cytokine receptor
on the capillaries located in the periventricular organs, thus
leading to the release of PGE2 (Blatteis, 2006). In addition, in this
pathway, the fever signal can also be carried by the PAMPS. The
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TABLE 2 | Evidence quality evaluation criteria.

Evidence Treatment

degree

Type

Clinical  la
trials

Meta-analyses of randomized controlled trials

b Evidence from randomized controlled trial (n > 50)

lc Evidence from randomized controlled trial (n > 20)

Evidence from well-performed nonexperimental descriptive

studies as well as comparative studies, correlation review

studies, network pharmacology studies and case- studies

Evidence from in vivo experiments with reasonable groups

(multi-dose, positive and negative control group, n > 8)

and credible results

Il Evidence from in vivo experiments with reasonable groups
(a single dose, positive and negative control group, n > 5)
and credible results

Il Evidence from in vivo experiments with relatively

reasonable groups (a single dose, n > 5) and credible

results

Evidence from in vitro experiments with credible results

Animal |
trials

%

Evidence below this criterion will be excluded.

circulating PAMPs represented by LPS release PGE2 through
arachidonic acid pathway by binding and activating TLR-4 on
the capillaries of the organs around the central chamber of the
BBB, and then activate the thermal neurons in the front of the
hypothalamus, causing fever (Steiner et al., 2006; Turrin and
Rivest, 2004). The synthesis of PGE2 is related to the activation
of NF-xB or STATS3 in brain endothelial cells (Nadjar et al., 2005;
Rummel et al., 2006).

The Neural Transmission Pathway of Fever Signal
The characteristics of febrile reactions are early rapid reaction
and late delayed reaction. The activation of the neural pathway is
believed to be another mechanism by which fever is rapidly
initiated (Roth and De Souza, 2001). It has been shown that the
activation of complement component 5A (C5a) immediately
triggered the release of PGE2 from Kupffer cells (KC) after LPS
injection (Perlik et al, 2005). PGE2 stimulates homologous
receptors on the afferent vagus of the liver and binds to EP3
receptors in the OVLT/POA region, resulting in fever (Oka,
2004). PGE2 can also enhance the release of neurotransmitters,
especially cAMP released by hypothalamic cells that can change
the temperature setting (Dinarello, 2004). Therefore, we believe
that PGE2, a rapid fever signal, plays a triggering role in the
initial stage of fever through the neural pathway, while the fever
signal in the humoral pathway plays a more important role in
maintaining fever (Figure 2).

Treatments

Fever is caused by the interaction of immune cells with
exogenous pyrogen and endogenous pyrogenic cytokines. The
most widely studied pyrogenic cytokines include 1L-1, IL-6,
TNF-o0, IFNs, and CNTF. After the virus and other pathogens
infect the body, they can activate NF-kB to cause the release of
TNF-o0, IL-1, IFNs, chemokine, etc., which can mediate the
aggregation and infiltration of a large number of immune cells
into the lung tissue, activate the signal transduction pathway in
the cells, start the cascade reaction of waterfall inflammation,

release the amount of cytokines, and continuously activate more
inflammatory cells to form a vicious cycle. It eventually leads to a
cytokine storm. Chen et al. (2020) analyzed 99 confirmed cases of
COVID-19, and proposed that the virus spreads through
respiratory mucosa to infect other cells, induce a cytokine storm
in vivo, and produce a series of immune responses. Therefore, it is
essential for in the treatment of COVID-19 to inhibit excessive
immune cell activation and cytokine production. TCM and its
preparations can achieve an antipyretic effect by inhibiting 1L-1,IL-
6, TNF-0, and other pyrogenic cytokines, and also can indirectly
achieve the effect of initial treatment of COVID-19 by inhibiting the
cytokine storm.

Single Chinese Herbal Medicine

Gypsum Fibrosum

Gypsum Fibrosum is a variety of fibrous crystalline aggregate of
hydrous calcium sulfate. Although its main component is
hydrous calcium sulfate, it also contains inorganic elements
such as sodium, magnesium and iron. Wang et al. (2009)
studied the antipyretic activity of Gypsum Fibrosum by
intraperitoneal injection of LPS in rats. The body temperature
of rats with fever decreased significantly after the intragastric
administration of Gypsum Fibrosum extract (0.8 g/ml),
indicating that it exerts an antipyretic effect; furthermore, it
was speculated that its active components may be the inorganic
elements. Calcium is the main ion component of Gypsum
Fibrosum. Following the action of gastric acid, part of the
gypsum decoction can be transformed into soluble calcium,
which can then be absorbed into the bloodstream through the
intestines, increasing the calcium ion concentration in the
blood, so as to regulate the temperature center and relieve the
fever. Zhou et al. (2012) injected a 15% yeast suspension
subcutaneously into rat backs, resulting in fever. The rats
were infused with gypsum suspension for 7 days (10 g/kg).
The results showed that gypsum could play an antipyretic role
by reducing the synthesis of PGE2. Gypsum Fibrosum is usually
used with Anemarrhena Rhizoma in clinic as antipyretic. One
of the most classical prescriptions is Baihu Decoction. When
they are used together, it can enhance the dissolution rate of
calcium ion and the antipyretic effect of Gypsum Fibrosum (Jia
et al.,, 2013).

Bupleuri Radix

Bupleuri Radix is the dry root of Bupleurum chinense DC and
Bupleurum scorzonerifolium Willd. Phytochemical studies
reveal that this plant contains essential oils, triterpenoid
saponins, polyacetylenes, flavonoids, lignans, fatty acids, and
sterols (Yang et al., 2017). In the fight against SARS, it once
appeared on the treatment list and attracted scientific attention
(Zhao et al.,, 2007). Bupleuri Radix has good antipyretic effect
and has been widely used in clinic. The main components of
essential oil and saikosaponin play the role of antipyretic. Chen
et al. (2010) injected ET into the normal rabbit to induce fever.
The essential oil was extracted from Bupleuri Radix as raw
material to prepare the gel, which was sprayed into the nasal
cavity of the febrile rabbits. Once 0.2 ml was given, the
temperature dropped 0.5°C after 5 h, and the temperature
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decreased by 0.8°C after 24 h. The results showed that the
essential oil of Bupleuri Radix had an antipyretic effect which
could play an antipyretic role by reducing the concentration of
cAMP in the cerebrospinal fluid of febrile rabbits. Jin et al.
(2014) found the antipyretic effect of essential oil and
saikosaponin of Bupleuri Radix. The results demonstrated
that the antipyretic effect of the treatment group was
significant as compared with the control group. Some studies
have shown that saikosaponin can significantly reduce the
expression of TNF-q, IL-1f, IL-6, and other cytokines. It can
also inhibit the NF-xB signaling pathway by inhibiting the
phosphorylation of extracellular signal regulated kinase
(downstream of TNF-o) (Kim et al., 2015). In conclusion,
Bupleuri Radix may play an antipyretic role by reducing
cAMP concentration and inhibiting the expression of TNF-o,
IL-1B, IL-6, and the NF-kB inflammatory signaling pathway.
However, Bupleuri Radix could lead to hepatotoxicity in high
doses and with long-term use (Yang et al., 2017).

The commonly used Chinese herbal medicines as antipyretics
are listed in Table 3 in addition to the above.

Chinese Patent Medicine

Shuang-huang-lian

Shuang-huang-lian series preparations are made from Lonicera
Japonica Flos (Jin-yin-hua), Scutellariae Radix (Huang-qin), and
Forsythiae Fructus (Lian-qiao). The existing clinical randomized
controlled trials demonstrate that Shuang-huang-lian preparations
exhibit a certain antipyretic effect. Although it contains a large
number of active ingredients, only chlorogenic acid, baicalin, and
forsythin have been officially included in the quality control
standard (Gao et al., 2014). Baicalin is a type of flavonoid
extracted from Scutellariae Radix, which has an obvious
antipyretic effect. In vivo studies demonstrated that the antipyretic

Pyrogenic

FEVER

Hypothalamus/POA

PGE2 —>

%CAMP
NE

Neural pathway

COX-2 — PGE

cytokines
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FIGURE 2 | The transmission pathway of fever signal: Humoral pathway and Neural pathway.

effect of baicalin was related to a decrease in TNF-a,, IL-1 f3, IL-6,
and other cytokines in serum, hypothalamus, and CSF (Li and Ge,
2010).In addition, baicalin inhibited the LPS-modulated
upregulation of TLR4 mRNA and protein expression and TNF-o
and IL-1f mRNA expression in rats, and downregulated NF-«xB
activation with simultaneous decreases in TNF-ot and IL-1f protein
expression (Ye et al., 2015). Forsythoside A (FT'A), a monomer of
phenethyl alcohol glycosides extracted from Forsythiae Fructus. A
previous study suggested that FT-A significantly downregulated
TRPV1 expression in the hypothalamus and DRG of yeast-induced
pyrexia mice. TRPV1 is a non-selective cation channel gated by
noxious heat, playing major roles in thermoregulation. FT-A
alleviated fever of yeast-induced pyrexia mice via suppression of
TRPV1 expression and activation, inhibition of MAPKs, activation
of the hypothalamus and DRG, and subsequently decreased
secretion of pyretic cytokine as PGE2 and IL-8 (Liu et al,
2017).In addition, FT-A can significantly enhance the phagocytic
function of macrophages in LPS-stimulated ra-w264.7 cells and
reduce the secretion of TNF-o (Guan et al,, 2013). FT-A can also
inhibit TNF-o. and NF-«xB by blocking the LPS/TLR4 signaling
pathway (Zeng et al., 2017). It is suggested that FT-A can also inhibit
the LPS/TLR4 signaling pathway and reduce TNF-o secretion in
order to achieve an antipyretic effect. In a randomized controlled
trial to systematically evaluate Shuang-huang-lian injection in the
treatment of acute upper respiratory tract infection, it was found
that Shuan-ghuang-lian can significantly reduce the fever caused by
acute upper respiratory tract infection (Zhang et al, 2013).In
addition, Shuang-huang-lian is widely used in the clinical
treatment of infectious diseases such as pneumonia, influenza,
acute tonsillitis and acute pharyngitis (Song et al., 2000; Chen
et al,, 2002).

The commonly used Chinese patent medicine as antipyretics
are shown in Table 4.
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TABLE 3 | The commonly used Chinese herbal medicines as antipyretics.

Chinese Bioactive components Model Treatment Mechanisms The species Result References Qualityof
herbal investigated evidence
medicine
Cinnamomi  Essential oil, organic acids, The dorsal root ganglion Cultured cells of DRG Cinnamaldehyde upregulates the New-born  Cinnamaldehyde, the (Sui et al., 2010) I\
Ramulus triterpenoid saponins, (DRG) of newborn rats was neurons were incubated expression and function of Transient SD rats extract of Cinnamomi
coumarins, tannins, flavonoid  stimulated at different with cinnamaldehyde of receptor potential vanilloid 1 (TRPV1) Ramulus, has a
glycosides and experimental temperatures  different concentrations for  in DRG neurons through non TRPA1 significant antipyretic
polysaccharides 12 h pathway effect
Lonicera Organic acids, essential oil, Fever caused by Intravenous Jin-Yin-Hua Inhibition of EP3 expression in preoptic Healthy Lonicera Japonica Flos  (Xie et al., 2009) Ml
Japonica flavonoids, triterpenoid intravenous injection of IL-  injection 1 ml anterior hypothalamic neurons, thus New has a significant
Flos saponins 1B (100 ng) inhibiting the production of PGE2 Zealand antipyretic effect
rabbits
Scutellariae  Flavonoids, essential oil, Fever caused by Baicalin (2 mg/kg, 10 mg/  Reduce the excessive production of Healthy Scutellariae Radix has  (Tsai et al., 2006) Il
Radix terpenes intravenous injection of kg, 20 mg/kg) was injected  TNF-o. and glutamate; rabbits a significant
LPS (2 mg/kg) randomly into rabbits Inhibition of NMDA receptor antipyretic effect
dependent hydroxyl radicals and PGE2
pathway
Bubali Protein, polypeptide and Fever caused by 400 mg/kg Bubali Cornu  Change the metabolism of uric acid Aged SD  Bubali Cornu has a (Liu et al., 2016) I
Cornu amino acid subcutaneous injection of powder extract was and cysteine; enhance the activity of rats (200 + significant effect of
20% yeast (10 ml/kg) administrated orally with a  antioxidant enzymes; reduce the level 20 g) fever induced by yeast.
dosage of 10 mi’kg of TNF-o; reduce the ROS production
and PGE2 synthesis
TABLE 4 | The commonly used Chinese patent medicines as antipyretics.
Chinese patent Formation Model Treatment The species Mechanisms Result References Quality of
medicine investigated evidence
Qingkailing Gardeniae Fructus, Bubali Cornu, Fever caused by 4.2 mi/kg QKLI into tail Aged SD Decrease the expression of 5- QKLI has an (Gao et al., 2013; Il
injection (QKLI)  Margaritifera subcutaneous injection  vein of rats rats HT and the concentration of 4-  antipyretic effect Zhang et al., 2017)
Concha, Isatidis Radix, Lonicera of 20% yeast (15 mi/kg) aminobutyric acid; improve the
Japonica Flos, metabolism of amino acids and
Baicalin, Cholic acid the urea cycle
Jinxin oral liquid  Ephedrae Herba, Descurain Semen,  Fever caused by Subcutaneous injection of  Aged SD Reduce the production of IL-18, JXOL has an (Qian et al., 2019) Il
(UJXOL) Mori Cortex, Armeniacae Semen subcutaneous injection 7.02 g/kg JXOL rats PGE2 and the level of quinolinic  antipyretic effect
Amarum, Gypsum Fibrosum, of 20% yeast (15 ml/kg) (80 +£209) acid and pantothenic acid, on fever rats
Peucedani Radix, Scutellariae Radix, regulate the metabolism level of
Polygoni Cuspidati, Rhizoma et Radix 3-phosphoglycerate, pyruvate
and other metabolites
Yin Qiao San Lonicera Japonica Flos, weight <20 kg, 1 g/8 h; 21 fever YQS can (Liew et al., 2015) Ic
(YQs) Forsythiae Fructus, Platycodonis 20 kg < weight patients effectively treat

Radix, Menthae Haplocalycis, Herba,
Sojae Semen Praeparatum,
Lophatheri Herba, Arctii Fructus,
Schizonepetae Herba, Phragmitis
Rhizoma, Glycyrrhizae Radix et
Rhizoma

<40 kg,1.5 g/8 h; weight

>40 kg,3 9/8 h

%

upper respiratory
tract infection and
fever without
serious adverse
reactions.
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COUGH TABLE 5 | The main receptors associated with cough reflex (Dicpinigaitis, 2004;
Maher et al., 2011).

The Pathophysiological Mechanism Receptors that excite

of Cough the cough reflex

Cough is a common respiratory disease and one of the early
symptoms of bronchitis, pneumonia, asthma, and pertussis
(Swarnkar et al., 2013). It is a natural protective mechanism,
which helps to clear the secretion of the respiratory tract and
prevent harmful particles from entering the respiratory system
(Song et al., 2015). From another perspective, cough is one of
the ways to enhance the transmission of the virus to the next
victim, so inhibiting cough can help reduce the transmission
between people (Morice et al., 2015). Cough is usually divided
into three types: acute cough (lasting for less than three weeks),
subacute cough (lasting for three to eight weeks), and chronic
cough (persistent greater than eight weeks) (Kim et al., 2016).
Acute cough is commonly associated with viral upper
respiratory infection (O’Connell, 1998). Acute infection and
inflammation (such as bronchitis or pneumonia) may cause dry
cough in some cases (Urso and Michaels, 2016). The cough
caused by the COVID-19 lasts for less than 3 weeks, and most
of them do not produce sputum, which is actually an acute
dry cough.

In general, cough is characterized by changes in the normal
respiratory pattern caused by reflex, which is mediated by
stimulation of extrapulmonary vagal afferent nerves and the
brainstem (Mahashur, 2015). The pathophysiological mechanism
of a cough may be related to the following two aspects: sensitizing
cough receptors by increasing inflammatory mediators, such as
bradykinin, tachykinin or prostaglandin, these sensitive cough
receptors will cause an increase in the cough reflex; inducing or
enhancing cough sensitivity by contraction of bronchial smooth
muscle. The molecular mechanism involved in the former may be
regulated by a series of G-protein coupled receptors (GPCRs). The
activation of GPCRs has both inhibitory effects (e.g. B2-
adrenoceptor and cannabinoid receptors), and excitatory effects
(e.g. EP3 and bradykinin B2 receptors) on sensory nerves and the
cough reflex (Maher et al,, 2011). Prostaglandin E2 and bradykinin
can activate airway sensory nerve through EP3 and B2 receptors,
and mediate its action through TRPV1 and TRPA1 receptors. The
activation of [2-adrenergic and cannabinoid CB2 receptors can
inhibit sensory nerves and cough. The main receptors associated
with cough reflex are shown in Table 5.

Postinfectious cough may occur in the following three ways: 1)
The viral infection causes dripping of nasal secretions or produces
inflammatory mediators, which lead to an inflammatory reaction of
the bronchial mucosa. The inflammatory mediators act on the
sensory nerve endings of the airway, increasing the sensitivity of the
cough receptors. 2) The virus increases the activity of
neuraminidase, destroys the cholinergic M receptor, reduces the
affinity with the M receptor, and finally leads to the hyperfunction of
cholinergic nerve, which increases the airway responsiveness. 3) By
upregulating the expression of neuropeptides, the virus induces
neurogenic inflammation, which affects the excitability of afferent
nerves and indirectly stimulates cough receptors (McGarvey et al.,
2014; Schnoeller et al., 2014). Therefore, the treatment of a cough

TRPVA Peripheral pain-sensing neurones and throughout the
central nervous system
A member of transient receiver potential (TRP). It can
respond to various harmful stimuli such as capsaicin,
PGE2 and LTB4, which may lead to airway
hyperresponsiveness and increase cough sensitivity

Endogenous

cannabinoids

Tachykinin receptor The tachykinins include substance P, neurokinin A,
neurokinin B, and calcitonin gene-related peptides and
other neuropeptide transmitters. Neurokinin may induce
bronchial hyperresponsiveness, neurogenic
inflammation and cough

Bradykinin receptor
5-HT receptor
Eosinophil

Central nervous system

Eosinophilic airway inflammation is an important cause
of chronic non-asthmatic cough

Receptors that inhibit

the cough reflex

Opioid and opioid-lke  Central nervous system

receptor Antitussive effects mainly mediated by - and x-opioid
receptors

Gamma-aminobutyric

acid (GABA)-B

receptor

Bo-adrenoceptor

Potassium channel Peripheral nervous system

The activation of potassium channels can inhibit the
activity of airway sensory nerve, and the regulation of
these channels can alleviate cough

after infection requires controlling airway inflammation, and
reducing airway hyperresponsiveness and cough sensitivity.

Treatments

Cough is not only one of the main symptoms of COVID-19, but
also one of the main routes of transmission of SARS-CoV-2. The
virus causes upper respiratory tract infections and pulmonary
inflammation, which results in coughing. Many Chinese herbal
medicines like Glycyrrhizae Radix et Rhizoma, Asteris Radix et
Rhizoma, Farfarae Flos not only have excellent antitussive effect, but
also have anti-inflammatory activity. They may reduce airway or
pulmonary inflammation by mediating inflammation-related
pathways such as NF-kB and reducing airway inflammatory
factors. There is a strong association in hyperinflammatory
responses in patients with severe COVID-19 infection, so the
intervention of these the TCM substance in the early stage of
COVID-19 may prevent the disease from mild to severe. TCM
possesses the potential effect of synergistic treatment of COVID-19
through multi-components, multi-targets, and multi-ways, which is
also in line with the concept of holistic treatment of TCM.

The treatment of a cough includes: blocking the level of
corresponding receptor of the cough reflex; covering the
irritated mucosa in the mouth and throat with mucilaginous
herbs, and protecting cells from local stimulation of the mouth or
throat, so as to relieve the cough reflex (Fink et al., 2018);
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controlling airway inflammation and reducing airway
hyperresponsiveness (Figure 3).

Single Chinese Herbal Medicine

Glycyrrhizae Radix et Rhizoma

Glycyrrhizae Radix et Rhizoma, the dried root and rhizome of the
legume glycorrhiza urensis Fisch., glycorrhiza inflata Bat.,
glycorrhiza glabra L., is one of the oldest and most popular herbs
in the world, exhibiting anti-inflammatory, antiviral, antibacterial,
antioxidant, and anticancer activities, immunomodulatory
pharmacological activity. It is commonly used in the treatment of
cough and lung disease, bronchitis, and gastric ulcer (Pastorino
et al,, 2018). It contains mainly flavonoids, triterpenoid saponins
and glycosides (Hosseinzadeh and Nassiri-Asl, 2015). Among them,
the active components with an antitussive effect may be liquiritin
apioside, liquiritin, liquiritigenin, 18f-glycyrrhetinic acid and its
derivatives, and polysaccharides (Anderson and Smith, 1961; Kamei
et al, 2005; Kuang et al, 2018). It has been reported that 50%
methanol extract (100 mg/kg) and 70% ethanol extract (800 mg/kg)
of Glycyrrhizae Radix et Rhizoma have significant inhibitory effects
on the cough reflex in a capsaicin-induced guinea pig cough model
and sulfur dioxide gas-induced mouse cough model respectively
(Kamei et al, 2003; Jahan and Siddiqui, 2012). In addition, the
antitussive effect of the water-extracted polysaccharide fraction
(arabinose (52%), galactose (22%), rhamnose (6%) and fucose
(2%)) in the citric acid-induced cough model of guinea pigs was
even stronger (81%) than that of codeine (62%) at a dose of 50 mg/
kg (Saha et al., 2011; Nosalova et al., 2013). Mucus and bioadhesion
may be two of the reasons behind its pharmacodynamic effect. The
water-extracted polymer fraction of Glycyrrhizae Radix et Rhizoma
exhibits bioadhesion to the epithelial mucosa, forming the
polysaccharide layer in airway mucus, protecting cells from local

oral or pharyngeal stimulation, indirectly affecting the sensitivity of
cough receptors and inhibiting cough. Polysaccharides also have the
ability to replenish water to epithelial cells, reducing dry cough and
supporting phlegm, and increasing mucus secretion through vagal
reflex (Nosalova et al., 2013). In addition, it was shown that the
cough suppressant effect of liquiritin apioside may depend on the
peripheral (regulation of the ATP sensitivity K" channel) and the
central mechanism (regulation of the 5-HT system), a possible
additional pathway for the cough suppressant effect of Glycyrrhizae
Radix et Rhizoma, which may be another way for Glycyrrhizae
Radix et Rhizoma to play an antitussive role (Kamei et al.,, 2003).

Asteris Radix et Rhizoma

Asteris Radix et Rhizoma consists of the dried roots and
rhizomes of Aster tataricus L. f. In the clinical application of
TCM, it has been proved to be an effective medicine for the
treatment of phlegm cough disease, which has a history of
thousands of years. Aster extract exhibits anti-inflammatory,
anti-oxidation, anti-tumor and other biological activities.
Asteris Radix et Rhizoma is rich in chemical components,
including terpenes, flavonoids, sterols, cyclopeptides, etc. (Xu
et al, 2013). Among them, the main active components of
antitussive effect may be asterone, episorbitol, caffeoylquinic
acids, astersaponins, aster peptides (Yu et al, 2015), luteolin,
and quercetin (Yang et al., 2016). The antitussive effect of Asteris
Radix et Rhizoma has been reported many times. Ren et al.
observed the antitussive effect of different polar segments of
Asteris Radix et Rhizoma through ammonia liquor-induced mice
cough model, and the results showed that petroleum ether group,
final mother liquor group and 75% ethanol group (5 g/kg) could
prolong the latent period of mice cough, inhibit the frequency of
cough within 2 min, and n-butanol group had significant

Neurogenic inflammation

Indirectly stimulates
—

Inflammatory mediators T —> Sensitivity of cough receptors T

Hyperfunction of cholinergic nerve —> Airway hyperresponsiveness

Cough receptors

/ Antitussive mechanisms of TCM

® Soothing effects

+ Replenishing water to epithelial cells

airway hyperresponsiveness

\

« Forming the polysaccharide layer in airway mucus

« Increasing mucus secretion through vagal reflex

® Blocking the level of corresponding receptor of cough
reflex (central or peripheral nervous system)

® Controlling airway inflammation and reducing .

FIGURE 3 | Possible pathogenesis of postinfectious cough and antitussive mechanism of TCM.

Frontiers in Pharmacology | www.frontiersin.org

n

September 2020 | Volume 11 | Article 556885


https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles

Luo et al.

TCM for COVID-19

antitussive effect, which indicated that aster Asteris Radix et
Rhizoma had antitussive effect (Ren et al., 2015). Recently, it was
found that in an ammonia-induced mouse cough model, the
cough frequency of mice treated with 50% ethanol fraction (40
and 80 mg/kg) eluted from 70% ethanol extract was significantly
reduced by 42.9% and 56.5% (both (p <0.001), cough latency
increased by 50.5%, 70.9% (both p <0.01). Through further
analysis, it is speculated that eliminating or reducing tracheal
inflammation (a major source of cough and sputum) through the
TLR4-mediated NF-kB pathway may be the mechanism behind
its antitussive effect (Yu et al., 2015).

Farfarae Flos
Farfarae Flos, flower bud of Tussilago farfara L., is widely used in the
treatment of cough, tuberculosis and other diseases (Zhao et al,
2014). Farfarae Flos possesses a variety of pharmacological activities,
such as anti-inflammatory, antioxidant, anticancer, neuroprotective
activities (Lee et al.,, 2014; Lee et al., 2018). Extensive phytochemical
studies have shown that Farfarae Flos contains a large number of
components, including volatile oils, phenolic acids, sterols, alkaloids,
terpenes, etc. Besides, alkaloids, flavonoids, terpenes and saponins
are considered to exert antitussive effects (Han et al., 2016). A series
of studies have found that the monomeric components with
antitussive bioactivity may be 4,5-O-dicaffeoylquinic acid, caffeic
acid, chlorogenic acid, 3,5-O-dicaffeoylquinic acid, 3,4-O-
dicaffeoylquinic acid, rutin, kampferol analogues, 2,2-dimethyl-6-
acetylchromanone, tussilagone, Bauer-7-ene-3B,160.-diol, B-
sitosterol, and sitosterone (Li et al., 2012; Wu et al., 2016; Li et al.,
2018a; Yang et al., 2020). The antitussive effect of Farfarae Flos has
been reported in an animal cough model induced by ammonia. Its
aqueous extract at the dose of 2.8 g/kg significantly prolonged the
latent period of expectoration and reduced the cough frequency in
mice (Li et al., 2012). Further study found that the antitussive effect
of Farfarae Flos may be related to four pathways, including the
alterations of valine, leucine and isoleucine biosynthesis, pyruvate
metabolism, glycerolipid metabolism, phenylalnine, tyrosine and
tryptophan biosynthesis, and the imbalance of these pathways is
related to a variety of neurological and inflammatory diseases
(asthma, emphysema, chronic obstructive pulmonary disease
(COPD)) (Li et al, 2018a). In addition, caffeoylquinic acid in
Farfarae Flos may inhibit the release of PGE2 in raw 264.7 cells
and mediate the cough response by inhibiting leukocytosis or
decreasing LPS induced up regulation of COX-2 protein and
mRNA levels (Wu et al., 2016). What is more, a network
pharmacology study has found that the active components of
Farfarae Flos involve 18 targets such as interleukin-2 (IL-2),
COX-2, human ribonuclease A3 (RNase3), and biological
processes and metabolic pathways related to signal transduction,
inflammation and energy metabolism (Li et al, 2018b). These
researches have provided a scientific basis for further elaboration
of the mechanism of cough and phlegm elimination of Farfarae
Flos. Farfarae Flos is safe and effective in the traditional dose range,
but the potential toxicity due to the emergence of pyrrolidine
alkaloids also needs to be paid attention (Liu et al.,, 2020).

The commonly used Chinese herbal medicines for cough are
listed in Table 6 in addition to the above.

Chinese Patent Medicine
Ma-xing-gan-shi-tang (MXGST) is composed of four Chinese
herbal medicines, Ephedrae Herba, Armeniacae Semen
Amarum, Glycyrrhizae Radix et Rhizoma, and Gypsum
Fibrosum. It is a commonly used antitussive prescription in
China. It has been made into a variety of prescription
preparations, including Maxingzhike tablets, Maxingganshi soft
capsules, Maxingganshi concentrated granules, Maxingzhike
syrup, Maxingganshi mixture, etc. Ephedrine, amygdalin,
ephedrine, glycyrrhizic acid, and amygdalin are considered as
the main active components (Wang et al., 2016). A series of
clinical studies have shown that MXGST is widely used in the
treatment of cough, asthma, pneumonia, COPD, and other
diseases (Chen et al, 2013; Wang et al., 2014; Lin S. K. et al,
2016; Liao et al, 2017). In an animal experimental study, Lin
et al. adopted citric acid-induced cough in guinea pigs cough
model to study the pharmacological effect of MXGST water
extract in clinical application, and evaluated its subacute toxicity,
and found that MXGST water extract (0.4, 1.0 g/kg) has a
significant dose-dependent antitussive effect on guinea pigs,
which is a safe and effective traditional Chinese medicine
prescription (Lin Y. C. et al., 2016). In addition, this study also
proved that MXGST water extract has an antipyretic effect on
LPS-induced fever rats, which suggests that MXGST may be a
promising drug for the treatment of COVID-19. Further studies
have found that the antitussive mechanism of MXGST is related
to the partial relaxation of bronchial smooth muscle by blocking
the acetylcholinergic receptor and histaminergic receptor (Lin Y.
C. et al, 2016). Another study showed that MXGST may
stimulate the B2-adrenoceptor of bronchial smooth muscle and
has an anti-inflammatory effect that inhibits neutrophils from
entering the airway (Kao et al.,, 2001). In terms of composition,
the antitussive mechanism of MXGST may be related to the
sympathetic a- and B-adrenoceptors activated by ephedrine
alkaloids and amygdalin inhibit the central cough center
(Miyagoshi et al., 1986).

The commonly used Chinese patent medicines with
antitussive effects are shown in Table 7.

FATIGUE

Pathological Process and Possible
Pathogenesis

Pathological fatigue refers to fatigue caused by a certain disease,
and it is also a symptom of the onset of the disease (Matura et al.,
2018). It will cause a sub-healthy state of the decline of the
function of body, which should be paid great attention (Wang
et al., 2018). This kind of fatigue is common in chronic fatigue
syndrome (CFS). Some scholars have proposed several
hypotheses about the causes and mechanisms of CFS, such as
viral infection, immune dysfunction (Yang et al, 2010), and
neuroendocrine system disorders (Norheim et al, 2011; Cho
et al,, 2013). Among them, virus infection is an important factor
causing CFS.
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TABLE 6 | Frequently used Chinese herbal medicines for cough.

Chinese herbal Bioactive components Model Treatment The species Mechanisms Result References Quality
medicine investigated of
evidence
Armeniacae Semen  Amygdalin Ammonia liquor Water extract 2, 4 g/kg ICR mice (18— Inhibition of proliferation of Effective in decreasing (Zhang et al., 2010; |, lla
Amarum(its induced mice cough for 5 days 20 g) tracheal smooth muscle cells;  cough frequency, Xia et al., 2013)
therapeutic stimulation of B2-adrenergic prolonging cough latency
applications may be receptor; amygdalin can
limited by reported decompose under the action
toxicity and the of B-glucosidase to produce
presence of hydrocyanic acid, which has
cyanogenic a certain inhibitory effect on
glycosides) respiratory center, making
respiratory movement tend to
be quiet, thus relieving cough
and asthma
Stemonae Radix Croomine, Ammonia liquor Total alkaloid extract Kunming mice  Exerting antitussive effect Decreasing cough (Lin et al., 2006; Lin 11, 111, 11l
neotuberostemonine, induced mice cough 0.08 g/ml, 0.6 g/kg of either sex through central and peripheral  frequency significantly et al., 2008; Yang I, 1
stemoninine, tuberostemonine, (18-22 g) pathways et al., 2009; Zhou
protostemonine, et al., 2009; Xu
stemospironine, maistemonine, etal., 2010)
tuberostemonine H,
stemoninoamide,
bisdehydrostemoninine
Citri Grandis Naringin Ammonia liquor Water extract and 70% NIH mice of Anti-inflasnmation effects Obvious antitussive, (Gao et al., 2011; Il
Exocarpium induced mice cough ethanolic extract (247,  either sex (18-  (blocking the NF-xB expectorant and anti- Luo et al., 2012;
493, and 986 mg/kg) 22 @) pathway); Peripheral inflammatory effects. And  Jiang et al., 2014)
antitussive action, but neither  the activity of 70% ethanol
through the sensory extract is much better
neuropeptide system nor than that of water extract,
through the regulation of ATP  even better than that of
sensitive K* channels positive drugs
Fritillariae Cirrhosae  Imperialine, imperialine—N- Ammonia liquor 80% ethanol extract ~ Kunming mice  Relaxing the bronchi; Dose dependence (Wang et al., 2011; I, 1,1
Bulbus oxide, isoverticine, and induced cough 1.2,3.6,10.8,and  of either sex increasing respiratory significantly increasing Wang et al., 2012;
isoverticine-N-oxid, 18.0 g/kg for 3 days  (18-22 g) secretions; anti-inflammatory  cough latency and Xu et al., 2019)
chuanbeinone, verticinone effects suppressed cough
frequency in mice
Low toxicity
(Continued)
>
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TABLE 6 | Continued

Chinese herbal Bioactive components Model Treatment The species Mechanisms Result References Quality
medicine investigated of
evidence
Schisandrae Polysaccharides, lignans Cough models in Polysaccharide extract ~ Male Hartley Reducing the sensitivity of Remarkable suppressive (Zhong et al., 2016) |
Chinensis Fructus (schizandrin, schisantherin A, guinea pigs induced by SCFP-1 (66.5% guinea pigs cough receptors; rehydrating  effects on cough both in
deoxyschizandrin and - cigarette smoke glucose and 29.4% (250-350 g) epithelial cells and thereby chronic cough model and
schisandrin) (Chronic cough model) arabinose) 250, 500, reducing dry cough; acute cough model
and citric acid (Acute and 1000 mg/kg for 5 increasing mucus secretion
cough model), days (acute cough through vagus nerve reflex
model), 14 days
(chronic cough model)
A guinea pig model of  Ethanol extract and Male Hartley Reducing the infiltration of Reducing the frequency of (Zhong et al., 2015) I
cough hypersensitivity — ethanol-water extract 1 guinea pigs neutrophils and inflammatory  cough and lung
induced by 14 days g/kg for 14 days (250-350 @) cells, the content of MDA, inflammation in guinea
TNF - oo and IL-8 in lung pigs with cigarette smoke
tissue; inhibiting the induced cough
proliferation of airway hypersensitivity
epithelium, smooth muscle
thickening, inflammatory cell
infiltration, TRPV1 and TRPA1
expression
TABLE 7 | Chinese traditional patent medicines with antitussive effect.
Chinese patent Formation Bioactive Model Treatment The species Mechanisms Result References Quality of
medicine components investigated evidence
Suhuang Zhike Ephedrae Herba, Perillae Folium,  Arctiin, ephedrine, Postinfectious 7-14 days 7 randomized Reducing airway inflammatory  Effective in the (Ding et al., 2016) la,
Capsule Pheretima, Eriobotryae Folium, schisandrin, cough controlled trials  factors; alleviating airway treatment of
Perillae Fructus, pseudoephedrine, involving 573 hyperresponsiveness and postinfectious
Cicadaeperiostracum, Peucedani  schisandrin B, and patients cough sensitivity; relieving cough in adults
Radix, Arctii Fructus, 1-caffeoylquinic airway inflammation No serious adverse
Schisandrae Chinensis Fructus acid events
Zhi Sou San Platycodonis Radix, Total flavonoids Cough 3-28 days 46 randomized  Relieving pneumonia and Significantly (Xu et al., 2004; la, Il
Schizonepetae Herba, Asteris controlled trials  airway mucus obstruction; improving the total ~ Cheng et al., 2017,
Radix et Rhizoma, Stemonae with a total of relaxing bronchial smooth effective rate and Zhen et al., 2018)
Radix, Cynanchi Stauntonii 4007 muscle;inhibiting the release of the pulmonary
Rhizoma et Radix, Glycyrrhizae participants eosinophil function
Radix et Rhizoma, Citri No serious adverse
Reticulatae Pericarpium events
Eriobotrya japonica-  Eriobotryae Folium, Fritillariae Ursolic acid, A network Acting on the mitogen (Tao et al., 2016) lla, Il
Fritillaria usuriensis  Ussuriensis Bulbus, Platycodonis — oleanolic acid, pharmacology activated protein kinase
dropping pills Radix, Pinelliae Rhizoma, volatile  peiminine, approach (MAPK) pathway, transforming
oil extracts from Mentha platycodigenin, growth factor (TGF)-beta
haplocalyx Briq. polygalacic acid, pathway, focal adhesion, tight
guanosine junctions and the action
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large number of clinical observations have found that the clinical
symptoms of CFS are very similar to the symptoms of viral
infections, such as fever, sore throat, and muscle swelling when
some CFS patients develop symptoms (Collin et al., 2018). At
present, there is no firm evidence that CFS is necessarily related
to viral infections. The theoretical basis for CFS caused by viral
infections is not sufficient, and experts and scholars have not
reached a consensus. However, experts agree on this point that
virus infection will further cause an imbalance in the immune
system of the body, resulting in damage to the central nervous
system and muscle structure (Nair and Diamond, 2015).

Pathological Fatigue and Immune Function

Brenu et al. (2010) used flow cytometry and found that compared
with normal healthy people, granulocyte respiration broke out in
patients with CFS, and natural killer (NK) cell expression of
CD56 decreased significantly. Nakamura et al. (Nakamura et al.,
2010) found that the anti-inflammatory factor interleukin 10 (IL-
10) in patients with CFS is higher than that in normal people and
the levels of immunoglobulins IgA, IgG, and IgM are disordered.
This suggests that immune dysfunction may be one of the
mechanisms of CFS. In addition, FIL-1 is a pro-inflammatory
cytokine that contains two receptor agonists that induce the
expression of other pro-inflammatory factors: IL-1ct and IL-1P
(Lampa et al.,, 2012). Cyclooxygenase-2 (Coxoxy-2) inhibitors
and inducible nitric oxide synthase (iNOS) inhibitors are targets
for the treatment of pain, depression, and fatigue (Von Ah et al.,
2008). IL-1 causes expressions of COX-2 and iNOS (Maes, 2009).
Therefore, elevated IL-1 levels may be related to fatigue
(Miaskowski et al., 2012). At the same time, it was found that
in human and animal models affected by CFS, levels of IL-1, IL-6,
and TNF-o were also increased (Reyes-Gibby et al., 2013). These
pro-inflammatory cytokines can signal the central nervous
system and produce behavioral symptoms such as fatigue.

IL-2 is a multifunctional small molecule protein with high
activation. It is an immunoregulatory lymphokine produced by
activated CD4" T cells and a small amount of CD8" T cells. It can
enhance the activity of NK cells and CD " T cells, thereby
inducing IL-1B (Almeida et al., 2002). The production of
receptors produces A-INF, which maintains the growth of T
cells in vitro and activates a variety of immune cells. The level of
IL-2 reflects the functional status of T cells, and its ability to
produce is an important indicator of the immune function of the
body’s cells (Hilgers and Frank, 1994). Therefore, a decrease in
the level of IL-2 may produce a fatigue state.

Pathological Fatigue and Neuroendocrine

System Disorders

The occurrence of CFS is also closely related to changes in the
neuroendocrine system (You et al, 2011). The clinical
manifestations of fatigue, depression, bone, and muscle pain in
patients with CFS are similar to those in patients with decreased
adrenal function (Klimas and Koneru, 2007). The hypothalamus-
pituitary-adrenal (HPA) axis contains neurons that synthesize
corticotropin releases hormones (CRH) (Tak et al, 2011). CRH
regulates adrenocorticotropic hormone (ACTH) through the
pituitary. ACTH stimulates the synthesis of corticosteroids such

as cortisol or corticosterone through the adrenal cortex. HPA axis
disorders often occur in CFS. Inflammatory mediators cause
excessive release of corticosterone, which can cause chronic pain,
immunosuppression and chronic fatigue. According to Zhao’s
research (Zhao, 2010), chronic compound stimulation can lead to
a decrease in 5-HT levels in the hippocampus and occipital cortex,
disrupt the balance of the hypothalamus-pituitary-adrenal axis, and
disrupt the internal environment and cause CFS (Katafuchi, 2006).
In addition, cortisol is one of the main effective hormones of the
adrenal system acting on peripheral tissues. It was found that
cortisol levels in CFS patients were significantly elevated, and the
pathogenesis of CFS was related to abnormal HPA negative
feedback regulation or excessive activation (Luo et al., 2019). CFS
patients have a low level of serum cortisol during steady state, and
often experience physical or emotional stress prior to the onset of
the disease, which in turn activates the hypothalamic-pituitary-
adrenal axis system, leading to increased release of cortisol and
adrenocorticotropic hormone. It affects the immune, nervous and
other systems, and then produce fatigue symptoms. Therefore,
reducing the release of glucocorticoids such as cortisol by
adjusting the HPA axis may alleviate the development of
pathological fatigue.

Pathological Fatigue and Oxidative Stress

The body will produce a large amount of oxygen free radicals
during metabolism, which can attack polyunsaturated fatty acids
in biofilms, trigger lipid peroxidation reactions, and thus form
lipid peroxides, such as malondialdehyde (MDA), resulting in
damage to cells and tissues. The level of superoxide dismutase
(SOD) activity indirectly reflects the body’s ability to scavenge
oxygen free radicals, while the level of MDA indirectly reflects
the severity of the body’s cells attacked by free radicals (Hui et al.,
2014). MDA is a lipid peroxide formed by free radical attack on
polyunsaturated fatty acids in the biofilm to trigger lipid
peroxidation. The increase of free radicals will lead to damage
to the integrity of the biofilm, increase permeability of the
biofilm, release extracellular of enzymes, make electrolyte
imbalance, decrease enzyme activity and cell function, resulting
in fatigue (Chen and Yan, 2005). At the same time, the body also
has antioxidant systems including: SOD, glutathione (GSH),
CAT, etc. At present, studies have shown that the mental
fatigue of CFS is related to the large amount of oxygen free
radicals generated in the brain and the antioxidant system is
inhibited (Logan and Wong, 2001). Therefore, it is of great
significance to seek ways to improve the antioxidant capacity of
the body for the treatment of CFS.

Treatments

It is known that the early pathogenesis of diseases such as
COVID-19, SARS, and MERS are immunodeficiency and
excessive oxidative stress. These two factors are the common
pathological basis for death. For example, peripheral blood flow
cytometry was performed on the lung tissue of COVID-19 dead
patients. The results showed that CD4" and CD8" T cells were
significantly reduced, T cells were overactivated, and CCR4",
CCR6", Th17 in CD4" T cells increased, and CD8'T cells are rich
in cytotoxic particles, which activate the immune system and
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induce a large number of immune cells to infiltrate into the lung
tissue. Other studies have shown that viral infections can directly
lead to increased ROS production in alveolar epithelial cells,
GSH, SOD, and glutathione peroxidase (GSH-Px) activity is
reduced, causing severe oxidative stress in cells, which further
aggravating acute lung injury.

These two factors happen to be the same as the causes of
fatigue. We hope that the drugs can also treat coronavirus while
relieving fatigue symptoms. Therefore, based on the basic
pathophysiological mechanism of COVID-19, this section
focuses on summarizing the anti-inflammatory and antioxidant
intervention strategies of Chinese herbal medicines to specifically
block or reverse its pathological development process. This is of
great significance for improving the clinical cure rate and
reducing the case fatality rate.

Single Chinese Herbal Medicine

Astragali Radix

Astragali Radix is the dried root of the legume Mongolian
Astragalus membranaceus (Fisch.) Bge.var.mongholicus (Bge.)
Hsiao or Apodium Astragalus membranaceus (Fisch.) Bge. Its
main ingredients are saponin, flavonoids, polysaccharides, and
amino acids (Zhang H. et al., 2014). Huang et al. (2017)
administered 40 male pathologically-fatigued BALB/c mice with
astragalus polysaccharides (APS) via intragastric administration
every morning at 8:00 am for 28 days. The required APS was
dissolved in 2.0 mL of normal saline. Chronic fatigue can
significantly reduce mRNA levels of mitochondrial fusion-
related proteins Mfn-1, Mfn-2, and Opa-1 in mice, while mRNA
levels of mitochondrial division-related protein Drp-1 significantly
increase, indicating that chronic fatigue can make mice
mitochondrial fusion-split imbalance in skeletal muscle,
eventually causing mitochondrial dysfunction. APS can improve
mitochondrial autophagy in skeletal muscle cells by reducing the
level of oxidative stress in tissues. In addition, APS can stimulate
the origin of mitochondria, maintain the mitochondrial fusion-
split balance, improve mitochondrial dysfunction, and ultimately
improve cell energy metabolism, thereby increasing the ability of
mice to resist chronic fatigue.

Ginseng Radix et Rhizoma

Ginseng Radix et Rhizoma consists of the dried roots and
rhizomes of the genus Panax ginseng C.A.Mey. The main
components of ginseng are saponins, polysaccharides, proteins,
volatile oils, amino acids, and flavonoids (Lee et al., 2002). Song
(2014) Treated 30 male SD rats after successful CFS modeling
with ginsenoside aqueous solution 60 mg/kg/d for 6 consecutive
weeks. The results showed that compared with the model group,
the SOD and GSH activities in the ginsenoside group were
significantly increased, and the MDA content was significantly
reduced, with a very significant difference (p <0.01). This shows
that the increase of free radicals will lead to the damage of the
integrity of the biofilm, the increase of the permeability of the
biofilm, the release of enzymes inside and outside the cell, leading
to abnormal conditions inside and outside the cell, electrolyte
imbalance, and decline in cell function, which will cause fatigue.
Therefore, ginsenoside Rgl is thought to reduce the production

of the peroxidation product MDA, increase the activity of
antioxidant enzymes, improve the antioxidant capacity of
nerve cells, reduce the generation of free radicals, and thus
increase the ability to resist CES (Soares et al., 2007).

The commonly used Chinese herbal medicines for fatigue are
listed in Table 8 in addition to the above.

Chinese Patent Medicine
Angelica Decoction for Replenishing Blood, is composed of
Astragali Radix and Angelicae Sinensis Radix in a 5:1 ratio. The
primary chemical components of Astragalus are saponins,
flavonoids, and polysaccharides; the main chemical components
of angelica are volatile oils, organic acids, and polysaccharides. Liu
et al. modeled 56 SD male rats (180-220 g) by tying an iron block
weighing approximately 10% of the rat’s own weight to its tail, and
then placing it into a transparent water tank with a depth of 30 cm,
at a constant temperature of 25 degrees Celsius. The rats were
forced to swim exhaustively. When the rats’ swimming movements
were uncoordinated or their heads sank into the water surface
within 10 s, they could not return to the water surface, and the 15.00
g/kg drug was administered to the stomach for 29 consecutive days
after modeling successfully. The results showed that compared with
the blank group, the Angelica Decoction for Replenishing Blood
could significantly reduce the levels of TNF-o. and IL-6 in the serum
(p < 0.01). This demonstrates that CFS can produce inflammation
in the body, and Angelica Decoction for Replenishing Blood can
effectively alleviate this situation. At the same time, the activity of
SOD in the serum of angelica buxue decoction group increased
significantly (p <0.01), suggesting that a large number of free
radicals in CFS rats may lead to oxidative stress. Angelica buxue
decoction can effectively remove free radicals in the body and
alleviate the oxidative stress reaction of the body. Threonine is an
essential amino acid. When it is lac