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Abstract

COVID-19 has remained an urcon.2ined, worldwide pandemic. While battling for the disease in
China, six Traditional Chiresc Medicine (TCM) recipes have been shown to be remarkably
effective for treating patic.'*s ..iin COVID-19. The present review discusses principles of TCM in
curing infectious disease, ard clinical evidence and mechanisms of the 6 most effective TCM
recipes used in treating COVID-19 in 92% of all of the confirmed cases in China.  Applications of
TCM and specific recipes in the treatment of other viral infections, such as those caused by
SARS-CoV, MERS-CoV, hepatitis B virus, hepatitis C virus, influenza A virus (including HIN1
and H7N9), influenza B, dengue virus as well as Ebola virus, are also discussed. Among the 6
TCM recipes, Jinhua Qinggan (JHQG) granules and Lianhua Qingwen (LHQW) capsules are
recommended during medical observation; Lung Cleansing and Detoxifying Decoction (LCDD) is
recommended for the treatment of both severe and non-severe patients; Xuanfeibaidu (XFBD)
granules are recommended for treating moderate cases; while Huashibaidu (HSBD) and Xuebijing
(XBJ) have been used in managing severe cases effectively. The common components and the
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active ingredients of the six TCM recipes have been summarized to reveal most promising drug
candidates. The potential molecular mechanisms of the active ingredients in the six TCM recipes
that target ACE2, 3CL"™ and IL-6, revealed by molecular biological studies and/or network
pharmacology prediction/molecular docking analysis/visualization analysis, are fully discussed.
Therefore, further investigation of these TCM recipes may be of high translational value in
revealing novel targeted therapies for COVID-19, potentially via purification and characterization
of the active ingredients in the effective TCM recipes.

Keywords:

Traditional Chinese Medicine (TCM); Viral Infections; COVID-19; Jinhua Qinggan granules
(JHQG); Lianhua Qingwen capsules (LHQW); Lung Cleansii « and Detoxifying Decoction
(LCDD); Xuanfeibaidu granules (XFBD); Huashibaidu gran.uice (dASBD); Xuebijing (XBJ);
angiotensin converting enzyme 2 (ACE2); Coronavirus 3-chwi,.~%ypsin-like protease (3CL"™);
Interleukin-6 (IL-6)



Abbreviations:

3CLP™, Coronavirus 3-chymotrypsin-like protease
ACEZ2, angiotensin converting enzyme 2
AGE-RAGE, Advanced glycation end products-Receptor for AGE
Akt, Protein kinase B

ARDS, Acute respiratory distress syndrome

BCL2, B-cell lymphoma 2

CASP3, Caspase 3

CCL2, C-C Motif Chemokine Ligand 2

COVID, Coronavirus disease

COVID-19, Coronavirus disease 2019

COX-2, Cyclooxygenase-2

CRP, C-reactive protein

CT, computerized tomography

CVA, cough variant asthma

DAVID, Database for Annotation, Visualization, and Integra.>d Discovery
EGFR, epidermal growth factor receptor

ESR, erythrocyte sedimentation rate

GO, gene ontology

HIF-1, Hypoxia-Inducible Factor-1

HNF4A, hepatocyte nuclear factor 4 alpha

HSBD, Huashibaidu granules

HSP90AAL, Heat shock protein HSP 90-ai.ha
HSP90AB1, Heat shock protein HSP 9C-Fev.
HXZQ, Huoxiang Zhengqi dropping pn:s

IC50, 50% inhibitory concentratior

ICU, intensive care unit

IFN-y, Interferon gamma

IL-6, Interleukin-6

IP-10, Interferon gamma-ina.'ced protein 10
JHQG, Jinhua Qinggan granules

KEGG, Kyoto Encyclopedia of Genes and Genomes
LCDD, Lung Cleansing and Detoxifying Decoction
LHQW, Lianhua Qingwen capsules

MAPK, Mitogen-activated protein kinase

MCP-1, Monocyte Chemoattractant Protein-1
mMiRNAs, micro RNAs

NCOAZ2, Nuclear receptor coactivator 2

NFkB, Nuclear factor kappa B

NOS2, Nitric Oxide Synthase 2 (inducible Nitric Oxide Synthase/iNOS)
Nrf2, nuclear factor erythroid 2-related factor 2
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PCT, procalcitonin

PI3K, Phosphoinositide 3-kinase

PPARG, peroxisome proliferator-activated receptor gamma
PPI, protein-protein interaction

PTGS1, Prostaglandin-endoperoxide synthase 1

PTGS2, Prostaglandin-endoperoxide synthase 2

RCT, randomized controlled trial

ROS, reactive oxygen species

SARS-CoV-2, Severe acute respiratory syndrome coronavirus 2
SIRS, systematic inflammatory response syndrome
SOCS1, suppressor of cytokine signaling 1

S protein, SARS-CoV-2 spike (S) glycoprotein

TCM, Traditional Chinese Medicine

TCMID, Traditional Chinese Medicine Integrated Database
TFs, transcription factors

TNF-a, Tumor Necrosis Factor Alpha

TP53, Tumor protein p53

UPLC-DAD-QTOF-MS, Ultra performance liquid c'.ron.xtography coupled with diode-array
detector and quadrupole time-of-flight mass spectrc n.try
WBC, white blood cell

WHO, World Health Organization

XBJ, Xuebijing

XFBD, Xuanfeibaidu granules



1. Introduction

COVID-19 has remained an uncontained, worldwide pandemic. During the fight against the
disease in China, the National Health Commission China declared that 92% of the confirmed
COVID-19 cases were treated with Traditional Chinese Medicine (TCM) in combination with
Western Medicine, and the patients responded to the treatment to recover or much improve in more
than 90% of the cases(ChinaDaily, 2020b). For patients with mild and moderate disease, early
intervention with TCM has been shown to effectively prevent disease transition into severe and
critical state (Ren, Zhang, & Wang, 2020). In the severe cases, TCM has helped to stabilize the
patients for prolonged therapeutic window (J. L. Ren, et al., 20?7).  Accumulating evidence has
shown that early intervention of COVID-19 patients with TCM .= nuportant in improving cure rate,
shortening the course of disease, delaying disease progressic and reducing mortality rate(J. L. Ren,
et al., 2020). The current review discusses efficacies a1 r.iechanisms of TCM recipes that have
proven to be robustly effective in treating patients w'» COVID-19 in China, milestones of TCM
applications in treating infectious disease thro':~h (e long history of China, as well as applications
and efficacies of TCM in treating other ty,es of viral infections including those caused by
SARS-CoV, MERS-CoV, hepatitis B vir'is, hepatitis C virus, influenza A virus (including HIN1

and H7N9), influenza B, dengue viru~ 2sv.¢ll as Ebola virus.

2. History of TCM in Trea'ing "nfectious Disease

Historically, TCM has worl:zd well in treating infectious disease (Figure 1). During the past 3,000
years of Chinese history, TCM has been used as the routine treatment regime for pandemic and
endemic diseases. In dealing with these, a complete theoretical system of prevention and
treatment of “pestilence” (refers to fatal epidemic disease, called “Wen Yi” (J#J%) or “Wen Bing”
(#5.97%) in ancient China) has been developed. TCM was described to cure infectious diseases for

the first time in Huangdi Neijing (The Yellow Emperor's Classic of Medicine, an ancient treatise on

health and disease, simplified Chinese: B H%R) over 2,500 years ago, in which new TCM



concepts were described including holistic theory (E2{AYL:E), yin and yang and five elements

theory (BBBAFR4T), visceral meridian theory (BESREZ4R), etiology and pathogenesis theory (%
#1), diagnosis and therapy theory (i2iAi80l), prevention and health care theory (Flifh7r4) and

doctrine of “Qi” (&5F¥4) (Curran, 2008; Luo, Tang, et al., 2020)(Figure 1). The classical
TCM book named Shanghan Lun (Treatise on Cold Damage Diseases as the translation, simplified
Chinese: {5Z£18) describes a system of characterizing the disease by six main syndromes, with

characteristic symptoms and pulses to guide diagnosis and appror-iat individualized prescriptions
for treatment; this book lays foundation for differential syndre:i.> caiegorization and individualized

treatment in TCM, especially for infectious disease. +. book named Zhou hou bei ji fang,
("Emergency Prescriptions kept in one's Sleeve”, simpliti.™ Chinese: f4/E85275) written by Ge
Hong, describes TCM applications for treating ma.=.1a  The specific instructions of treatment in

this book are the followings: ‘Immerse a ha «dfi'1 of Qing Hao (&) in two liters of water, wring
out the juice and drink it all (BE—&, UKZHI®R KBUt, RBRZ)(Tu, 2015). This has

inspired Professor Youyou Tu (Chinese ~ame: FEI4I4) to isolate artemisinin from Qing Hao (55)

with ether, and discover its the;~oe.tic effects on Malaria, which later claimed the 2015 Nobel

Prize in Physiology and Med: ine(iu, 2015).

Formulated Chinese medicir2 has been used in managing previous pandemics, such as the two
previous coronavirus outbreaks involving SARS-CoV in 2003 and MERS-CoV in 2012, and
seasonal epidemics caused by influenza viruses and dengue virus(H. Li, et al., 2020). During the
2002-2003 SARS (Severe Acute Respiratory Syndrome) epidemic in China, TCM was used in the
prevention(Lau, et al., 2005) and treatment of SARS(Z. Chen & Nakamura, 2004), which had been
shown to result in shorter hospitalization, reduced side effects from steroid treatments, and relief
from dyspnoea and malaise(WHO, 2004). To date, dozens of Chinese herbs and hundreds of

natural TCM ingredients have been reported to possess antiviral activities (Xian, et al., 2020).
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TCM have been shown to possess antiviral activities against various viral strains including herpes
simplex virus, influenza virus, human immunodeficiency virus, hepatitis B and C viruses, and
SARS-CoV and MERS-CoV/(Xian, et al., 2020). When the human transmissible swine flu virus
(HIN1) was reported in Mexico and the United States in April 2009, the Chinese government
rapidly released three editions of documents entitled “Recommended Schemes for Pandemic
Influenza A Diagnoses and Treatments”(Ge, et al., 2010). Besides the two targeted anti-flu drugs,
Oseltamivir and Zanamivir, four anti-flu TCM prescriptions were recommended for the treatment
of HINL1 infection in the third edition(Ge, et al., 2010). A meta 2nalysis of 30 studies including
3,444 cases indicates that the mean time to defervescence iri thy TCM treatment group was
significantly reduced, and that the duration of viral [Influenze A (,11N1)] shedding in the subgroup
of patients receiving integrated treatment of Chinese and ‘*Me_*ern medicine, was also significantly

shortened(J. H. Li, Wang, Guo, & Li, 2016).

TCM drugs are traditionally composed of many lifferent herbs/components with known or
unknown active ingredients that can targ~t various pathways for a given class of medical
indications, and are tunable to the s,mptoms of an individual(Ge, et al., 2010). The
evidence-based guideline on treating adu!( intluenza patients with TCM has been developed (L. Wu,

et al., 2020). Earlier work by \Wu et al. formulated six recommendations based on evidence

synthesis and experts’ conser."us, namely Lianhua Qingwen capsule (LHQW, &L BERE),
Jinhua Qinggan granule (v 'GC, £165RETRI), Banlangen granule (BLG, HRIEHRETFI), Shufeng
Jiedu capsule (SFID, X EFEHEE), or Jinfang Baidu pill (JFBD, Jing Fang Bai Du San, FIBGTK

8 for treating mild influenza, depending on the manifestations(L. Wu, et al., 2020). LHQW in

combination with antiviral medications and supportive therapy is recommended for treating severe
influenza, or mild influenza in patients at higher risk of developing into severe disease (L. Wu, et
al., 2020). TCM exerts its anti-influenza activity by regulating the immune response to interfere
with both viral infection and host reactions, and might well be used as an alternative therapeutic

option to treat influenza virus infection(Dai, et al., 2020). Of note, clinical practice guidelines
7



(CPG) have been developed by a guideline working group on TCM treatment of influenza
according to the Institute of Medicine, the Appraisal of Guidelines for REsearch and Evaluation Il
(AGREE Il instrument), and the World Health Organization (WHO) guideline handbook, to provide
recommendations based on systematic reviews and evidence syntheses(G. Zhao, et al., 2020).
This CPG represents a first statement documenting the efficacies and practice guidelines of treating

influenza with TCM(G. Zhao, et al., 2020).

3. The Six TCM Recipes Proven Most Effective in Treating CCMIL 19

During the fight against COVID-19 in China, TCM has been officially added to the 3"-8" editions
of the diagnosis and treatment guideline issued by th~ i!ational Health Commission, China
("Diagnosis and Treatment Protocol for Novel Coronavir.~ Pneumonia (Trial Version 7)," 2020;
NHC, 2020). According to the collective analys.< from The State Council Information Office,
China, three TCM decoctions and 3 formul stec Ci.inese medicines (referred to as the “six most
effective recipes” for the rest of the review) nave been shown to be most effective in TCM

treatments of COVID-19 patients in Chine* 110, Gao, et al., 2020).

In these six highly effective TCM vecines, Chinese formula medicines of Jinhua Qinggan granules
(JHQG, €7 5B EiHI) a~d ianhua Qingwen capsules (LHQW, EEERE) are
recommended for treatir_ ou*ier.(s during medical observation/early stage of disease development,

when fatigue and fever ¢ : presented as the primary clinical manifestations("Diagnosis and

Treatment Protocol for Novel Coronavirus Pneumonia (Trial Version 7)," 2020). Lung Cleansing
and Detoxifying Decoction (LCDD) (also known as Qingfei Paidu, QFPD, ;&fmHEEi7) is
recommended for treating both severe and non-severe patients. Xuanfeibaidu granules (XFBD,
SR E FFL) on the other hand, are recommended for treating moderate cases; while
Huashibaidu granules (HSBD, {{iZMEE4I) and Xuebijing (XBJ, IM#4i%) have been used in

severe cases('Diagnosis and Treatment Protocol for Novel Coronavirus Pneumonia (Trial Version
8



7)," 2020).

Besides molecular biological studies, network pharmacology and high throughput molecular
docking analyses, methods used to predict ligand-protein binding patterns/affinity by simulating
ligand binding with receptor proteins, have been used to explore the potential molecular
mechanisms of the six TCM recipes in treating COVID-19. The steps of the analyses are as the
followings: at first, the active ingredients and their targets were identified using a TCM systems
pharmacology database and analysis platform (TCMSP), which represents a database and platform
of systems pharmacology for drug discovery from TCM recipes; a TCM Integrated Database
(TCMID), in which records of TCM-related information are co.'act:d from different sources and
through text-mining methods, and via links to common dic2 and disease databases including
Drugbank, OMIM and PubChem, forming a network foi integrative analyses of relationships
between herbs/TCM components and their disease taracts, as well as the relationships between the
active ingredients of TCM and their targets; and 1 b.,"5i MAN-TCM (Bioinformatics Analysis Tool
for Molecular mechANism of TCM(Jimilit.~n, et al., 2020; Z. Liu, et al., 2016; Ru, et al., 2014,
Xue, et al., 2013). Then, absorption, disc-ibution, metabolism and excretion (ADME) parameters
were used to screen the active ingredien s(yimilihan, et al., 2020). Finally, PubChem, Chemical
Book and ChemDraw softwares "nee used to determine the structures of the ingredients and
construct the molecular docking 1.~7ands. In the network pharmacology and molecular docking
analyses, 3CL hydrolase (3(:L"", also known as Mpro, main protease for SARS-CoV-2, essential
for proteolytic maturation (f the SARS-CoV) and ACE2 (angiotensin converting enzyme 2,
receptor for SARS-CoV-2) have been used as receptors for molecular docking by Autodock
software, which is a suite of automated docking tools designed to predict how small molecules,
such as substrates or drug candidates, bind to a receptor of known 3D structure(Jimilihan, et al.,
2020). Further, the active ingredients and their targets that could potentially combine 3CLP°
and/or ACE2 have been constructed using Cycloscape software (an open source software platform
for visualizing molecular interaction networks and biological pathways, and for integration of these

networks with annotations, gene expression profiles and other state data) to produce the TCM
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medicine-active ingredients-target network(Jimilihan, et al., 2020).  The protein-protein
interaction (PPI) analysis of the targets was carried out by String (https://string-db.org/) database,
and the potential targets of the active ingredients were identified(Jimilihan, et al., 2020). The
potential targets were subsequently analyzed for gene function by ClueGO: a Cytoscape plug-in to
decipher functionally grouped gene ontology (GO) and pathway annotation networks(Bindea, et al.,
2009; Dennis, et al., 2003; Jimilihan, et al., 2020; Kanehisa & Goto, 2000). The targets can also
be analyzed by DAVID (Database for Annotation, Visualization, and Integrated Discovery, a
web-accessible program that integrates functional genomics anntations with intuitive graphical
summaries) following identification of Kyoto Encyclopedia of Geles and Genomes (KEGG, a
knowledge base for systematic analysis of gene functions, lin'sing j3enomic information with higher
order functional information) signaling pathways(Bindz~ ot al., 2009; Dennis, et al., 2003;

Jimilihan, et al., 2020; Kanehisa & Goto, 2000).

3.1. JHQG Recipe

JHQG granules (&1 5=%E0F) comb n= .vo classical recipes of Maxingshigan decoction (FfZS
AHA) and Yingiao San ($RFE"), vhich are composed of Niubangzi (4=3—; Great Burdock

=

Achene; Arctii Fructus), Qinchac Z55;; Sweet Wormwood Herb; Artemisiae Annuae Herba), Bohe
(G&far; Wild Mint Herb; w'enthae Haplocalycis Herba), Liangiao (3%E3; Forsythiae Fructus;
Forsythia suspensa), Jinyinhua (&iR1&, Wild honeysuckle flower; Lonicerae Japonicae Flos),
Kuxingren (FZ3{Z; Bitter Almond; Armeniacae Semen Amarum), Shigao (AE; Gypsum;
Gypsum fibrosum), Gancao (EHE; Licorice; Glycyrrhizae Radix et Rhizoma), Huanggin (&=,
Baikal Skullcap Root; Scutellariae Radix), Mahuang (ff22; Ephedra; Ephedrae Herba), Zhebeimu

(0 Thunberg Fritillary Bulb; Fritillariae Thunbergii Bulbus), and Zhimu (%1&; Common
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Anemarrhena Rhizome ; Anemarrhenae Rhizoma)(Z. Liu, et al., 2020).

3.1.1. JHQG Recipe in the Treatment of Previous Infectious Diseases

JHQG granules (&7E;5REHI) was specifically formulated for treating influenza A (HIN1) by

the expert group of TCM after the 2009 HIN1 influenza outbreak in Mexico(Qi, Qi, & Wang,
2016). JHQG recipe was found highly effective for treating HIN1 infection in animal models and
clinical studies before the recipe became widely used(Yan, 2010). ‘n one preclinical study, JHQG
was found to markedly decrease mortality and improve survivcl. v.hile reducing the severity of
pulmonary lesions in mice infected with HLN1 virus(Yan, 201> In another study, JHQG was able
to reduce fever and inflammation in a rabbit model of HLN. infection(Yan, 2010). In addition, a
clinical study showed that JHQG markedly reduced durccion uf fever and alleviated symptoms (Yan,
2010). Inadouble-blinded, randomized control':d iul (RCT) of 136 influenza patients, JHQG (5
g each time, three times daily for 5 days) spc=ded up recovery of the patients(G. Q. Li, et al., 2013).
In another double-blinded RCT of 174 im. 'enza patients, the same dose of JHQG also significantly
reduced serum levels of CRP and IFN-y (i, et al., 2016).

3.1.2. JHQG Recipe in the T.~auent of COVID-19

JHQG has proven to be an e fective treatment for COVID-19, after being selected by joint efforts
of Chinese and Western medical experts organized by Beijing Administration of Traditional

Chinese Medicine, referring to more than 100 ancient prescriptions in TCM classics such as
Treatise on Febrile Diseases ({AZ18), Wenyi Lun (J&/Z1£) and Wenbing Tiaobian GRFEFZHE)(Z.
Liu, et al., 2020). Accumulating evidence has demonstrated that JHQG significantly alleviated
clinical symptoms of mild COVID-19 patients, such as fever, cough, fatigue, and expectoration,

and can relieve anxiety of the patients(Duan, et al., 2020). Liu et al. reported that 7-day viral

clearance rate was significantly higher while pneumonia recovery time was significantly shorter in
1



the JHQG treated group, in a study of 80 COVID-19 cases (Z. Liu, et al., 2020). Furthermore, in a
case control study of 123 patients with COVID-19, JHQG significantly relieved symptoms of fever,
cough, fatigue and anxiety in patients with mild COVID-19(Duan, et al., 2020). The active
ingredients and potential molecular mechanisms of JHQG in treating COVID-19 have been
explored (shared common components/ingredients with other TCM recipes and targeted pathways
are discussed in more details in Sections 2 & 3). Shen et al. reported that the active ingredients of
JHQG, 3-methoxy-glycerol, crude-glycerin and glycyrrhizin B, have strong binding activity for
3CL hydrolase and ACE2 by network pharmacology and higt *hroughput molecular docking
analyses(Shen, et al.). The chemical constituents and moleculi r ta-gets of the 12 components in
JHQG have been identified using TCMSP (as described akove,. UniProt explain was used to
search for the targets of the JHQG’s ingredients, and C;*ascape 3.7.2 was used to construct the
ingredients-target (gene) network. DAVID was used tu verform enrichment analysis of GO
functions and the KEGG pathways to predict the .\»zcl.anisms of action. Cytoscape 3.7.2 based
analyses indicate that the major active ingrerien s (nicluding chlorogenic acid, forsythoside A, and
ephedrine) of JHQG were found to dock with 3CLP", SARS-CoV-2 spike glycoprotein (S protein),
ACE2, and suppressor of cytokine si,n2ning 1 (SOCS1)(Y. Ren, Z. Yin, et al.,, 2020).
Visualization analysis with DAVID den.onstrated that the core active ingredients of JHQG have
strong affinity for 3CL"°, S prct=n,, ACE2, and SOCS1, thereby inhibiting virus replication and
binding to target cells, reduc’:.g hust inflammation and activating antiviral immunity(Y. Ren, Z. Yin,
et al., 2020). Network prnicrmacology and molecular docking analyses performed by Gong et al.
indicate that the effective compounds in JHQG regulate multiple signaling pathways via binding to
ACEZ2, involving Prostaglandin-endoperoxide synthase 1 (PTGS1), Prostaglandin-endoperoxide
synthase 2 (PTGS2), Heat shock protein HSP 90-alpha (HSP90AAL), Heat shock protein HSP
90-beta (HSP90AB1), and Nuclear receptor coactivator 2 (NCOA2)(Gong, Guo, Li, Wang, & Gu,
2020). In addition, Simayi et al. elucidated that the active ingredients of JHQG, such as
kaempferol, baicalein and oroxylin A, regulate multiple signaling pathways (such as PTGS2, B-cell

lymphoma 2(BCL2) and Caspase-3) by binding to ACE2(Jimilihan, et al., 2020). More detailed

12



discussion of target pathways driven by specific active ingredients of JHQG and other TCM recipes

is included in Section 3.

3.2. LHQW Recipe

LHQW capsules (E{t5EKEE) is a TCM recipe composed of 13 herbs or components: Gancao
(HE; Licorice; Glycyrrhizae Radix et Rhizoma), Hongjingtian (£I5°K; Rhodiola; Rhodiolae
Crenulatae Radix et Rhizoma), Bohenao ((Efa7fiX; Menthol; M~i.~01,, Dahuang (JKE&; Rhubarb
Tangute Rhubarb; Rhei Radix Et Rhizoma), Mahuang (Fk2; ~oh.dra; Ephedrae Herba), Jinyinhua
(£1R1E, Wild honeysuckle flower; Lonicerae Japonicae =los,, Guanghuoxiang (J 22, Patchouli;
Pogostemon patchouli), Liangiao ((ZE8; Forsythice Fructus; Forsythia suspensa), Shigao (BE;
Gypsum; Gypsum fibrosum), Kuxingren (¥+25Z; Bitter Almond; Armeniacae Semen Amarum),

Yuxingcao (B2EE; Houttuyniae Herba; Houttuynia cordata Thunb), Banlangen (#RIER;

Indigowoad Root; Isatidis Radix), 210 Mianmaguanzhong (4858 AX; Dryopteris Crassirhizoma;

Dryopteridis Crassirhizomatis Rtizu.ma)(Ding, et al., 2017; Z. Tao, et al., 2013).

3.2.1. LHQW Recipe in thz lreatment of Previous Infectious Diseases

LHQW capsules (E{tBEREE) was patented in 2003 in China, and was approved for Phase 11

clinical trial by US FDA in 2015(Ye, et al.). It has been used to treat influenza and shown to have
broad-spectrum antiviral effects on a number of influenza viruses with immune regulatory effects
(Ding, et al., 2017; Z. Tao, et al., 2013). A meta-analysis of RCT revealed that LHQW treatment
in patients infected with influenza A virus resulted in shorter duration of fever, cough, sore throat,

and body ache, comparing to Oseltamivir (anti-viral drug) treated patients(Zhao, Yang, Lv, & Wei,
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2014). Combinatory treatment of LHQW (200 mg/kg/day for 5 days) and Qseltamivir in a mouse
model significantly diminished influenza B virus infection over the individual administration of
either alone, indicating that LHQW could be used as an assistant medicine to enhance the effect of
Qseltamivir in treating influenza B virus infection(C. Yang, et al., 2020). Of note, it has been
shown that fewer inflammatory cells were present in the lungs of influenza B virus infected mice
treated with LHQW(C. Yang, et al., 2020). LHQW treated mice of influenza A virus (H1N1)
infection had decreased virus replication, inflammation, and lung lesions(D. Gao, et al., 2020).
Notably, Cyclooxygenase-2 (COX-2) was validated as a viable pt armacological biomarker for the
treatment efficacy of LHQW, since low- and high-doses of LH QW decreased COX-2 expression
while the high dose of LHQW was more effective than th: lov/ dose in HIN1 influenza virus
infected mice (D. Gao, et al., 2020). Besides, LHQW c:zni. %ed a significant inhibitory effect on
COX-2 activity in vitro in a dose-dependent manner (D. C~0, et al., 2020). In addition, LHQW
inhibited proliferation of influenza viruses of varioLs strains in vitro in Madin-Darby canine kidney
cells (Ding, et al., 2017). It also blocked *he rarny stages (0-2 h) of virus infection, suppressed
virus-induced NF-kB activation and al'eviateu virus-induced gene expression of Interleukin-6
(IL-6), IL-8, tumor necrosis factor (TNF)-.. '?-10, and monocyte chemotactic protein 1(MCP-1) in
a dose-dependent manner (1.5-3mg’/inL,Ding, et al., 2017). Additionally, the viral titers and the
levels of inflammatory cytokine. we e both decreased by LHQW administration (1300 mg/kg/day
for 5 days) in the lungs of *.c n..ce inoculated with variant of HIN1 influenza virus A/PR/8/34

(HIN1) (H274Y mut)(Ding, <t al., 2017).

3.2.2. LHQW Recipe in the Treatment of COVID-19

LHQW has been recommended by the Evidence-Based Medicine Chapter of the China
International Exchange and Promotive Association for Medical and Health Care (CPAM) and the
Chinese Research Hospital Association (CRHA) to treat patients with mild or moderate COVID-19

in combination with conventional therapy, which refers to respiratory support, symptomatic
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treatment, antiviral treatment, and antibacterial treatment if needed(Jin, et al.,, 2020). A
retrospective analysis of clinical records showed that fever was better resolved and fever duration
was shortened in patients treated with LHQW plus conventional therapy (21 confirmed COVID-19
patients), compared to conventional therapy alone (21 confirmed COVID-19 patients)(Yao, Liu, Li,
Huang, & Cai, 2020). Results from a retrospective analysis of 54 COVID-19 patients indicate that
LHQW is effective in significantly relieving symptoms of fever, cough and weakness, and in
shortening duration of having these symptoms(D. Cheng & Li, 2020). Another RCT of mild
COVID-19 patients showed that, compared with Arbidol (anti-in“titenza drug) treatment group of
148 patients, the total effective rate and the TCM syndrome sccres ‘based on the TCM syndrome
rating scale) were significantly improved after 7 day treatment with LHQW (6 g each time, three
times daily) plus Arbidol in 147 patients(Yu, Li, Wan, 2 \Wwong, 2020). LHQW combined with
Arbidol more effectively alleviated clinical symptoms 8na :mproved treatment efficacy in patients
with mild COVID-19(Yu, et al., 2020). Beside: a study of 151 severe COVID-19 patients
indicated that quadruple combination therapy or LHQW, Ribavirin, Lopinavir/ritonavir and
Umifenovir may serve as a preferred prctocol to. treating severe COVID-19 patients (X. Li, et al.,
2020). This combination of LHQW v itr, *bree drugs may result in maximal suppression of viral
replication and infection through diffzrei,: mechanisms of action(X. Li, et al., 2020). Additionally,

a study of 283 COVID-19 paten. indicated that LHQW combined with Huoxiang Zhengqi
dropping pills (HXZQ, Z# 1t |&¥L) have advantages in the treatment of nausea, vomiting and

limb soreness(M. Xiao, et al. 2020). The combination of LHQW with HXZQ reduced the use of
macrolides antibiotics and the number of diagnosed patients progressing into severe disease(M.
Xiao, et al., 2020). A prospective multicenter RCT of 284 COVID-19 patients indicate that
clinical cure rate and the rate of recovery of chest CT manifestations were markedly higher in the
patient group treated with LHQW (4 capsules thrice daily for 14 days)(K. Hu, et al., 2020).
Results from a recent meta-analysis of 154 COVID-19 patients indicate that the main clinical
symptoms of fever, cough and fatigue disappeared faster in LHQW treated group; and that other

symptoms of runny nose, sputum, nasal congestion, muscle pain, difficulty breathing, chest
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tightness, nausea and vomiting, and loss of appetite also disappeared faster while the duration of
fever was significantly reduced by LHQW treatment(Zeng, Li, & Wu, 2020). In addition, Hu et al.
evaluated the efficacy of LHQW in the treatment of common pneumonia and COVID-19
pneumonia by meta analysis of 42 studies involving 3,793 subjects, in which LHQW treatment was
found associated with improvements in flu-like symptoms and conversion of severe cases(C. Hu, et
al., 2020). Ultra performance liquid chromatography coupled with diode-array detector and
quadrupole time-of-flight mass spectrometry (UPLC-DAD-QTOF-MS) was employed for
qualitative and quantitative analyses of the major ingredients of L:1QW, among which a total of 61
ingredients including flavonoids, phenylpropanoids, anthraquirones, triterpenoids, iridoids, and
other types of compounds were unambiguously or tentatively ider tified by comparing the retention
times and the accurate mass measurements with refzvei,~e compounds and/or data in the
literatures(Jia, et al., 2015). Among them, twelve represei.-ative ingredients, including salidroside,
chlorogenic acid, forsythoside E, cryptochloroger.’r, a@id, amygdalin, sweroside, hyperin, rutin,
forsythoside A, phillyrin, rhein, and glycyrrb.zic aciu were further quantified(Jia, et al., 2015). In
another study, the primary active ingredients o1 _HQW were identified by network pharmacology
analysis, with a focus on 61 candidate 1r.cedients to further identify their related targets (C. H.
Wang, et al., 2016). The main effactiv2 ingredient-target (MECT) network was constructed to
reveal the main effective ingredicnts 2nd their key targets for LHQW (C. H. Wang, et al., 2016). It
has been shown that the doc!i2q scores to 3CLP™ of SARS-CoV-2 of three ingredients in LHQW,
rutin, forsythoside E, and 1.,"eroside, are better than that of Lopinavir (anti-viral drug)(Ye, et al.).
In addition, at molecular levels, Li et al observed that LHQW significantly inhibited SARS-CoV-2
replication in Vero E6 cells, and markedly reduced mRNA expression of pro-inflammatory
cytokines of TNF-a, IL-6, CCL-2/MCP-1 and CXCL-10/IP-10(R. Li, et al., 2020). Recently,
network pharmacology and molecular docking analyses performed by Xia et al. indicated that the
six active ingredients (beta-carotene, kaempferol, luteolin, naringenin, quercetin and wogonin) in
LHQW may play important roles in treating COVID-19 via binding to Aktl, which has been

implicated in the pathogenesis of lung injury, lung fibrogenesis and SARS-CoV-2 infection(Xia, et
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al., 2020).

3.3. XFBD Recipe

XFBD granules (S BHMEE) is composed of 13 TCM herbs or components, originated from 4
classic traditional recipes (Maxing Shigan Decoction, MXSG &A H iz, Maxing Yigan
Decoction, MXYG, FFZ&5=Hi%; Qianjin Weijing Decoction, QIWJ, FE£EZF and Tingli
Dazao Xiefei Decoction, TLDZXF, =5 KZ2GEZA)(H. Warq, e al., 2020). The individual
components are Shegan (§9F; Blackberrglily Rhizom; FRelai..candae Rhizoma), Huajuhong (1£,
4L, Tomentose Pummelo Peel; Citri Grandis Exocaium), Mabiancao (S#§E; European
Verbena Herb; Verbenae Herba), Mahuang (FAZ&, Fphedra; Ephedrae Herba), Gancao (HE;
Licorice; Glycyrrhizae Radix et Rhizoma), k. vingren (Z523{Z; Bitter Almond; Armeniacae Semen
Amarum), Shigao (G&; Gypsum; Gyr..'m fibrosum), Qinghao (B&; Sweet Wormwood Herb;
Artemisiae Annuae Herba), Huzh.hg (BHL; Giant Knotweed Rhizome; Polygoni Cuspidati

e hd
=
=2

Rhizoma et Radix), Tinglizi (E°%5—"; Pepperweed Seed; Descurainiae Semen), Shengyiyiren (&
LI{Z; Coix Seed ; Seme. Cuicis), Guanghuoxiang (J 22, Patchouli; Pogostemon patchouli),

Maocangshu (F&K; swordlike Atractylodes rhizome; Rhizoma Areactylodis lanceae), and

Maogen (3#8; Lalang Grass Rhizome; Imperatae Rhizoma). As a new recipe specifically

formulated for the treatment of COVID-19, it was not previously used to treat other viral infections.

3.3.1. XFBD Recipe in the Treatment of COVID-19
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XFBD granules (ERTMEEHI) was the first, newly formulated TCM recipe for COVD-19
treatment, developed employing some components that have been shown effective treating previous

infections by corona viruses(B. Zhang, 2020). Among the components of XFBD, Huzhang (fEf3t)

has the strongest anti-coronavirus effect while Mabiancao (Z#§E) has strong activity on lung

damage, especially small airway damage and microthrombus caused by coronavirus(B. Zhang,
2020). XFBD has been shown to significantly reduce fever, cough, fatigue and other symptoms of
mild and moderate cases of COVID-19 patients, and prevent trans tion of mild/moderate cases into
severe cases (Pan, Dong, Yang, Chen, & Peng, 2020). In a rinacmized trial of 42 COVID-19
patients, it has been shown that XFBD (1 bag, 2 times per tay for 1 week) combined with
conventional therapy significantly improved disappearanc: ra.> of clinical symptoms (fever, cough,
fatigue and loss of appetite), increased the number of WP.C >nd lymphocytes, and reduced CRP and
erythrocyte sedimentation rate(Xiong, Wang, Du > A., 2020). In a study of 280 patients with
COVID-19 who were treated with XFBD, ru c: se wansformed into severe and critical conditions
(ChinaDaily, 2020a). Approximately 226 ouv of the 1,224 putative XFBD targets have been
linked to the pathological mediators of ¢ 2J\/1D-19, among which 109 targets are enriched in the
disease pathways of viral infection 21ad 1ung injury(Y. Wang, et al., 2020). The primary biological
pathways regulated by the key X-B. targets include those involved in viral infection, and parasites
and bacterial infections (Y. Y\ony, et al., 2020). Network pharmacology and molecular docking
analyses indicate that XFr D Inhibits viral invasion and viral replication mainly by binding to
ACE2 and 3CLPro of SARS-CoV-2 through flavonoids and phytosterols (more discussion in
Section 3), and may play a role in the treatment of COVID-19 by regulating key targets such as IL6,

MAPK3, MAPK1, IL1B, CCL2, EGFR, and NOS2(H. Wang, et al., 2020).

3.4. HSBD Recipe

Similar to XFBD above, HSBD ({X;EWEEHI) was also specifically formulated for treating
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COVID-19(Pan, et al., 2020), and not previously used to treat other viral infections. It is derived

with modifications from classic recipes of MXSG (25 H7), Huoxiang Zhengqi San (E&HFLE
S8, Xuanbai Chenggi Decoction (EH#S7), and TLDZXF (&5 K25 7)(Lai, Liang,
He, Huang, & Wu). The components in HSBD include Caoguo (B258; Caoguo; Tsaoko Fructus),
Fabanxia(;Z3E; Pinellia Tuber; Rhizoma Pinelliae), Dahuang (K& ; Rhubarb Tangute Rhubarb;
Rhei Radix Et Rhizoma), Shenghuangqi (55 Ec; Milkvetch Root; Astragali Radix), Chishao (7R%7;
Red Paeoniae Trichocarpae; Paeoniae Radix Rubra), Kuxinyre® (& &1Z; Bitter Almond;
Armeniacae Semen Amarum), Fuling (££Z; Poria; Indian Suead Tuckahoe), Huoxiang (2

Ageratum ; Herba Agastachis), Mahuang (#f&2; Ephedr.’ Ep iedrae Herba), Shigao (5&; Gypsum;
Gypsum fibrosum), Tinglizi (=5—F; Pepperwee i se3d; Descurainiae Semen), Gancao (HE;
Licorice; Glycyrrhizae Radix et Rhizoma) Huupo (JE#b; Officinal magnolia bark; Magnoliae

Officinalis Cortex), and Cangzhu (B7K; Au~ctylodes;  Rhizoma Atractylodis)(X. Yang, 2020).

3.4.1. HSBD Recipe in the Treatn »nt of COVID-19

Treatment of COVID-19 naucats with HSBD ({KiEMEETRI) have been optimized based on

clinical practice at Wuhan Jinyintan Hospital, one of the major sites caring for the COVID-19
patients(Wu, 2020). It has been used for the treatment of mild, moderate and severe cases(Wu,
2020). Recently, HSBD was approved by the United Arab Emirates health authorities and listed
as a registered emergency drug for treating COVID-19(Wu, 2020). HSBD has been shown to be
effective in significantly shortening the time to nucleic acid turning negative in patients with
COVID-19(Q. Li, et al., 2020). In addition, it can reduce the average length of hospitalization,

and significantly improve clinical symptoms and pulmonary CT findings (Q. Li, et al., 2020). Pan
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et al. have shown that HSBD can effectively relieve symptoms of severe COVID-19, and reduce
the conversion rate of mild/moderate to moderate/severe cases, and decrease mortality rate of
critical illness(Pan, et al., 2020). In a study of 60 patients, HSBD (137 g, twice per day)
strengthened the efficacy of Lopinavir-Ritonavir in the treatment of COVID-19(N. Shi, Guo, et al.,
2020). Besides, HSBD was found to reduce viral load in lung tissues by 30% in a mouse model
(Q. Li, et al., 2020). It has been shown that HSBD has anti-inflammatory, anti-viral and
immune-modulating effects(Lai, et al.). Xie et al. explored the potential mechanisms of HSBD in
treating COVID-19 using network pharmacology and molecular d cking analyses, from which 269
active ingredients and 2,629 drug targets were retrieved(Xie, €c ar. 2020). The GO functional
enrichment analysis indicate that lipopolysaccharide, rectiv: oxygen species (ROS) and
interferon-gamma-mediated signaling pathways are likel, in,.ibited by HSBD in the treatment of
COVID-19(Xie, et al., 2020). KEGG pathway enrichme..* analysis indicate that modulations of
AGE-RAGE, TNFE, NFkB, and RIG-I-like receytor signaling pathways might be involved in
mediating therapeutic effects of HSBD or. COV.D-19(Xie, et al., 2020). Besides, network
pharmacology and molecular docking aralyses vn molecular targets and mechanisms of HSBD in
the treatment of COVID-19 indicat: o2t compound-target network mainly involves 178
compounds and 272 corresponding tarycts, among which key targets include MAPK3, MAPKS,
TP53, CASP3, IL6, TNF, MAP!“1, “CL2, and PTGS2(Q. Tao, et al., 2020). A total of 522 GO
items were identified by GO .. >viuiiment analysis, while 168 signaling pathways were identified by
KEGG analysis, mainly wvoiving TNFa, PI3K/Akt, NOD-like receptor, MAPK, and HIF-1
signaling axis(Q. Tao, et al., 2020). Sun and colleagues have identified 138 active ingredients in
HSBD by network pharmacology; and molecular docking analyses indicate that baicalein has the
highest affinity for 3CLP", whereas licorice phenol has the highest affinity for ACE2(Sun, Tao, Xu,
& Yuan). Likewise, Tao et al. showed that baicalein and quercetin are the top two ingredients of
HSBD that have high affinity for ACE2, presumably leading to therapeutic efficacies via inhibition
of ACE2 (Q. Tao, et al.,, 2020). In addition, network pharmacology and molecular docking

technology performed by Xie et al. demonstrate that quercetin, luteolin and kaempferol have strong

20



binding activities for 3CLP™, S protein and ACE2(Xie, et al., 2020).

3.5. XBJ Recipe

XBJ injection (IM441$) is a five-herb combination, which is composed of Danggui (23)3; Angelica
root; Angelica sinensis), Danshen (f}£; Salvia ; Salviae Miltiorrhizae Radix et Rhizoma), Chishao
(753; Red Paeoniae Trichocarpae; Paeoniae Radix Rubra), Honcbua (£14%; Safflower; Carthami

flos), and Chuanxiong (JI|=; Szechuan Lovage Rhizome; Ligu.tict'm chuanxiong Hort)(Song, et

al., 2020; Yin & Li, 2014).

3.5.1. XBJ Recipe in the Treatment of Previous !1.”ec’ious Diseases

After being approved in 2003 by The Nation.' Medical Products Administration (NMPA) (Chinese:

[H]

R A RIS EEIER) (formerly the Chi.a Food and Drug Administration, or CFDA), XBJ

injection has been used to treat infecliu.”s caused by HIN1, H7N9, MERS, Ebola virus and dengue
virus(Tong, Wu, Ni, Shen, & Liu, 2020). XBJ has been frequently used as an add-on therapy to
treat sepsis or septic shock and 'ias been shown to attenuate inflammation and bacteriostasis
without side effects(Fan, Che..Z, Fang, Chen, & Su, 2020; Y. Gao, Chai, & Yao, 2013; R. Zheng, et
al.,, 2019). The combinatiun of XBJ with Western Medicine Ulinastatin (UTI, an urinary trypsin
inhibitor, commonly used as a drug to treat acute inflammatory disorders) was reported to be more
effective than UTI alone in treating septic patients(S. H. Xiao, et al., 2018). In addition, the
combined therapy not only drastically reduced the 28-day mortality rate, mechanical ventilation
time, length of ICU stay, occurrence rate of multiple organ dysfunction syndrome, and the acute
physiology and chronic health evaluation score (APACHE 11, a commonly used severity-of-disease

classification system), but also decreased levels of procalcitonin (PCT), TNF-a, and IL-6(S. H.
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Xiao, et al., 2018). In a multi-center RCT of 710 critically-ill patients with severe
community-acquired pneumonia, XBJ (100 mL, every12 hours, for at least 5 days up to a maximum
of 7 days in adult patients) was found effective in improving survival rate, while shortening
duration of mechanical ventilation and that of ICU stay(Song, et al., 2019). Besides, a
meta-analysis of 867 patients with sepsis demonstrated that XBJ treatment improved coagulopathy
possibly by decreasing platelet counts, as well as by shortening of activated partial thromboplastin
time, prothrombin time, and thrombin time(Hou, Feng, Lin, & Tan, 2015). In another
meta-analysis of case—control studies on sepsis, XBJ was founc *o significantly reduce 28-day
mortality and improve clinical parameters including the APACHc I score, white blood cell count,
C-reactive protein (CRP) and procalcitonin levels, and body emj.erature(H. Shi, Hong, Qian, Cali,
& Chen, 2017). Ininfluenza A (H1N1) induced severe r:eumonia in mice, XBJ reduced levels of
inflammatory mediators of TNF-a and IL-6, and alleviatza .'\ng injury(Y. Ma, Shan, Guo, & Wang,
2015).

3.5.2. XBJ Recipe in the Treatment of CO \'ID-19

Based on the clinical evidence o X2J treatment of sepsis, bacterial pneumonia and acute
respiratory distress syndrome {ARNS), XBJ was recommended by China’s National Health
Commission to treat severZ anu critical cases of COVID-19, especially during systematic
inflammatory response sy..drome (SIRS) and/or multi-organ failure("Diagnosis and Treatment
Protocol for Novel Coronavirus Pneumonia (Trial Version 7)," 2020; Song, et al., 2020). XBJ was
used more frequently in severe/critical patients with significant benefits for earlier discharge
(Huang, et al., 2020). XBJ (100 mL, twice per day) combined with routine treatment resulted in
significantly reduced IL-6 levels and body temperature in a group of 42 COVID-19 patients(Guo,
et al., 2020). In a retrospective study of 44 COVID-19 patients, XBJ (50 mL XBJ in 100 mL
saline, i.v. for 7 days) treatment group (n=22) showed reduced lung inflammation by CT imaging

although nucleic acid yet turned negative(C. Zhang, Li, Zhang, Wang, & Jiang). In a randomized

22



study of 60 severe COVID-19 patients, low dose (50 mL, twice per day for 7 days) and high dose
(100 mL, twice per day for 7 days) of XBJ decreased levels of CRP and erythrocyte sedimentation
rate (ESR) compared to routine treatment group while only 100 mL XBJ increased white blood cell
count (WBC)(Wen, Zhou, Jiang, & Huang, 2020). Besides, the APACHE Il score after treatment
was significantly lower in high dose XBJ group than those in low dose XBJ group and the group
with routine treatment(Wen, et al., 2020). By increasing Th1/Th2 ratio, XBJ injection has been
shown to increase the number of Th1 cells in septic rats(S. Zhang, Sun, Wen, & Yin, 2006). Chen
and colleagues reported that XBJ (18 ml/kg, i.p. twice at 0 h .rd 24 h.) improves survival in
response to septic shock in a murine model of polymicrobial s.:psi. partially through preventing
cytokine storm, inhibiting inflammation and regulating the balaice of Tregs and Th17 cells(X.
Chen, et al., 2018). In addition, XBJ has been shown to :z-ow 5t against SARS-CoV-2-induced cell
death in virus infected Vero EG6 cells, and to reduce the aei.ne size and the number of the plaque in
a dose dependent fashion (12.5-50 mg/mL)(Q. M3, c¢ a.., 2020). XBJ was also predicted to treat
SARS-CoV-2 infection via modulation of ar.chJon.c acid metabolic pathway (principally used to
synthesize inflammatory cytokines, su~h as 1CP-1, TNF, IL, IFN, etc.) by pharmacophore
models(Y. Ren, M. C. Yao, et al., 2020'. '<ang et al. reported that quercetin, gallic acid, luteolin,
rosmarinic acid, rutin, kaempferol h.orogenic acid, tanshinone Il A, hydroxysafflor yellow A, and
paeoniflorin are the primary acti e \~gredients of XBJ, identified by network pharmacology to be
responsible for the treatmer. =n.ccts of XBJ on COVID-19(Y. Kong, et al.). Hydroxysafflor
yellow A, chlorogenic acia ona salvianolic acid B were identified as major compositions in XBJ by
molecular docking, through “multi-component, multi-target, multi-pathway” pattern to exert
protective effects on inflammation and vascular endothelial cell injury(He, Duan, Li, & Zhang,

2020).

3.6. LCDD Recipe

LCDD (;&5fmHES7) is composed of 4 classic TCM recipes: MSXG (&S H’7), She Gan Ma
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Huang decoction (SGMH, §4F#&,7), Xiao Chai Hu (XCH, /\&E4H), and Wu Ling San (WLS,
FZEY) that were all initially described in Treatise on Cold Damage Diseases (Shanghan Lun, {5

Zi8). Out of the 4 recipes, MXSG is the most important constitute shared among the 3 effective
TCM decoctions found effective in treating COVID-19 as described here and above (LCDD,

XFBD, HSBD)(J. Chen, et al., 2020). MXSG (components: Mahuang, f&; Gancao, HE;

Kuxingren, & 25{/Z; Shigao,/aE) has been used for the treatment of influenza by disrupting viral
surface structure and inhibiting viral entry(Hsieh, et al., 2012)  G.<rall, LCDD is a recipe of

21 Chinese herbs/components, which include Xixin (4H3%; Manchurian Wildginger Herb; Asari
Radix Et Rhizoma), Shegan (§4—F; Blackberrglily Rhizoi.2; Belamcandae Rhizoma), Shanyao
(LLI#5; Common Yam Rhizome; Dioscoreae Rhizom.a), Kuandonghua (FX&1%; Common Coltsfoot
Flower; Farfarae Flos), Zhishi (#35C; Imr.au're Sitter Orange; Aurantii Fructus Immaturus),
Ziyuan (%@, Tatarian Aster Root; Astei.~ Radix et Rhizoma), Kuxingren (Z525/=; Bitter Almond;
Armeniacae Semen Amarum), Cherni ‘FREZ: Tangerine Peel; Citri Reticulatae Pericarpium),
Shengjiang (42%; Fresh Ginger : Zingiberis Rhizoma Recens), Huanggin (852, Baikal Skullcap
Root; Scutellariae Radix), fuihi (B85, Ramulus cinnamomi; Cinnamomi Ramulus), Mahuang
(FREE; Ephedra; Ephedrae }.erba), Jiangbanxia (Z3E; Pinelliaternata processed with ginger;
Pinelliae Rhizoma), Fuling (£Z; Poria; Indian Buead Tuckahoe), Huoxiang (ZE&; Ageratum ;

Herba Agastachis), and Zhigancao (3 EHE&; Prepared Liquorice Root; Glycyrrhizae Pragparata cum

Melle Radix et Rhizoma)(*'Diagnosis and Treatment Protocol for Novel Coronavirus Pneumonia

(Trial Version 7)," 2020).
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3.6.1. LCDD Recipe in the Treatment of Previous Infectious Diseases

A prospective RCT of 410 patients with HIN1 influenza indicate that MXSG (FF&SAH7)-Yin

Qiao San ($R&ED combination can serve as an alternative treatment for HIN1 infection(C. Wang,

et al., 2011). Time to fever resolution was reduced by 19% with Qseltamivir plus MXSG-Yin
Qiao San treatment, compared to Oseltamivir treatment alone (C. Wang, et al., 2011). In an
experimental study, the transcriptomic analysis of lung tissues of LPS induced pneumonic rats
revealed that MXSG regulates multiple complement and coagulat 01 cascades as well as thrombin
system to interfere with infection(R. Yang, et al., 2020). Mechi nis.'cally, MXSG has been shown

to attenuate host cell entry of influenza virus by regulating P! 3K/, \KT signaling pathway(Hsieh, et

al., 2012). The second recipe in LCDD, SGMH (§3FF7£532)), is composed of Mahuang (ffe%),
Jiangbanxia (Z3¥E8), Shengjiang (), Ziyuan (%<*g), Kuandonghua (FRZ1¥%), Shegan (§3F),

and Xixin (4H¥%); and is a classical prescriptiui. fo. the treatment of flu-like symptoms, tonsillitis,

and asthma(Lin, et al., 2020). It has been used to treat patients with cough variant asthma
(CVA)(H. Wang, et al., 2012), and shuw. to downregulate production of Th2/Th17 cells while

upregulating CD4+FoxP3+ Tregs cells n. asthmatic airway hyperresponsiveness in mice(Lin, et al.,

2020). The third recipe in LCD> XCH (Z\4E#8), is composed of Radix Gancao (HEE), Chai Hu

(%EtA), Huanggin (B2, Ranvia (3E), Shengjiang (4Z), and has been shown to possess

antiviral and various antice:.inogenic properties(P. W. Cheng, Ng, & Lin, 2006; N. Zheng, et al.,
2013). XCH has been used to treat chronic hepatitis B(Z. Kong, et al., 2019), and found to

attenuate liver fibrosis by activating Nrf2 pathway(J. Li, et al., 2017). The forth recipe in LCDD,

WLS (7Z8Y), is composed of Guizhi (%), Zexie (FE), Zhuling (3&Z), Cangshu (E7K), and

Fuling (f£%), and a well-known Chinese prescription for nephritic syndrome, which has been

shown to improve kidney excretion function and inhibit inflammatory response(Y. Yang, et al.,

2015). A recent study reported that many water-soluble polysaccharides in LCDD possess
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multiple bioactivities of immunomodulation (such as glycyrrhiza polysaccharide promoting the
maturation, differentiation and reproduction of immune cells of lymphocytes and macrophages, as
well as activating the reticuloendothelial system), anti-inflammation (such as ephedra
polysaccharide regulating Factor-1/Smad2 signaling pathway and inhibiting the TLR4 signaling
pathway), and anti-oxidation (such as bupleurum polysaccharide reducing the content of MDA in
serum and bronchoalveolar lavage fluid (BALF) in models of acute lung injury), as well as

antibacterial and antitussive activities(Cao, et al., 2020).

3.6.2. LCDD Recipe in the Treatment of COVID-19

Among the 6 recipes found most effective in treating peue.ts with COVID-19, LCDD (;&5itHES

773) is recommended as the primary recipe by the G eral Office of National Health Commission,

China, and the Office of State TCM Administ-aticn(2020). Recently, a retrospective study of 63
patients with confirmed COVID-19 showed u.. f the combination of LCDD with Western Medicine
exerted significantly better anti-inflammator , effects compared to treatment with Western Medicine
alone, in patients with mild and mod~.~te ZOVID-19(Xin, et al., 2020). Combined treatment not
only diminished levels of CR cicatine Kkinase, creatine kinase-myocardial band, lactate
dehydrogenase, and blood vu-ea nitrogen, but also mitigated the extent of multi-organ
impairment(Xin, et al., 2922 In a retrospective study of 98 patients with COVID-19, LCDD
treatment relieved symptor-, such as fever and cough, normalized laboratory indexes including
LYMPH%, CPR, ESR, and reversed pulmonary CT imaging characteristics showing obvious
absorption of inflammation, only 6 days after initiation of the treatment(R. Wang, et al., 2020).
Four provincial hospitals in China used LCDD to treat 214 patients with COVID-19, following a
protocol of 3 days as a course of treatment, and the total effective rate was higher than 90%(K.
Zhang, 2020). Among them, symptoms and CT imaging data of 60% of the patients improved
significantly, and 30% of patients had stable symptoms without exacerbation(K. Zhang, 2020).

Out of 1,264 patients from 10 provinces in China who received LCDD treatment, 1,214 patients
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recovered, according to the 7" version of the Diagnosis and Treatment Protocol for Novel
Coronavirus Pneumonia(ChinaDaily, 2020b; "Diagnosis and Treatment Protocol for Novel
Coronavirus Pneumonia (Trial Version 7)," 2020). The discharge criteria included were: 1) Body
temperature back to normal for more than three days; 2) Respiratory symptoms improve obviously;
3) Pulmonary imaging shows obvious absorption of inflammation, 4) Nucleic acid tested negative
twice consecutively from respiratory tract samples such as sputum and nasopharyngeal swabs
(sampling interval being at least 24 hours)("Diagnosis and Treatment Protocol for Novel
Coronavirus Pneumonia (Trial Version 7)," 2020). Of note, 96.1 % (1,214/1,264, as above) of the
patients treated with LCDD satisfied these criteria to be discliarg.>d, and no cases deteriorated
during treatment (ChinaDaily, 2020b). More recently, in a 1 3tro. pective multicenter study of 782
confirmed COVID-19 cases from 54 hospitals in 9 provirz~s of China, Shi et al. reported that early
treatment with LCDD at less than 1 week, 1-2 weeks, 2r -3 weeks of onset of symptoms had a
higher likelihood of recovery compared to treatmen: ‘nit.ated 3 weeks after onset of symptoms(N.
Shi, Liu, et al., 2020). Early LCDD treatm.nt vas associated with favorable outcomes, including
faster time to recovery, shorter time of viral sheuding, and shorter time of hospital stay(N. Shi, Liu,

et al., 2020).

Studies have been carried out to eta ine inhibitory effects on COVID-19 of active ingredients in
LCDD. Network pharmacology «"alysis conducted by Zhang et al. showed that MXSG in LCDD
inhibits SARS-CoV-2 replicatio., as well as cytokine storm by promoting TH cell differentiation
and T cell homeostatic pro’iferation(Y. Zhang, Yang, He, G., & Li). Furthermore, through
molecular docking prediction, it was found that patchouli alcohol, ergosterol and shionone in
LCDD have strong anti-COVID-19 effect(J. L. Ren, et al., 2020; H. Wu, et al.). Zhou et al
identified 87 major bioactive ingredients in LCDD using UHPLC-LTQ-Orbitrap-M, which include
43 flavonoids, 9 alkaloids, 4 triterpenoid saponins, 1 sesquiterpene, 2 coumarins, 10 phenolic acids
and 18 other compounds(Zhou, et al.,, 2020).  Another study identified 58 flavonoids, 20
glycosides, 13 carboxylic acids, 7 saponins, 6 alkaloids, 4 terpenes, and other types of compounds

by UPLC-Q-TOF/MS(R. Yang, et al., 2020). In this work, the Toll-like receptor signaling
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pathway was shown to play an important role in LCDD induced therapeutic effect on COVID-19(R.
Yang, et al., 2020). Zhao et al. elucidated that baicalin, glycyrrhizic acid, hesperidin and
hyperoside are important ingredients and IL6, IL10, TNF-a, AKT1, TP53, PTGS2 and HMOX1 are

important targets of LCDD to treat COVID-19(J. Zhao, et al., 2020). Su et al. found that baicalin
and baicalein, active ingredients of Huanggin (EZ), were the first identified non-covalent,

non-peptidomimetic inhibitors of SARS-CoV-2 3CLP(Su, et al., 2020). Baicalin and baicalein
were effectively in decreasing the replication of coronaviruses in a cell-based system by interacting

pro

with two catalytic residues of 3CL™" (the crucial S1/S2 subsites anc. he oxyanion loop) to ensconce

in the core of the substrate-binding pocket(Su, et al., 2020). L'y and colleagues found that
baicalein and ethanol extract of Huanggin (822), inhibit ne \cplication of SARS-CoV-2 in Vero

cells(H. Liu, et al., 2021). Using system biological ana:,se<, Chen et al. reported that glycyrrhizic
acid may be effective in regulating immune respc.ises by acting on NOD-like and Toll-like
signaling pathways to promote production of i=*ar,2rons, activate and balance T-cells, and to inhibit
excessive inflammatory responses to prevenu ne onset of cytokine storm(L. Chen, et al., 2020).

Sekiou et al found that quercetin, hispidun.~ cirsimaritin, sulfasalazine, artemisin and curcumin

~~

exhibited potential inhibitory effect ~n ZCLP™ and ACE2 using in-silico identification(Sekiou,

Bouziane, Bouslama, & Djemel, 20°0). Patchouli alcohol from Huoxiang (%), Shionone from

Ziwan (%@, and Ergostero’ tfrum Zhuling (3&%) showed affinity for 3CL"" and ACE2 by network

pharmacology analyses(H. W 4, et al.).

4. Common Components, Ingredients and Targets of TCM Recipes in Treating COVID-19
4.1. Common Components in the Six TCM Recipes Effective for COVID-19 Treatment

We compared the herbs/components cross the six most effective recipes of “three TCM decoctions

and 3 formulated Chinese medicines” for COVID-19 treatment, and found some common
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herbs/components among them (Figure 2). Shigao (&) and Kuxingren (FHZ{Z) are the
common component among LHQW, QFPD, XFBD, HSBD and JHQG. Gancao (HE) is the
common herb for LHQW, QFPD and JHQG. linyinhua (£$R{%) and Liangiao (1ZE#) are the
common herbs between LHQW and JHQG. Guanghuoxiang (J Z%&) is the common herb
between LHQW and XFBD. Chishao (75%J) is the common herb between XBJ and HSBD.
Huanggin (22%) and Mahuang (#f&=) are the common herbs of Q~PD and JHQG. Fuling (fk%)
and Huoxiang (Z#&) are the common herbs of QFPD and HSB). Of note, Kuxingren (&2¥Z°)

and Mahuang (Ff&2) are among the top 10 herbs/componer ts u.at have been used most frequently
in treating mild, moderate and severe cases of COVIL 19/Ang, Lee, Choi, Zhang, & Soo Lee,

2020). Shigao (F5&, the common component amoryg "_HQW, QFPD, XFBD, HSBD and JHQG),
and Tinglizi (=), have been used for ‘reat.ng moderate and severe cases(Ang, et al., 2020).
In addition, Huoxiang (%), Liangiao (%E:sf), Cangshu (&7K), and Huanggin (EZ) (the
common herbs between QFPD anu 1:QG) have been frequently used to treat patients of

COVID-19 at mild and moderate s.2qes(Ang, et al., 2020). Notably, Gancao (HE, the common

herb of LHQW, QFPD and .. :¢) is among the top 10 herbs/components used most frequently to

treat patients at mild, mcderate, severe and recovery stages(Ang, et al., 2020). Network
pharmacology analyses indicate that Liangiao ((Z&d), Jinyinhua (£$81£), Honghua (£I1%), and

Mabiancao (E#EEL) have the most abundant active compounds known to have therapeutic effects

on COVID-19, and they may therefore compose the best combination scheme of Chinese

herbs/TCM components for COVID-19 treatment(Liang, et al., 2020).

4.2. Common Active Ingredients in TCM Recipes Effective for the Treatment of COVID-19
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Network pharmacology analyses were employed to identify common active ingredients in TCM
recipes proven effective for COVID-19 treatment (Figure 3)(Liang, et al., 2020; Niu, et al., 2020).
Quercetin, glabridin, and gallic acid, active ingredients of the six recipes discussed in Section 2,
have been shown to inhibit COVID-19 by downregulating ACE2 (Niu, et al., 2020) (Figure 3).
Quercetin, ursolic acid, luteolin, and rutin were found to be the common active ingredients of the
six recipes discussed in Section 2 that exert therapeutic effects on COVID-19 via modulation of
interleukin-6 (IL-6)(Liang, et al., 2020). Rutin is the unique unique ingredient shared by JHQG,
LHQW, HSBD, XFBD, XBJ and LCDD that targets 3CLpro and 't -6 (Figure 3). Glabridin is the
common ingredient of JHQG, LHQW, XFBD, HSBD and L Do that targets ACE2 (Figure
3). Ursolic acid is the unique ingredient shared by all of th ' six recipes that targets IL-6 (Figure
3). Luteolin is one of the two ingredients shared by all of *he ~ix recipes that target ACE2, 3CLpro
and IL-6 (Figure 3). Quercetin is the other ingredient cha.~d by all of the six recipes that targets
ACE2, 3CLpro and IL-6 to exert therapeutic effe~’s on COVID-19 (Figure 3). The results of
molecular docking analyses indicate that quf.ce in 1, one of the top two ingredients (the other one
is baicalein) of HSBD, which has hich affinity for ACE2(Q. Tao, et al., 2020). Therefore,
quercetin in HSBD may regulate multisle ~ignaling pathways through ACE2, which in turn exert
therapeutic effects on COVID-19(Q Tau, et al., 2020). The results of molecular docking analyses
indicate that quercetin has a higk. a1v:nity for 3CLpro and ACE2. Quercetin was also predicted to
decrease ACE2 expression %, auvwnregulating the transcription factors or upregulating miRNAS
(Niu, et al., 2020). Sekiou et al also reported that quercetin exhibits better inhibitory effects on
3CL"™ and ACE2 than Hydroxy-Chloroquine using in-silico identification(Sekiou, et al., 2020).
Therefore, quercetin may represent one of the most important TCM ingredients that have played a

major role in mechanistically inhibiting pathophysiological pathways of COVID-19.

4.3. TCM Regulation of ACEZ2 for the Treatment of COVID-19

Binding to ACEZ2 is a critical initial step for SARS-CoV-2 to enter into target cells(Hoffmann, et al.,
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2020; Lan, et al., 2020). Therefore, ACE2 is an important therapeutic target for
COVID-19(Monteil, et al., 2020). Several active ingredients of TCM as discussed above,
including quercetin, glabridin, and gallic acid, have been shown to downregulate ACE2 expression
by regulating the aforementioned transcription factors (TFs) or miRNAs(Niu, et al., 2020). The
TFs and miRNAs include hepatocyte nuclear factor 4 alpha (HNF4A), peroxisome
proliferator-activated receptor gamma (PPARG), hsa-miR-2113, and hsa-miR-421(Niu, et al., 2020).
Network pharmacology analyses and high throughput molecular docking analyses showed that
3-methoxy-glycerol, crude-glycerin and glycyrrhizin B, the actve ingredients of JHQG, have
strong binding activity for ACE2(Shen, et al.). Notably, these an.'yses revealed that the action
mechanism of JHQG might be attributed to its active ingr:diei ts of kaempferol, baicalein and
oroxylin A, which regulate multiple signaling pathw:zs ‘such as PTGS1, PTGS2, BCL2,
HSP90AB1, HSP90OAAL, NCOA2 and CASP3) by bindiny to ACEZ2, thereby exerting therapeutic
effects on COVID-19(Gong, et al.,, 2020; Jin ¥ihin, et al., 2020). Additional network
pharmacology and molecular docking analys:s 11dicate that XFBD inhibits viral invasion and viral
replication mainly by binding to ACE2 through riavonoids and phytosterols(H. Wang, et al., 2020).
Baicalein and quercetin, the two majo #.*ive ingredients of HSBD, were predicted by network
pharmacology and molecular dockir anclyses to treat COVID-19 by binding ACE2(Q. Tao, et al.,
2020). The results of molecu'ar docking predictthat quercetin, luteolin, kaempferol, active
ingredients from HSBD, phy.icany bind to ACE2(Lai, et al.). These findings demonstrate that
HSBD exerts therapeutic ei*=cts on COVID-19 through ACE2(Lali, et al.). In-silico identification
results indicated that quercetin, hispidulin, cirsimaritin, sulfasalazine, artemisin and curcumin

exhibit potential inhibitory effects on ACE2(Sekiou, et al., 2020). Besides, network

pharmacology study showed that ACE2 was also targeted by patchouli alcohol from Huoxiang (Z2

), shionone from Ziwan (£3%g), and ergosterol from Zhuling (3&Z5)(H. Wu, et al.). Therefore,

ACE?2 appears to be one of the major targets for TCM to exert therapeutic effects on COVID-19.
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4.4. TCM Regulation of 3CLP™ for the Treatment of COVID-19

Coronavirus 3-chymotrypsin-like protease (known as Mpro, 3CL hydrolase or 3CLP) is a
three-domain (domains | to 111) cysteine protease that is highly conserved among coronaviruses and
required for proteolytic maturation of the coronaviruses(Dai, et al., 2020; Elmezayen, Al-Obaidi,
Sahin, & Yelekci, 2020; L. Zhang, et al., 2020). Besides, 3CL"™ has no human homolog(Dai, et
al., 2020). Therefore, 3CLP® is an attractive drug target for coronaviruses including

SARS-CoV-2(Dai, et al., 2020; Elmezayen, et al., 2020; L. Zhang, et al., 2020). Su et al found
that baicalin and baicalein, active ingredients of Huanggin (&), were the first identified

non-covalent, non-peptidomimetic inhibitors of SARS-CoV-" 2., effective in decreasing the
replication of coronaviruses in a cell-based system, by inte:acting with two catalytic residues (the

P to ensconce in the core of the

crucial S1/S2 subsites and the oxyanion loop) of the 3CL
substrate-binding pocket(Su, et al., 2020). 3CLP" vas predicted to be the target of the active
ingredients of JHQG (3-methoxy-glycerol, cr:-e-clycerin and glycyrrhizin B,3-methoxy-glycerol,
crude-glycerin and glycyrrhizin B) by netw:rk pharmacology prediction and high throughput
molecular docking analyses(Shen, et al.  Chlorogenic acid, forsythoside A, and ephedrine were
found to be the core active ingredientz ~f ;! 1QG that have strong affinity for 3CLP™ by visualization
analysis, thereby inhibiting viral ronlication(Y. Ren, Z. Yin, et al., 2020). Network pharmacology
and molecular docking analyse. incicated that flavonoids and phytosterols are the two ingredients
in XFBD that inhibit SA.2S-~0"/-2 invasion and replication mainly by binding to 3CL"", thereby
exerting therapeutic effects 21 COVID-19(H. Wang, et al., 2020). Quercetin, luteolin, kaempferol

pro

as the active ingredients of HSBD, were predicted to have high affinity for 3CL™", indicating

effects of HSBD on viral replication and maturation. Liu and colleagues found that baicalein and
ethanol extract of Huanggin (%), inhibit 3CLP™ activity in vitro with activity assay using a

peptide substrate (Thr-Ser-Ala-Val-Leu-GIn-pNA) according to the published procedure of
SARS-CoV 3CLP"assay(H. Liu, et al., 2021). Besides, the docking model verified that baicalein

binds well to the substrate binding site of 3CL"°(H. Liu, et al., 2021). The carbonyl group of
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baicalein was hydrogen bonded with the E166 backbone amide group of 3CLP™, while catalytic
residues H41 and C145 of 3CLP™ were well covered by baicalein, accounting for baicalein’s
inhibitory effect on SARS-CoV-2 via 3CL"°(H. Liu, et al., 2021). In addition, patchouli alcohol,
shionone, and ergosterol from LCDD were all predicted by network pharmacology to treat
COVID-19 via targeting of 3CLP°(H. Wu, et al.). Therefore, 3CL"® may have served as an
important target for TCM in preventing the replication and maturation of SARS-CoV-2 to treat
COVID-19, and that detailed molecular mechanisms of TCM interacting with 3CLP™ for the

treatment of COVID-19 warrant further investigation.

4.5. TCM Regulation of IL-6 for the Treatment of COViD-1Y

Cytokine storm is a hyperactive immune response croracterized by release of interferons,
interleukins, tumor-necrosis factors, chemokines, ar < se seral other mediators, which represents one
of the major pathological features of CO'/IL -1%Sinha, Matthay, & Calfee, 2020). IL-6, a
proinflammatory cytokine, is a key mediator o1 the acute inflammatory response and the cytokine
storm(Sinha, et al., 2020; Turnquist, Fyz.. Horikawa, Harris, & Harris, 2020; X. Zhang, et al.,
2020). Elevation in serum IL-6 'sve.> correlates with ARDS, multi-organ failure, and other
adverse clinical outcomes in CO' “/IL 19(Moore & June, 2020). IL-6 has been shown to be a good
biomarker for earlier detectic:, 1 COVID-19 progression(C. Wang, Fei, Li, Zhao, & Yu, 2020), and
a promising target for the v ~aiment of COVID-19(Montesarchio, et al., 2020; Sinha, et al., 2020).
In addition to targeting ACE2 and 3CL"™, TCM has also been shown to modulate IL-6 to relieve
COVID-19 symptoms. Network pharmacology was used by Niu et al. to identify the
phytochemicals in TCM for the treatment of COVID-19 that regulates IL-6(Liang, et al., 2020).
Quercetin, ursolic acid, luteolin, and rutin, active ingredients of the six recipes discussed in Section
2, have been shown to decrease IL-6 levels(Liang, et al., 2020). Network pharmacology and
molecular docking analyses indicate that XFBD may play a role in the treatment of COVID-19 by

regulating IL-6 after viral infection of host cells, exerting anti-cytokine storm and anti-oxidation
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effects(H. Wang, et al., 2020). Analyses applied to identification of molecular targets and
mechanisms of HSBD in the treatment of COVID-19 indicate that compound-target network
mainly contains 178 compounds and 272 corresponding targets, among which IL-6 is a key

target(Q. Tao, et al., 2020).

5. Conclusion

TCM has a well-documented history for treating infectious dic2nse. During the fight against
COVID-19 in China, six TCM recipes of JHQG, LHQW, XFED, 4SBD, XBJ and LCDD have
been shown to be most effective in treating patients with (:OV'D-19. We have systematically
reviewed the components, active ingredients, and the r<tertial molecular mechanisms of the 6
TCM recipes in treating COVID-19 and infecticns by other viruses.  The common
components/active ingredients among the 6 rec'res were also identified to represent most
promising drug candidates, characterization ot ~hich may result in rapid development of novel
therapeutics for the treatment of COVID-19. These ingredients may exert therapeutic effects on
COVID-19 via targeting of ACE2, 3CL" * .nn IL-6.  Therefore, the key active ingredients of TCM
recipes and their molecular mechanisn.s driving therapeutic efficacies on COVID-19, warrant

in-depth and immediate investigctio. to help better manage the devastating disease of COVID-109.
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