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The coronavirus disease 2019 (COVID-19) caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) with high pathogenicity and infectiousness has become a sudden and lethal pandemic
worldwide. Currently, there is no accepted specific drug for COVID-19 treatment. Therefore, it is extre-
mely urgent to clarify the pathogenic mechanism and develop effective therapies for patients with
COVID-19. According to several reliable reports from China, traditional Chinese medicine (TCM), espe-
cially for three Chinese patent medicines and three Chinese medicine formulas, has been demonstrated
to effectively alleviate the symptoms of COVID-19 either used alone or in combination with Western
medicines. In this review, we systematically summarized and analyzed the pathogenesis of COVID-19,
the detailed clinical practice, active ingredients investigation, network pharmacology prediction and
underlying mechanism verification of three Chinese patent medicines and three Chinese medicine formu-
las in the COVID-19 combat. Additionally, we summarized some promising and high-frequency drugs of
these prescriptions and discussed their regulatory mechanism, which provides guidance for the develop-
ment of new drugs against COVID-19. Collectively, by addressing critical challenges, for example, unclear
targets and complicated active ingredients of these medicines and formulas, we believe that TCM will
represent promising and efficient strategies for curing COVID-19 and related pandemics.
© 2022 Tianjin Press of Chinese Herbal Medicines. Published by ELSEVIER B.V. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

The coronavirus disease 2019 (COVID-19) is a highly contagious
respiratory illness caused by a novel coronavirus named severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) that
swiftly spreads to several cities and nations, leading to a global
pathogenic pandemic (Xu, Zhang, Li, & Li, 2020; Ye, Zhang, Wang,
Huang, & Song, 2020). Until now, there have been approximately
300 million confirmed illnesses with over 5 million deaths accord-
ing to the latest WHO coronavirus (COVID-19) dashboard
(https://covid19.who.int/). COVID-19 patients have several similar
symptoms of ordinary flu, such as cough, fever, tiredness, anorexia
and muscular discomfort (Kevadiya et al., 2021). Furthermore,
anosmia and dysgeusia are also usually diagnosed and are
COVID-19-specific manifestations (Salian et al., 2021). Due to the
clinical similarities between COVID-19 and regular influenza,
COVID-19 patients are often unaware of their illness or misdiag-
nosed in the clinic, thereby progressing to the severe stage without
immediate treatment. It is worth noting that SARS-CoV-2 is able to
spread by direct touch, respiratory droplets, aerosolized urine or
feces in confined spaces and maintain infectivity for the entire
incubation period, making COVID-19 more dangerous than com-
mon flu (Otto et al., 2021). SARS-CoV-2 penetrates and infects cells
that expressed angiotensin-converting enzyme 2 (ACE2) receptors,
thus contributing to virus internalization (Zhou et al., 2020). Struc-
turally, SARS-CoV-2 has a positive-sense single-stranded RNA
(+ssRNA) encased in a spiked capsid with a large genome, which
decides complex machinery to infect host cells (Zhang & Holmes,
2020). Despite these tough challenges, COVID-19 has no effective
therapeutic strategy except for some regular supportive care
(Remali & Aizat, 2020). Therefore, it remains a pressing need to
investigate interventions to mitigate the risk of COVID-19 and its
complications.

Traditional Chinese medicine (TCM), mainly derived from natu-
ral plants, is extensively used in the prevention or treatment of
several chronic diseases, such as pneumonia, psoriasis, asthma,
diabetes, and chronic gastropathy, under the guidance of the the-
ory of TCM. Notably, TCM therapies have shown advantages in
treating longer respiratory diseases by effectively alleviating
symptoms, decreasing related complications, and improving the
living quality of patients. Infectious illnesses, also historically
named as ‘Wen Yi’ or ‘Yi Bing’ (Huang et al., 2021), are not new
for the Chinese medical field. From ancient times till now, several
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epidemics motivate Chinese people to build a medical defense sys-
tem with TCM and fight against the contagion spread by droplets.
Prior pandemics, such as severe acute respiratory syndrome
(SARS), middle east respiratory syndrome (MERS) as well as sea-
sonal epidemics caused by multiple influenza viruses, have been
efficiently controlled with TCM prescriptions (Remali & Aizat,
2020). It is generally recognized that TCM prevents the develop-
ment and spread of influenza mainly via interfering with the natu-
ral resistance of host cells against viral infections and enhancing
the immunity of the human body (You, Yan, & Wang, 2020; Lyu
et al., 2021; Qian et al., 2021).

With deeper cognitions about mechanisms of COVID-19 at the
cellular and molecular level, TCM has played a significant role in
the treatment of virus infection and garnered renewed attention
during the COVID-19 pandemic. Early intervention of TCM
improves cure rates, shortens the course of the disease, delays dis-
ease development and lowers death rates in COVID-19 patients
(Ding et al., 2017; Huang et al., 2021; Ji et al., 2020). Therefore,
the National Administration of Traditional Chinese Medicine also
takes the engagement of TCM as a highlight in COVID-19 treatment
(https://www.satcm.gov.cn/). Furthermore, the National Health
Commission of China (NHC-China) has officially added TCM in
the 3rd-8th editions of the diagnosis and treatment guideline of
COVID-19 and advised Jinhua Qinggan Granules, Lianhua Qingwen
Capsule and Xuebijing Injection (three Chinese patent medicines)
and Qingfei Paidu Decoction, Huashi Baidu Formula, and Xuanfei
Baidu Formula (three TCM formulas) in clinic prophylaxis and
treatment (Luo et al., 2020; Zhang et al, 2020). Except for the
above-mentioned formulas, some Chinese herbal injections,
including Reduning Injection, Shenfu Injection, Shengmai Injection
and Shenmai Injection are used as supplemental treatments for
critically ill patients with COVID-19 (Lyu et al., 2021). Based on
many COVID-19 clinical cases, three Chinese patent medicines
and three Chinese medicine formulas have definite effects on the
treatment of clinical symptoms since they can effectively relieve
cough, fever, and tiredness symptoms in patients, reduce the pro-
portion of severe cases as well as decrease the duration of fever
(Huang et al., 2021). Additionally, an active ingredient isolated
from these medicines and formulas effectively alleviated injury
symptoms in hACE2 transgenic mice infected with SARS-CoV-2
(Song et al., 2021). Collectively, TCM, especially for three Chinese
patent medicines and three Chinese medicine formulas, may
become a promising therapeutic strategy in COVID-19 combat.
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In this review, we mainly focus on the protective effects and
potential mechanism of three Chinese patent medicines and three
Chinese medicine formulas on the treatment of COVID-19. Mean-
while, this review comprehensively summarizes recent clinical
and experimental studies, highlights findings and antiviral mecha-
nisms neglected by prior studies, and ultimately provides a novel
perspective for TCM-based prevention and treatment of COVID-
19 (Fig. 1).

2. Pathogenic mechanisms of COVID-19

2.1. Characteristic structural proteins and crucial proteinases of SARS-
CoV-2

Genome sequencing of cultured isolated samples from the
upper respiratory tract and bronchoalveolar lavage fluid of
COVID-19 patients clearly showed that SARS-CoV-2 was comprised
of four structural proteins including spike (S), envelope (E), mem-
brane (M), and nucleocapsid (N), 16 nonstructural proteins (NSP 1-
16) and nine accessory proteins with unknown functions (Lu et al.,
2020; Zhang & Holmes, 2020). For structural proteins, S protein
was a type of essential surface protein that mediated the combina-
tion of the virus with host cells (V'Kovski, Kratzel, Steiner, Stalder,
& Thiel, 2021; Weisblum et al., 2020). It has been confirmed that
SARS-CoV-2 and previous SARS-CoV both exploit the same cell
entry receptor, ACE2. ACE2 also shows high affinity with
receptor-binding domain (RBD) of S protein, in which transmem-
brane protease serine 2 (TMPRSS2) promotes the fusion between
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virus and host cells by cleaving the spike S1/2 cleavage sites
(Harrison, Lin, & Wang, 2020; Perico et al., 2021). Furthermore,
cleaving into micro functional units from polyprotein replies on
the proteolytic enzymes and is indispensable for the replication
and spread of coronaviruses (Baez-Santos et al., 2014; Baez-
Santos, St John, & Mesecar, 2015). NSP 1-16 were reported to be
cleaved from two polyproteins (polyproteinla (ppla) and polypro-
teinlb (pp1b)) encoded by open reading frame 1a (ORF1a) and
reading frame 1a (ORF1b), respectively, and the former encoded
important proteases like papain-like protease (PLpro) and 3C-like
protease (3CLpro) (Perico et al., 2021). Among these necessary pro-
teases for viral replication and transmission, PLpro is implicated for
cleavage of I interferon regulatory factor 3 (IRF3) whereas the
3CLpro is responsible for the cleavage of NLR family pyrin domain
containing 12 (NLRP12) and TGF- activated kinase 1binding pro-
tein 1 (TAB1) (Klemm et al., 2020), which further trigger and
upgrade the generation of cytokines and host innate immune
response against SARS-CoV-2 (Moustagqil et al., 2021; Shin et al,,
2020). Interestingly, these two proteinases also offer benefits for
the immune evasion process. PLpro is closely associated with pro-
teinaceous post-translational modifications cleavage, IFN-B tran-
scription inhibition and the impairment of innate T cell antiviral
responses (Taefehshokr, Taefehshokr, Hemmat, & Heit, 2020). In
addition, 3CLpro inhibits the IFN-B level and participates in
immune evasion due to its self-hydrolytic cleavage activity (Chen
et al,, 2019; Liu et al., 2020). These studies may establish a frame-
work for explaining the specific immune response observed in
COVID-19 patients.
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Fig. 1. Protective role of three Chinese patent medicines and three Chinese medicine formulas in COVID-19. JHQG: Jinhua Qinggan Granule; LHQW: Lianhua Qingwen
Granule; QFPD: Qingfei Paidu Granule; XFBD: Xuanfei Baidu Granule; XBJ: Xuebijing Injection.
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2.2. Immune response elicited by SARS-CoV-2 infection

2.2.1. First step of virus infection

A great number of studies suggests that the interaction between
SARS-CoV-2 and ACE2 is the primary entry point for understanding
the pathogenic mechanism and exploring the therapeutic targets
of COVID-19. The primary viral tropism of SARS-CoV-2 to the lung
depends on its strong binding activity with ACE2 receptor, which
further causes the structural change of this receptor and allows
the fusion of each other membranes with assistance from
TMPRSS2-, furin- and cathepsin B/L-mediated elevation of polyba-
sic cleavage sites S1/S2(Melenotte et al., 2020). The proteolytic
process activates S protein, allowing viral-host membrane fusion
and viral RNA released into the host cytoplasm. In the cytoplasm,
viral RNA replicates its genetic materials and assembles new viral
particles (Harrison et al., 2020). The widespread expression of
ACE2 in multiple organs contributes to SARS-CoV-2-induced infec-
tion of several tissues, including but not limited to lung, heart, kid-
ney, liver, intestine, testis and vascular endothelium (Cheng, Lau,
Woo, & Yuen, 2007; Zhang et al., 2021). Notably, the high co-
expression of ACE2 and TMPRSS2 was found in type II alveolar
epithelial cells in the lung and closely followed by nasal epithelial
cells, indicating that the latter may be the primary targets for ini-
tial viral infection and are crucial for subsequent viral spread and
clearance. Besides, given that severe COVID-19 patients showed
platelet hyperactivation and aggregation, the expression of ACE2
and TMPRSS2 on platelets is also regarded as an intriguing result
(Zhang et al., 2020), which further promotes the release of coagu-
lation factors, the production of inflammatory cytokines, and the
development of leukocyte-platelet aggregates and subsequent
thromboembolic consequences. Notably, numerous studies have
reported that new mediators may boost the susceptibility and
infectivity of SARS-CoV-2 in consideration of the moderate expres-
sion of ACE2. As a result, a variety of cellular mediators/receptors
as angiotensin II receptor type 2 (AGTR2), CD147, furin, glucose-
regulated protein 78 (GRP78), the receptor for advanced glycation
end products (RAGE), heparan sulfate, neuropilin-1 (NRP1), and
sialic acids have been explored and gradually proven to be engaged
in facilitating SARS-CoV-2 to infect host cells (Kyrou, Randeva,
Spandidos, & Karteris, 2021). Collectively, ACE2, as the binding
receptor of SARS-CoV-2, is regarded as a potential therapeutic tar-
get for the clinical treatment of SARS-CoV-2.

2.2.2. Innate immunity associated with COVID-19

Once the virus recognizes the ACE2 receptor, innate immune
system will be the front-line defense against viral infection. After
colonizing target cells, SARS-CoV-2 rapidly activates innate
immune cells by activating different intracellular pattern recogni-
tion receptors (PRRs), such as toll-like receptors (TLRs), retinoic
acid-inducible gene 1 (RIG-I)-like receptors and melanoma
differentiation-associated gene 5 (MDA5) that sense aberrant
RNA structures (Schultze & Aschenbrenner, 2021). Following PRR
activation, the virus generally triggers molecular signaling cas-
cades and activates downstream transcription factors such as
nuclear factor-xB (NF-kB) and IRFs, which establish the original
defense of cellular antiviral action by stimulating interferon-
stimulated genes (ISGs), as well as promoting the release of several
cytokines and chemokines (Onabajo et al., 2020). Regrettably, early
COVID-19 clinical cases showed that SARS-CoV-2 generated rela-
tively low levels of IFN I and II in host cells, resulting in only mod-
est upregulation levels of ISGs and proinflammatory cytokines
including interleukin 1 g (IL-1B), IL-6 and tumor necrosis factor-o
(TNF-at), as well as various chemokines, resulting in an inadequate
type I IFN response (Park & Iwasaki, 2020). Based on these observa-
tions, SARS-CoV-2 seems to have an extraordinary way to antago-
nize the IFN system and achieve immune evasion. In another word,
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SARS-CoV-2 appears to target the type I IFN system for destroying
the coordinated balance between the innate and adaptive immune
responses.

Furthermore, cytokines, chemokines, hormones and metabo-
lites regulate immune cells both locally and systemically in
response to innate cytokine storm and immunosuppression (Ye,
Wang, & Mao, 2020). The immune response to SARS-CoV-2 infec-
tion has initially involved in the activation of macrophages and a
subsequent formation of cytokine storm, which seems to be irre-
placeable for the initiation and propagation of this hyper-
inflammatory reaction (Ye et al., 2020). A pro-inflammatory cas-
cade induced by macrophage activation, including increased levels
of IL-2, IL-6, granulocyte colony-stimulating factor (G-CSF), C-X-C
motif chemokine ligand 10 (CXCL10), CCL2 and CCL7, is linked to
a higher incidence of thrombosis, multiple organ injury and even
mortality (Hanff, Mohareb, Giri, Cohen, & Chirinos, 2020). More-
over, these macrophages expressed ACE2 on their surface could
interact with spike, promote the activation and formation of neu-
trophil extracellular traps (NETs) and thus accelerate the release
of more cytokines (Middleton et al., 2020; Ramasamy & Subbian,
2021; Veras et al., 2020). These findings suggest that unbalanced
innate defense responses may exacerbate lung damage and
hyper-inflammatory reactions in severe cases of COVID-19.

2.2.3. Complement activation and COVID-19

The complement system is an important component of innate
immune response and comprises over 30 different proteins, includ-
ing nature proteins, regulatory proteins and complement recep-
tors. It has been well accepted that the complement system can
be activated by three main pathways: the classical pathway, the
lectin pathway and the alternative pathway. These three pathways
all promote the formation of C3 convertases that cleave C3 to gen-
erate the pro-inflammatory peptide C3a and a large amount of C3b,
and thus opsonize pathogens (Perico et al., 2021). Meanwhile,
complement activation produces the proinflammatory C3a, C4a,
and C5a molecules that recruit inflammatory cytokines and stimu-
late neutrophils. However, unrestrained activation of the comple-
ment system contributes to acute and chronic inflammation,
thrombosis, endothelial cell injury, and ultimately leads to multi-
systemic organ failure or even death in patients with COVID-19
(Noris, Benigni, & Remuzzi, 2020). Most recently, unrestrained acti-
vation of complement system induced by SARS-CoV-2 was
reported to induce the production of C3a and C5a, promote the
secretion and production of IL-6 from alveolar macrophages and
thus exacerbate ARDS (acute respiratory distress syndrome)
(Nilsson et al., 2022). These findings imply that the inhibition of
unrestrained activation of the complement system might be an
ideal therapeutic method for the clinical treatment of SARS-CoV-2.

2.2.4. Adaptive immunity associated with COVID-19

The majority of viral infections can be influenced by the adap-
tive immune system, which is mainly involved in B cells, CD4" T
cells and CD8" T cells. Unlike innate immunity, the adaptive
immune system plays a pivotal but different role in the clearance
and prevention of SARS-CoV-2 by activating cytotoxic T-cells that
destroy infected cells and B cells that produce neutralizing anti-
bodies against virus-specific antigens. The significance of T cell
responses to respiratory coronaviruses has been extensively
reviewed. Indeed, most of the SARS-CoV-2-induced infections
showed detectable T cell responses with obvious CD4" T cells out-
numbering CD8* T cells (Noh, Jeong, Kim, & Shin, 2021). However,
it’s also worthy to note that lymphopenia is a common feature
characterized by markedly reduced numbers of CD4" T cells,
CDS8'T cells and B cells in some severe COVID-19 patients (Sette
& Crotty, 2021). Considering its essential role in the antigen pre-
sentation and subsequent induction of adaptive immunity, lym-



K. Jia, Y. Li, T. Liu et al.

phopenia may be partially explained by an abnormal innate
immune response with a feature of low IFN-I (van Eijk et al.,
2021). Besides, an increasing number of clinical findings revealed
that decreased blood lymphocytes were usually related to an
increased number of neutrophils both in blood and bronchoalveo-
lar lavage fluid of COVID-19 patients. Furthermore, the concentra-
tion of cytokines might have an impact on the proliferation and
survival of T cells in severe COVID-19 patients (de Candia,
Prattichizzo, Garavelli, & Matarese, 2021). These findings suggest
that improved function of damaged lymphocytes will alleviate
adaptive immunological resistance to SARS-CoV-2 in COVID-19
patients, which is also a pivotal target for pharmaceutical
intervention.

2.3. Endothelium injury to COVID-19

Generally, SARS-CoV-2 infects the respiratory epithelium of
patients, followed by alveolar damage resulting from the increase
of cytokines and chemokines, the migration of immune cells and
the endothelial injury closely related to the complement system.
According to a previous analysis of post-mortem tissue from
COVID-19 patients, SARS-CoV-2 has also shown susceptibility
and tendency to infect pulmonary endothelial cells (Varga et al.,
2020). Notably, COVID-19 syndrome often originates in the lungs
and extends to many other organs, such as the heart and kidney
(Guan et al., 2020; Noris et al., 2020).About 14% of COVID-19
patients appeared dyspnea, lung opacities, and developed respira-
tory failure, multiorgan dysfunction or even failure in severe cases
(Solomon, Heyman, Ko, Condos, & Lynch, 2021). Indeed, SARS-CoV-
2 may alter vascular homeostasis by directly infecting endothelial
cells via ACE2 receptor. Mounting evidence suggested that the loss
of vessel barrier integrity and the development of a pro-
coagulative endothelium contributed to the initiation and progres-
sion of ARDS in COVID-19, which might be attributed to induced
endothelin, activated inflammatory cell infiltration, and hyperac-
tivity of angiotensin II (Ang II) after ACE2 binding with SARS-
CoV-2 (Perico et al., 2021). Given the role of ACE2 played in the
conversion of Ang II, endothelial cells with lower ACE2 expression
in response to SARS-CoV-2 infection may result in the less synthe-
sis of Ang 1-7 and subsequent a local pro-thrombotic endothelial
cell phenotype (Erfinanda et al., 2021). On the other hand, reduced
ACE2 expression in COVID-19 patients also activated the
kallikrein-kinin system (KKS) to increase vascular permeability,
which might break the tight balance between the KKS and renin-
angiotensin systems and further lose the control of endothelial cell
thromboresistance (Gando & Wada, 2021).

3. Application of three Chinese patent medicines and three
Chinese medicine formulas in COVID-19

Numerous clinical studies have shown that TCM occupies an
extremely important place in the clinical prevention and manage-
ment of COVID-19 (Ren, Zhang, & Wang, 2020). TCM has been
incorporated in the COVID-19 diagnostic and treated program
(Trial version 6) publicized by NHC-China (http://www.nhc.gov.
cn/xcs/new_index.shtml). Meanwhile, several impactful TCM pre-
scriptions have been mainly promoted and the most noteworthy
of them are three Chinese patent medicines and three Chinese
medicine formulas (Table 1).

3.1. Lianhua Qingwen Granules in treatment of COVID-19

Lianhua Qingwen Granules (LHQW), a representative TCM
recipe developed from suitable modifications of Maxing Shigan
decoction (MXSG) and Yingiao San (YQS), including 13 natural
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herbs (Forsythiae Fructus, Lonicerae Japonicae Flos, Ephedrae Herba,
Armeniacae Semen Amarum, Gypsum Fibrosum, Isatidis Radix, Dry-
opteridis Crassirhizomatis Rhizoma, Houttuyniae Herba, Rhei Radix
et Rhizoma, Rhodiolae Crenulatae Radix et Rhizoma, L-menthol, Gly-
cyrrhizae Radix et Rhizoma), has been recorded as a kind of
broad-spectrum antiviral drugs in the treatment of some viral epi-
demics, such as SARS and H1N1 disease (Zhang, Morris-Natschke,
Cheng, Lee, & Li, 2020).Considerable research efforts have been
devoted to investigating the effect and mechanism of LHQW,
which are not only used as therapeutic medicine but also become
a significant source for pharmacological drug discovery. Moreover,
the National Administration of Traditional Chinese Medicine also
has authorized LHQW to ameliorate moderate respiratory symp-
toms like coughing, exhaustion, and fever induced by SARS-CoV-
2 (NATCM, http://www.satcm.gov.cn/).

Recently, a prospective multicenter randomized controlled
trial from Zhong Nanshan’s team revealed that 284 patients
who received LHQW capsule medication for 14 d showed several
improved COVID-19 symptoms, such as fever, fatigue, coughing,
and chest computed tomographic manifestations, as well as the
shortener time of LHQW treatment compared with other groups
without LHQW (Hu et al., 2021). Another similar clinical retro-
spective study within 248 moderate COVID-19 cases revealed
that COVID-19 patients receiving LHQW showed significantly
reduced erythrocyte sedimentation rates and higher cure rates
by improving endothelial dysfunction, secondary fibrinolysis, air-
way microenvironment and regulating the immune response
(Shen et al., 2021). In addition to being taken alone, the combi-
nation of LHQW and Huoxiang Zhengqi Pills exerted significant
clinical advantages, such as mitigating nausea, vomiting, and
limbing muscle fatigue, and lowering antibiotic utilization,
decreasing the percentage of patients who transitioned to severe
condition, based on a randomized controlled trial of 283 COVID-
19 patients (Xiao et al., 2020). Moreover, 108 patients with
COVID-19 were either taken both arbidol and LHQW or arbidol
alone. Patients in the arbidol and LHQW group showed a higher
level of lymphocytes, shorter duration of nucleic acid detection
and better extinction of lung inflammation than patients in the
arbidol group (Liu et al., 2021).

3.2. Xuebijing Injection in treatment of COVID-19

Xuebijing Injection (XBJ), a widely used TCM injection, is com-
posed of Carthami Flos, Paeoniae Radix Rubra, Chuanxiong Rhizoma,
Salviae Miltiorrhizae Radix et Rhizoma, Angelicae Sinensis Radix. It
has been approved to treat sepsis, ARDS as well as previous infec-
tious diseases caused by H1N1, H7N9, MERS, Ebola virus and den-
gue virus without causing obvious side effects (Song et al., 2020).
Considering its clinical curative effects, NHC-China approved XB]
for the treatment of COVID-19 critical patients, particularly accom-
panied with inflammatory response syndrome (SIRS) and multi-
organ dysfunction [“Diagnosis and Treatment Protocol for Novel
Coronavirus Pneumonia (Trial Version 7),” 2020].

A prospective randomized controlled study of 710 cases with
severe community-acquired pneumonia showed that the use of
XB] significantly improved the pneumonia severity index,
decreased mechanical ventilation time, intensive care unit (ICU)
stay time and even mortality (Song et al., 2019). A Meta-analysis
involved total 2072 cases also showed that, besides the shortening
of ICU stay and mechanical ventilated operation, XB] treatment
remarkably reduced the serum levels of C-reactive protein (CRP),
white blood cell (WBC), procalcitonin (PCT), D-dimer, TNF-a and
IL-6 in COVID-19 patients without changing the incidence of
adverse reactions (Wang, Zhu, Guo, & Wang, 2020).
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Table 1
Studies of Chinese herbal medicines on treatment for COVID-19.
Chinese Prescription compositions Clinical manifestation Mechanism of action References
herbal
prescriptions
Qingfei Ephedrae Herba; Glycyrrhizae Radix et Time of nucleic acid NF-kB signaling pathway |, (Chen et al., 2020; Mou et al., 2021; Shi
Paidu Rhizoma; Armeniacae Semen Amarum; conversion, duration of thrombin (F12, F13, F9), and et al.,, 2020; Wang et al., 2021; Wang
Decoction ~ Gypsum Fibrosum; Cinnamomi hospital stays and symptoms  TLR signaling pathway et al,, 2020; Xin et al., 2020; Yang et al.,
Ramulus; Alismatis Rhizoma; Polyporus; of fever, cough | | CRP, LC, IL107. 2020; Zhang et al., 2021; Zhao et al.,
Atractylodis Macrocephalae Rhizoma; Risk of mortality, acute liver ~ LDH, CK, CK-MB, BUN,IL6, 2021)
Poria; Bupleuri Radix; Hedysarum injury and acute kidney CCL2, TNF-o, PTGS1/2,
multijugum Maxim.; Arum ternatum injury| CYP1A1, and CYP3A4|
Thunb.; Zingiberis Rhizoma Recens; Anti-viral and anti- miRNA (MIR301| MIR183/
Asteris Radix et Rhizoma; Farfarae Flos;  inflammatory responses, and  130B7
Belamcandae Rhizoma; Asari Radix et energy metabolism? CDK7 7; TF (LXR) |; ACE2 and
Rhizoma; Dioscoreae Rhizoma; Aurantii CD147]; Interacting with
Fructus Immaturus; Citri Exocarpium Cdc20, Ido1, Ifng, Ptger4, Spil,
Rubrum; Pogostemonis Herba and Tnf7
Xuanfei Ephedrae Herba; Glycyrrhizae Radix et Fever, cough, fatigue, IL-6/STAT3 signaling (Wang et al., 2020; Wang, Sang, et al.,
Baidu Rhizoma; Armeniacae Semen Amarum; appetite| pathway| 2022; Wang, Wang, et al., 2022;
Recipe Gypsum Fibrosum; Coicis Semen; Profibrotic macrophage IgG, IgM, TNF-o, IFN-v, IL-2, Wendisch et al., 2021; Yan et al., 2021)
Atractylodis Rhizoma; Pogostemonis responses| IL-4, IL-6, a-SMA, IL-4, IL-6,
Herba; Artemisia annua L.; Polygoni infiltration of neutrophils| and iNOS|
Cuspidati Rhizoma et Radix; Verbenae activation and migration of Splenic Lymphocytes, CD4+
Herb; Phragmitis Rhizoma; Lepidii macrophages | and CD8+ T Cellst
Semen Descurainiae Semen; Citri immunity balance, WBC, LCT; CRP, ESR|
Grandis Exocarpium inflammation, hepatic and
biliary metabolism and
energy metabolism balance]
Huashi Ephedrae Herba, Armeniacae Semen Cough, fever, fatigue, chest Lactate dehydrogenase, (Liu et al., 2021; Shi et al., 2021)
Baidu Amarum, Gypsum Fibrosum, Paeoniae discomfort, ground glass area hemoglobin{
Granule Radix Rubra, Lepidii Semen Descurainiae of chest CT, clinical remission, IL-6, leucocyte, neutrophils,
Semen, Glycyrrhizae Radix et Rhizoma, and viral negative conversion and total bilirubin |
Pinelliae Rhizoma, Poria, Tsaoko Fructus, time| MAPK3, MAPKS, TNF, TP53
Pogostemonis Herba, Atractylodis Rhizoma, Rate of viral negative
Hedysarum multijugum Maxim., conversion and clinical
Magnoliae Officinalis Cortex, Rhei Radix et remission|
Rhizoma
Lianhua Forsythiae Fructus, Lonicerae Japonicae = Time of nucleic acid Modifying morphology of (Hu et al,, 2021; Liu et al., 2021; Niu
Qingwen  Flos, Ephedrae Herba, Armeniacae Semen conversion and lung virions; the number of et al., 2020; Runfeng et al., 2020; Shen
Granules  Amarum, Gypsum Fibrosum, Isatidis inflammation extinction | viruses| et al,, 2021; Xia et al., 2020; Xiao et al.,
Radix, Dryopteridis Crassirhizomatis Fever, fatigue, coughing, IL-10, LC, ALB and HGBT7; TNF-  2020; S. Zheng et al., 2020)
Rhizoma, Houttuyniae Herba, Rhei Radix anorexia, nausea, vomiting, o, IL-6, CCL-2, CXCL-10, ESR,
et Rhizoma, Rhodiolae Crenulatae Radix limb pain, chest tightness and CRP, D-dimer, and amyloid A|
et Rhizoma, L-menthol, Glycyrrhizae Radix  shortness| Regulating AKT1, JUN, MAPKS,
et Rhizoma Regulating coagulation MAPKS, VEGFA, CASP3, PTGS3,
function, airway MAPK1, MAPK3, CXCL8
microenvironment and Regulating INF-y signaling
immune response pathway, IL-23 signaling
pathway, FcyR-mediated
phagocytosis, and leukocyte
mediated immunity
Blocking COVID-19 binding to
ACE2
Xuebijing Carthami Flos, Paeoniae Radix Rubra, Systemic inflammatory GSK-3pB/ CREB, GSK-3p/ NF-kB  (Cao et al,, 2021; Chen et al., 2018; Chen
Injection  Chuanxiong Rhizoma, Salviae Miltiorrhizae response syndrome or/and and ER stress signaling et al.,, 2020; Ji et al., 2020; José et al.,
Radix et Rhizoma, Angelicae Sinensis Radix ~multiple-organ failure| pathway? 2020; Shang et al., 2019; Shin et al.,
Time of ICU care, mechanical  Oxygenation index, LC, WBCT;  2020; Song et al., 2019; Song et al., 2020;
ventilation,pneumonia CRP, PCT, D-dimer, AST, ALT| Xing, Hua, Shang, Ge, & Liao, 2020b;
severity index, and mortality| Binding of 3CLpro, S protein, Zheng et al., 2020; Zhong et al., 2020)
and ACE27
IL-107, IL-6, IL-17, TNF-a|
Balance of Tregs and Th17
cellst
Regulating GAPDH, ALB, EGFR,
MAPK1, CASP3, STAT3,
MAPKS, PTGS2, JUN, IL-2,
ESR1, and MAPK14
Jinhua Lonicerae Japonicae Flos, Gypsum Fever, cough, poor appetite, IL-1, IL-6, TNF-o|. (An et al., 2021; Chen et al., 2020; Liu
Qinggan Fibrosum, Ephedrae Herba, Armeniacae diarrhea, fatigue, and WBCT et al., 2020)
Granule Semen Amarum, Scutellariae Radix, mortality|

Forsythiae Fructus, Fritillariae Thunbergii
Bulbus, Anemarrhenae Rhizoma, Arctii
Fructus, Artemisiae Annuae Herba,
Menthae Haplocalycis Herba

Time and rate of viral
clearance and absorption of
pneumonia inflammatory
exudate?
anti-inflammatory effect of
western medicine?; usage
rate of antibiotics|
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3.3. Jinhua Qinggan Granule in treatment of COVID-19

Furthermore, Jinhua Qinggan Granule (JHQG) is composed of 13
herbs, including Lonicerae Japonicae Flos, Gypsum Fibrosum, Ephe-
drae Herba, Armeniacae Semen Amarum, Scutellariae Radix, For-
sythiae Fructus, Fritillariae Thunbergii Bulbus, Anemarrhenae
Rhizoma, Arctii Fructus, Artemisia annua L., Menthae Haplocalycis
Herba, Glycyrrhizae Radix et Rhizoma and has also been recom-
mended as one of the major therapeutic prescriptions for COVID-
19 in China.

Accumulating evidence showed that JHQG prominently
improved clinical typical symptoms of patients infected by SARS-
CoV-2 (Chen, Song, Gao, Zhao, & Ma, 2020). Furthermore, JHQG
was also reported to markedly promote the absorption of pneumo-
nia inflammatory exudate and shorten the duration of positive
nucleic acid detection based on a clinical case of 44 patients (Liu
et al., 2020). It is worth noting that in a randomized controlled trial
of 123 COVID-19 cases, JHQG supplemented with Western pre-
scription oseltamivir minimized antibiotic use and markedly alle-
viated COVID-19 clinical symptoms (An et al., 2021).

3.4. Qingfei Paidu Decoction in treatment of COVID-19

Qingfei Paidu Decoction (QFPD) is a well-designed combination
of four ancient prescriptions, including MSXG, Xiao Chaihu Decoc-
tion (XCH), Wu Ling San (WLS), Shegan Mahuang Decoction
(SGMH) for treating exogenous fever caused by cold in Zhang
Zhongjing's Treatise on Febrile and Miscellaneous Diseases. Because
QFPD is effective for patients with SARS-CoV-2 infection at all
stages, NHC-China promoted QFPD as a general prescription in
the diagnostic and treatment plan of COVID-19 in the 7th Version
of COVID-19 Diagnostic and Treatment.

It is worthy to note that QFPD is composed of multiple concor-
dant prescriptions, including MXSG, XCH, SGMH, and WLS, which
all contribute to the clinical efficacy of QFPD (Wang et al., 2021).
According to retrospective multicenter cohort research, QFPD
effectively resulted in better clinical outcomes, including fewer
days of viral shedding, faster recovery times as well as shorter hos-
pital stays (Shi et al., 2020). It has also been reported that QFPD
could restore the serum levels of aspartate aminotransferase
(AST), alanine aminotransferase (ALT), D-dimer, CRP, erythrocyte
sedimentation rate (ESR) and the percentage of lymphocytes,
which might contribute to its anti-virus, anti-inflammation and
pulmonary protection effects in clinic (Ye et al., 2020). In addition,
national retrospective registry researchers focused on the correla-
tion between QFPD and mortality of COVID-19 patients and found
that QFPD was associated with a significantly lower risk of in-
hospital mortality, without additional risk of hepatic injury or
acute kidney injury usually observed in COVID-19 patients
(Zhang et al., 2021). More importantly, QFPD was reported to not
only alleviate the symptoms and inflammatory response in the
lung but also has the potential to repair multi-organ impairment
in the clinic (Xin et al., 2020). According to a systematic review
and Meta-analysis including 16 clinical studies with 11 237
patients, the efficacy and safety of QFPD treatment in COVID-19
patients have been methodically evaluated. The use of QFPD was
reported to significantly reduce the time for nucleic acid conver-
sion and the duration of symptoms recovery (Wang et al., 2021).

3.5. Other TCM formulas in treatment of COVID-19

Except for prescriptions mentioned above, some other Chinese
medicines formulas show curative effects on COVID-19 as well.
Huashi Baidu Decoction (HSBD), is a compound granule composed
of 14 Chinese herbs, including Ephedrae Herba, Armeniacae Semen
Amarum, Gypsum Fibrosum, Paeoniae Radix Rubra, Lepidii Semen
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Descurainiae Semen, Glycyrrhizae Radix et Rhizoma, Pinelliae Rhi-
zoma, Poria, Tsaoko Fructus, Pogostemonis Herba, Atractylodis Rhi-
zoma, Hedysarum multijugum Maxim., Magnoliae Officinalis Cortex,
Rhei Radix et Rhizoma. Since 2020, NHC-China and NATCM-China
have recommended HSBD as one of the principal Chinese herbal
formulas for the treatment of COVID-19. From a single-center,
open-label, randomized controlled trial of 204 COVID-19 cases,
compared with routine treatment alone, combination with HSBD
more efficiently alleviated the common COVID-19 symptoms with-
out generating substantial negative transformation in the SARS-
CoV-2 test or severe side effects. (Liu et al.,, 2021) Another non-
randomized controlled trial of 60 patients with COVID-19 demon-
strated that HSHD could enhance the efficacy of lopinavir-ritonavir
pharmaceutical compositions in the COVID-19 treatment in terms
of the quarantine period. In addition, a combination of HSBD with
other TCM injections, such as Xiyanping Injection (XYP) and XB]J,
also displayed better antiviral effects than it used alone (Shi
et al.,, 2021). Xuanfei Baidu Recipe (XFBD), another recipe of the
Chinese herbal preparations for COVID-19 therapy, is composed
of three empirical prescriptions, including MXSG, Mayi Xinggan
Decoction (MYXG) and Tingli Dazao Xiefei Decoction (TLDZ).
Although XFBD is not applied in clinical as much as LHQW, it effec-
tively suppressed inflammatory reactions, improved immune sys-
tem function and alleviated the clinical symptoms of COVID-19
patients, as evidenced by the increased number of WBC and lym-
phocytes and reduced CRP and ESR in a pilot randomized clinical
trial (Xiong, Wang, Du, & Ai, 2020).

4. Mechanism of three Chinese patent medicines and three
Chinese medicine formulas in COVID-19 treatment

4.1. Mechanism of LHQW in treatment of COVID-19

4.1.1. Targeting ACE2 receptor

Evidence so far focuses on the role of LHQW in the blockade of
receptor recognition and viral replication. A recent study con-
ducted by Nanshan Zhong et al. revealed that LHQW administra-
tion suppressed the plaque formation of SARS-COV-2, and
decreased virions or modified the virions surface of infected cells
(Runfeng et al., 2020). Meanwhile, Niuand his colleagues inte-
grated clinical data and molecular docking analysis and reported
that several critical drugs like Forsythiae Fructus and Lonicerae
Japonicae Flos of LHQW might effectively antagonize the binding
of SARS-CoV-2 with ACE2 in the surface of host cells (Niu et al.,
2020). While a network pharmacology article speculated that
LHQW might directly regulate AKT1, a member of the MAPK cas-
cade downstream of ACE2, and thus inhibit platelet activation
and SARS-CoV-2 infection. Furthermore, six active compounds of
LHQW, namely beta-carotene, kaempferol, luteolin, naringenin,
quercetin and wogonin, were able to enter the active pocket of
Akt1, thereby exerting potential therapeutic effects against
COVID-19 (Xia et al., 2020).

4.1.2. Targeting cytokine responses

Except for targeting ACE2 receptor and affecting SARS-CoV-2
invasion and replication, LHQW also processes advantages in regu-
lating immune response and suppressing cytokine storm. Nanshan
Zhong's team first demonstrated that LHQW significantly
decreased the mRNA levels of TNF-a, IL-6, CCL-2, and CXCL-10 in
Vero E6 cells infected by SARS-COV-2, which are diagnostic mark-
ers of COVID-19 patients (Runfeng et al., 2020). Zheng et al. applied
extensive detailed network pharmacology analysis and found that
LHQW regulated multiple inflammatory processes, such as
interferon-gamma (IFN-v)-, IL-23- and Fc y receptor-mediated sig-
naling pathway, improved cytokine storm and ACE2-expression-
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disorder-caused symptoms (Zheng et al., 2020). In addition, a study
with network pharmacology and molecular docking analyses
reported that several important ingredients of LHQW, like balan-
gan and ethanol extracts could eliminate oxygen free radicals by
lowering the production and release of inflammatory mediators
such as TNF-a, IL-6 and IL-10 that are considered as critical mark-
ers for prognosis estimation of COVID-19 (Xia et al., 2020).

4.2. Mechanism of QFPD in treatment of COVID-19

4.2.1. Targeting ACE2 receptor

Currently, several studies have shown that multiple organ dys-
function caused by COVID-19, including throat, liver, kidney, and
pancreas, may be attributed to the wide distribution of ACE2 across
these tissues. Recently, emerging evidence indicated that QFPD tar-
gets were highly enriched in a variety of COVID-19-related disor-
ders. Additionally, QFPD shared several common targets with
SARS-CoV-2 proteins and ACE2-related genes including Mpro,
3CLpro and Nsp14-16 (Chen et al., 2020), indicating that QFPD
may simultaneously influence multiple stages of virus infection.
Furthermore, Zhao et al. demonstrated that several critical com-
pounds isolated from QFPD, such as baicalin and glycyrrhizic acid,
might bind to six host proteins that interact with SARS-CoV-2 pro-
teins and thus contribute to the anti-virus effects of QFPD (Zhao
et al.,, 2021).

4.2.2. Targeting virus infection and replication of SARS-CoV-2

It is becoming gradually clear that host cellular miRNAs and
cyclin-dependent kinase 7 (CDK7) have crucial roles in the regula-
tion of viral infection and replication. Based on an intriguing new
network pharmacology investigation, QFPD was classified into five
functional units using the compatibility principle of TCM. More
specifically, miRNAs such as miRNA183 and miRNA130A/B/301
were linked to four QFPD functional units with potential anti-
viral activities. Furthermore, CDK7 was enriched in 80% of QFPD
formulations, indicating that QFPD might impact COVID-19 virus
replication viaCDK7-mediated cellular cycle and RNA polymerase
II transcription. In addition, innovative functional units of network
pharmacology study also explored that the common GO terms of
QFPD targets were significantly enriched in small molecule meta-
bolic process, oxidoreductase activity, lipid binding, lipid meta-
bolic process and homeostatic process, suggesting that QFPD may
exert anti-viral activity through the regulation of metabolic func-
tion (Chen et al., 2020). Additionally, it has been generally
acknowledged that lipid metabolic reprogramming occupies an
important place in virus replication and immune responses, which
could be a novel meaningful and applicable target for anti-SARS-
CoV-2 therapy (Ganeshan & Chawla, 2014; Yuan et al., 2019). The
innovative study indicated that QFPD might exert anti-viral activ-
ity and anti-inflammatory responses through metabolic function.
Network pharmacology analysis made by Chen et al. indicated that
endocrine system pathways, including the peroxisome
proliferator-activated receptors (PPARs), small molecule metabolic
process, lipid binding, lipid metabolism and adipocytokine signal-
ing pathways were significantly enhanced in more than four for-
mulations in QFPD including MSXG, XCH, SGMH, and WLS.
Moreover, the ability of QFPD to protect COVID-19 and its targeted
drug-attacks, like cell division cycle 20 (CDC20), indoleamine 2,3-
dioxygenase 1 (IDO1) and IFN-y were associated with bacterial
and viral responses, cytokine, and immune system (Chen et al.,
2020).

4.2.3. Targeting immune responses of virus infection

Given the importance of inflammatory cytokine storm and
immune response in COVID-19 progression, the latest studies have
examined whether QFPD suppresses some pathways associated
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with immune cell activation. Based on the combination of network
pharmacology and experiment validation of QFPD and XFBD,
researchers found that both QFPD and XFBD had a significant inhi-
bitory impact on the production of pro-inflammatory markers such
as IL-6, TNF-a, MCP-1, and CXCL10 in THP-1-derived M1 macro-
phages, while did not influence the type 1 IFN signaling pathway
in A549 cells. Furthermore, the pinocytosis capability of macro-
phages and the phosphorylation of IkBa and NF-xB p65 during
macrophage polarization were dramatically reduced after treat-
ment with QFPD and XFBD (Shi et al., 2021). This study suggested
that QFPD and XFBD might improve the damaged innate immunity
induced by SARS-CoV-2 through the inhibition of pro-
inflammatory cytokine production, NF-kB signaling pathway and
pinocytosis activity in activated macrophages. Subsequently, in
an experimental study combined with network pharmacology of
QFPD and its major component MXSG against SARS-CoV-2, a total
of 129 compounds in QFPD were extracted and identified, mainly
belonging to flavonoids, glycosides, carboxylic acids, and saponins.
According to the transcriptome results, thrombin and TLR signaling
pathways were indicated to be critical pathways for QFPD- and
MXSG-mediated anti-inflammatory effects in a rat model of LPS-
induced pneumonia. Furthermore, glycyrrhizin acid, a major com-
ponent of MXSG, was reported to block TLR agonist-induced IL-6
production in macrophages and alleviate subsequent cytokines
storm (Yang et al., 2020). Furthermore, Zhao et al. demonstrated
that QFPD significantly repressed platelet aggregation and the
activities of IL6, CCL-2, TNF-a, NF-kB, CYP1A1 and CYP3A4, and
upregulated IL10 expression and they also pointed out four key
compounds in QFPD, including baicalin, glycyrrhizin acid, hes-
peridin and hyperoxide (Zhao et al., 2021).

4.2.4. Targeting coagulation system of virus infection

It is well-acknowledged that the coagulation system could be
largely affected by SARS-CoV-2. The transcriptome results showed
that QFPD was closely related to complement system and coagula-
tion cascades including such as coagulation factor XII (F12), F13b
and F9, which were involved in the conversion of zymogen to ser-
ine protease and eventually formed thrombin. Furthermore,
according to the data from an established liquid
chromatography-mass spectrometry (LC-MS) method, ephedrine,
as a main active ingredient of MXSG (a prescription belongs to
QFPD), exerted anti-platelet action and attenuated the damage of
coagulation system (Yang et al,, 2020). The result suggests that
MXSG might play an important role in vascular protection and
coagulation function improvement thus increase the overall effect
of QFPD prescription.

4.3. Mechanism of XBJ in treatment of COVID-19

4.3.1. Targeting virus infection and replication of SARS-CoV-2

Recently, XB] was shown to protect against SARS-CoV-2-
induced Vero E6 cell death, and thus reduce the average size and
number of the plaque in a dose-dependent manner (Patel et al.,
2020). Meanwhile, according to network pharmacology and molec-
ular docking analyses completed by Xing et al., anhydrosafflor yel-
low B, salvianolic acid B and rutin in XBJ could directly target
COVID-19 crucial proteins like 3CLpro, S protein and ACE2 and thus
exert anti-inflammatory and antiviral response against COVID-19
(Xing, Hua, Shang, Ge, & Liao, 2020a).

4.3.2. Targeting immune responses of virus infection

An increasing number of research have recently implicated that
XBJ might become an effective pharmacotherapy for immunologi-
cal imbalance in COVID-19 by regulating immune cell function and
inflammatory cytokine release. It was reported that XBJ improves
survival rate in a murine model of polymicrobial sepsis after cecal
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ligation and puncture (CLP) surgeries, partially through preventing
cytokine storm, inhibiting inflammation and regulating the balance
of Tregs and Th17 cells (Chen et al., 2018). Based on network phar-
macology, Zheng et al. further obtained 144 potential COVID-19
targets of XBJ and they suggested that XBJ exerted its therapeutic
effects by regulating NF-xB, MAPK, PI3K-Akt, vascular endothelial
growth factor, TLR, TNF and renin-angiotensin system signaling
pathways (Zheng et al., 2020).

4.3.3. Protecting multiple organ damage caused by virus infection

Until now, XB]J is one of the most effective TCM drugs approved
for treating sepsis and multiple organ dysfunction in the clinic. Lots
of complications have happened in the severe and critical phase of
COVID-19, including septicemia and multiple organ damage like
cardiac, hepatic and renal injury (Chen et al, 2020; José,
Williams, Manuel, Brown, & Chambers, 2020). A recent study also
showed that the pretreatment of XB] markedly reduced serum
levels of AST and ALT and inhibited the release of pro-
inflammatory factors into serum, more importantly, improved liver
function by upregulating glycogen synthase kinase 3 beta (GSK-3B)
and strengthening the binding of phospho-cAMP-response
element-binding protein (p-CREB) to calcium-binding protein
(CBP) (Cao et al., 2021). In an interesting experimental study com-
bined with network pharmacology analysis, XBJ enhanced the via-
bility of renal cells, abolished the colonization of Candida albicans
in kidneys and rescued mice from lethal candida-induced sepsis
(Shang et al., 2019).

4.4. Mechanism of XFBD in treatment of COVID-19

XFBD, which has shown a curative effect in epidemics induced
by coronaviruses since SARS 2013, is approved to treat COVID-19
and achieve clinical efficiency nowadays. Thus, it is necessary to
explore the regulatory mechanism in depth. Wang et al. applied
network pharmacology and found that there were 109 of XFBD tar-
gets associated with both the disease targets of COVID-19 and the
disease pathways of viral infection, energy metabolism, parasites
and bacterial infection and lung injury (Wang et al., 2020). Mean-
while, Zhao et al. combined a comprehensive research system to
explore the pharmacological mechanism and bioactive ingredients
of XFBD. They profiled 154 compounds in XFBD and identified the
inflammatory pathways as primary targets. Then they verified that
XFBD decreased pulmonary inflammation and serum proinflam-
matory cytokines levels in an acute inflammation mice model
induced by LPS, and inhibited macrophage activation and migra-
tion in a zebrafish wounding model and RAW 264.7 cell lines.
Moreover, either single herbs or effective compounds isolated from
XFBD that inhibiting macrophage-related immunoreaction were
also identified (Zhao et al., 2021). It has been demonstrated that
XFBD inhibited the expression and secretion of IL-6 and TNF-o
and the activity of iNOS in both LPS-treated RAW264.7 macro-
phages and LPS-induced acute lung injury mice through the PD-
1/IL17A pathway (Wang, Wang, et al., 2022), suggesting the possi-
bility of XFBD in regulating the infiltration of neutrophils and
macrophages in COVID-19 patients. Furthermore, XFBD protected
against cyclophosphamide (CY)-induced acute inflammation,
which significantly suppressed mouse serum levels of TNF-o,
IFN-v, IgG, and IgM and the expression of IL-2, IL-4, and IL-6 in
the spleen, enhanced splenic lymphocyte proliferation response
and reduced the counts of CD4" and CD8* T lymphocytes (Yan
et al., 2021). Therefore, XFBD might play a crucial role in prevent-
ing immunosuppression and become a potential candidate for
immune modification and therapy. What is more serious is that
SARS-CoV-2 has been testified to induce evident pulmonary fibro-
sis and develop into acute respiratory distress syndrome (ARDS)
(Wendisch et al., 2021). A recent study showed that XFBD effec-
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tively inhibited the expression of a-SMA, IL-4, IL-6, iNOS and the
migration of fibroblasts, prevented macrophage infiltration and
eventually bleomycin-induced pulmonary fibrosis by inhibiting
IL-6/STAT3 signaling (Wang, Sang, et al., 2022).

4.5. Mechanism of other Chinese patent medicines and Chinese
medicine formulas in treating COVID-19

In addition to the above TCM, there are a few but significant
studies that explore the potential mechanism of other Chinese
patent medicines and Chinese medicine formulas in curing
COVID-19. Gong et al. applied network pharmacology and molecu-
lar docking methods and speculated that JHQG might affect TNF,
PI3K/Akt, and HIF-1 signaling pathways via directly binding ACE2
and thus regulating its targets including prostaglandin-
endoperoxide synthase 1 (PTGS1), PTGS2, heat shock protein 90
alpha family class B member 1 (HSP90AB1), heat shock protein
90 alpha family class A member 1 (HSP90AAT1), and nuclear recep-
tor coactivator 2 (NCOA2) (Gong, 2020). Similarly, Tao et al. also
used above methods to investigate the molecular targets and
mechanisms of HSBD in the treatment of COVID-19 and they found
that HSBD largely regulated the signaling pathways of TNF, PI3K-
Akt, NOD-like receptor, MAPK and HIF-1, of which top two com-
pounds, baicalein and quercetin, had high affinity with ACE2 (Tao
et al., 2020).

5. Discussion

COVID-19 pneumonia, a sudden and devasting health problem,
has rapidly spread and inflicted immense losses on human lives
and properties on a global scale over two years. SARS-CoV-2, the
pathogen of COVID-19 with ever-changing and increasingly dan-
gerous variants, such as variant Alpha (B.1.1.7), Beta (B.1.351),
Gamma (P.1), Delta (B.1.617.2) and latest Omicron (B.1.1.529), is
considered as a kind of highly transmissible pathogenic coron-
avirus, transmits through complicated ways like respiratory dro-
plets, aerosol, and surface contamination(Mistry et al., 2021).
From a clinical diagnostic perspective, apart from severe flu-like
symptoms, patients infected with COVID-19 are more likely to
undertake life-threatening severe symptoms including fulminant
diseases like sepsis, ARDS and multi organ failure (Harrison et al.,
2020; Wiersinga, Rhodes, Cheng, Peacock, & Prescott, 2020). For
analyzing the pathogenesis of COVID-19, the characteristic struc-
tural proteins and proteases, and how SARS-CoV2 attaches to and
infects host cells have been summarized. Up to date, most innova-
tive drugs are mainly focused on the abnormal immunologic pro-
cess affected by SARS-CoV-2. However, the unstable variants,
expensive costs and limited therapeutic time may be the challenge
for drug discovery. Even worse, except for some regular antivirus
agents like remdesivir, broad-spectrum antibiotics, reliever medi-
cations, and vaccines injection, there is no effective specific drug
for COVID-19, aggravating tremendous economic burden and
increasing global morbidity. Therefore, it is urgent to provide com-
plementary and alternative therapies for the treatment of COVID-
19 patients.

TCM is a well-accepted therapy with long-lasting application
history in China, which combines ancient medical theories with
clinical evidence. Under the guidelines of Yi Bing’ theory (Huang
et al., 2021), several herbal formulas are effective in treating
COVID-19 and have been recommended in clinical practice by
NHC-China for precaution, treatment, and prognosis of this epi-
demic since its outbreak from 2019 (Luo et al., 2020). Mounting
clinical and laboratory studies demonstrated that medication com-
bined with TCM showed better effects than taken Western medi-
cine alone in treating the COVID-19.Notably, three Chinese
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patent medicines and three Chinese medicine formulas are benefi-
cial for relieving the typical clinical symptoms, improving the lung
features and directing regulating inflammatory and immune
response, and have been approved to symptomatically treat
COVID-19 in different stages with significant therapeutic efficacy.
Among them, LHQW, recommended by the Chinese Academy of
Engineering (CAE), is quite effective in reducing symptoms of mild
and moderate COVID-19 patients, as well as effectively limiting the
severe pneumonia conversion rate. Besides, pharmacodynamic
studies indicate that LHQW may significantly inhibit the SARS-
CoV-2 activity and reduce the abnormal activation of cytokines
(Wu et al., 2020; Xiao et al., 2020). In addition, long-term clinical
reports show that QFPD, the first and common prescription pro-
posed by NHC-China, plays a crucial role in preventing the conver-
sion of common COVID-19 symptoms to severe and critical stages.
In a recent review, Boli Zhang’s team also points out that QFPD can
ameliorate extensive adverse symptoms and is also suitable for the
treatment of COVID-19 in mild, moderate, severe and critical
stages (Lyu et al., 2021). As previously demonstrated, QFPD seems
to significantly reduce viral activity, pathological immune response
and coagulation activation induced by SARS-CoV-2 (Shi et al,
2021; Yang et al.,, 2020). It is also worth mentioning that XBJ,
which is refined from ‘XuefuZhuyu Decoction (XFZY)' and applied
in the clinic since SARS 2003, is extensively utilized in the severe
and critical stage of COVID-19 patients with sepsis and multiple
organ damage. Except for the decline of severe illness conversion
and improvement of recovery rate, XBJ also has the advantage of
improving COVID-19-induced systemic inflammatory response
and multiple organ failure (Cao et al., 2021; Wang et al., 2019)
(https://www.satcm.gov.cn/). Therefore, for COVID-19 patients,
different TCM formulas may be used symptomatically to treat their
different stages of disease. In particular, we elaborate and empha-
size the characteristic immunological process of SARS-CoV-2 infec-
tion in great detail, however, most of the clinical or experimental
studies of three Chinese patent medicines and three Chinese med-
icine formulas mainly focused on the regulatory effects of TCM on
the typical inflammatory signaling pathways or inflammatory fac-
tors without investigating the changes of interaction between
SARS-CoV-2 and ACE2, complement activation and T cell subsets.
Thus, the anti-virus activities and potential mechanism of the
above-reported TCMs still need extensive research. If possible,
we expect that this review may offer a promising research direc-
tion for Chinese medicines against COVID-19 in the future.

Based on the comprehensive analysis of the frequency of cur-
rent drugs used in COVID-19 treatment, Scutellariae Radix, Gly-
cyrrhizae Radix et Rhizoma, Hedysarum multijugum Maxim.,
Saposhnikoviae Radix, Atractylodis Macrocephalae Rhizoma, Lon-
icerae Japonicae Flos, and Forsythiae Fructus are the most high-
frequency and promising therapeutic medicines (Xin et al., 2020).
Notably, Scutellariae Radix and licorice the most common herbs.
Scutellariae Radix, an essential TCM, has been widely used over
for 2000 years in China that exerts obvious therapeutic effects on
the treatment of multiple respiratory diseases. Baicalein, the lead-
ing chemical constituent of Scutellariae Radix, exerts anti-
inflammation and broad-spectrum antiviral effects. Recent studies
showed that Baicalein could inhibit the activity and replication of
SARS-CoV-2 and relieve the inflammatory infiltration in lung tissue
infected with SARS-CoV-2 (Huang et al., 2020; Huang, Bai, He, Xie,
& Zhou, 2020; Song et al., 2021). In addition, some previous studies
showed the antiviral activity of glycyrrhizin (belongs to licorice is
the main ingredient of MXSG in QFPD) in inhibiting SARS-COV?2.
Moreover, glycyrrhizin also inhibits the main protease MP™ to
block the replication of SARS-CoV-2 (van de Sand et al., 2021).
Based on the results of in vitro and in vivo experiments and struc-
ture-activity relationship analysis, another two ingredients iso-
lated from licorice, glycyrrhizin acid and licorice-saponin A3 have
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been testified to potently inhibit SARS-CoV-2 infection and replica-
tion by targeting the nsp7 protein and the spike protein receptor
binding domain, respectively (van de Sand et al., 2021). Further-
more, other herbs also show potential as promising therapeutic
candidates for the treatment of COVID-19 patients. Thus, we spec-
ulate that these active herbs or related ingredients contribute to
the protective anti-virus effects of three Chinese patent medicines
and three Chinese medicine formulas in COVID-19 therapy.

6. Conclusion

Currently, the spread of COVID-19 is still uncontrollable with
the fact that the numbers of confirmed and death cases are contin-
uously rising, and no specific medicine has been discovered for
COVID-19. After verified by sufficient evidence from the clinic
and laboratory, TCM, especially for three Chinese patent medicines
and three Chinese medicine formulas, can alleviate the symptoms
of COVID-19 from mild, moderate to severe and critical phases by
affecting multiple effective targets, thus making it an irreplaceable
option for COVID-19 treatment. In summary, considering the crit-
ical role of TCM in clinical practice, clarifying regulatory mecha-
nisms, investigating complex ingredients and improving the
practice guidelines of TCM in treating COVID-19 will not only ben-
efit the international public health care at present but also con-
tribute to the establishment of epidemic prevention system in
the future.
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