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Abstract.

BACKGROUND: The pandemic caused by the novel coronavirus disease (COVID-19) since early 2020 is one of the most
significant global health issues in history. Although there is currently no specific treatment for COVID-19, researchers have
provided a whole array of potential treatments, both from the Western medicine approach, which is molecular target and patho-
genesis based, and from the traditional Chinese medicine (TCM) approach, which is based on the exposure to toxins/pathogens
and the balance of the body to combat them for recovery.

OBJECTIVE: The aim of this research is to find combinations of Western medicine and TCM that may offer better therapeutic
efficacy synergystically with a better adverse events profile. The findings of the research may provide a new insight in the
development of the treatment of COVID-19.

METHODS: From the Western medicine perspective, drugs target the mechanisms of viral infection, including the stages of
viral entry (Arbidol, Camostat Mesylate, Convalescent Plasma therapy) and viral replication (Lopinavir/Ritonavir, Redemsivir,
Ribavirin). Additional therapies target host defenses, preventing cytokine storms (Tocilizumab) and stimulating the immune
system (Interferons). On the other hand, TCM also proposed a number of treatment methods for COVID-19 with new scientific
approaches identifying their antiviral and immunomodulatory activities. The novel combination of Western medicine and TCM
can be proposed by analyzing their respective molecular targets.

RESULTS: Although TCM is not generally accepted in the Western community because of the general lack of knowledge on
their detailed mechanisms, studies and clinical trials suggest that TCM could be beneficial in combating COVID-19.
CONCLUSION: Based on the principle of combining TCM and Western medicine, two combinations are tested effective in
clinical trials, and three possible combinations that might be effective are proposed in the paper.
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1. Introduction
1.1. COVID-19

Coronavirus disease 2019 (COVID-19) is an infectious disease caused by severe acute respiratory
syndrome coronavirus-2 (SARS-CoV-2). It demonstrates symptoms similar to pneumonia, including
cough, fever, and fatigue [1,2]. According to Johns Hopkins University & Medicine, since the outbreak
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Fig. 1. The process of SARS-CoV-2 entering the cell, producing viral particles, and exiting the cell (created with BioRender.com).

of COVID-19 from early 2020, there have been over 600 million confirmed cases and over 6.5 million
deaths as of October 2022. After eighteen months of vigorous scientific research, the scientific community
has gained significant knowledge on virology, pathogenesis, development of diagnostics and vaccines at
an unprecedent speed. However, there is yet no specific cure for COVID-19 patients, and doctors treat
patients by merely ameliorating the symptoms with limited options.

1.2. Biological characteristics of SARS-CoV-2

SARS-CoV-2 consists of an enveloped, positive-sense, single-stranded RNA genome that encodes four
structural proteins: the spike (S), membrane (M), envelope (E), and nucleocapsid (N) proteins [3]. As
shown in Fig. 1, SARS-CoV-2 enters the cell by binding its spike protein to the receptor angiotensin-
converting enzyme 2 (ACE2) on the cell surface, which causes the activation of the transmembrane
protease serine protease 2 (TMPRSS2), which cleaves the spike protein and facilitates entry of the
virus into the host cell [4]. After entering the cell, the viral RNA genome is translated into two viral
proteases: papain-like protease (PLP™) and 3-chymotrypsin-like protease (3CLP™), which are responsible
for cleaving polyproteins (ppla, pplab) into 16 non-structural proteins (NSPs) including viral helicase
and RNA-dependent RNA polymerase (RdRp), which are essential for the virus to replicate. These NSPs
are then assembled into replication-transcription complexes (RTCs) which are critical for viral replication.
The structural genes encoded the spike, membrane, and envelope proteins. The translated structural
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proteins are processed through the host ER-Golgi intermediate compartment (ERGIC) which will then
assemble with the N protein to form the viral particles before exiting from the infected cells [5].
Although many drug candidates targeting different aspects of SARS-CoV-2 infection and human
response to the virus have been used to attempt to heal patients, none of them individually show a
high cure rate. In China, some researchers are evaluating the potential of TCM for the treatment of
COVID-19. TCM is not recognized by the Western world due to its unknown efficacy, and thus it has
not yet gathered much scientific support. However, in combination with other Western therapies, TCM
can show synergistic activities in either direct antiviral effect or for symptomatic relief. This paper will
introduce the major therapies for COVID-19 patients using Western medicine and TCM. With the known
information available for Western medicine, the potential combination of both Western medicine and
TCM for treatment of COVID-19 are discussed and new possible combinations are proposed in the paper.

2. General therapies for COVID-19
2.1. Therapies targeting mechanisms of SARS-CoV-2 infection

One of the possible treatment methods for COVID-19 is to target the mechanisms of viral attachment,
entry, and replication. In general, SARS-CoV-2 mainly attacks lung epithelial cells, where the greatest
concentration of ACE2 receptors is found [6]. The virus enters the cell through Spike protein-ACE2
(S-ACE2) interaction leading to membrane fusion. Then the virus synthesizes its viral proteins by
using protease to splice polyprotein into smaller proteins, including RdRp. Therapies that target these
mechanisms will be reviewed in the following sections.

2.1.1. Blocking virus attachment to the cell
2.1.1.1 Arbidol

Arbidol, also known as Umifenovir, is a Russian-made antiviral drug mainly used to treat influenza
in Russia and China. It has been shown to interact with lipids and proteins to alter intracellular viral
trafficking and viral maturation in endosomal compartments in the hepatitis C virus model (another RNA
virus) [7]. Arbidol has been shown to block S-ACE2 interaction to prevent the fusion between the viral
envelope and cell membrane. Thus, the virus cannot enter the cell [8].

An in vitro experiment showed that Arbidol could efficiently inhibit SARS-CoV-2 infections [9]. In a
clinical study including 111 patients, Arbidol was shown to promote viral clearance and reduce disease
progression in terms of a reduced incidence of severe diseases [10]. However, using Arbidol as treatment
is still in doubt since some other clinical studies have shown that Arbidol might not improve symptoms
or speed up viral clearance in mild or moderate COVID-19 cases and its long-term side effects remain
uncertain [7,11,12].

2.1.1.2 Camostat Mesylate

TMPRSS?2 is a type of transmembrane serine protease that facilitates SARS-CoV-2 viral infection by
priming the S protein thus promoting virus-cell membrane fusion through ACE2.

Camostat Mesylate is a serine protease inhibitor. It has been shown to be effective in blocking SARS-
CoV-2 from entering human lung epithelial cells [13]. Other animal studies have reported that Camostat
Mesylate is effective at protecting mice from contracting SARS-CoV infections, with a survival rate of
60% from SARS-CoV infection compared to that of lower than 10% using other protease inhibitors or
no treatment at all [14]. Although there are not enough clinical studies to support its efficacy, Camostat
Mesylate is believed to be a potential option to combat SARS-CoV-2 infection.
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2.1.2. Blocking membrane fusion
2.1.2.1 Chloroquine/Hydroxychloroquine

Chloroquine and its derivative hydroxychloroquine have been used as antimalarial drugs since the 1940s
and play a role in treating autoimmune diseases. Chloroquine has been shown to increase endosomal pH
that can have an inhibitory effect on virus-cell fusion by interfering with the glycosylation of the host
cellular receptors [15,16].

A recent study on the antiviral effect of chloroquine against SARS-CoV-2 in Vero E6 cells shows
that chloroquine can inhibit viral replication at a low concentration with acceptable cytotoxicity [16].
However, opposite to the outcome of the in vitro study, many recent clinical studies involving hospitalized
COVID-19 patients showed no benefits in speeding up viral clearance or reducing mortality of using
chloroquine and hydroxychloroquine treatment [17]. Therefore, more treatment methods that combine
chloroquine or hydroxychloroquine with other drugs need to be discovered since it is shown to be less
effective when working alone.

2.1.3. Inhibiting viral protease
2.1.3.1 Lopinavir/Ritonavir

Lopinavir is an HIV-1 protease inhibitor that has been shown to inhibit the viral protease 3CLP™ of
SARS-CoV-2 and is usually used in combination with Ritonavir which will reduce the liver metabolism
of Lopinavir through its inhibition of the liver cytochrome P450, the major metabolizing pathway for
Lopinavir [18].

Although, Lopinavir/Ritonavir has been shown to be useful in treating SARS-CoV-2 in vitro, clinical
trials show a different outcome. Lopinavir/Ritonavir treatment and standard care (treatment based on
symptoms) were compared in a clinical study in Wuhan in early 2020 involving 199 confirmed COVID-19
patients. The results showed no difference in clinical improvement or viral load or mortality within
28 days [19]. Another study compared 111 patients treated only with Ribavirin and 41 patients treated
with Lopinavir/Ritonavir and Ribavirin. The result showed that patients treated with the combined therapy
had a lower risk of death [20]. Similar to the discussion above, the antiviral effect of lopinavir/ritonavir
may only be revealed when used in combination with other antivirals.

2.1.4. Inhibiting RNA dependent RNA polymerase (RARp)
2.1.4.1 Remdesivir

Remdesivir is a broad-spectrum antiviral drug that was first developed against the Ebola virus [21].
Remdesivir ameliorates COVID-19 by inhibiting viral RdRp and thus preventing viral replication. Animal
studies reported that Remdesivir can significantly reduce the viral load, enhance lung functioning,
and minimize pathological detriment in the MERS-CoV infected mice lung [22]. Remdesivir inhibits
SARS-CoV-2 replication at low concentrations and acceptable cytotoxicity in vitro [16].

However, for severe COVID-19 patients, clinical studies in China and the USA show inconsistent
results. Clinical trials in China showed that there is no significant improvement using Remdesivir [23],
despite the fact that it has been shown to reduce the number of hospital stays in severe COVID-19 cases
that need ventilation machines to assist breathing in the United States [24]. Subsequently, Wang et al.
analyzed over ten thousand SARS-CoV-2 viral genomes from different populations and found that the
frequency of potential functional variations of the viral protein, including p.P4715L (which encodes the
viral RdRp), is much lower in SARS-CoV-2 patients in China (11.2%) compared to the USA (63.0%).
Researchers postulate that such innate genetic variation among the populations might account for the
difference in the observed clinical benefits since RdRp, the target of Remdesivir, is produced by the
pplab [25]. Though this hypothesis remains to be tested further in both in vitro and clinical studies, so far,
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2.1.4.2 Ribavirin

Ribavirin is a guanine analog known for antiviral activities and has been found effective in treating hep-
atitis C virus and respiratory syncytial virus [26]. Ribavirin inhibits viral protein synthesis by interfering
with the transcriptional initiation and elongation of RNA fragments [27].

A study evaluated clinical outcomes of Ribavirin involving 132 suspected SARS patients. The results
showed that more than half of the patients treated with Ribavirin improved, as shown by multiple clinical
indicators [28]. However, there is yet no sufficient evidence to show that Ribavirin is applicable used for
therapeutic purposes. In addition, an in vitro study indicated that the high effective dose of Ribavirin
needed for COVID-19 patients might cause side effects such as transaminase elevations and hemolytic
anemia [28]. Thus, using Ribavirin alone as treatment is not recommended.

2.2. Therapies targeting response to the virus

The immune response is critical in the host’s defense against the viral infection. Some of the antibodies
can neutralize the virus from infecting more cells. When SARS-CoV-2 attacks the human body, viral
antigens are presented to T cells and B cells by the major compatibility complex (MHC) to stimulate innate
and adaptive immunity [29]. Inflammatory cytokines, mainly interleukin (IL-1, IL-2, IL-6), interferon
(IFNe, IFN 3, IFN +), and tumor necrosis factor (TNF-«), are then produced to control the pathogen and
protect the host [30].

However, in some patients, when the viral infection is not under control and the immune system is
overreacted, cytokines will release uncontrollably, inducing a cytokine storm. Cytokine storms may cause
severe collateral tissue damage and acute respiratory distress syndrome (ARDS), a type of respiratory
failure. Such damage can further cause lung injury and multiple organ failure, which will lead to
death [29,30]. Therefore, treatments that target cytokine storms are especially essential for severe
COVID-19 patients to recover back to the mild stage of viral infection.

2.2.1. Target on neutralizing cytokine storm
2.2.1.1 Tocilizumab

One of the cytokines released during the infection of SARS-CoV-2 is interleukin-6 (IL-6). IL-6 protects
the host by inducing fever and acute inflammation and recruits other parts of the immune system to assist
in the elimination of the viral infected cells [4]. In severe cases, overproduction of IL-6 may lead to
impaired diffusion of oxygen in the lungs [31]. Therefore, tackling IL-6 before it is overproduced can be
one way to treat COVID-19 patients.

Tocilizumab is a monoclonal immunoglobulin G1 (IgG1) antibody targeting the IL-6 receptor, mitigat-
ing the cytokine storms by making IL-6 unable to overproduce [32]. A study including 21 patients with
COVID-19 who received Tocilizumab showed that 19 of them had clinical improvement as measured by
improved respiratory function and CT imaging. What is more, the study showed no adverse effect from
Tocilizumab treatment [33]. Studies on a larger scale are needed to confirm that Tocilizumab could be an
option in treating COVID-19 patients.

2.2.1.2 Interferon (IFN)

Interferon (IFN) is a group of cytokines that interfere with every step of virus replication [34]. IFNs can
be classified into Type I (IFN-« and IFN/3) and Type II (IFN+) [35]. Two subtypes of Type I interferon
(IFN-« and IFNS) have demonstrated anti-SARS-CoV ability in vitro [36,37].

As for SARS-CoV-2, an in vitro study using IFN« treatment revealed a significant decrease in viral
replication [38]. One clinical study involved 60 severe COVID-19 patients that were divided into three
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groups with IFN1a plus conventional treatment, IFN-31b plus conventional treatment, or only conven-
tional treatment that uss Chloroquine and Lopinavir/Ritonavir. The results show that IFN-S1a treatment
has a better clinical outcome than IFN-31b treatment, and both of the treatments are more beneficial than
conventional therapy [39].

2.2.2. Immunoglobulin therapy
2.2.2.1 Convalescent Plasma therapy

Convalescent Plasma therapy (CP therapy) works by collecting antibody-rich plasma from recovered
patients and transfusing the plasma into other patients. The antibodies in the plasma derived from the
recovered patients can block viral entry and potentially mediate the host immune cells to remove the
virus [40].

Sun et al. reviewed 37 studies about the efficacy of CP therapy in a variety of viral diseases. The authors
concluded that early CP therapy if used early in the disease can significantly reduce mortality and viral
load, and shorten the length of a hospital stay [40]. CP therapy can be an option when treating severe
cases, but more studies are needed to ensure the method’s safety when being used in less severe cases.

3. TCM therapies
3.1. Introduction to TCM therapies

TCM, Traditional Chinese Medicine, has been widely used in China for more than 2,000 years. TCM
uses three approaches to curing disease: formula/prescriptions (mixture of herbs), acupuncture (needle
therapy), and moxibustion (burnt-leaf induced vacuum therapy) [41].

Different from the Western medicine system that aims at reducing the effect of the disease, the TCM
system focuses on maintaining the balance of Yin (essence, body fluids, blood) and Yang (gi, or vital
energy, and spirit) within an individual [42]. According to the TCM system, when the balance of Yin and
Yang is broken and the body is unable to regulate itself, disease occurs; and when the balance is back to
normal, patients will recover from the disease and the symptoms are ameliorated.

Although there are major differences in treating patients between TCM and Western medicine, in both
cases their therapeutic effects come from the compounds that constitute the medicine. Now I will examine
the active compounds in TCM that may induce therapeutic benefits.

3.2. Acceptance and non-acceptance of TCM in Western medicine

Although TCM has been applied in China for more than two thousand years and has achieved re-
markable therapeutic effects in multiple diseases, the Western world still casts doubt on TCM. The
major concern is the fundamental approach to the treatment of diseases. Western medicine focuses on
the molecular target of the diseases, whereas TCM focuses on maintaining the balance of the body to
enhance healing based on the body’s defense and repair mechanisms. The second concern is the purity
of the products and the potential contamination with toxic minerals. The third concern is the overuse of
animal tissues in many TCM formulas. Statistics showed that there are about 13% of TCM is derived
from animals, the use of animal products would be criticized by ethical and legal issue by the Western
world [43].

For the first concern, the concept of a holistic approach to the treatment of disease is getting traction
in Western medicine. An example aiming to create a better balance in the body’s immune system in
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not hurting the host is using Tocilizumab to prevent IL-6 from overproduction in Western medicine
treatment. On the other hand, modern researches on TCM mainly examine its general effects as related to
the chemical compounds in its ingredients. Such analysis is similar to Western medicine, and the results
can be accepted by most Western researchers. The second concern about possible toxic materials can be
addressed by increased communication between the two systems. Today, herbs are mostly grown under
controlled conditions in nontoxic soil. Toxic or mineral substances do not appear in the herbs, and safety
issues should not be a concern. As for the doubt on animal tissue used in prescriptions, it could be solved
by encouraging TCM doctors to substitute these animal tissues with herbs with similar compounds.

Although there are still many criticisms in the Western world towards using TCM herbal remedies,
TCM should be gaining more acceptance gradually when most of the concerns are solved with approaches
mentioned above. Currently, the European Union funded a project “Good practice in traditional Chinese
medicine” (GP-TCM), preparing for the future use of TCM with more scientific support [44]. The World
Health Organization also adopted TCM into the 11th version of the organization’s global compendium
known as the International Statistical Classification of Diseases and Related Health Problems (ICD). This
is a signal of TCM gaining increased attention, though more scientific support on safety and efficacy is
needed for its popularization in the Western world [45].

3.3. TCM therapies for COVID-19

3.3.1. Pathogenesis of COVID-19 in a TCM perspective

In the TCM theoretical system, COVID-19 is classified as a plague caused by the special epidemic
toxin SARS-CoV-2 [46]. As COVID-19 is featured as pneumonia which is “wetness of the lung” from the
TCM perspective, the TCM classified this causative agent to be a “dampness” pathogen. Other features
including shortness of breath and fever are resulted from the imbalance between gi and body fluid, and
the imbalance of internal heat, respectively [47]. Currently, the pathogenesis of COVID-19 in a TCM
perspective is considered as the interactions of toxin, dampness, heat (excessive internal heat), and stasis
(slowing blood flow) [41]. Therefore, the objectives for TCM in the treatment of COVID-19 is to eliminate
heat and dampness, or detoxification.

3.3.2. Application of TCM to COVID-19: “Three prescriptions and three medicines”

In TCM, prescription is a list of herbs that work together to alleviate specific symptoms. Herbs in a
prescription are usually boiled together into the form of decoction (medicinal soup). On the other hand,
medicine is a combination of herbs prepared together in capsules or granules.

Three prescriptions and three medicines are being widely used among the 15 Chinese medicines rec-
ommended by the Guidelines for the Diagnosis and Treatment of COVID-19 [48]. The three prescriptions
include Qingfei Paidu Decoction, Xuanfei Baidu Decoction, and Huashi Baidu Decoction; and the three
medicines are Jinhua Qinggan Granule, Lianhua Qingwen Capsule, and Xuebijing Injection. The detailed
information of “Three prescriptions and three medicines” are included in Table 1.

3.3.3. TCM treatment in different stages of viral infection

In vitro studies show that some active compounds of TCM work by targeting the process of viral
infection. This section introduces possible medicines, herbs, and their active compounds that are shown
to be effective in blocking virus entry, inhibiting viral replication, and neutralizing cytokine storms.

3.3.3.1 Block viral entry
There are mainly two ways to block the virus from entering the cell: blocking S-ACE2 interaction
directly, and inhibiting TMPRSS?2 to interfere with S-ACE2 interaction.
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Table 1

Z. Zeng / Combining western medicine and traditional chinese medicine as COVID-19 treatment

Detailed information of “three prescriptions and three medicines”

Prescription/ Active Pharmalogical effects Effectiveness for References
medicine constituents [49] 2 COVID-19 patients
Qingfei Paidu Kaempferol, Inhibit virus entry, regulate ~ Large-scale clinical study [5,49-52]
Decoction 183-glycyrrhetinic acid  cytokines to inhibit showed effective when used at
(QFPD) inflammatory response, the mild stage of COVID-19.
reduce lung injury.
Xuanfei Baidu - Regulate cytokines to More efficient when combined  [53-54]
Decoction suppress cytokine storms. with other medicine, may work
(XFBD) as monotherapy.
Huashi Baidu Quercetin, Luteolin, Inhibit cytokines and Improved symptoms with no [55-56]
Decoction Kaempferol, Baicalein.  signaling pathways to prevent adverse reaction.
(HSBD) inflammation response and
inhibit viral replication.
Jinhua Qinggan Kaempferol, Baicalein, = Regulate the virus signaling ~ May be effective but larger [57-58]
Granule JHQG)  Oroxylin A. pathway. investigation is needed.
Lianhua Qingwen Flavonoids, Glycyrrhizic Inhibit the replication of Effective for mild and moderate [59-61]
Capsule (LHQW) acid, Anthraquinones, SARS-CoV-2 and regulate COVID-19 cases, no significant
Amygdalin. cytokines. help for severe cases.
Xuebijing Saffor yellow A, Remove blood stasis and Especially beneficial for severe [62-64]
Injection (XBJ) Ligustrazine, Ferulic toxin to combat inflammatory cases, also works for mild

acid, Salvianic acid A

response.

COVID-19 cases.

Emodin is an anthraquinone compound with three cyclic rings extracted from the herb Da Huang (Radix
et Rhizoma Rhei). Da Huang is an active ingredient in many TCM prescriptions that shows antibacterial
and anti-inflammatory effects (inhibits the pro-inflammatory transcription factor NF-£B) in previous
pharmacological applications [65-67]. According to an in vitro study that screened 312 Chinese herbs
and their constituents, Emodin showed its efficacy in binding to the S protein of SARS-CoV presumably
due to its three-ring property [68]. Thus, ACE2 cannot bind to S protein. As the structure of S protein of
SARS-CoV is similar to that of SARS-CoV-2, Emodin is most likely to also be effective in binding the S
protein of SARS-CoV-2 to block the virus from entering the cell.

185-glycyrrhetinic acid is a major compound found in licorice (Glycyrrhiza uralensis Fisch). The
compound targets androgen receptors and suppresses the expression of androgen-related target genes such
as TMPRSS?2 [69]. As mentioned before, TMPRSS2 primes the S protein for membrane fusion and makes
viral entry easier. The predominant ability of the compound to inhibit TMPRSS2 renders medicines
or prescriptions that contain licorice (15-glycyrrhetinic acid functioning), such asQFPD, potentially
effective in treating COVID-19 by interfering with virus entry.

3.3.3.2 Inhibit viral replication

After the virus enters the cell, the replication process starts. Viral replication can also be blocked by
inhibiting 3CLP™, a major protease involved in SARS-CoV-2 viral replication.

Glycyrrhizin acid, another active constituent found inside the dry root of the licorice plant (Glycyrrhiza
uralensis Fisch), has shown a wide range of antiviral effects by inhibiting the viral replication process and
preventing the virus from accumulating inside the host. An in vitro study showed that glycyrrhizin and its
derivative glycyrrhizic acid can effectively inhibit viral replication of SARS-CoV by inhibiting the early
steps of the replicative cycle, including viral entry by inhibiting the host receptor ACE2 [70,71]. Another
recent in vitro study showed that glycyrrhizic acid could effectively reduce the activity of 3CLP™ to inhibit
SARS-CoV-2 viral replication [72]. The property of substituting the oxane ring and the chromenone
ring with hydroxyl 3-methylbut-2-enyl group found in glycyrrhizic acid was later considered as the
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main contributor to the inhibition of viral protease of SARS-CoV-2 [73]. Therefore, glycyrrhizin may be
beneficial in treating COVID-19 by reducing the viral load.

Resveratrol, extracted from the Chinese herbal medicine Hu Zhang (Reynoutria japonica), has general
functions in targeting the pathogenesis of COVID-19, including expelling dampness, clearing heat,
removing toxicity, and resolving blood stasis. Multiple studies have also shown the compound to be
beneficial in treating lung diseases such as chronic obstructive pulmonary disease by inhibiting oxidative
stress and inflammation, suggesting that the beneficial effect is more for the organ rather than having
negative effect on the virus [64,74]. Resveratrol has antiviral effects against the influenza (HIN1) virus
by increasing the expression of toll-like receptor 9, which activates interferon regulatory factors that
lead to the expression of IFN« and IFNS. [75]. An in vitro study on its effect on MERS-CoV suggested
that it inhibited viral replication by inhibiting the translation of the nucleocapsid protein [76]. Since the
structure of the nucleocapsid protein in MERS-CoV is similar to that in SARS-CoV-2, it is likely that
Resveratrol may also exhibit inhibitory activities to the N protein of SARS-CoV-2.

3.3.3.3 Target on neutralizing the cytokine storm

As discussed above, after the virus has infected the body, an overreaction of the inflammatory response
may trigger a cytokine storm and cause death. A few TCM drugs can help patients by regulating the
production of cytokines and strengthening the host immune response in COVID-19 patients, which is
essential for viral clearance.

Flavonoids, including Quercetin and Kaempferol, are found in plants and fruits. Quercetin and
Kaempferol are beneficial in inhibiting synthesis of cytokines (COX-2, 5-LOX, IL-6) because there
is no C-3-hydroxyl group, which favors cytokine production, in their chemical structure [77,78]. The
compound is accepted by both Chinese and Western clinicians as a medicine for anti-inflammatory pur-
poses. It is also the major constituent responsible for the anti-inflammatory ability of multiple approved
drugs for COVID-19 in the Chinese Guidelines for the Diagnosis and Treatment of COVID-19, including
QFPD, HSBD, and JHQG.

3.3.3.4 Multiple targets

Most TCM herbs or prescriptions are made up of multiple plant extracts or compounds and these
compounds often work together and have different molecular targets.

Licorice (Gancao), is a herb that mainly contains glycyrrhizin acid, licorice polysaccharide, and 13-
glycyrrhetinic acid. As mentioned above, 183-glycyrrhetinic acid can inhibit TMPRSS?2 thus interfering
with SARS-CoV-2 viral entry, and glycyrrhizin acid is able to inhibit 3CP™ in SARS-CoV-2 infection to
inhibit viral replication. Therefore, TCM that contains licorice would have multiple molecular targets in
the treatment of COVID-19.

As a medicine considered most effective among “three prescriptions and three medicines”, in vitro
experiments show that LHQW can effectively inhibit the replication of SARS-CoV-2 thanks to its active
compound glycyrrhizic acid. The capsule also contains kaempferol that can modulate the production
of cytokines in the infected host [59,61]. Thus, LHQW used as clinical treatment showed effective in
reducing viral load and the amount of cytokines.

4. TCM as a complement to Western medicine for COVID-19 treatment

Even though there are significant differences in therapeutic strategy between TCM and Western
medicine, possible ways to combine the two to achieve a greater therapeutic effect can be established
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based on the TCM principle of “Jun-Chen-Zuo-Shi”. The principle notes there are four elements in a
prescription necessary for it to have more desirable treatment outcomes. The four elements include:

(a) the denominator (directly targets the pathological factor),
(b) the enhancer (enhances the function of denominator),

(c) the corrector (prevents adverse effect), and

(d) the messenger (brings denominator to the function site).

When combining TCM and Western medicine, Western medicine often works as the denominator while
TCM plays the role of an assistant [79]. Based on this principle, there are two possible ways to combine
TCM with Western medicine in either trying to have the combination hitting the same molecular target or
hitting different molecular targets. However, drugs used in combination may have detrimental effects on
humans that neither of them have when working alone. Therefore, clinical trials are necessary to ensure
that the combination can be implemented as effective treatment with trivial negative effects.

4.1. Combination hitting the same molecular target

Targeting the same stage of a viral infection can ensure that the virus could be eliminated at one specific
stage of the virus life cycle, such as viral replication or viral entry.

The Shufeng Jiedu Capsule (SFJD) contains licorice (Glycyrrhiza uralensis Fisch) that can inhibit
ACE2 and TMPRSS?2 to block virus entry and inhibit viral replication. A study divided 200 COVID-19
patients into two groups, each treated for a span of two weeks. One group was treated with Arbidol
hydrochloride and SFJD, and the other was treated with Arbidol hydrochloride alone. Patients in the
experimental group with combined therapy had lower body temperature, higher white blood cell count,
and improved CT images than the control group treated only with Arbidol [80]. In addition to the clinical
result, adverse effects including diarrhea, nausea, dizziness, and elevated serum transaminase, often seen
with Arbidol monotherapy, were not shown in the combined therapy group [81]. SFID combined with
Arbidol would be an option for combined therapy as they strengthen the ability of cell blocking virus
entry.

4.2. Combination hitting different molecular targets

Targeting multiple molecular targets can provide synergistic inhibitory effects against the viral cycle or
assist in the establishment of a better balance for suppressing the viral cycle and at the same time, assist
the host to combat the infection and recovery.

LHQW is shown to have its antiviral effect by inhibiting the replication of SARS-CoV-2 and regulating
cytokines, as mentioned above. Ribavirin can interfere with the process of viral replication by inhibiting
RdRp. Research showed that the combination of Ribavirin and LHQW can significantly improve the
therapeutic efficacy of upper respiratory tract infections [82]. Thus, the combination could possibly be
effective for COVID-19 patients. In this case, LHQW works as an enhancer in the therapy by inhibiting
viral replication along with Ribavirin, and reduces cytokine additionally. Another study, including 151
COVID-19 patients, found that combination therapy of Ribavirin, lopinavir/ritonavir, Arbidol, and LHQW
is most effective among any other combinations of these four drugs [83]. It was mentioned in previous
sections that Arbidol can prevent the virus from entering the cell by blocking S-ACE?2 interaction;
Lopinavir/Ritonavir work together can possibly inhibit the viral protease 3CLP™ and thus prohibit viral
replication. The success of quadruple combination is that it can inhibit every step in viral infection from
molecular aspect, making the virus unable to infect or replicate in the host.
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4.3. Other possible combinations

There are other combinations of TCM and Western medicine which could theoretically improve efficacy
of COVID-19 treatment. Such combinations are mainly based on the theories mentioned above: having a
same molecular target or addressing multiple targets. However, the combinations proposed are options
that require evidence from in vitro experiments or clinical studies to support their actual efficacy as
treatment.

TCM that contains Licorice (active compound: 18 S-glycyrrhetinic acid) asa major constituent, such as
QFPD, inhibits TMPRSS?2, similar to the effect of Camostat Mesylate, can interfere with viral entry. The
combination treatment with QFPD and Camostat Mesylate may, therefore, be synergistic by inhibiting
both steps in the viral entry. Licorice also contains glycyrrhizin acid that can inhibit viral replication by
inhibiting 3CLP™, thus enhancing the possible therapeutic outcome of the combined therapy by having
another target. QFPD has also shown able to prevent the COVID-19 induced cytokine storms by regulating
the inflammatory cytokines. Therefore, the combination of QFPD and Camostat Mesylate may be a
potential treatment for COVID-19 cases in early-stage infections since the combined therapy inhibits
viral entry and viral replication.

TCM that contains Hu Zhang (active compounds include Resveratrol and Emodin) as major constituents,
such as SFJID, inhibits both viral attachment and replication, while Remdesivir interferes with viral
replication. Collectively they would interfere with the virus entering the cell and inhibit both nucleocapsid
protein translation and RdRp to enhance this effect. Also, Resveratrol and Emodin are compounds found
in TCM that have been shown to be effective in treating Chinese patients. The combined therapy might
solve the problem of Remdesivir being ineffective for severe cases in China due to genetic variations.
Additionally, SFJD can alleviate side effects including fever, vomiting, and dizziness that Remdesivir
might cause.

Both Flavanoid and Tocilizumab can regulate cytokines to prevent cytokine storms from causing
damage to the host body. The flaw of Tocilizumab is that it only regulates IL-6. Therapy integrating
Flavanoids with Tocilizumab can target more types of cytokines such as COX2 that might cause cytokine
storms. In addition, HSBD is also able to regulate signaling pathways such as IL-17 and NF-«B to interfere
with viral replication and reduce viral load in COVID-19 patients. Therefore, a TCM prescription that
contains Flavanois such as HSBD may have a better clinical effect when combined with Tocilizumab.

5. Conclusion

This paper introduced major therapies for COVID-19 using Western medicine and TCM, focusing
mainly on targeting viral entry, viral replication, and immune response. When analyzing the therapies,
their former uses, micro-scale effects, and representative studies are highlighted. From the data in the
literature, QFPD and LHQW may have some promise as monotherapy for the treatment of early COVID-
19. Early studies also revealed the potential combination therapy including Arbidol combined with SFJD,
and Ribavirin combined with LHQW in providing better therapeutic efficacy and reduced adverse effects
in the treatment of COVID-19.

TCM is currently gaining increasing acceptance in the Western world since using modern technology
can address many doubts that previously existed. However, many Western experts are still concerned
about the safety and scientific explanation of efficacy of herbal remedies. Viewing the human body from
a holistic perspective, the concept of integration of TCM and Western medicine emerged as an option for
COVID-19 for a greater therapeutic effect than monotherapy of either.
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Based on the mechanisms of different drugs, three possible combinations are suggested in the paper
that may be worth considering for further clinical studies:

(a) QFPD and Camostat Mesylate combination for potential synergistic antiviral effects in inhibiting
viral entry;

(b) SFID and Remdesivir combination for potential synergistic antiviral effects in inhibiting viral
replication; and

(c) HSBD and Tocilizumab for potential synergistic effects in preventing cytokine storm.

These proposed combinations might be more effective than conventional therapies and may attenuate
adverse effects theoretically, although more clinical studies are needed to prove their actual efficacy in
treating COVID-19 patients. If these combinations are shown to be more effective than conventional
therapies, they may pave the way for a key milestone for merging the TCM concept together with the
Western medicine principles. The success in combination may also provide a possible way of developing
specific treatment for COVID-19.
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