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Abstract

Background: The ongoing global pandemic of coronavirus disease 2019 (COVID-19) has resulted in the infection of
over 128 million people and has caused over 2.8 million deaths as of April 2021 in more than 220 countries and ter-

ritories. Currently, there is no effective treatment for COVID-19 to reduce mortality. We investigated the potential anti-
coronavirus activities from an oral liquid of traditional medicine, Respiratory Detox Shot (RDS), which contains mostly

infection of target cells by Influenza A virus.

herbal ingredients traditionally used to manage lung diseases.

Results: Here we report that RDS inhibited the infection of target cells by lenti-SARS-CoV, lenti-SARS-CoV-2, and
hybrid alphavirus-SARS-CoV-2 (Ha-CoV-2) pseudoviruses, and by infectious SARS-CoV-2 and derived Ha-CoV-2 variants
including B.1.1.7,B.1.351, P1,B.1.429,B.1.2, B.1.494, B.1.1.207, B.1.258, and B.1.1.298. We further demonstrated that

RDS directly inactivates the infectivity of SARS-CoV-2 virus particles. In addition, we found that RDS can also block the

Conclusions: These results suggest that RDS may broadly inhibit the infection of respiratory viruses.

Keywords: SARS-CoV-2, COVID-19, Coronavirus, Antiviral therapy, Respiratory detox shot, Traditional Chinese
medicine, SARS-CoV, Influenza A, Ha-CoV-2, SARS-CoV-2 pseudovirus

Background

The ongoing coronavirus disease 2019 (COVID-19)
global pandemic has afflicted more than 128 million peo-
ple in over 220 countries and territories, resulting in more
than 2.8 million deaths as of April 2021. Currently, there
is no effective treatment for COVID-19 to reduce mortal-
ity. The newly emerged viral pathogen causing COVID-
19 is the coronavirus SARS-CoV-2 [1], a sister virus of
SARS-CoV in the species of Severe acute respiratory
syndrome-related coronavirus (2, 3). Both SARS-CoV and
SARS-CoV-2 were first identified in China; SARS-CoV
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was first identified in Guangdong Province in Novem-
ber 2002 [4-6], and SARS-CoV-2 was first identified in
Wuhan in December 2019 [1, 7, 8]. In both coronavirus-
caused pandemics, traditional Chinese medicines (TCM)
have been widely used in China for the urgent manage-
ment of coronavirus diseases. For the current COVID-
19 pandemic, greater than 85% of SARS-CoV-2 infected
patients in China have received TCM treatments of some
sort [9, 10]. Whether many of the TCMs used have active
anti-coronavirus properties and are clinically effective are
important questions that have not been fully answered.
Lack of systemic studies, both in vitro and in vivo, have
hampered the development and rational use of TCMs as
effective therapeutics for the treatment of coronavirus
diseases.

©The Author(s) 2021. This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material

in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material
is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the
permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativeco
mmons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/
zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://orcid.org/0000-0002-9547-3278
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13578-021-00609-1&domain=pdf

Hetrick et al. Cell Biosci (2021) 11:100

To identify potential anti-SARS-CoV-2 activities from
traditional herbal medicines, we screened multiple herbal
extracts, and discovered anti-SARS-CoV and anti-SARS—
CoV-2 activities from an oral liquid, Respiratory Detox
Shot (RDS), a commercial food supplement in the United
States. RDS is used to manage the general wellness of the
human respiratory system, and contains multiple herbal
ingredients, such as Panax ginseng and Schizonepeta ten-
uifolia, that are Chinese herbal medicines traditionally
used to manage inflammation and lung diseases [11-13].
Here we report that RDS inhibited the infection of target
cells by SARS-CoV, lenti- and hybrid alphavirus-SARS-
CoV-2 pseudoviruses, and by infectious wild-type SARS-
CoV-2. We further demonstrate that RDS inhibits viral
infection by direct inactivation of virions. In addition,
we found that RDS potently blocks the infection of Influ-
enza A virus. These results suggest that RDS may broadly
inhibit the infection of respiratory viruses.

Results
To discover potential anti-SARS-CoV-2 activities from
traditional herbal medicines, we screened extracts from
approximately 40 medicinal herbs, using a SARS-CoV-2 S
protein pseudotyped lentivirus [14, 15] and human lung
A549(ACE2) target cells, in which the human ACE2 gene
is over-expressed through lentiviral vector-mediated sta-
ble transduction. The lenti-pseudoviruses use either the
green fluorescent protein (GFP) or luciferase (Luc) as
the reporter, and were validated with a broad-spectrum
antiviral entry inhibitor, Arbidol [16], and human antise-
rum against SARS-CoV-2 (Fig. 1A, C). We were able to
detect inhibition of SARS-CoV-2 pseudovirus by Arbidol
and the antiserum, while we did not find inhibition from
any of the 40 herbal extracts tested even in the presence
of high toxicity from some of them (Fig. 1A-C). Never-
theless, given that the lenti-pseudovirus only measures
SARS-CoV-2 viral entry, we cannot exclude the possibil-
ity that these herbal extracts may inhibit SARS-CoV-2 at
post-entry steps.

We further screened possible anti-SARS-CoV-2 activity
from an oral liquid of a traditional medicine, Respiratory
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Detox Shot (RDS), which contains nine ingredients
(Lomnicera japonica, Forsythia suspensa, Panax ginseng,
Schizonepeta tenuifolia, Scrophularia ningpoensis, Pru-
nus armeniaca, Polistes mandarinus saussure, Gledit-
sia sinensis, Glycyrrhiza uralensis) traditionally used in
China to manage lung diseases [11-13]. Lonicera japon-
ica contains methyl caffeate, 3,4-di-O-caffeoylquinic
acid, methyl 3,4-di-O-caffeoylquinate, protocatechuic
acid, methyl chlorogenic acid, and luteolin; its flow buds
also contains loniceracetalides A and B and 10 known
iridoid glycosides [17]; the plant also contains sapo-
nins loniceroside A and B, and the anti-inflammatory
loniceroside C [18, 19]. Forsythia suspensa contains the
lignans Pinoresinol and phillyrin [20]. Panax ginseng
contains steroid saponins known as ginsenosides that
are unique phytochemicals of the Panax species [21, 22].
The main bioactive constituents in Schizonepeta tenuifo-
lia are four monoterpenes, (—)-menthone, (4)-pulegone,
(—)-limonene and (+4)-menthofuran; the plant also con-
tains other compounds such as 1-octen-3-ol, 3-octanone,
B-myrcene, and B-caryophyllene [23]. Scrophularia ning-
poensis contains over 162 compounds including iridoids
and iridoid glycosides, phenylpropanoid glycosides,
organic acids, terpenoids, saccharides, flavonoids, sterols,
and saponins [24]. Prunus armeniaca contains phenolic
and cyanogenic compounds and pectin polysaccharides
[25]. Gleditsia sinensis contains saponins and lupane
acid [26, 27], and Glycyrrhiza uralensis contains a major
active component, Glycyrrhizin [28].

To test the anti-SARS-CoV-2 activity of RDS,
A549(ACE2) cells were pretreated with serially diluted
RDS, and then infected in the presence of RDS for
4-6 h. Following infection, cells were cultured in the
absence of RDS, and then quantified for the inhibition
of viral infection by flow cytometry at 48 and 72 h. To
control for cytotoxicity, propidium iodide (PI) was used
to stain for dying and dead cells, and GFP +cells were
analyzed only in the viable cell population. As shown in
Fig. 2, we observed RDS dosage-dependent inhibition of
the SARS-CoV-2(GFP) pseudovirus. To confirm these
results, we repeated the infection using Vero E6 cells that

(See figure on next page.)

Fig. 1 Validation of SARS-CoV-2 S protein pseudotyped reporter viruses for the screening and quantification of antiviral drugs and neutralization
antibodies. A A lentiviral particle, SARS-CoV-2(GFP) that was pseudotyped with the SARS-CoV-2 S protein, was used to infect A549(ACE?2) target
cells. GFP was used as the reporter to quantify viral infection, and was measured at 48 h post infection with flow cytometry. Propidium iodide (Pl)
was added during flow cytometry to stain for dying and dead cells. Arbidol (10 mM) was tested in the system for blocking viral infection. GFP + cells
were quantified only in the viable cell population or in the whole cell population. B An example of using SARS-CoV-2(GFP) to screen for TCMs.
Extract from Manchurian Wildginger (2 mg/ml) was used to pretreat cells which were infected in the presence of M. Wildginger. After infection,

cells were cultured in the absence of M. Wildginger for 48 h. GFP expression was quantified. C A lentiviral particle, SARS-CoV-2(Luc) pseudotyped

with the SARS-CoV-2 S protein, was used to infect A549(ACE2) target cells. Luciferease (Luc) was used as the reporter to quantify viral infection. Luc
was measured at 72 h post infection. The SARS-CoV-2 neutralizing antiserum 8F was serially diluted and incubated with viral particles for 1 h. The
complex was added to infect cells. Luc expression was quantified at 72 h post infection
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endogenously express ACE2; Vero E6 supports produc-
tive SARS-CoV and SARS-CoV-2 infection and is com-
monly used in studies of coronaviruses [7]. Given the low
infectivity of pseudoviruses for Vero E6 in the absence

of ACE2 overexpression [15, 29, 30], we also used a Luc
reporter pseudovirus, in which the reporter expression
is driven by HIV-1 LTR and Tat for higher reporter sen-
sitivity and signal to noise ratio. As shown in Fig. 3A,
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Fig. 2 RDS inhibits SARS-CoV-2(GFP) pseudovirus infection of A549(ACE2) cells. A A549(ACE2) cells were treated with serially diluted RDS for

30 min, and then infected with SARS-CoV-2(GFP) pseudovirus. Cells were washed to remove the virus and RDS, and cultured in the absence of RDS.
Inhibition of viral infection was quantified by flow cytometry. Uninfected cell and SARS-CoV-2(GFP)-infected but RDS-untreated cells were used as
controls. The percentages of GFP 4 cells are shown. P, propidium iodide. B Quantification of the cytotoxicity of RDS. A549(ACE2) cells were treated
with serially diluted RDS for 4 h, washed to remove RDS, and cultured in the absence of RDS for 48 h. Cells were stained with propidium iodide

to identify dying and dead cells, and analyzed with flow cytometry. The dose-response cytotoxicity curve was plotted, and the LCy, of RDS was
calculated to be at 1:11.9 dilution

using the Luc reporter pseudovirus and Vero E6, we be at 1: 230 RDS dilution (Fig. 3B). We also quantified
observed RDS dosage-dependent inhibition of infection, effects of RDS on Vero E6 cell viability, and the LCy, (50%
and the ICy, (50% inhibition dosage) was determined to  cell death dosage) was determined to be at 1: 11.8 RDS
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*p<0.02, **p<0.01. The designation “ns" stands for “not significant”

Fig. 3 RDS dosage-dependent inhibition of SARS-CoV-2(Luc) pseudovirus and wild-type SARS-CoV-2. A and B Vero E6 cells were pretreated

with serially diluted RDS, and infected with SARS-CoV-2(Luc) pseudovirus. Cells were washed to remove the virus and RDS, and cultured in the
absence of RDS. Inhibition of viral infection was quantified at 72 h post infection by luciferase assay. Uninfected cell and SARS-CoV-2-Luc-infected
but RDS-untreated cells were used as controls. The assay was performed in triplicate. The dose—response curve was plotted, and the ICs, of RDS
was quantified to be at 1:230 dilution. C The cytotoxicity of RDS on Vero E6 cells was also quantified using propidium iodide staining and flow
cytometry. Cells were treated with serially diluted RDS for 4 h, washed to remove RDS, and cultured in the absence of RDS for 72 h. The dose-
response cytotoxicity curve was plotted, and the LCy, of RDS was calculated to be at 1:13.8 dilution. D RDS inhibits infectious SARS-CoV-2 infection.
Vero E6 cells were pretreated with serially diluted RDS, and infected with SARS-CoV-2 in the presence of RDS. Inhibition of viral replication was
quantified by plagque assays of the virus released at 48 h post infection. Inhibition assays were performed in triplicate, and statistical significance
was determined using One-Way ANOVA with Dunnett’s Post Test in Prism 7 (Graph Pad). Significance values are indicated using asterisks as follows;
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dilution (Fig. 3C). To further validate the results obtained
from using pseudoviruses, we tested the ability of RDS to
block the infection of infectious SARS-CoV-2. As shown
in Fig. 3D, RDS also blocked the infection of Vero E6 cells
by SARS-CoV-2. RDS greatly diminished the formation of
viral plaques at dosages above 1:40 dilution. Together, the
results from SARS-CoV-2 pseudoviruses and infectious

virus demonstrated that RDS contains active ingredients
inhibting SARS-CoV-2 infection, likely by directly inac-
tivating virons or by blocking viral early infection steps.
To further investigate possible mechanisms, we pre-
incubated infectious SARS-CoV-2 virus particles with
serially diluted RDS for 1 h at 37 °C. Subsequently, the
mixture were further serially diluted (107! to 107%), and
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added to Vero cells for plaque assays to determine reduc-
tion of virus infectivity. As shown in Fig. 4A, we observed
RDS dosage-dependent reduction of the infectious titer
of SARS-CoV-2 with this brief one hour exposure of virus
particles to RDS. This result confirmed that RDS can
directly inactivate SARS-CoV-2 particle infectivity.

We further tested whether RDS can also inhibit the
infection of SARS-CoV-2 variants. For this purpose, we
took advantage of a recently developed hybrid alphavi-
rus-SARS-CoV-2 pseudovirus (Ha-CoV-2) [31] for the
assembly of a series of S protein variants, including the
UK variant (B.1.1.7), the South Africa variant (B.1.351),
the Brazil variant (P.1), the California variant (B.1.429),
and several other emerging variants (B.1.2, B.1.494,
B.1.1.207, B.1.258, and B.1.1.298). Ha-CoV-2(Luc) and
the related S protein variants were incubated with serially
diluted RDS for 1 h at 37 °C. Subsequently, the mixture
were used to infect HEK293T (ACE2/TMPRESS2) target
cells. Inhibition of viral infection was quantified at 12 h
post infection by luciferase assay. As shown in Fig. 4B, we
also observed RDS dosage-dependent inhibition of Ha-
CoV-2(Luc) and all the S protein variants.

We also tested the ability of RDS to block the infec-
tion of SARS-CoV, using a GFP reporter lentivirus pseu-
dotyped with the SARS-CoV spike protein [15]. Human
A549(ACE2) cells was used as the target cells, which were
pretreated with serially diluted RDS, and then infected
with SARS-CoV(GFP) reporter pseudovirus for 4-6 h.
Following infection, cells were cultured in the absence of
RDS, and then quantified for the inhibition of viral infec-
tion by flow cytometry. Similarly, propidium iodide was
used to exclude dying and dead cells, and GFP + cells
were analyzed only in the viable cell population. As
shown in Fig. 5A, we observed RDS dosage-dependent
inhibition of SARS-CoV(GFP) pseudovirus. We further
confirmed these results and quantified the RDS-medi-
ated inhibition with a Luc reporter SARS-CoV pseudovi-
rus, SARS-CoV(Luc). We observed dosage-dependent
RDS inhibition of SARS-CoV(Luc), and the ICy, was
determined to be at 1:70.88 RDS dilution (Fig. 5B, C).

Given that both SARS-CoV and SARS-CoV-2 use
ACE2 to infect target cells, we also tested whether the
anti-viral activity of RDS is specific to coronaviruses
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interacting with ACE2. For this purpose, we tested an
unrelated, negative-sense RNA virus, Influenza A, which
uses viral hemagglutinin (HA) and cellular a-sialic acid
to infect target cells. To assemble influenza A virus, eight
vectors expressing each of the segments of the influenza
A/WSN/33 (H1IN1) genome plus a GFP-reporter vector
were cotransfected into HEK293T cells. Viral particles
were harvested and used to infect target MDCK cells in
the presence of RDS. As shown in Fig. 6A, we observed
dosage-dependent inhibition of Influenza A virus by
RDS. RDS completely blocked viral infection at dilu-
tions of 1:40 and 1:80, and partially inhibited Influenza
A at 1:160. The cytotoxicity LCy, of RDS on MDCK cells
was determined to be at 1:18.5 dilution (Fig. 6B). These
results suggest that the anti-viral activities of RDS are
not specific to particular viruses, and may broadly inhibit
multiple respiratory viruses such as coronaviruses and
Influenza A.

Discussion

In this report, we demonstrate that an oral liquid of a
traditional medicine, Respiratory Detox Shot (RDS),
contains broad-spectrum antiviral activity, blocking the
infection of SARS-CoV, SARS-CoV-2, and Influenza
A viruses. While RDS is capable of inhibiting multiple
viruses, its antiviral activities vary with virus types and
strains. For example, the ICj, for inhibiting lenti-SARS-
CoV pseudovirus is at 1:70.9 dilution, and the ICg, for
inhibiting lenti-SARS-CoV-2 pseudovirus is at 1:230 dilu-
tion. For infectious wild-type viruses, the IC;, of RDS for
inhibiting SARS-CoV-2 is 1:40 dilution, and the ICy, for
inhibiting influenza A is approximately 1:250 dilution.
RDS also inhibited Ha-CoV-2 and its variants differently,
with ICs, values varied from 1:70 to 1:2601 dilutions
(Fig. 4B).

We further demonstrated that RDS inhibits the early
infection steps of coronaviruses. Although the detailed
anti-viral mechanisms were not studied, RDS may block
viral infection by directly inactivating virions or by block-
ing viral entry or early post-entry steps. Anti-SARS-CoV
and SARS-CoV-2 activities have also been identified in
several other traditional Chinese medicines (TCM). For
example, a common TCM herbal medicine liguorice

(See figure on next page.)

Fig. 4 RDS dosage-dependent inactivation of the infectivity of SARS-CoV-2 and derived Ha-CoV-2 variants. A SARS-CoV-2 particles were incubated
with serially diluted RDS at 37 °C for 1 h. Subsequently, the mixture were further serially diluted and added to Vero cells for plaque assays to
determine reduction of virus infectivity. Inhibition assays were performed in triplicate, and statistical significance was determined using One-Way
ANOVA with Dunnett’s Post Test in Prism 7 (Graph Pad). Significance values are indicated using asterisks as follows; *p < 0.02. The designation "ns"
stands for "not significant”. B Ha-CoV-2(Luc) and related S protein variants were incubated with serially diluted RDS at 37 °C for 1 h. Subsequently,
the mixture were used to infect HEK293T (ACE2/TMPRESS2) target cells. Inhibition of viral infection was quantified at 12 h post infection by
luciferase assay. The ICq, values of RDS were calculated to be at dilutions of 1:177 (wt), 1:828 (B.1.1.7), 1:124 (B.1.351), 1:88 (P.1), 1:134 (B.1.1.207),
1:2601 (B.1.1.298), 1:70 (B.1.258), 1:362 (B.1.429), 1:163 (B.1.494), 1:137 (B.1.2)
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root has been shown to contain glycyrrhizin that inhib-
its the replication of clinical isolates of SARS virus [32].
In addition, another TCM for respiratory diseases,

Shuanhuanglian preparation, has been shown to inhibit
SARS-CoV-2 3CL protease (3CLpro) activity in vitro in a
dose-dependent manner [33]. Baicalin and baicalein were
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Fig. 5 RDS inhibits SARS-CoV pseudovirus infection of A549(ACE2) cells. A and B Cells were pretreated with serially diluted RDS, and infected with
SARS-CoV(GFP) (A) or SARS-CoV(Luc) B pseudovirus. Cells were washed to remove the virus and RDS, and cultured in the absence of RDS. Inhibition
of viral infection was quantified at 48 h or 72 h post infection by flow cytometry or luciferase assay. The assay was performed in triplicate. The dose—
response curve was plotted, and the ICs, of RDS was determined to be at 1:70.9 dilution (C)
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Fig. 6 RDS inhibits influenza A virus infection of MDCK cells. A MDCK cells were pre-treated with serially diluted RDS for 30 min, and then infected
with FIUA(GFP) virus. Following infection, cells were cultured in the presence of RDS. Inhibition of viral infection was quantified at 36 h post infection
with flow cytometry. Uninfected cell and FIUA(GFP)-infected but RDS-untreated cells were used as controls. The percentages of GFP + cells are
shown. P, propidium iodide. B The cytotoxicity of RDS on MDCK cells was also quantified using MTT assay. The dose—response cytotoxicity curve
was plotted, and the LCs, of RDS was calculated to be at 1:18.5 dilution
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proposed to be the active ingredients of Shuanhuanglian
for blocking 3CLpro [33]. The active anti-viral ingredi-
ents of RDS have not been identified. However, RDS is
different from baicalin and baicalein, as RDS can block
viral infection by direct inactivation of virions (Fig. 4),
whereas baicalin and baicalein act at a later stage of the
viral life cycle by blocking the activity of viral protease.
Nevertheless, the in vitro anti-SARS-CoV-2 activity of
RDS needs to be confirmed in future animal studies and
human clinical trails. Currently, we are conducting small
animal studies to determine potential in vivo efficacy of
RDS for blocking SARS-CoV-2 infection.

Conclusions

Our studies suggest that RDS may broadly inhibit the
infection of respiratory viruses such as SARS-CoV,
SARS-CoV-2, and Influenza A.

Methods

Cells and cell culture

HEK293T (ATCC, Manassas, VA), MDCK (ATCC,
Manassas, VA), Vero E6 (ATCC, Manassas, VA), and
A549(ACE2) (a gift from Virongy, Manassas, VA), and
HEK293T(ACE2/TMPRESS2) (a gift from Virongy,
Manassas, VA) were maintained in Dulbecco’s modi-
fied Eagle’s medium (DMEM) (Thermo Fisher Scientific)
containing 10% heat-inactivated FBS and 1x penicil-
lin—streptomycin (Thermo Fisher Scientific). Puromycin
and hygromycin B were added to the HEK293T(ACE2/
TMPRESS?2) cell media at concentrations of 1 ug/ml and
200 pg/ml, respectively.

Plasmid transfection and virus assembly

Lentiviral particles pseudotyped with the SARS-CoV S
protein or the SARS-CoV-2 S protein were provided by
Virongy LLC (Manassas, VA), or were assembled as pre-
viously described [15]. Briefly, for the production of GFP
reporter lentiviral pseudovirus, HEK293T cells were
cotransfected with the vector expressing the SARS-CoV S
protein or the SARS-CoV-2 S protein, pPCMVARS.2, and
pLKO.1-puro-TurboGFP. For the production of luciferase
reporter lentiviral pseudovirus, HEK293T cells were co-
transfected with the vector expressing the SARS-CoV
S protein or the SARS-CoV-2 S protein, pPCMVARS.2,
and pLTR-Tat-IRES-Luc. Virus supernatants were col-
lected at 48 h post transfection, concentrated with
centrifugation, and stored at — 80 °C. Wild-type SARS-
CoV-2 virus (Isolate USA-WA1/2020) was provided
by BEI Bioresources (Manassas, VA). The pHW-NA-
GFP (AAT6) Reporter plasmid and the A/WSN/1933
HIN1-derived plasmids pHW2000-PB2, pHW2000-
PB1, pHW2000-PA, pHW2000-HA, pHW2000-NP,
pHW2000-NA, pHW2000-M, and pHW2000-NS were
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kindly provided by Dr. Feng Li. For influenza A-GFP
reporter particle assembly, HEK293T cells were cotrans-
fected with pHW2000-PB2, pHW2000-PB1, pHW2000-
PA, pHW2000-HA, pHW2000-NP, pHW?2000-NA,
pHW2000-M, pHW2000-NS, and pHW-NA-GFP
(AATS®). Viral supernatants were harvested at 48 h.

The SARS-CoV-2 S, M, E, or N expression vectors were
purchased from Sinobiological. The Ha-CoV-2(Luc) vec-
tors and S protein variant vectors were synthesized by
Twist Bioscience. Ha-CoV-2(Luc) and S protein variant
particles were assembled as previously described [31].

Virus infection and drug inhibition assays

RDS (Respiratory Detox Shot) (a gift from Dejia Har-
mony, Leesburg, VA) is a commercial product manufac-
tured by Dr. Ma’s Laboratories (Burnaby, BC, Canada).
All herbal ingredients in the RDS formula meets “Yin
Pian” standard based on the “Chinese Pharmacopeia
2015 edition” which includes active constituents contents
and limit tests of heavy metal and pesticide level. RDS is
a co-decoction of herbal medicine and the final product
was evaporated under vacuum conditions. SARS-CoV-2
antiserum was kindly provided by Dr. Lance A. Liotta.
Arbidol-hydrochloride (Sigma) was resuspended in
Dimethyl sulfoxide (Sigma). For pseudovirus infection,
A549(ACE2) cells (a gift from Virongy LLC, Manassas,
VA) or Vero E6 cells in 12-well plates were pre-treated
with RDS for 30 min, infected for 4—6 h at 37 °C, and then
washed and cultured in fresh medium for 48-72 h. For
the infection of Vero E6 cells, cells were also pretreated
with CoV-2 Pseudovirus Infection Enhancer (CoV-2 PIE)
(a gift from Virongy LLC, Manassas, VA) for another
30 min at 37 °C following pretreatment with RDS. Cell
lysates were analyzed for luciferase activity using GloMax
Discover Microplate Reader (Promega). For wild-type
SARS-CoV-2 infection, Vero E6 cells were pretreated
with RDS for 30 min at 37 °C, and then infected with
SARS-CoV-2 (Isolate USA-WA1/2020; BEI Bioresources)
at MOI of 0.05 for 1 h inside the BSL-3 containment facil-
ity at George Mason University. Cells were washed twice
with PBS and cultured for 48 h with medium containing
RDS. Virus was harvested from the supernatant and the
vial titers were determined by plaque assay in Vero cell
monolayers grown in 12-well plates. Briefly, serial tenfold
dilutions of each sample were prepared in complete Dul-
becco’s Modified Eagle Medium (VWR) containing 1X
Penicilin-Streptomycin (VWR) and supplemented with
10% FBS (Thermo Fisher Scientific). Two hundred micro-
liters of each dilution were then adsorbed onto triplicate
wells of Vero E6 cell monolayers for 1 h. The monolay-
ers were then overlaid with 1 to 2 ml of a mixture of 1
part 0.6% agarose (Invitrogen) and 1 part complete
Eagle Minimal Essential Medium (VWR) containing 1X
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Penicillin—Streptomycin and supplemented with 10%
FBS. At 48 h, monolayers were fixed in 10% formaldehyde
solution for 1 h, and the overlay agar plugs were removed.
To stain for plaques, 1% crystal violet dye solution con-
taining 20% ethanol was added for 5 min, followed by
washing with deionized water. For influenza A virus
infection of MDCK cells, cells were pre-treated with
RDS for 30 min at 37 °C, and then infected with influenza
A-GFP reporter virus for 6 h. Cells were washed and cul-
tured for 36 h with medium containing RDS. GFP expres-
sion was quantified by flow cytometer (FACSCalibur, BD
Biosciences).

For RDS inactivation of SARS-CoV-2 viral particle
assay, 100 pl of serially diluted RDS was added to 1 ml
of SARS-CoV-2 virus stock (3.65x 10> PFU/ml) for a
final RDS dilution of 1:20, 1:40, or 1:80. A control condi-
tion (1 ml virus+ 100 pl of media only) was also included.
The mixtures were incubated at 37 °C for 1 h. Subse-
quently, serial dilutions of the mixtures were performed
to generate additional 1: 10, 1:100, 1:1,000, and 1:10,000
dilutions, and the serially diluted samples were added to
Vero cells in 12-well plates for performing plaque assay
analysis. The final RDS dilutions in the plaque assays
are 1:200 to 1:200,000; 1:400 to 1:400,000; and 1:800 to
1:800,000 dilutions of RDS.

Ha-CoV-2(Luc) and S protein variant particles were
assembled as previously described [31]. For RDS inac-
tivation of Ha-CoV-2(Luc), 5 pl of serially diluted RDS
was added to 45 pl of Ha-CoV-2(Luc) or variants for a
final RDS dilution of 1:20, 1:40, 1:80, 1:160, or 1:320.
The mixtures were incubated at 37 °C for 1 h, and sub-
sequently used to infect HEK293T(ACE2/TMPRESS2)
cells for 12 h in the presence of RDS. Cell lysates were
analyzed for luciferase activity using GloMax Discover
Microplate Reader (Promega).

Cytotoxicity assays

Drug cytotoxicity on A549(ACE2) cells and Vero E6 cells
were quantify by propidium iodide staining and flow
cytometry as described (34). Drug toxicity on MDCK
cells was quantified using Cell Proliferation Kit I (MTT)
(Sigma) and the protocol suggested by the manufacturer.
Briefly, MDCK cells (ATCC) were seeded into a 12 well
plate at 1x 10° cells per well. Cells were cultured over-
night, and then treated with RDS for one day, and then
cultured in the medium supplemented with MTT labe-
ling reagent (Sigma). Cells were incubated with the labe-
ling reagent for 4 h, followed by the addition of MTT
solubilization solution. The plate was incubated over-
night, and then the absorbance was measured using Glo-
Max Discover Microplate Reader (Promega).
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