S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



Phytomedicine 85 (2021) 153390

Contents lists available at ScienceDirect

Phytomedicine

o %

ELSEVIER journal homepage: www.elsevier.com/locate/phymed

Check for

Shufeng Jiedu, a promising herbal therapy for moderate COVID-19: | e
Antiviral and anti-inflammatory properties, pathways of bioactive
compounds, and a clinical real-world pragmatic study

Lu XIA™', Yujing SHI"™", Jie SU“', Thomas Friedemann ', Zhenggang TAO®, Yunfei Lu*,
Yun LING®, Ying Lv*“, Ronghua ZHAO b, Zihan GENG ", Xiaolan CUI™?", Hongzhou LU®% ",
Sven Schroder &2

@ Shanghai Public Health Clinical Center, Fudan University, Shanghai, 201508, P.R. China

Y Institute of Chinese Materia Medica, China Academy of Chinese Medical Sciences, Beijing, 100025, P.R. China

¢ Shanghai Institute for Advanced Immunochemical Studies, Shanghai Tech University, Shanghai, 201210, P.R. China

4 HanseMerkur Center for Traditional Chinese Medicine at the University Medical Center, Hamburg-Eppendorf, Hamburg, 20251, Germany
€ Emergency Department, Zhongshan Hospital, Fudan University, Shanghai 200032, P.R. China

ARTICLE INFO ABSTRACT

Keywords: Background: Shufeng Jiedu capsules (SFJDC), a patented herbal drug composed of eight medicinal plants, is used
SARS-CoV-2 for the treatment of different viral respiratory tract infectious diseases. Based on its antiviral, anti-inflammatory
COVID-19 and immunoregulatory activity in acute lung injury, SFJDC might be a promising candidate for the treatment of
Pneumonia

Shufeng Jiedu COVID-19.

Immunimo dulation Purpose: To evaluate the antiviral and anti-inflammatory properties and to discover the mechanism of action of
Inflammation SFJDC as a potential drug for the treatment of COVID-19. Furthermore, the study should determine the clinical
Antiviral effectiveness of SFJDC for the treatment of COVID-19.

mP Design: We analyzed the antiviral and anti-inflammatory effects of SFJDC in a HCoV-229E mouse model on lung

index, virus load in the lung, the release of cytokines, and on T- and B-lymphocytes. The mechanism of action
was further investigated by network analysis. Additionally, we investigated data from a clinical pragmatic real-
world study for patients with confirmed COVID-19, to evaluate the clinical effect of SFJDC and to determine the
best time to start the treatment.

Results: SFJDC significantly reduced the virus load in the lung of HCoV-229E mice (from 1109.29 + 696.75to 0 +
0 copies/ml), decreased inflammatory factors IL-6, IL-10, TNF-a, and IFN-y in the lung, and increased the amount
of CD4™ and CD8™ cells in the blood compared to the model group. Network analysis revealed that SFJDC re-
duces the activity of NFkB via several signaling pathways. Quercetin, wogonin, and polydatin bind directly to the
main protease (MP™) of SARS-CoV-2.

Clinical data showed that SFJDC, added to standard antiviral therapy (AVD), significantly reduced the clinical
recovery time of COVID-19 and fatigue (from 3.55 + 4.09 to 1.19 + 2.28 days) as well as cough (from 5.67 +

Abbreviations: SFJDC, Shufeng Jiedu Capsule; TCM, Traditional Chinese Medicine; MP*®, Main protease; AVD, Antiviral drugs; n.s., not significant.
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5.64 to 3.47 + 3.75) days compared to AVD alone. SFJDC therapy was significantly more effective when used
within the first 8 days after the onset of symptoms.

Conclusion: SFJDC might be a promising drug for the treatment of COVID-19, but large-scale randomized, double-
blinded, placebo-controlled clinical trials are needed to complement the real-world evidence. It might be
beneficial to start SFJDC treatment as early as possible in suspected cases of COVID-19.

Introduction

The rapid spread of COVID-19 around the world has resulted in
enormous financial efforts for the research and development of new
drugs and vaccines. In spite of increasing understanding of SARS-CoV-2
and COVID-19, up to now, no clinical trial has shown a validated sig-
nificant effect for the treatment of patients with mild and moderate
symptoms (Li et al., 2020, Jean et al., 2020). Traditional Chinese Herbal
Medicine (TCM) to combat COVID-19 got international attention
because it was regularly used during the pandemic. TCM traditionally
uses combinations of herbs that can be seen as a mixture of different
active components. Hence, binding of active components to different
targets can influence distinct signal pathways, producing synergistic
effects, e.g. for the treatment of viral respiratory infections (Li et al.,
2017, Tao et al., 2017). TCM was already used successfully for the
treatment of SARS in 2003 and influenza A (HIN1) in 2009 (Leung,
2007, Li et al., 2016).

One of the promising herbal drugs for the treatment of COVID-19,
SFJDC is composed of eight medicinal plants. This drug showed clin-
ical effectiveness for the treatment of upper respiratory tract infections
and infectious diseases, such as influenza A (HIN1) by its anti-
inflammatory, immunomodulating and antiviral properties (Li et al.,
2017, Ji et al., 2020, Yuan et al., 2018, Xi et al., 2010). Since 2009,
SFJDC has been used in China for treating HIN1 upper respiratory tract
infection by governmental recommendation (NHC 2010) and it repre-
sents a first-line TCM in the prevention and treatment of influenza
symptoms.

Previous studies showed that SFJDC can effectively reduce the
inflammation and immunoregulatory activity during lipopolysaccharide
(LPS)-induced acute lung injury; increase the partial pressure of oxygen
in the lung tissue; reduce the lactic acid level; inhibit IL-1f and TNF-«
inflammatory factors; inhibit P-selectin, TGF-f, KC, C-Jun/AP-1 and NF-
kB mRNA; and regulate proteins and key inflammatory pathways, e.g.
MAPK/NF-kB signaling pathway (Yuan et al., 2018, Tao et al., 2014).
Accordingly, Basis research data indicate that SFJDC is a promising
candidate for the treatment of COVID-19 because lung inflammation
injury is a major cumulative response to COVID-19.

HCoV-229E is one of seven coronaviruses that can affect humans. It is
associated with a range of respiratory symptoms like common cold,
pneumonia, and bronchiolitis. In the present study, we used a mice
model to further elucidate the antiviral and anti-inflammatory effects of
SEJDC. To enlighten the mechanism of action, the main targets and
pathways of bioactive compounds were investigated, to find further
explanations of its anti-inflammatory and immunomodulating effect.
Subsequently, we investigated single compounds of SFJDC which have
potential antiviral effects by direct inhibition of SARS-CoV-2 main
protease (MP™, also called 3CLpro).

Real-world studies acquire data regarding the effects of health in-
terventions, which provide data that represent the real-life drug treat-
ments outside controlled RCTs (Zuidgeest et al., 2017). According to a
Cochrane analysis, effect estimation is comparable for both trial designs
(Anglemyer et al., 2014), but could give different answers to the same
clinical questions.

In the first phase of the COVID-19 pandemic, pragmatic treatment of
the infected patients was urgent. Hence, the General Office of the Chi-
nese National Health Commission published guidelines for treatment
based on theoretical considerations, as well as the transfer of knowledge
about other viral infections, which included the use of western antiviral

drugs (AVD) (e.g. Lopinavir/Ritonavir, Umifenovir) as well as TCM (e.g.
Lianhua Qingwen Capsules, Shufeng Jiedu Capsules (SFJDC) (National
Health Commission and State Administration of Traditional Chinese
Medicine 2020). This form of management was the best available evi-
dence for treating COVID-19 in this phase of the pandemic and, repre-
senting real-world data, became standard medical practice in China. On
the basis of this data, we investigated the effectiveness of SFJDC on mild
and moderate COVID-19 patients in a clinical real-world pragmatic
study to verify prior clinical studies. These studies suggested that the
combination of SFJDC with western AVD might have a significant effect
on the improvement of the clinical symptoms of mild to moderate
COVID-19 pneumonia (Qu et al., 2020, Chen et al., 2020).

Methods
Animal study

Medication

SFJDC (batch number: 3190923, approved and patented by the
Chinese Food and Drug Administration in 2009) clinical drug, was
purchased from Jiren Pharmaceutical (Cat. Z20090047; Anhui, China).
SFJDCs are composed of Polygonum cuspidatum, Forsythia suspensa, Isatis
indigotica, Bupleurum chinense, Patrinia scabiosifolia, Verbena officinalis,
Phragmites communis and Glycyrrhiza uralensis (see supplement Table 3
for details) and are manufactured according to the Pharmacopoeia of the
People’s Republic of China.

Animals

Forty Balb / ¢ mice, SPF grade, weight 14 + 1 g, 20 males and 20
females were purchased from Beijing Vital River Laboratory Animal
Technology Co. Ltd. Mice were fed normal mouse chow and water ad
libitum and were maintained under standard conditions with air filtra-
tion. All animal studies were approved by the Ethics Committee of the
Institute of Chinese Materia Medica (2020D006).

Mouse infection and treatment

Forty Balb / ¢ mice were randomly divided into normal control group
(Normal), model control group (Model), SFJDC high-dose (SFJDC H)
and SFJDC low-dose (SFJDC L) group, 10 mice in each group (five male,
five female). Except for the normal control group, the mice were nasally
infected with 50 pl 100TCID50 HCoV-229E virus solution after mild
anesthesia on day 1 and day 3. On the first day of infection, each group
was administered SFJDC orally, 0.2 ml/10g body weight according to
Table 1, once a day for 4 days. The daily dose of SFJDC was adjusted in
accordance with the dosage for clinical use (human daily dosage: 6.24 g
of dried herbal extract (DHE) which corresponds to 32.4 g crude herbal
drug (CHD); SFJFC L is equal to the clinical equivalent dose used in
humans and SFJDC H is twice higher. On day 5 after the first time of
infection, blood was collected from the orbits and the lungs were
dissected for further analysis.

Table 1
Treatment of Balb/c mice.
Group Drug Concentration
Control Distilled water 0 g/kg
Model Distilled water 0 g/kg
SEJDC-high SEJDC 11.8 g/kg CHD (2.28 g/kg DHE)
SFJDC-low SEJDC 5.9 g/kg CHD (1.14 g/kg DHE)
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Lung index
The lung was weighed after lung dissection and the following
equations were used to calculate the lung index and inhibition rate:
Lung Index = [Lung Wet Weight (g) / Body Weight (g)] x 100
average lung index of model control group-average
lung index of administration group x

average lung index of model control group-average 100%
lung index of normal control group

Lung Index
Inhibition Rate =

HCoV-229E virus detection in lung tissue

After dissection of the mice, the lung tissue was collected and stored
at -80 °C until further use. Virus RNA was isolated using the QIAamp
virus RNA purification kit (Kai Jie Enterprise Management Shanghai
Limited, China) according to the manufacturer’s instructions. The iso-
lated RNA was dissolved in 20 pl of diethylpyrocarbonate (DEPC) water
and stored at -80 °C until further use. Real-time PCR was conducted by
using the Human Coronavirus (HCoV-229E) Real-time RT-PCR kit
(Shanghai Zhijiang Biotechnology Co., Ltd., China). Quantitative
detection of the viral nucleic acid load was performed according to the
manufacturer’s instructions, using positive control in the kit to generate
a standard curve on the real-time system. PCR products were analyzed
using QuantStudio™ Design & Analysis software v1.5.1 (QuantStudio™
5 Real-time instrument, Thermo Fisher Scientific, USA).

Elisa measurement of inflammatory factors in mouse lung tissue

Lung samples were homogenized in physiological saline using an
ultrasonic cell disrupter and centrifuged at 1000 x g for 10 min using a
low-temperature high-speed centrifuge at -4 °C. Samples were stored as
aliquots at -80 °C until further use.

Inflammatory factors were measured with Mouse IL-6 Valukine™
Elisa Kit, Mouse IL-10 Valukine™ Elisa Kit, Mouse TNF-alpha Valuki-
ne™ ELISA Kit, and Mouse IFN-gamma Valukine™ ELISA Kit (Bio-
Techne, USA) according to the manufacturer’s instructions using an
EnSpire Multimode Plate Reader (PerkinElmer, USA).

Flow cytometric detection of T lymphocyte subsets and B-lymphocytes in
peripheral blood

Blood samples were centrifuged in phosphate buffered saline (PBS),
and after removing the supernatant RBC, lysate (TONBO biosciences,
USA) was added and the samples were further treated according to the
manufacturer’s instructions. The final cell suspension was incubated
with the following antibodies according to the instruction of the
manufacturer: PE-labeled anti-mouse CD19, PerCP-Cy5.5-labeled anti-
mouse CD4, and APC-labeled anti-mouse CD8a (TONBO biosciences,
USA). Flow cytometric analysis was conducted on an Accuri C6 Plus flow
cytometer (BD biosciences, USA).

Network analysis

Prediction of potential targets of bioactive compounds in SFJDC

The chemical structures of potentially bioactive compounds in
SFJDC in Mol2 or MDL SDF format were screened against the pharma-
cophores in the PharmMapper database (Guimaraes and Cardozo, 2008)
to predict potential targets. After that procedure, the related pathways
were annotated and analyzed by Molecule Annotation System (MAS 3.0,
http://bioinfo.capitalbio.com/mas3/) and Kyoto Encyclopedia of Genes
and Genomes (KEGG, http://www.genome.jp/kegg/). In identifying
potential targets and pathways, which are related to immunomodula-
tion, inflammation and direct antiviral effects, Gene Ontology (GO)
analysis was performed by using the Database for Annotation, Visuali-
zation and Integrated Discovery (DAVID) bioinformatics resources 6.8
software and the enriched KEGG pathways of targets (p < 0.5 by
Fisher’s exact test, FDR < 0.05). The figure for the network mechanism
of SFJDC was created with Cytoscape 2.6.0 (http://cytoscape.org/).
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Docking simulation of bioactive compounds in SEJDC on COVID-19 MP™

The structure of COVID-19 virus MP™ (PDB ID: 6LU7) was used to
generate receptor grid for docking simulations. The difference of
protein-ligand binding affinities in binding free energy is computed for
each molecular species, including complex, ligand, and protein. These
complexes were further optimized and re-scored by using the MM-GBSA
module of Schrodinger (Guimaraes and Cardozo, 2008).

Clinical real-world pragmatic study

Study location and setting

Routinely collected data of hospitalized patients from one regular
care inpatient ward, specialized for COVID-19 of the Shanghai Public
Health Clinic Center, were extracted from existing electronic patients’
health records (CDCs reporting forms) within 3 weeks from 22 January
to 11 February 2020. We obtained epidemiological, demographic,
clinical, laboratory, management, and outcome data. Clinical outcomes
were followed up to 10 March 2020 (hospital dismission of all recruited
patients).

The study was approved by the Shanghai Public Health Clinic Center
Ethics Committee (YJ-92 2020-S015-02). All patients gave their written
informed consent to participate in the study and were informed that the
relevant data would be published.

The treatment was in accordance with the guidelines released by the
General Office of Chinese National Health Commission (National Health
Commission and State Administration of Traditional Chinese Medicine
2020), which represented the best available evidence for treating
COVID-19. This evidence represented real-world data because it was the
standard medical care in this phase of the pandemic in China. Only
marketed commercial drugs were used. The individual treatment
regimen was based on the patient’s condition according to the assess-
ment of the attending clinicians. In this study there were no rules for the
physicians how to treat patients, besides the current medical practice;
diagnostic methods were performed in accordance with medical
practice.

Study medications

Umifenovir tablets (Arbidol, Ouyi Pharmaceutical Co., Ltd. of Shiyao
group, 0.2 g, t.i.d.) or Lopinavir/Ritonavir Tablets (Abbott, Germany,
two tablets, t.i.d) and SFJDCs (Anhui Jiren Pharmaceutical Co., Ltd.,
2.08 g, t.i.d.) were used.

Twelve patients received antiviral therapy with Umifenovir, 19 with
Lopinavir/Ritonavir alone and two with Umifenovir plus Lopinavir/
Ritonavir. Twenty-five patients received Umifenovir plus SFJD, nine
Lopinavir/Ritonavir plus SFJD, and nine Umifenovir plus Lopinavir/
Ritonavir plus SFJDC.

Population and outcomes

Seventy-six adults, requiring only regular care, fulfilled the inclusion
criteria of confirmed COVID-19 with mild (n ==3) or moderate (n
==73) symptomatology, according to the classifications released by the
General Office of Chinese National Health Commission (National Health
Commission and State Administration of Traditional Chinese Medicine
2020). Written informed consent was obtained.

Patients with mental disease, history of drug abuse or dependence,
allergic reactions to the medication(s), or who participated in a clinical
trial within the last 3 months were excluded, as were pregnant or
lactating women. Three patients were excluded and had to leave the
regular care ward because they needed assisted ventilation treatment in
the ICU.

The aim of the evaluation was to determine whether addition of
SEJDC to standard AVD improves the symptomatology of COVID-19
patients. Therefore, we compared real-world data from patients who
only got AVD (n ==33) with patients who received AVD plus SFJDC (n
==43). The number of participants needed for this study was based on
prior clinical trials comparing AVD and AVD ++SFJDC (Qu et al., 2020,
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Chen et al., 2020). Subsequently, in taking this into account, we decided
that for a 3-week evaluation period of real-world data, a sufficient set of
data was made available for comparing AVD and AVD ++SFJDC.

Primary outcome was the duration of time from the onset of symp-
toms to the detection of negative virus tests in oral/nasopharyngeal
swabs. Secondary outcomes were the duration of time from onset of
symptoms to detection of negative virus tests in all specimens (oral/
nasopharyngeal swabs, blood, stool); the duration of clinical symptoms,
such as cough, fever, pharyngalgia, and fatigue, as well as the influence
of the commencement of SFJDC treatment on the primary outcome.

COVID-19 detection

COVID-19 was confirmed by real-time RT-PCR using the protocol of
the National Institute for Viral Disease Control and Prevention (China).
The nasopharyngeal, oropharyngeal swabs, urine, stool (once every
three days), serum (two samples acute and convalescent possibly 2-4
weeks after acute phase) of all patients were collected for viral nucleic
acid analysis by reverse-transcriptase polymerase chain reaction (RT-
PCR) until two successive (> 24 h) negative results were obtained.
Negative RT-PCR results from at least two consecutive sets of naso-
pharyngeal/throat swabs were collected at least 24 h apart. Four
negative specimens are needed to meet this requirement.

Statistical analysis

Statistical analysis for animal experiments was conducted with
Graphpad Prism 7.0 software using one-way ANOVA analyses followed
by Tukey’s multiple comparison procedures.

Clinical data were analyzed by OriginPro 9.0 using the Shapiro-Wilk
test for normality (p < 0.05) and the Two-Sample test for variance (p <
0.05). When normality was rejected, the Man-Whitney U test was con-
ducted. For normally distributed data, t-test was used in case of equal
variance and Welch’s correction was applied if data showed an unequal
variance. The correlation was determined by Pearson’s Correlation Co-
efficient. P < 0.05 was considered statistically significant.

Results
Animal study

Lung index

The results in Fig. 1 show that after infecting mice with HCoV-229E,
the lung index of the mice increased significantly, and there was a sig-
nificant difference compared with the normal control group (p <
0.0001). High and low doses of SFJD can inhibit the increase of lung

* koK ok * K Kok

* Kk K K

0.0 T T
Model SFJD H

Lung index (g/100g body weight)

Norm al SFJD L

Fig. 1. Inhibition effect of Shufeng Jiedu Capsule on lung index in mice with
HCoV-229E infected pneumonia. Results are represented as mean + SD (n =
10). **** p < 0.0001 between groups.

Phytomedicine 85 (2021) 153390

index and their inhibition rates were 58.92% and 60.21%% respectively
- rates statistically different from the model control group (p < 0.0001).

HCoV-229E virus detection in lung tissue

The results in Fig. 2 show that there was no HCoV-229E nucleic acid
expression in the lung tissue of normal control animals. After the mice
were infected with HCoV-229E, there was a significant viral nucleic acid
load of 1109.29 + 696.75 in the lung tissue of the mice. In both SFJDC
high and low dose groups, the viral nucleic acid loads in lung tissue were
significantly reduced to 11.27 4+ 13.34 and 0 =+ 0, respectively.

Inflammatory factors

The results in Fig. 3 show that after infecting mice with HCoV-229E,
the inflammatory factors IL-6, IL-10, TNF-a and IFN-y in the lung tissues
of the mice were significantly increased to 144.10 + 0.11, 279.32 +
0.06, 90.99 + 0.07, 8.56 + 0.03, which were significantly different from
the normal control group 8.28 + 0.06, 85.78 + 0.01, 1.82 + 0.01, 5.76 +
0.07 (p < 0.0001), respectively. After 4 days of SFJDC administration, in
both high and low dose groups, the levels of IL-6, IL-10, TNF-a and IFN-y
in the lung tissues were significantly reduced to 60.92 + 0.60, 23.16 +
0.15, 136.61 + 0.15, 54.81 + 0.05; 0.67 + 0.01, 5.36 + 0.06; 0.25 +
0.06, 5.37 & 0.11, and there was a significant difference compared with
the model control group (p < 0.0001).

Lymphocytes in peripheral blood

The results in Fig. 4 show that after HCoV-229E infection, the per-
centages of CD4 T T cells and CD8 T T cells in peripheral blood of the
mice were significantly reduced to 9.17 + 5.21, 6.32 + 4.35, and there
were significant differences between model and normal control groups
(24.07 + 5.48, 16.43 + 2.97) (p < 0.05). The percentage of B cells
showed a decreasing trend, but there was no statistical significance
between model and normal control groups (p > 0.05). After SFIDC was
administered for 4 days, in both high and low dose groups, the per-
centage of CD4" T cells in peripheral blood increased significantly to
22.80 + 9.55, 25.77 + 8.67; in the low dose group, the percentage of
CD8™ T cells in peripheral blood increased significantly to 15.46 + 4.92;
in the high dose group, the percentage of B cells in peripheral blood
increased significantly to 32.57 + 13.66; and there were significant
differences between SFJDC group and model control groups (p < 0.05).

Network analysis
Prediction of potential targets of bioactive compounds in SEJDC
To identify potential bioactive compounds, 94 compounds of SFEJDC

were included in the screening. The results revealed that 28 compounds
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Fig. 2. Inhibition effect of Shufeng Jiedu Capsule on viral load in lung tissue of
mice. Results are represented as mean £+ SD (n = 6). **** p < 0.0001 be-
tween groups.
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might have biological activities, which could be seen as potentially predict the target and pathway profiles. A total of 43 targets and 77
active compounds relating to the effect of SFJDC on SARS-CoV-2 pathways were predicted by PharmMapper and KEGG.

infection (supplement Table 1) (Li et al., 2017, Tao et al., 2017). To GO-based semantic similarity (p-value < 0.05) and enriched KEGG
further understand the interaction of those bioactive compounds with pathways of targets (FDR < 0.05) analysis showed that 11 pathways,
potential therapeutic targets, an in-silico prediction model was used to including toll-like receptor, Fc epsilon RI, focal adhesion, MAPK, VEGF,
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PPAR, ErbB, signaling pathway were related to inflammation; six
pathways including the B and T cell receptor pathway, natural killer cell-
mediated cytotoxicity, complement and coagulation cascades, primary
immunodeficiency signaling pathway and toll-like receptor pathway
were related to immunomodulation (supplement Table 2). The major
pathways are regulated through multiple SFJDC target proteins and
many of them have been reported as appropriate target pathways for
regulation of immune response and inflammation and could be related
to the treatment of viral diseases (Figs. 5, 6) (Kumar et al., 1998, Zhong
et al., 2013, Sahpaz et al., 2002, Wang et al., 2018, Tao et al., 2020).

Potential inhibitors of COVID-19 main protease (Mpro)

Docking experiments showed that three compounds of SFJDC had a
high affinity to the active site pocket of 6LU7 (Fig. 7). Polydatin forms H-
bonds with the 6L.U7 amino acids Asn 142 and His164 and had predicted
binding energy of -19.86 kcal/mol. Quercetin forms H-bonds with the
6LU7 amino acids Glul66, GIn189 and, GIn192 and had predicted
binding energy of -8.76 kcal/mol. Wogonin forms H-bonds with the
6LU7 amino acids Phe140 and His163 and had predicted binding energy
of -11.34 kcal/mol.

Clinical study

Patients basic characteristics

In the AVD group 19 patients were male, 14 were females (mean age
45.9 £ 13.3) years); in the AVD ++SFJD-treated group 25 were males,
18 were females (mean age 46.95 + 14.88 years).

In the AVD group there were 9/33 patients with preexisting chronic
diseases (chronic bronchitis one, diabetes two, renal insufficiency one,
pulmonal nodules one, coronary heart disease one, tuberculosis one,
arterial hypertension two). In the AVD ++SFJD-treated group 10/43
patients suffered from preexisting chronic diseases (diabetes four, breast
tumor one, chronic nephrosis one, arterial hypertension four). Symp-
toms started 5.70 + 3.86 days before hospitalization in the AVD group
and 4.8 + 2.61 days in the AVD ++SFJD group (n.s.).

Patients’ basic characteristics are summarized in Table 2.

Outcomes

All recruited patients of the AVD (n ==33) and of the AVD ++SFJD
(n ==43) groups were included in each analysis, for each group as
originally assigned.

Duration of symptoms. Primary outcome:
Patients in the AVD group were asymptomatic for 4.22 + 5.36 days

when their NP swabs became virus-negative, while the AVD ++SFJD
group was already asymptomatic for 8.98 + 6.11 days (p < 0.005; 95%,
CI: -6.64 ~ 0.06; Effect size d 0.83).

Secondary outcomes:

Similarly, patients in the AVD group were asymptomatic for 7.24 +
5.45 days when their NP swabs, blood, urine, stool specimens were

Table 2
Basic characteristics of the study participants.

AVD only (n AVD+ SFJD (n Difference (p-
=33) =43) value)
Sex 14 females 19 18 females, 25 n.s
males males,
Age 45.9 +13.3 46.95 + 14.9 n.s
Preexisting chronic disease N=9* N ==10 *2 n.s.
Onset of symptoms before 5.70 + 3.86 4.8 +£2.61 n.s.

hospitalization

*1 chronic bronchitis (1), diabetes mellitus (2), renal insufficiency (1), pulmonal
nodules (1), coronary heart disease (1), tuberculosis (1), arterial hypertension
(2).

*2 diabetes mellitus (4), breast tumor (1), chronic nephrosis (1), arterial hy-
pertension (4).
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Table 3
Comparison of symptoms and disease course of AVDs only versus AVDs plus
SFJDC.

Duration of (days) AVD only (n AVD + SFJD (n  p value
=33) =43)
Asymptomatic period before virus- 4.22+5.36 8.98+6.11 <0.005
negative in NP swabs
Asymptomatic period, before virus- 7.24+5.45 10.53+7.42 < 0.05
negative in NP swabs, blood,
urine, stool,
Fatigue 3.55+4.09 1.19+2.28 <0.005
Cough 5.67+5.64 3.4743.75 <0.05
Fever 6.30+3.98 6.53+3.58 n.s.
Pharyngalgia 0.70+2.86 1.05+2.57 n.s.

virus-negative, while the AVD+SFJD group was already asymptomatic
for 10.5 + 7.42 days (95%, CI: -8.02 ~ -1.49; Effect size d 0.51).

Fatigue was present in the AVD group for 3.55 + 4.09 days and 1.19
+ 2.28 days in the AVD ++SFJD group (p < 0.005; 95%CI: -3.8 ~ -0.89;
Effect size d 0.71).

Cough lasted for 5.67 + 5.64 days in the AVD group and 3.47 + 3.75
days in the AVD ++SFJD group (p < 0.05; 95%, CI: -4.35 ~ -0.05; Effect
size d 0.46). The fever duration was 6.30 + 3.98 days in the AVD group
and 6.53 £ 3.58 days in the AVD +-+SFJD group (n.s.; 95%, CI: -1.52 ~
1.96; Effect size d 0.06). Pharyngalgia lasted for 0.70 + 2.86 days in the
AVD group and 1.05 + 2.57 days in the AVD ++SFJD group (n.s.; 95%,
CI: -0.89 ~ 1.59; Effect size d 0.13).

Relevance of start time of SFJDC treatment

Depending on the patient’s condition, SFJDC was implemented in
order to escalate therapy. Hence, the start time of SFJD differed. In 22
cases, SFJDC treatment was initiated early within the first 8 days after
onset of symptoms (mean 1.59 + 1.33, 1-8); in 21 cases 9 days or later
(mean 16 + 4.19, 9-22). Patients treated early had symptoms for 6.8 +
2.8 days, later treated patients for 9.5 + 3.2 days (p < 0.005; 95%, CI:
0.97 ~ 4.62; Effect size d 0.9). It took 5.1 + 4.1 days after the disap-
pearance of symptoms before early treated patients became virus-
negative in NP swabs, while it took 13.4 + 7.9 days for later treated
patients (p < 0.005; 95%, CI: 4.03 ~ 12.54; Effect size d 1.31). Similarly,
it took 6.9 + 5.9 days after the disappearance of symptoms before early
treated patients became virus-negative in all specimens (NP swabs,
blood, urine, stool), while it took 14.3 + 9.1 days for later treated pa-
tients (p < 0.005; 95%, CI: 2.73 ~ 12.11; Effect size d 0.96). Time of
application correlated strongly with the asymptomatic period before NP
swabs became virus-negative (r ==0.65, p < 0.01), which is demon-
strated in Fig 8.

Furthermore, the subgroup of early treated SFJDC patients (n ==22)
was superior regarding the whole symptomatic course of COVID-19.
Patients were symptomatic for 6.8 + 2.5 days, while the patients from
the control group (n ==33) were symptomatic for 9.10 + 4.10 days (p <
0.005; 95%, CI: 0.97 ~ 4.63; Effect size d 0.68).

Harms. During the treatment period 8/76 (10.5%) patients, 1/12 of the
Umifenovir-alone-treated patients, 2/19 of the Lopinavir/Ritonavir-
alone-treated patients, 1/2 of the Umifenovir plus Lopinavir/Ritonavir
treated patients, 2/25 of the Umifenovir plus SFJDC treated patients, 1/
9 of Lopinavir/Ritonavir plus SFJDC treated patients, and 1/9 Umife-
novir plus Lopinavir/Ritonavir plus SFJDC treated patients demon-
strated digestive symptoms, which included diarrhea and nausea. No
patients discontinued treatment because of adverse effects. All events
were classified as mild.

Discussion

The animal experiments of this study indicate that SFJDC demon-
strates an antiviral effect. HCoV-229E-infected mice showed a
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significant increase of the lung index, HCoV-229E nucleic acid expres-
sion in the lung, increased inflammatory factors IL-6, IL-10, TNF-o, and
IFN-y in lung tissue, as well as a decreased percentage of CD4" and CD8™"
T cells in peripheral blood. Treatment of mice with SFJDC significantly
decreased the lung index and HCoV-229E nucleic acid expression in the
lung compared to the control group.

Furthermore, the study showed that SFJDC decreased inflammatory
factors 11-6, IL-10, TNF-a, and IFN-y in lung tissue. Those results proved
that the anti-inflammatory effect of SFJDC, which was previously re-
ported for influenza and upper respiratory tract infections, could be
found in HCoV-229E-infected mice, too. The reduction of cytokines in
coronavirus-infected mice by SFJDC leads to the hypothesis that this
herbal drug could reduce the stormy increase of cytokines, which could
lead to viral sepsis seen in many COVID-19 patients (Li et al., 2020).

Additionally, the increased percentage of CD4" and CD8™ T cells in
peripheral blood compared to the model group indicates that SFJDC
could effectively be attenuated or might prevent lymphopenia caused by
COVID-19 (Wang et al., 2020). The importance of this result is supported
by a study of Wang et al. (2020) who reported that CD8™" T cells could be
an independent predictor for COVID-19 severity as well as for treatment
efficacy, because a decrease in CD8" T cells was associated with severe
virus infection and poor treatment efficacy (Wang et al., 2020).

To further evaluate the underlying mechanism of action of the
antiviral and anti-inflammatory effect of SFJIDC, we conducted a system-
level network analysis that can provide useful information for under-
standing and insight into the Drug-Target-Pathway interactions. Results
revealed that 11 inflammation and immunomodulation-related path-
ways, including PI3K-Akt-, toll-like receptor-, MAPK-, ErbB- and NF-kB
signaling pathways were influenced by bioactive compounds of SFJDC
(Kumar et al., 1998, Zhong et al., 2013, Sahpaz et al., 2002, Wang et al.,
2018, Tao et al., 2020).

PI3-K/Akt and NF-kB signaling pathways regulate inflammatory
cytokine production, and promote the production of pro-inflammatory
cytokines, such as TNF-a, IL-1f, IL-6, and IFN-y, which could lead to
acute lung injury (Tao et al., 2014, Kumar et al., 1998, Yum et al., 2001).
Emodin, an anthraquinone found in Polygonum cuspidatum as well as
Phragmites communis and Phillyrin, a natural lignan found in Forsythia
suspensa and Verbena officinalis attenuate PI3K-Akt signaling and inhibit
the NF-kB-mediated transcription of pro-inflammatory cytokines (e.g.
TNF-a, IL-16, IL-6, and IFN-y) (Zhong et al., 2013, Zheng et al., 2019).
Furthermore, it was shown that Emodin inhibits TNF-induced-NF-xB
activation by inhibition of IkB degradation (Kumar et al., 1998). The
attenuation of pro-inflammatory pathways by bioactive compounds of
SFJDC, as suggested by our system-level network analysis, could explain
the decreased inflammatory factors I1-6, IL-10, TNF-a, and IFN-y in lung
tissue of coronavirus-infected mice treated with SFJDC.

Our molecular docking experiments suggested that the antiviral ef-
fect of SFIDC could be partly explained by direct inhibition of MP™ by
three bioactive compounds (polydatin, quercetin, and wogonin) found
in SFJDC. However, those results need to be confirmed by in-vivo
experiments.

Our clinical pragmatic real-live study gives evidence that the addi-
tion of SFJDC to conventional AVD significantly reduced the symp-
tomatic period of COVID-19 patients. This is even more relevant in the
light of recent studies, which showed the AVD Lopinavir/Ritonavir and
Umifenovir used in this study could not show clinical effectiveness
against COVID-19 (Cao et al., 2020, Chen et al., 2020).

Symptomatic effectiveness was shown to be significant for patients
with cough and fatigue, but not with fever and pharyngalgia. However,
both groups received best medical care, including antipyretic drugs
during the hospitalization period; pharyngalgia was present in only 10
of all 76 patients.

Furthermore, real-live evidence does not replace RCTs but can be an
important complement. Hence, an additional large-scale randomized,
double-blinded, placebo-controlled clinical trial is still necessary and
pending. This might clarify the question: whether the effect of SFJDC is
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mainly symptomatic or, as indicated by the animal study, caused by an
antiviral property of SFJDC.

Early use of AVD alone or combined with TCM is considered to be
essential for virus control (Kai-Wang To et al., 2020), and we addi-
tionally compared the early to late initiation of SFJDC treatment. Early
application of SFJDC within the first 8 days from the onset of the first
symptom(s) of COVID-19 showed a noticeable higher effect, which has
to be taken into account in future studies.

Conclusion

The antiviral and anti-inflammatory properties of SFJDC were
confirmed by the mouse model. The decreased inflammatory factors in
the lung tissue of coronavirus-infected mice can be explained by atten-
uation of pro-inflammatory pathways by bioactive compounds of
SFJDC. Network analysis showed that 11 inflammation and
immunomodulation-related pathways were influenced by bioactive
compounds of SFJDC. The main ingredients of SFJDC: quercetin,
wogonin, and polydatin bind directly to the main protease (MP™) of
SARS-CoV-2. Clinical data provided some promising evidence that
SFJDC might shorten the symptomatic course of COVID-19 in patients
with mild and moderate symptoms. The results indicated that it is
beneficial to administer SFJD immediately from the onset of the first
symptoms. Hence, a large-scale randomized, double-blinded, placebo-
controlled clinical trial is necessary to confirm the effect of this real-
world study of SFJDC for the treatment of COVID-19 patients.
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