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Abstract: COVID-19 is a global pandemic infectious disease caused by severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2). The herbal formula, Ping An Fang Yu Yin (PAFYY), has been used
to prevent respiratory viral infections for many years. This study aims to evaluate the effect of PAFYY
on SARS-CoV-2 infection, oxidative stress, and inflammation via in vitro, investigate the chemical
composition by full constituent quantitative analysis, and verify its anti-viral potential against SARS-
CoV-2 using in silico. In this study, a total of eleven compounds, twenty amino acids, saccharide
compositions, and trace elements were found and quantitatively determined by chromatographic
techniques. PAFYY displayed free radical scavenging activity (DPPH, SCsp: 1.24 & 0.09 mg/mL),
SOD activity (68.71 = 1.28%), inhibition of lipoxygenase activity (75.96 £ 7.64 mg/mL) and interfered
the interaction of SARS-CoV-2 spike protein and angiotensin-converting enzyme 2 (48.04 & 3.18%).
Furthermore, in-silico analysis results supported that liquiritin, 3,5-dicaffeoylquinic acid, and luteolin-
7-O-glucoside with the highest affinity between SARS-CoV-2 RBD and human angiotensin-converting
enzyme II (hACE2) receptor. Our findings suggest that PAFYY has the potential for anti-SARS-CoV-2
infection, anti-oxidation stress, and anti-inflammation, and may be used as supplements for ameliora-
tion or prevention of COVID-19 symptoms, as well as the representative compounds can be used for
quality control of PAFYY in the future.

Keywords: Ping An Fang Yu Yin; anti-SARS-CoV-2; antioxidant; chromatographic techniques; finger-
prints analysis

1. Introduction

COVID-19 is a severe acute respiratory syndrome caused by the coronavirus (SARS-
CoV-2), which has become a global pandemic since 2019. More than 603 million confirmed
cases and 6.48 million deaths had been reported to WHO by 7 September 2022 [1]. The
most common symptoms are asymptomatic/mild-to-moderate respiratory disease, which
in patients can become life-threatening conditions such as severe pneumonia and acute
respiratory distress syndrome (ARDS) [2,3]. The spike protein is a crucial factor in the SARS-
CoV-2 infected host cell. When the virus attaches to the host cell, the spike protein interacts
with angiotensin-converting enzyme 2 (ACE2), causing the virus to infect the host cell [4].
In addition, recent reports suggest that inflammation and oxidative stress are important in
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the transition from mild to severe symptoms in COVID-19 patients, increasing the risk of
organ damage and complications [5,6]. Anti-inflammatory agents, 5-lipoxygenase (5-LOX)
inhibitors, can reduce SARS-CoV-2-mediated inflammatory diseases, including cytokine
release syndrome and ARDS during relegated immune cells and mediators [7]. In addition,
antioxidants can reduce the risk of complications and attenuate the prognosis in COVID-19
cases by scavenging reactive oxygen species and oxidant-producing enzymes [8]. Therefore,
supplementation with antioxidant, anti-inflammatory, and anti-SARS-CoV-2 agents may
contribute to the prevention and treatment of COVID-19.

Traditional Chinese medicine (TCM) is the oldest, most unique, and complete medical
system. TCM has the characteristics of multi-component and multi-target in the prevention
and treatment of diseases. It also showed positive efficacy and tolerable toxicity. Shang
Han Lun, Wen Yi Lun, and Jheng Jhih Huei Bu were the famous ancient TCM book
about the systematic study of internal medicine, such as infectious disease, and as the
reference book for infection diseases until now. Pharmacological studies have displayed
that TCM formulas have multiple efficacies in COVID-19 treatment, including “RespireAid
(NRICM101)” and “Jing Guan Fang” [9-12].

Ping An Fang Yu Yin (PAFYY) is a Chinese herbal formula that has been used to
prevent respiratory viral infections for years. PAFYY is a reference to the ancient TCM
book and modified from Huang Qi Ge Gen Tang and Gan Ju Tang. The formula was com-
posed of Houttuynia, Pueraria, Astragalus, Honeysuckle flower, Citrus peel, Agastache,
Licorice, Mentha, Codonopsis, Platycodon, and Perilla leaf. Previous research exhibited
that Houttuynia, Astragalus, Licorice, Honeysuckle flower, Platycodon, Mentha, Pogoste-
mon, and Perilla leaf can anti-SARS-CoV-2 invasion and replication activities. The Citrus
peel, Houttuynia, Pueraria, Astragalus, Honeysuckle flower, Pogostemon, Licorice, Men-
tha, Codonopsis, Platycodon, and Perilla leaf have antioxidative and anti-inflammatory
activities [13-20]. The puerarin, rosmarinic acid, hesperidin, chlorogenic acid, and gly-
cyrrhizic acid have an anti-SARS-CoV-2 effect by interfering with the ACE2 receptor and
SARS-CoV-2 spike protein interaction [14-16,21]. The bioactivity of traditional Chinese
herbal formulas is not derived from a single compound but from the interaction of many
active components. However, the anti-viral infection principles of PAFYY and its chemical
composition have never been described.

The chemical composition of PAFYY is very complex. Therefore, it seems feasible to
use multiple fingerprint techniques to assess the quality of PAFYY [22]. The aim of this
study is to identify and quantified various chemical constituents in PAFYY and investigate
the antioxidative, anti-inflammatory, and anti-SARS-CoV-2 activities of PAFYY, as well as
related to COVID-19 to know its preventative potential by in vitro and in silico studies.

2. Materials and Methods
2.1. Material and Reagent

The acetonitrile (ACN) and methanol were purchased from Honeywell (Charlotte, NC,
USA). The water was purified by a Thermo water purification system (Thermo Fisher Sci-
entific, Waltham, MA, USA). Potassium dihydrogen phosphate and phosphoric acid were
purchased from Merck (Darmstadt, Germany). Reference materials for polysaccharides,
stachyose, D-(—)-fructose, D-(+)-glucose, sucrose, and L-amino acids kit (LAA21) were
purchased from Sigma-Aldrich (USA). Ping An Fang Yu Yin (PAFYY, All Mightea Plus),
Houttuynia, Pueraria, Astragalus, Honeysuckle flower, Citrus peel, Agastache, Licorice,
Mentha, Codonopsis, Platycodon, and Perilla leaf were manufactured by Sun Ten Pharma-
ceutical company (New Taipei City, Taiwan). The preparation method of PAFYY tea was
described in the Supplementary Materials.

2.2. Fingerprints Analysis in PAFYY

Preparation of PAFYY standard solution, 0.5 g of PAFYY and its individual herbs
were extracted with 70% methanol (20 mL), and the solution was sonicated at 25 °C for
15 min, then shaken at 160 rpm in a 40 °C water bath at 20 min. Accurately weigh appro-
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priate amounts of quercitrin, rosmarinic acid, hesperidin, chlorogenic acid (Sigma-Aldrich,
St. Louis, MO, USA), calycosin-7-O-glucoside, liquiritin (PhytoLab, Vestenbergsgreuth,
Germany), 3,5-dicaffeoylquinic acid, lobetyolin, platycodin D (SunHank, Tainan, Taiwan),
astragaloside IV, puerarin (National Institutes for Food and Drug Control, Beijing, China),
glycyrrhizic acid (Taiwan Food and Drug Administration, Taipei, Taiwan), luteolin-7-O-
glucoside (Fusol Material, Tainan, Taiwan) were sited in a volumetric flask, 70% methanol
was added as a diluent, and sonicated at 25 °C for 15 min. All the samples were filtered by
a 0.45 um filter, and the solution was further assayed for small organic molecules.

The HPLC/PDA analytical system used Waters 600 and 2996 instruments (Waters,
Milford, MA, USA). The conditions of analysis were controlled as follows: gradient elution
through mobile phase A (1 L of 20 mM KH,PO4 with 0.01% H3zPOy), B (ACN), and C (H,0)
at 0-30 min with the ratio of 90-75% A and 10-25% B; at 30—40 min, a ratio of 75-65% A
and 25-35% B; at 40-55 min, a ratio of 65-0% A, 35-75% B, and 0-25% C; at 55-60 min
75-10% B and 25-90% C; and at 60-65 min with 0-90% A, 10% B, and 90-0% C. The rate
of flow was 1.0 mL/min (running time: 65 min). The 200-400 nm was set to detection.
Cosmosil 5C1g-MS-II column (5 um, 4.6 x 250 mm, Nacalai tesque, Kyoto, Japan) was used
as an analytical column. The guard column was a Lichrospher RP-18 capped column (5 um,
4.6 x 10 mm, Merck, Darmstadt, Germany).

The fingerprint analyses of saccharides, amino acids, and trace elements is described
in the supplementary information.

2.3. Bioactivity Assay

Extract about 1 g of sample powder with water (10 mL). Sonicate the solution at 25 °C
for 20 min, then shake at 160 rpm for 20 min in a water bath (40 °C). All the samples were
filtered by a 0.45 um filter.

The free radical scavenging activity of 200 pM DPPH (1,1-diphenyl-2-picrylhydrazyl):
Mix 100 pL sample solution with 100 pL. DPPH ethanolic solution (Cat Nr: D4313, TCI
America, Portland, OR, USA). The mixture was incubated at room temperature for 30 min.
A517 nm was measured using the SPECTROstar Nano microplate reader (BMG Labtech,
Ortenberg, Germany). DPPH scavenging effect was calculated by the following expression.

Scavenging activity % = (1 — Absorbance of sample — blank/Absorbance of control — blank) x 100

Nitric oxide radical scavenging assay: The sample solution (80 pL) combines with
20 puL of 25 mM sodium nitroprusside (Cat Nr: PHR1423, Sigma-Aldrich, St. Louis, MO,
USA). After 2 h, the incubation solution was mixed with 100 puL Griess reagent (Cat Nr:
G4410, Sigma-Aldrich, St. Louis, MO, USA). We measured the absorbance (540 nm) using
the SPECTROstar Nano microplate reader (BMG Labtech, Ortenberg, Germany). The nitric
oxide radical scavenging effect was calculated by the following expression:

Scavenging activity % = (1 — Absorbance of sample — blank/Absorbance of control — blank) x 100

The sample solutions were measured for superoxide dismutase activity (Cat Nr:
CS0009, Sigma-Aldrich, St. Louis, MO, USA), lipoxygenase inhibition (Cat Nr: 760700,
Cayman Chemical Company, Ann Arbor, MI, USA), and inhibition of SARS-CoV-2 spike
interaction with ACE2 (Cat Nr: 502050, Cayman Chemical Company, Ann Arbor, MI, USA)
on the basis of the manufacturer’s instructions. Data are expressed as mean + SD (n = 3).
Statistical analysis was executed using the student’s ¢-test (p-value < 0.05 was considered
statistically significant).

2.4. Molecular Modeling Docking Study

The in silico evaluation was performed with AutoDock Vina (ADT ver. 4.0.1) (Scripps
Research, San Diego, CA, USA) software [23]. Crystal structures of the SARS-CoV-2
spike protein receptor-binding domain (RBD) and human ACE2 (hACE2) complex (PDB:
6M17) were retrieved from the Protein Data Bank, and hydrogen atoms were added to
prepare the docked receptors. The 3D structures of the ligands were constructed in the
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Chem3D program Ultra 12.0 (PerkinElmer, Cambridge, MA, USA). The Gasteiger charge
measurement of the protein atoms and the selection of the flexible twist of the ligand was
performed by AutodockTools (ADT ver. 1.5.6) (Scripps Research, San Diego, CA, USA).
The binding affinity energy is provided as a docking fraction and measured in kcal/mol.
The visualization of the best docking interactions was analyzed in Biovia Discovery Studio
Client 2021 (DS Biovia, San Diego, CA, USA) [24].

3. Results
3.1. Determination of Multiple Chemical Ingredients

The quercitrin, rosmarinic acid, hesperidin, chlorogenic acid, calycosin-7-O-glucoside,
liquiritin, 3,5-dicaffeoylquinic acid, lobetyolin, platycodin D, astragaloside IV, puerarin,
glycyrrhizic acid, and luteolin-7-O-glucoside were used as reference standards (Figure 1)
and then analyzed which herbal material relates to the chromatographic peak of PAFYY
by using HPLC/PDA or ELSD detection. By comparison with the standard reference
compounds, eleven compounds were identified, including quercitrin, rosmarinic acid,
hesperidin, chlorogenic acid, liquiritin, 3,5-dicaffeoylquinic acid, lobetyolin, astragaloside
IV, puerarin, glycyrrhizic acid and luteolin-7-O-glucoside (Figure 2 and Supplementary
Figure S1). The concentration of compounds is shown in Table 1. Puerarin, chlorogenic
acid, hesperidin, glycyrrhizic acid, and liquiritin were the main compositions (>1 mg/g) of
PAFYY. The possible effect of these compounds was described in the discussion section.

The fingerprints of carbohydrates, amino acids, and trace elements in PAFYY are
shown in Supplementary information. Based on the data, the polysaccharide was deter-
mined to be 13.12 mg/g and calculated as glucose according to the HPLC/RI method
(Figure S2). PAFYY was rich in amino acids, especially essential amino acids. Proline was
found to be the most abundant free form of amino acid. Branched-chain amino acids such
as Leucine were found to be the most abundant amino acid in their hydrolyzed form by
LC-MS/MS method (Table S1). Major trace elements found in PAFYY, including Mg, K,
and Ca, by ICP/MS analysis (Table S2).
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Figure 1. Chemical structure of the active ingredients of the PAFYY.
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Figure 2. Chromatographic fingerprints of PAFYY from 3D-HPLC/PDA.

Table 1. Herbal content and retention time of 11 components in PAFYY.

Herbal Material in PAFYY Reference Substance Retentl(.m Time Content
(min) (mg/g)
Astragalus Astragaloside IV 32.00 0.12
Astragalus Calycosin-7-O-glucoside 25.49 BQL
Houttuynia Quercitrin 32.64 0.50
Houttuynf{f, Honeysuckle Chlorogenic acid 9.96 2.98
ower
Honeysuckle flower 3,5-Dicaffeoylquinic acid 29.77 0.55
Honeysuckle flower Luteolin-7-O-glucoside 28.45 0.10
Citrus Peel Hesperidin 33.70 2.49
Codonopsis Lobetyolin, 36.04 0.16
Licorice Glycyrrhizic acid 51.02 2.00
Licorice Liquiritin 26.85 1.12
Mentha, Perilla leaf Rosmarinic acid 30.13 0.27
Platycodon Platycodin D 23.5 BQL
Pueraria Puerarin 16.39 10.90

BQL: below quantitation limit.

3.2. Anti-Oxidant Activity of PAFYY and Herbs Extraction

Due to the complexity of phytochemicals, two or more different in vitro assays may
be used to evaluate herbal products. These tests are based on distinctive characteristics
of antioxidative activity, including the ability to scavenge free radicals or SOD enzyme
activity. Citrus peel and Honeysuckle flower exhibited antioxidative activity and a positive
control for scavenging free radicals and SOD enzyme, respectively [25,26].

As shown in Figure 3A, PAFYY showed the inhibitory effect of DPPH free radicals (SCsg,
1.24 + 0.09 mg/mL). The water extracts of individual herbs exhibited DPPH scavenging ac-
tivity (Table 2). In addition, Houttuynia (1.72 & 0.18 mg/mL), Pueraria (1.07 £ 0.08 mg/mL),
Honeysuckle flower (0.58 £ 0.04 mg/mL), Mentha (0.25 £ 0.00 mg/mL), Licorice
(2.09 £ 0.17 mg/mL) and Perilla leaf (0.53 & 0.05 mg/mL) displayed higher DPPH scav-
enging activity than the positive control, which may be related to DPPH scavenging activity
of PAFYY.
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Figure 3. Antioxidant activity as measured by DPPH (A) and SNP-NO (B) assays as described for
PAFYY. Asterisks show significant differences compared to control based on one-way ANOVA with
Dunnett’s multiple comparison test (** p < 0.01 and *** p < 0.001).

Table 2. Antioxidative activity of aqueous extract solutions of PAFYY and individual herbs measured
by DPPH and SNP-NO scavenging assays.

SCsp (mg/mL) 2

Herbs DPPH Scavenging Assay SNP-NO Scavenging Assay
Houttuynia 1.72 £0.18 *** 70.80 £+ 2.19
Pueraria 1.07 £ 0.08 *** 25.99 £ 2.54 ***
Astragalus 24.44 4 1.34 >100
Honeysuckle flower 0.58 £ 0.04 *** 25.01 £ 4.07 ***
Agastache 3.74 £ 0.62 62.26 £+ 15.96
Mentha 0.25 4 0.00 *** 19.62 £ 1.65 ***
Codonopsis 11.52 +1.85 >100
Licorice 2.09 £ 0.17 *** >100
Platycodon 6.89 +1.03 >100
Perilla leaf 0.53 4 0.05 ** 12.11 £ 0.46 ***
Citrus peel ® 3.96 +0.11 75.60 + 3.10
PAFYY 1.24 £ 0.09 *** 48.93 £ 4.96 **

a SCs value is defined as half of the maximum inhibitory concentration. ® The positive control was Citrus
peel. Asterisks indicates significant difference between positive control herb based on t-test (** p < 0.01 and
X%

p <0.001).

The inhibition of nitric oxide radicals is shown in Figure 3B. The results showed that
PAFYY scavenged nitric oxide free radicals (SCsg: 48.93 £ 4.96 mg/mL). As for the individ-
ual water extracts determined in the experiments (Table 2). Pueraria (25.99 £ 2.54 mg/mL),
Honeysuckle flower (25.01 + 4.07 mg/mL), Mentha (19.62 &+ 1.65 mg/mL), and Perilla
leaf (12.11 + 0.46 mg/mL) presented higher NO scavenging activity than that of positive
control, which may relate to the NO scavenging activity of PAFYY.

In Table 3, PAFYY showed significantly higher superoxidase dismutase activity com-
pared to the control group. We further analyzed water extracts of the herbs in the exper-
iments, as shown in Table 4. The SOD activity of Houttuynia, Astragalus, Citrus Peel,
Agastache, and Platycodon were higher than the positive control, which may be related to
the SOD activity of PAFYY. As mentioned above, these results suggest that PAFYY may be
used as an antioxidant.
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Table 3. Effect of PAFYY tea (100 mg/mL) on SOD, LOX, and SARS-CoV-2 spike with ACE2

interaction.
Inhibition Rate (%)
SOD Activity (%) LOX Inhibition Rate (%) Interaction of SARS-CoV-2 Spike with ACE2 Activity (%)
PAFYY 68.71 4= 1.28 *** 75.96 £ 7.64 *** 48.04 + 3.18 ***
Asterisks (*** p < 0.001) indicate significant differences compared to t-test based controls. Data are presented as
mean £ SD, n = 3.
Table 4. Effect of herbal aqueous extract on SOD, LOX, and SARS-CoV-2 spike with ACE2 interaction.
SOD Activity b SARS-CoV-2 Spike with ACE2 Interaction
Herbs (Unit/mL) 3 LOXICso (mg/mL) Activity ICsp (mg/mL) b
Houttuynia 14.89 £ 1.56 *** 2.314+0.14** 22.08 &+ 3.70 ***
Pueraria 4 3.82+0.16 >100 91.69 +7.44
Astragalus 12,90 £ 1.93 ** 40.75 £ 21.15 >100
Citrus peel 8.43 £ 0.18 ** >100 >100
Agastache 1291 £1.76 ** >100 >100
Mentha 421 +0.26 3.70 £ 0.52 ** 12.33 £ 2.13 ***
Codonopsis 5.68 + 0.25 >100 11.29 £ 2.09 ***
Licorice 1.72 +£0.17 >100 55.53 &+ 4.00
Platycodon 17.29 + 2.70 ** 31.16 +2.37 19.85 4= 2.72 ***
Perilla leaf 3.20 + 0.04 >100 13.02 £ 1.50 ***
Honeysuckle flower € 6.79 £0.23 13.83 + 3.60 55.21 £ 31.97

2 Each herb was tested at 100 mg/mL. b The value of ICs, was defined as half-maximal inhibitory concentration.
¢ Honeysuckle as a positive control for SOD and LOX assays. ¢ Pueraria as a positive control for the SARS-CoV-2
spike-ACE2 interaction assay. Asterisks indicate significant differences between positive control herbs based on
t-test (** p < 0.01 and ** p < 0.001).

3.3. Anti-LOX Activity of PAFYY and Herbs Extraction

The PAFYY and herbal materials evaluated for the 15-LOX inhibitory activity. Hon-
eysuckle flower showed anti-inflammatory activity and served as a positive control [26].
PAFYY was able to inhibit 75.96 £ 7.64% of 15-LOX activity at 100 mg/mL (Table 3). In
Table 4, Houttuynia, Astragalus, Mentha, Platycodon, and Honeysuckle flower could
inhibit the activity of 15-LOX to varying degrees. The dose-response analysis showed
that the half-maximal inhibitory concentration of Houttuynia, Mentha, and Honeysuckle
flower on 15-LOX were 2.31 + 0.14, 3.7 & 0.52 and 13.83 £ 3.6 mg/mL, respectively.
These results suggest that PAFYY may regulate the LOX by Houttuynia, Mentha, and
Honeysuckle flowers.

3.4. Effect of PAFYY and Herbs Extraction on SARS-CoV-2 Spike with ACE2 Interaction

PAFYY suppressed the SARS-CoV-2 spike with ACE2 interaction, and the inhibition rate
was 48.04 & 3.18 mg/mL (Table 3). In Table 4, Houttuynia, Honeysuckle flower, Mentha,
Codonopsis, Licorice, Platycodon, Perilla leaf, and Pueraria inhibited the interaction of SARS-
CoV-2 spike with ACE2 (ICsp: 11.29 to 91.69 mg/mL). These results indicate that PAFYY can
be used as an anti-SARS-CoV-2 agent. Houttuynia, Mentha, Codonopsis, Platycodon, and
Perilla leaf may play important roles in the anti-SARS-CoV-2 activity of PAFYY.

3.5. Molecular Modeling Docking Study

To further investigate the interaction between bioactive compounds and SARS-CoV-2
spike protein with the cellular receptor ACE2 and try to explain how these compounds exert
their antagonistic effects, docking models of compounds were generated using Discovery
Studio 2021 (Accelrys, San Diego, CA, USA) modeling program. The crystal structure (PDB:
6M17) of SARS-CoV-2 spike protein RBD and hACE2 was also used in this study [27].

The molecular docking simulations were performed along with the binding affinity
calculations for PDB: 6M17 (SARS-CoV-2 spike protein with hACE2 receptors) and active



Processes 2022, 10, 2213

8of 13

compounds. The interactions between active compounds and PDB: 6M17 were displayed in
the best-docked poses for the calculations. These results demonstrate the high accuracy of
the existing simulation system, thereby supporting further calculations. The lowest binding
energy for each ligand was considered the optimal conformation, and the binding affinities
are shown in Table 5. In this study, quercetin was used as a positive control. The bind-
ing energies of liquiritin (—8.2 kcal/mol), 3,5-dicaffeoylquinic acid (—8.1 kcal/mol), and
luteolin-7-O-glucoside (—8.1 kcal /mol) were lower than those of quercetin (—7.5 kcal /mol),
suggesting that these compounds can have better docking ability with the crystal structure
of PDB: 6M17.

Table 5. Binding energies of active compounds and SARS-CoV-2 spike protein with human ACE2
receptors calculated in silico.

Compounds Affinity (kcal/mol)
Chlorogenic acid -7.8
3,5-Dicaffeoylquinic acid -8.1
Glycyrrhizic acid -35
Hesperidin -7.7
Liquiritin —8.2
Lobetyolin —6.7
Luteolin-7-O-glucoside -8.1
Puerarin -7.8
Quercitrin 7.1
Rosmarinic acid —8.0
Quercetin @ —-7.5

2 Quercetin was used as a positive control.

The interactions of liquiritin between SARS-CoV-2-RBD and ACE2 are shown in
Figure 4. Liquiritin binds to HIS 34 of ACE2 and TYR 505 of SARS-CoV-2-RBD via con-
ventional hydrogen bond. In addition, there are other interactions with liquiritin such
as forming 7r-cation interactions with LYS353 and HIS34 of ACE2, r-it T-shaped interac-
tions with TYR495 of SARS-CoV-2-RBD and HIS34 of ACE2, and mr-alkyl interactions with
LYS353 of ACE2, which would make stable complexes of liquiritin with SARS-CoV-2-RBD
and ACE2.

The molecular docking model of 3,5-dicaffeoylquinic acid between SARS-CoV-2-RBD
and receptor ACE2 is shown in Figure 5. 3,5-dicaffeoylquinic acid binds to LYS 417 and
GLY 496 of SARS-CoV-2-RBD as well as ASP 30, GLN 388, and ASP 38 of ACE2 via
conventional hydrogen bond. Unfavorable donor-donor interactions are found with ARG
393 of ACE2. In addition, 3,5-dicaffeoylquinic acid forms 7-cation interactions with ARG
403 of SARS-CoV-2-RBD and HIS34 of ACE2, n-rt T-shaped interactions with HIS34 of
ACE2, and m-alkyl interactions with LYS417 of SARS-CoV-2-RBD. These interactions would
allow 3,5-dicaffeoylquinic acid to form stable complexes with SARS-CoV-2-RBD and ACE2.

The interactions between luteolin-7-O-glucoside in SARS-CoV-2-RBD and ACE2 are
shown in Figure 6. luteolin-7-O-glucoside binds to ASP 405 and ARG 403 of SARS-CoV-2-
RBD via conventional hydrogen bond and to HIS 34 of ACE2 and ARG 403 of SARS-CoV-
2-RBD via carbon-hydrogen bond. Unfavorable acceptor-acceptor interactions are found
with ASN 33 of ACE2. There are other interactions with luteolin-7-O-glucoside, such as
forming m-cation interactions with LYS353 and HIS 34 of ACE2, n-sigma interactions with
HIS 34, -rt T-shaped interactions with TYR495 of SARS-CoV-2-RBD and HIS 34 of ACE2,
m-alkyl interactions with LYS353 of ACE2 and ARG 403 of SARS-CoV-2-RBD, which would
make stable complexes of luteolin-7-O-glucoside with SARS-CoV-2-RBD and ACE2.

From the above results, it can be concluded that the binding energies of liquiritin,
3,5-dicaffeoylquinic acid, and luteolin-7-O-glucoside are better than that of quercetin, as
shown in Table 5. Likewise, the anti-SARS-CoV-2 effects of liquiritin, 3,5-dicaffeoylquinic
acid, and luteolin-7-O-glucoside were confirmed to be superior to that of quercetin.
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Processes 2022, 10, 2213

10 0f 13

VR % :
£1495 S p "l
HIS b
B:34 0 o
% H :
(:4\.\/ ,Kv?‘ °

Interactions

I Conventional Hvdrogen Bond
[ Carbon Hydrogen Bond

E pi-Cation

I Pi-Sigma
B Pi-Pi T-shaved
I Unfavorable Acceptor-Acceptor [ Pi-Alkyl

ARG403 4
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4. Discussion

COVID-19 has caused enormous economic losses and an unprecedented health crisis
across the globe. How to provide prevention and treatment are important in disease
management. The SARS-CoV-2 vaccine has been developed. It has been shown to reduce
the risk of deaths and serious illness from COVID-19. Moreover, recent reports indicate
that adverse drug reactions of the SARS-CoV-2 vaccine are a critical issue, and SARS-CoV-2
variants may increase the risk of breakthrough infection and reduce vaccine efficiency
for protective immunity [28-30]. Therefore, developing different strategies to prevent
COVID-19 is a critical priority.

TCM formula has been composed of different herbs, the active components of which
can target various pathways. Herbs are widely used as a preventive method for many
infections and diseases due to their ability to anti-viruses and modulate the immune sys-
tem [31,32]. Lianhua Qingwen Capsules, Qingfei Paidu Decoction, and Shufeng Jiedu
Capsules are commonly used in TCM for the treatment of COVID-19 [33]. The literature
of Yueh-Hsin Ping shows Jing Guan Fang can prevent SARS-CoV-2 infection, including
inhibition of syncytia formation and inhibition of viral plaque formation [10]. TCM formula
of NRICM101 may disrupt disease progression by its against SARS-CoV-2 infection and
anti-inflammatory activity [9]. Previous studies have shown that the spike protein is key for
SARS-CoV-2 to infect host cells. Some crucial residues of S-protein can physically interact
with human receptor ACE2 to prime infection and may as a target against SARS-CoV-
2 infection. Amino acids involved in protein-protein interactions of Human ACE2 and
SARS-CoV-2 spike protein, including Ser438, Gly476, Asn479, and Val48 residues of the S
protein, as well as Lys26, Thr27, Glu37, Lys68, Asp206, Gly211, Arg219, Gly326, Lys341,
Gly352, Asp355, Pro389, Val447, Ile468 and the Arg559 residue of ACE2 [34]. In addition,
many compounds exhibit molecular docking affinity for SARS-CoV-2 replicase, such as
3,5-dicaffeoylquinic acid, liquiritin, astragaloside IV, and luteolin-7-O-glucoside [35-38].
Our data show that PAFYY displays anti-SARS-CoV-2 activity and is rich in quercitrin,
rosmarinic acid, hesperidin, chlorogenic acid, liquiritin, 3,5-dicaffeoylquinic acid, lobety-
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olin, astragaloside IV, puerarin, glycyrrhizic acid, luteolin-7-O-glucoside. The interaction
between SARS-CoV-2 and ACE2 may be related to Houttuynia, Mentha, Codonopsis, Platy-
codon grandiflorum, and Perilla leaves in PAFYY. Further molecular docking computing
results support that the binding affinity of liquiritin, 3,5-dicaffeoylquinic acid, and luteolin-
7-O-glucoside between SARS-CoV-2-RBD and hACE2 receptor is significantly higher than
other compounds and the positive control quercetin.

The oxidant stress and inflammation are related to pathophysiological processes of
respiratory viral diseases. Overproduction of reactive oxygen species (ROS) and distur-
bances of antioxidant defenses have been associated with virus-mediated disease, including
cytokine storms and severe inflammation. Nrf2 and NF-«B are crucial molecules on ox-
idative stress and inflammation pathway, respectively. A recent report demonstrated that
SARS-CoV-2 infection could inhibit Nrf2 and activate NF-«B pathways, then leading to
inflammation and oxidative damage. Antioxidants can scavenge reactive oxygen species
and inhibit oxidant-producing enzymes. SOD can reduce free radical storms that occur
in viral infections [39,40]. SARS-CoV-2 infection stimulates the arachidonic acid cascade
through the lipoxygenase pathway, and the 5-LOX pathway is implicated in viral patho-
physiology [7]. In this study, PAFYY can protect the host from oxidative and inflammatory
stress damage caused by COVID-19. The free radical scavenging activity of PAFYY may
be related to Pueraria, Honeysuckle flower, Mentha, and Perilla leaf. Houttuynia, Astra-
galus, Citrus Peel, Agastache, and Platycodon provide SOD activity of PAFYY, and the
Houttuynia, Mentha, and Honeysuckle flower provide LOX inhibition of PAFYY.

It is well known that the composition of Chinese herbal medicine is complex. TCM
formulations need to be standardized in terms of safety, efficacy, and potency. Quality
control of medicinal materials requires the use of a variety of techniques, including HPLC,
ICP-MS, LC-MS, and GC-MS are used for the quantitative estimation and quality control
assessment [22,41,42]. Our data show that a total of eleven representative constituents were
quantitative analyses performed by HPLC/PDA or ELSD method, saccharide composi-
tions were quantitatively determined by HPLC/ELSD or HPLC/RI, twenty amino acids
were quantitatively determined by LC-MS/MS, and trace elements were semiquantitative
analysis by ICP/MS in PAFYY. The content of heavy metals in PAFYY is lower than the
limit specified, and our data provide information on the safety of medicinal materials
(Supplementary Table S3). In addition, the chemical composition of PAFYY may depend on
how it is brewed. Our study also describes the chemical composition of PAFYY prepared
with different brewing times. In Supplementary Table 54, the contents of most components
increased gradually in a while. More than 50% of phytochemicals can be dissolved in
boiling water for 30 min of steep time. Thus, a variety of chromatographic techniques have
been successfully applied to analyze PAFYY, and it provides a reference and useful method
for the quality control of PAFYY in the future.

5. Conclusions

To our knowledge, this study is the first to investigate the chemical composition of
PAFYY and its potential to prevent SARS-CoV-2 infection. As mentioned above, PAFYY
may be involved in a variety of mechanisms, which may prevent or improve COVID-19
syndrome. Molecular docking calculations supported the binding affinity of PAFYY’s bio-
logically active compounds between SARS-CoV-2-RBD and the hACE2 receptor. Chemical
fingerprint data provide comprehensive information for PAFYY’s quality control in the
future. Moreover, the potential of PAFYY to prevent COVID-19 requires further validation
in vivo, including benefits for COVID-19 and pharmacokinetic description.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/pr10112213/s1, Figure S1: Chromatographic profile of reference
standards (A) and PAFYY (B) from HPLC/ELSD. Figure S2: Chromatographic profile of polysaccha-
ride (A), stachyose (B) fructose, glucose and sucrose (C) in PAFYY. Table S1: Amino acids in PAFYY.
Table S2: The content of trace elements in PAFYY. Table S3: The heavy metal content of PAFYY.
Table S4: Chemical composition changes of PAFYY at different times.
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