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Abstract: Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has caused a global
pandemic. Known as COVID-19, it has affected billions of people worldwide, claiming millions
of lives and posing a continuing threat to humanity. This is considered one of the most extensive
pandemics ever recorded in human history, causing significant losses to both life and economies
globally. However, the available evidence is currently insufficient to establish the effectiveness
and safety of antiviral drugs or vaccines. The entry of the virus into host cells involves binding to
angiotensin-converting enzyme 2 (ACE2), a cell surface receptor, via its spike protein. Meanwhile,
transmembrane protease serine 2 (TMPRSS2), a host surface protease, cleaves and activates the
virus’s S protein, thus promoting viral infection. Plant protease inhibitors play a crucial role in
protecting plants against insects and /or microorganisms. The major storage proteins in sweet potato
roots include sweet potato trypsin inhibitor (SWTI), which accounts for approximately 60% of the
total water-soluble protein and has been found to possess a variety of health-promoting properties,
including antioxidant, anti-inflammatory, ACE-inhibitory, and anticancer functions. Our study found
that SWTI caused a significant reduction in the expression of the ACE2 and TMPRSS2 proteins,
without any adverse effects on cells. Therefore, our findings suggest that the ACE2 and TMPRSS2
axis can be targeted via SWTI to potentially inhibit SARS-CoV-2 infection.
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1. Introduction

The World Health Organization declared the COVID-19 pandemic a global public
health emergency, representing one of the worst epidemics that humanity has faced in
decades, with high rates of morbidity and mortality [1]. Countries around the world
implemented various measures to mitigate the impacts of the disease, such as reducing
interpersonal contact, but their effectiveness was limited due to the virus’s spread via
asymptomatic carriers. Although several treatment options were proposed and tested,
most required reliable clinical trial data before they could be widely and safely used.
Although vaccines and drugs have been developed for COVID-19, the management of
critical cases through respiratory therapy, antiviral therapy, and immunotherapy remains
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highly challenging. However, clinical trial data are necessary for the broad and safe use of
most treatments [2].

SARS-CoV-2 utilizes the ACE2 and TMPRSS2 proteins located on the surfaces of host
cells to gain entry into human cells. ACE2 acts as a receptor and serves as a possible route
by which the coronavirus can enter cells, while TMPRSS2 is a membrane proteinase that
can aid the virus in entering cells. The ACE2 protein is the cause of the lung infection
triggered by SARS-CoV-2; it is mainly expressed on the surfaces of the human respiratory
tract and lung cells [3]. When the virus enters the host cells, TMPRSS2 cuts the virus
membrane protein, promoting its replication and infection, and it is mainly located on
the surfaces of human respiratory tract cells [4]. ACE2 and TMPRSS2 are critical for
the entry of SARS-CoV-2 into host cells and represent important mechanisms of COVID-
19 infection. Therefore, understanding these proteins through research could facilitate
the development of effective drugs to treat COVID-19 [5]. The ACE2 protein is mainly
expressed in lung tissue and can also be detected in other tissues throughout the body;,
including the heart, kidneys, digestive system, vascular endothelial cells, central nervous
system, and skin [6]. The TMPRSS2 protein is mainly expressed in airway epithelial cells but
can also be found in other tissues, such as the prostate, pancreas, kidneys, small intestine,
heart, and lymphocytes. The differential expression of these two proteins in different tissues
may affect SARS-CoV-2 infection [7]. Moreover, SARS-CoV-2 infection can lead to immune
disorders, which may be due to the release of a large number of viruses after infecting host
cells, activating the host immune system and causing inflammation [8]. Further research is
needed to gain a deeper understanding of the pathophysiological mechanisms underlying
this phenomenon. An excessive inflammatory response, called a cytokine storm, typically
occurs in infectious diseases such as influenza, SARS, and COVID-19 and autoimmune
diseases such as rheumatoid arthritis and systemic lupus erythematosus. During viral
infection, the virus can stimulate the body’s immune system to produce cytokines to guide
the immune response. However, if the immune response is excessive, it can trigger a
cytokine storm, resulting in a widespread and severe inflammatory response and tissue
damage. A cytokine storm, a severe complication associated with certain diseases, can
induce multi-organ dysfunction and, in the most severe cases, cause death, highlighting its
grave consequences [9,10].

Protease inhibitors function by inhibiting the activity of proteases, enzymes that are
crucial for several biological processes, such as digestion, blood clotting, and immune
system regulation. In the case of viruses, proteases are essential for their replication and
maturation, including those of COVID-19, HIV, and hepatitis C. Therefore, the use of
protease inhibitors as antiviral drugs can prevent or slow down virus replication [10].
Protease inhibitors, including trypsin inhibitors, are typically protein or peptide molecules
that are produced by plants, animals, and microorganisms [11]. A trypsin inhibitor is
a protein or peptide molecule that can bind to and inhibit the activity of trypsin, an
enzyme that plays a role in protein digestion and absorption. The function of the trypsin
inhibitor in plants is frequently attributed to its role as a defense protein; it helps to deter
predation and parasitism by insects or other animals [12]. SWTI is known to possess
numerous health benefits, such as antioxidative, anti-inflammatory, ACE-inhibitory, and
anticancer properties [13-16]. By presenting evidence, we support the notion that SWTI
has the potential to inhibit SARS-CoV-2 infection by targeting the ACE2 and TMPRSS2
pathways, suggesting that it could be a promising nutraceutical for the development of
COVID-19 therapies.

2. Results
2.1. A Method for the Separation of Sweet Potato Trypsin Inhibitor (SWTI)

The purification of SWTI is achieved using aqueous two-phase systems [15]. As
illustrated in Figure 1A, the partial purification of SWTI was carried out, followed by
protein staining. The resulting image revealed the presence of two protein bands at 50 kDa
and 23 kDa (Figure 1A, lane 1). The major trypsin inhibitor band was found to be the
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23 kDa band, leading to the use of 10% preparative SDS-PAGE gels for the isolation of the
purified SWTT’s 23 kDa TI band (Figure 1A, lane 2) for further experimentation. In addition,
the crude extract of sweet potato and purified SWTI exhibited strong inhibitory activity
against trypsin in vitro (Figure 1B). As a result, SWTI might fulfill a protective role as a
protease inhibitor, while also serving as a storage protein.
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Figure 1. SDS-PAGE of SWTI using aqueous two-phase systems (A) and assessment of trypsin

inhibitor activity (TIA) (B) in sweet potato. Lane 1: crude extract of sweet potato (5 ug). Lane 2:
purified SWTI (2 ug).

2.2. The Cell Toxicity Assay Was Conducted Using Different Concentrations of SWTI

The high expression of the ACE2 and TMPRSS2 proteins was observed in HepG2 (liver
cancer) and 293T (human embryonic kidney) cells, which were utilized as screening models
to investigate the entry of SARS-CoV-2 into host cells. Subsequently, the inhibitory potential
of SWTI (250-1000 ng/mL) against ACE2 and TMPRSS2 in these cells was tested. To ensure
the safety of the SWTI in the subsequent experiments, we first evaluated its toxicity to cells
using the MTT assay. Based on the results, it was determined that concentrations of SWTI
below 1000 pg/mL were non-toxic to cells, leading us to select 500 and 1000 pg/mL for
further investigation in this work (Figure 2A,B).
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Figure 2. Cytotoxic effects of SWTI on HepG2 (A) cells and 293T (B) cells. The MTT assay was
employed to assess the cell viability after exposure to different concentrations of SWTI (250, 500, 1000,
and 2000 pg/mL) for 24 h, to investigate its potential cytotoxicity. Data are means & S.D. (1 = 3).

2.3. The Expression of ACE2 and TMPRSS2 Was Reduced by Treatment with SWTI

The protein expression of ACE2 and TMPRSS2 is depicted in Figure 3A,B, demonstrat-
ing the effect of SWTI. After 24 h of exposure to SWTI, the HepG2, and 293T cells displayed
a dose-dependent reduction in the protein expression of ACE2 and TMPRSS2.



Int. ]. Mol. Sci. 2024, 25, 6067 40f13
(A) (B)
HepG2 Cell 293T Cell
SWTI (ug/mL)  control 500 1000 SWTI (ug/mL)  control 500 1000
1.0 0.56 £0.08 0.51+0.03 1.0 0.66 £0.05 0.59+0.02
TMPRSS2 [_g W s | 54kDa  TMPRSS2 | o o —— | 54 kDa
1.0 0.54+0.01 0.47 £0.09 1.0 0.74+0.04 0.5610.07

Body weight (g)

N N N N N N
N w S (3, o ~
o L P L L
= t

N
-

Figure 3. The protein expression of ACE2 and TMPRSS2 was suppressed by SWTI treatment in
HepG2 (A) and 293T (B) cells. After treating the cells with SWTI (500 and 1000 pg/mL) for 24 h, the
protein expression levels were analyzed using Western blotting (1 = 3). Densitometric analysis was
used to determine the ratio of protein expression in SWTI-treated cells to that of the control, with
f3-actin serving as a positive control.

2.4. The Efficacy of SWTI in Animal Models Was Evaluated

An evaluation of the in vivo effectiveness of oral SWTI was conducted using an
animal model. Mice were administered 0.5 and 1.0 g/kg of SWTI orally for 14 days as a
pretreatment. The results showed that the administration of oral SWTI for 14 days did not
lead to significant changes in the body weights of the mice (Figure 4A) and did not induce
toxicity in the liver, kidneys, or lungs, as demonstrated via H&E staining (Figure 4B).
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Figure 4. The efficacy of oral SWTI administration was assessed using animal models. (A) The mice
were pretreated with 0.5 and 1.0 g/kg SWTI, and their body weights were measured, as well as
capturing H&E staining images of their livers and kidney tissue (200 ; scale bar = 100 um). (B) H&E
staining was performed on mouse liver, kidney, and lung tissue sections, and representative histology
images were taken at high magnification. Data are means & S.D. (n = 6).

2.5. Immunohistochemical Images Were Used to Demonstrate the Inhibitory Effects of SWTI on
ACE2 and TMPRSS2 Protein Expression

The presence of ACE2 and TMPRSS2 expression in tissues was determined via immuno-
histochemical analysis. The administration of SWTI at doses of 0.5 and 1.0 g/kg resulted in
a decrease in the expression of ACE2 and TMPRSS2 in the liver, kidney, and lung tissues
(Figure 5A-C). By demonstrating the effective suppression of the expression of the ACE2
and TMPRSS?2 proteins in liver, kidneys, and lungs, our results provide compelling evidence
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for the use of SWTI as a viable candidate to prevent SARS-CoV-2 infection and transmission.
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Figure 5. ACE2 and TMPRSS2 expression was inhibited by SWTI in animal models. The effects
of oral SWTI administration on ACE2 and TMPRSS2 expression in liver (A), kidney (B), and lung
tissues (C) were analyzed using immunohistochemical staining. Mouse liver and kidney sections
were magnified and photographed to obtain representative histology images after H&E staining. The
data are presented as the IOD/area (%) in the study. Data are the mean £ S.D. (n = 6). *** p < 0.001 vs.
control group. The arrows indicate the expression of ACE2 or TMPRSS2. Scale bar = 100 um.

2.6. The Western Blot Analysis Demonstrated That SWTI Treatment Effectively Inhibited the
Protein Expression of ACE2 and TMPRSS2

The verification of the effects of SWTI on ACE2 and TMPRSS2 protein expression was
carried out via Western blot analysis. The levels of ACE2 and TMPRSS2 expression in
the liver, kidney, and lung tissues were significantly reduced following pretreatment with
SWTI, as demonstrated by the results (Figure 6A-C).
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Figure 6. ACE2 and TMPRSS2 protein expression in the liver (A), kidney (B), and lung (C) tissues
of mice were inhibited by SWTI administration. Densitometric analysis of the protein bands from
the Western blot analysis was used to determine the ratios (SWTI/control) of ACE2 and TMPRSS2
expression in the liver and kidney tissues. Data are the mean + S.D. (n = 3). -actin was used as a
positive control.
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3. Discussion

With the global spread of the coronavirus disease (SARS-COV-2), it has become crucial
to provide preventive treatments for high-risk groups. The targeting of viral entry through
adjuvant therapy has the potential to significantly reduce the disease’s severity and limit
viral propagation [17]. The current focus of drug research is on viral proteins, such as
remdesivir, or small molecules that target human proteins utilized by viruses, given the
urgent need for treatments. The integration of targeted drugs and vaccination strategies
may offer a valuable means of addressing particular patient populations or reducing the
potential spread of the virus in those who remain unvaccinated [18].

Efforts to identify organs that are more vulnerable to SARS-CoV-2 infection have
focused on examining ACE2 protein expression at the protein level, given the wide range
of symptoms experienced by individuals affected by the virus. The expression of ACE2
is observed in different organs in the human body, including the lungs, heart, kidneys,
and intestines [19]. In particular, ACE2 is abundantly expressed in the lungs and this is
one of the major organs in which it is expressed. As the SARS-CoV-2 virus, which causes
COVID-19, enters human cells through the ACE2 receptor, the role of this receptor is critical.
Due to the high abundance of ACE2 in the lungs, this organ is a prime target for viral
infection and can lead to the development of respiratory symptoms [20]. Although the
lungs have the highest concentration of ACE2, other organs, such as the heart, kidneys,
and intestines, also contain this receptor. This may be one reason that severe cases of
COVID-19 can lead to multi-organ damage. The expression and function of ACE2 in
different organs are key to providing insights into the pathogenesis of viral infections and
COVID-19 [21]. Since most people experiencing SARS-CoV2 infection develop a sore throat,
it can be manifested by the release of inflammatory agents, and this inflammation increases
the ACE2 expression and the degree of infection in the affected person [22]. Furthermore,
among the tissues examined, the bowel displayed the highest ACE2 expression, followed
by the kidneys, testis, and gallbladder. Notably, cardiac tissues exhibited the highest level
of serum ACE2 expression [23]. Based on the results, it can be inferred that SARS-CoV-2
infection is associated with gastrointestinal disorders and renal dysfunction. AKI is a
common complication in patients with SARS-CoV-2 infection, affecting approximately
20% to 30% of cases; it may result from the development of systemic inflammation caused
by COVID-19, leading to microvascular disease, glomerular necrosis, and renal tubular
epithelial cell damage [24,25]. COVID-19 infection can also cause a decrease in ACE2
expression, leading to the excessive activation of the renin-angiotensin system and cytokine
storms, which can result in kidney injury and glomerular microvascular lesions [26]. At
present, there are no medications that specifically target ACE2 for treatment. Although
ACE2 is the main receptor for the entry of SARS-CoV-2 into host cells, it also plays an
important role in maintaining physiological homeostasis. Drugs targeting ACE2 inhibition
may therefore have negative effects in humans, including cardiovascular and metabolic
disorders [27].

The entry of SARS-CoV-2 into host cells is predominantly mediated by the cleavage and
activation of the spike protein by TMPRSS2. This mechanism enhances the fusion between
the viral and host cell membranes [28]. The role of TMPRSS2 in enhancing the infectivity
of SARS-CoV-2 is of great significance in the pathogenesis of COVID-19 [29]. Camostat
mesylate is a serine protease inhibitor that has been found to have various functions, such
as the inhibition of tumors, liver fibrosis, and pancreatitis. Recent studies have shown that
it can also inhibit the entry of COVID-19 into Caco-2 and Vero195 TMPRSS2 cells. Therefore,
TMPRSS2 inhibitors have emerged as a promising therapeutic approach for COVID-19,
and numerous studies are currently investigating their efficacy [8].

The ACE2 receptor is located on the cell membrane, present in the lungs, heart, kidneys,
and intestinal tissue, and its main function is to degrade angiotensin II and regulate the
renin—angiotensin-aldosterone system (RAAS). In addition, by acting as a receptor, ACE2
enables the infiltration of host cells by SARS-CoV-2, causing the onset of COVID-19 viral
infection. During infection with SARS-CoV-2, the ACE2 receptor is disrupted, leading
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to an imbalance in RAAS and angiotensin II [30]. Due to these physiological changes,
patients are at an increased risk of serious complications, especially damage to the lungs
and heart [31]. Further infection with SARS-CoV-2 may lead to an imbalance and damage
in the immune system, which may be one of the reasons for the severe complications that
occur in COVID-19 patients [32]. Overall, the interaction between RAAS and ACE2 plays
a pivotal role in modulating the host’s susceptibility to SARS-CoV-2 infection. A deeper
understanding of the RAAS-ACE2 interaction may offer new therapeutic and preventative
strategies for COVID-19.

COVID-19 can cause pathological damage to various organs, such as the lungs, heart,
kidneys, and liver. Among these, the lungs are the most commonly and severely affected
organs during COVID-19 infection. The damage caused by SARS-CoV-2 infection to the
alveolar and bronchial epithelial cells can result in pneumonia, pulmonary edema, and
pulmonary fibrosis [33]. Severe pneumonia can lead to acute respiratory distress syndrome
(ARDS), a critical illness caused by excessive fluid in the alveoli and damage to the lung
tissue, which affects gas exchange and results in hypoxia [34]. The heart is one of the
vital organs affected by COVID-19. SARS-CoV-2 infection can cause damage to cardiac
cells, increase cardiac stress, and result in myocarditis and myocardial infarction, which
may lead to severe complications and even death [35]. The kidneys are also one of the
major organs affected by COVID-19. COVID-19 infection can lead to acute kidney injury,
with an incidence of 5% to 15%. In severe infections, the host can experience serious
complications, such as renal dysfunction and chronic kidney disease [36]. COVID-19
infection can also affect the liver, with approximately 20% to 50% of patients experiencing
impaired liver function, including elevated liver enzymes and hepatitis [22]. Overall, SARS-
CoV-2 infection exerts a significant impact on multiple organs in the human body. A more
comprehensive understanding of the infection mechanism and pathology of SARS-CoV-2
may provide better treatment and prevention strategies.

A comprehensive understanding of SARS-CoV-2’s transmissibility requires a focus
on the expression of host cell surface receptors. New variants of SARS-CoV-2 continue to
emerge, causing surges, breakthrough infections, and devastating losses—underscoring the
importance of identifying SARS-CoV-2 antivirals. A simple, accessible human cell culture
model permissive to SARS-CoV-2 variants is critical in identifying and assessing antivirals
in a high-throughput manner. Although human alveolar A549 cells are a valuable model for
the study of respiratory virus infections, they lack two essential host factors for SARS-CoV-2
infection: ACE2 and TMPRSS2 [37]. The research model utilized in this study includes two
cell lines, one of which is the HepG2 cell line. This cell line is known for its non-toxic nature
and ability to express various liver-specific proteins, including albumin and cytochrome
P450, outside the body [20]. The HEK 293-derived 293T cell line, containing the simian
virus 40 large T antigen, is a widely adopted cellular model for protein expression, genetic
engineering, and virus production [21]. In an animal model, mice can also be infected with
COVID-19. The ACE2 and TMPRSS2 proteins are also expressed in different organs in mice.
Hence, in this study, the antiviral activity of SWTI was evaluated using these two cell lines
and animal models. The results indicated a decrease in the expression levels of ACE2 and
TMPRSS2 in vitro and in vivo.

Endogenous protease inhibitors can be classified into the Kunitz, Kazal, serpin, and
mucin families, all of which have the function of inhibiting protease activity. Recent studies
have shown that the protease inhibitor system plays a crucial role in the inflammatory
process [38]. During inflammation, various cells and tissues release proteases that can
cleave and activate other proteins, further triggering the inflammatory response. Excessive
protease activity can also lead to tissue damage and inflammation. The protease inhibitor
system can regulate the activity of these proteases, thus reducing the inflammatory response
and tissue damage [39]. In addition to their role in inhibiting protease activity, Kunitz-type
protease inhibitors have also been found to engage in biological activity, such as partici-
pating in angiogenesis, nerve development, platelet aggregation, and immune regulation
and exerting antiviral, anti-tumor, and antibacterial effects [40]. Therefore, they have broad
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prospects in drug development. The material studied in this work is SWTI, which belongs
to the family of Kunitz-type protease inhibitors, and its antioxidant, anti-inflammatory,
ACE-inhibitory, and anticancer properties have been confirmed in various studies [13-15].

SARS-CoV-2 relies on the proteases in host cells to process and replicate its proteins.
Therefore, the use of protease inhibitors can interfere with the virus’s life cycle in host cells,
thereby inhibiting its replication and spread [41]. The proteases in SARS-CoV-2 include the
main protease (MP*®) and papain-like protease (PLP™), both of which are necessary for the
virus to replicate in host cells. Therefore, the use of protease inhibitors can suppress the
activity of these proteases and prevent the virus from replicating and spreading [42]. For
example, Remdesivir is a nucleotide analog that is metabolized into its active triphosphate
form in the body. It can bind to the RNA polymerase involved in viral RNA replication and
inhibit its activity, thereby suppressing the virus’s replication [43]. In addition, Lopinavir
and Ritonavir can be used to treat COVID-19 by inhibiting the virus’s main proteases,
thereby preventing the virus from replicating and spreading [44]. Overall, protease in-
hibitors are a treatment method for SARS-CoV-2 that can interfere with the virus’s life
cycle in host cells, thereby inhibiting its replication and spread. Although no effective
treatment options for COVID-19 have yet been established, SWTIs may be considered
as prophylactic agents to prevent the clinical manifestation and disease progression of
COVID-19 in susceptible populations.

4. Materials and Methods
4.1. Purification of SWTI

The storage roots of Tainong 57 sweet potato (Ipomoea batatas [L.] Lam cv. Tainong 57)
were procured from local wholesalers. The roots were subjected to washing and peeling and
were cut into strips before SWTI extraction and purification. The crude extract was added
to PEG6000 (11%; w/w)/phosphate buffer (containing equal molar amounts of K;HPO,
and NaH,POy at 16.5% each)/KCl (9%; w/w) at pH 6.0, and then vortexed at 25 °C for
30 min, and the reaction mixture was separated into two phases. It was centrifuged at
5000 g for 15 min at 4 °C [13].

4.2. Trypsin Inhibitor Activity Assay (TIA)

The substrate used in the TIA assay was N-benzoyl-L-arginine ethyl ester [45]. The
samples (50 ng) were preincubated with 4 pg trypsin at room temperature for 15 min, and
then the substrate was added and they were further incubated for 20 min. The absorbance
at 405 nm was assessed. The TIA was determined through three measurements, and the
mean value was expressed as a percentage.

4.3. Cell Culture

Human HepG2 cells were provided by the Biological Resources Collection and Re-
search Center (BCRC; Hsinchu, Taiwan) (BCRC number: 60364). The HEK293T cell line
was obtained from Hsien-Tsung Yao (Department of Nutrition, China Medical University,
Taiwan). Six-well plates were employed to seed 2.5 x 10* cells, and these cells were cultured
in a humidified atmosphere with 5% CO, at 37 °C in Dulbecco’s modified Eagle medium
(DMEM) supplemented with 10% fetal bovine serum. The cells were first cultured in DMEM
for 24 h before each experiment and then subjected to different treatment conditions.

4.4. Cell Viability

After seeding 2.5 x 10* cells per well in 96-well plates, different concentrations of
SWTI (0-1000 ng/mL) were added to the cell lines and they were incubated for 24 h. An
MTT assay kit was used to evaluate the cell viability (Med-ChemExpress, HY-15924, NJ,
USA) by incubating the cells for at least 3 h, followed by reading the absorbance at 570 nm
using an ELISA plate reader (Molecular Devices, San Jose, CA, USA).
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4.5. Western Blot Analysis

Proteins were extracted from the cells or tissues in GENESTAR (Kaohsiung, Taiwan)
by homogenizing a RIPA buffer and then centrifuged at 10,000x g for 10 min at 4 °C. The
Bio-Rad protein assay kit was employed for the quantification of the supernatant (BioRad,
Hercules, CA, USA). Gel electrophoresis was used to separate protein samples containing
equal amounts of protein (90 min at 100 V), followed by transfer onto a membrane at 200 mA
for 2 h. After blocking, the membrane was incubated with primary antibodies against
ACE2 (GTX101395) and TMPRSS2 (GTX100743), obtained from Genetex (San Antonio, TX,
USA), followed by incubation with HRP-conjugated secondary antibodies (goat anti-rabbit
IgG antibody). An ECL substrate was utilized to detect protein signals (Merck, Branchburg,
NJ, USA). The Kodak Molecular Imaging Software Software 5.0 (East-man Kodak Company,
Rochester, NY, USA) was utilized to calculate the protein expression.

4.6. Mouse Model

Female C57BL/6 mice were sourced from BioLASCO Taiwan Co., with weights rang-
ing between 18 and 20 g and an age of 6-8 weeks. Three groups of mice (n = 6) were
administered different treatments for 14 days via oral gavage: Group I received only dis-
tilled water as the control, Group Il received 0.5 g/kg SWTI, and Group Il received 1.0 g/kg
SWTI. The mice were weighed at Day 0, Day 7, and Day 14 and were then sacrificed after
14 days, with tissues collected for further analysis. The Animal Management Committee of
China Medical University’s regulations were followed during the animals’ care and the

experiments (IACUC approval number: ACMUIACUC—ZOZB—SlO).

4.7. Histopathological Analysis

The morphologies of the tissues and their damage were evaluated after fixation in
formalin, embedding in paraffin, sectioning, and staining with H&E. The sections were
examined and imaged using a microscope (Nikon, ECLIPSE, TS100, Tokyo, Japan).

4.8. Immunohistochemistry (IHC)

Immunohistochemical staining using ACE2 (bs-1004R, Bioss Inc., Woburn, MA, USA)
or TMPRSS2 (ab214462, Abcam, Cambridge, MA) antibodies was carried out on tissue sec-
tions that were fixed in formalin and embedded in paraffin. The visual inspection and image
capture of the sections were conducted using a microscope (Nikon, ECLIPSE, TS100, Japan).
The Image] 1.54h software (NIH, USA) was utilized to quantify the stained areas.

4.9. Statistical Analyses

The statistical analysis was carried out with the assistance of the SPSS software version
21.0 (SPSS, Inc., Chicago, IL, USA), and the data were displayed as the mean + standard
deviation (S.D.). For the statistical analysis, an unpaired two-tailed Student’s t-test was
conducted to establish the significance between the two groups, and a one-way analysis of
variance (ANOVA) followed by the Scheffé test was used for comparisons among more
than two groups. A p-value less than 0.05 was considered statistically significant.

5. Conclusions

As a result of the SARS-CoV-2 outbreak, consumers’ interest in healthy foods has
surged, and their expectations regarding functional benefits such as body function regula-
tion have significantly increased. The evidence provided by our study indicates that SBTI
could be considered in a potential dietary intervention, given its ability to significantly
reduce ACE2 and TMPRSS2 expression in both cellular and mouse models.
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