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Simple Summary: Although artificial antiviral drugs can effectively inhibit the proliferation of
viruses, these drugs not only have serious side effects, but also create drug-resistant virus strains and
produce harmful drug residues. In comparison, natural antiviral compounds have many distinctive
advantages. For example, natural compounds, in general, have a lower toxicity, lower price, and
better antiviral effects. Nowadays, wide applications of natural antiviral compounds not only provide
us with safe meat products, but also reduce the abuse of antibiotics, thus reducing the number of drug-
resilient microbes and viruses. The purpose of this study was to demonstrate the antiviral activity of
Ren’s oligopeptides-1 against the pseudorabies virus (PRV). Ren’s oligopeptides-1 is a plant-derived
drug with an antiviral activity against herpesvirus. Ren’s oligopeptides-1 contains ginger, garlic,
onion, banana peel, and bitter melon. We discovered that the CCs( value of Ren’s oligopeptides-1 was
15 mg/mL, while the EC5 value was 6 mg/mL. This indicated that the concentration of 6 mg/mL
was optimal for inhibiting the replication of PRV. In this study, PRV was used to conduct in vitro
experiments on PK15 cells to explore the antiviral effect of Ren’s oligopeptides-1, which could become
a promising feed additive.

Abstract: Newly synthesized Ren’s oligopeptides-1 was found to have an antiviral effect in clinical
trials, and the purpose of this study was to further demonstrate the antiviral activity of Ren’s
oligopeptides-1 against the PRV 152-GFP strain. We used the real-time cell analysis system (RTCA)
to detect the cytotoxicity of different concentrations of Ren’s oligopeptides-1. We then applied
high content screening (HCS) to detect the antiviral activity of Ren’s oligopeptides-1 against PRV.
Meanwhile, the fluorescence signal of the virus was collected in real time and the expression levels
of the related genes in the PK15 cells infected with PRV were detected using real-time PCR. At the
mRNA level, we discovered that, at a concentration of 6 mg/mL, Ren’s oligopeptides-1 reduced the
expression of pseudorabies virus (PRV) genes such as IE180, UL18, UL54, and UL21 at a concentration
of 6 mg/mL. We then determined that Ren’s oligopeptides-1 has an ECsj value of 6 mg/mL, and at
this level, no cytotoxicity was observed.

Keywords: Ren'’s oligopeptides-1; pseudorabies virus (PRV); high content screening; RTCA

1. Introduction

Pseudorabies (PR) is still a serious epidemic, especially for the livestock industry
around the globe. Hungarian veterinarian Aujeszky was the first to prove that the causative
agent of pseudorabies is the pseudorabies virus (PRV) [1]. PRV is a double-stranded DNA
herpes virus that is neurotropic and can induce various diseases in animals [2]. The only
natural host for PRV is pigs, but it can be transmitted to birds and other mammals [3].
Aujeszky’s disease in wild swine appears to be a source of infection for domestic pigs, as
well as domestic and wild carnivores [4]. PRV is mainly spread via direct contact, but may
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also be transmitted by air, water, and contaminated fomites. PRV is extremely harmful to
pigs and has caused serious losses to the world’s pig industry. In China, pigs were first
reported to be infected with PRV in 1950 [5]. In China, the overall epidemiological trend of
PRV is not optimistic—currently, the average rate of PRV infection exceeds 10.0% in the
eastern and central parts of China, while being slightly lower than 7.0% in the northwestern
region [6]. In Shandong Province, China, the average rate of PRV infection in pigs was
11.8% in 2015, 2017, and 2018 [7]. In Tianjin, China, blood samples were collected from
228 pig farms over the time span of 2010 to 2018 [8]. The final results showed that 46.70% of
the serum samples tested positive for PRV infection. About 20% to 45% of pigs are infected
with PRV, indicating that the virus is characterized by a high prevalence and variability.

PRV is highly contagious and infected pigs shed large quantities of the virus in
secretions and excretions [9], rendering the prevention and control of the virus through
vaccination ineffective [10]. The first live genetically modified vaccine was imported from
Hungary in the 1970s [11]. However, PR outbreaks have persisted in farms vaccinated
with Bartha-K61. The PR outbreak is mainly due to mutations in the PRV genome, which
explains the low efficacy of the traditional Bartha-K61 vaccine [12]. Subsequently, new
genetically modified engineered vaccines were created, including a PRV-based gE/gl/TK
deletion vaccine [13] and a PRV-based gE/gl deletion vaccine [14]. The herpes virus in
pigs has the characteristics of fast transmission and high lethality. All of these properties
bring great difficulties to the research and development as well as clinical application of
pig anti-herpes virus vaccines.

As a result, scientists have been shifting their focus to the development of anti-herpes
virus drugs. In general, there are four types of anti-herpes virus drugs, including nucleoside
anti-herpes virus drugs, non-nucleoside anti-herpes virus drugs, plant-derived anti-herpes
virus drugs [15], and new anti-herpes virus drugs [16]. Acyclovir is currently the drug
of choice against the herpes virus [17-19]. Non-nucleoside antiviral drugs are often used
in patients who are resistant or allergic to nucleoside drugs [20]. The novel anti-herpes
virus drug inhibits viral replication by inhibiting viral DNA helicase [21]. After Ribavirin
and Acyclovir were put into clinical use, there were reports of drug-resistant strains as
well as the shortcomings of their drug residues. Synthesized chemical antiviral drugs
have great toxic side effects on host cells. Therefore, it is of great significance to dig out
antiviral drugs from economical plant resources. For example, polysaccharides isolated
from the extract of Radix isatidis have antiviral effects, and different concentrations of
Radix Isatidis polysaccharides can all inhibit the replication of PRV [22]. Prunella vulgaris
polysaccharides can inhibit the proliferation of the herpes virus by inhibiting the adsorption
and entry of the virus [23]. Astragalus polysaccharide can inhibit the replication of PRV [24].
Monomer compounds from a variety of plants, such as Geranium wilfordii, Anemarrhena,
Glycyrrhizin, and Cepharanthine, have been reported to have anti-herpes simplex virus
effects [25]. Gardenia extracts T9 and TH can competitively inhibit the binding site of virus
and host cells, and increase the expression of the IFN-y gene in host cells, thereby reducing
the replication of herpes simplex virus I [26].

With the improvement in the ability to extract and analyze plant active ingredients,
drugs with an anti-herpes virus effect from plants have become a research hotspot. Plant-
derived drugs have few side effects, lower drug resistance, lower price, many drug targets,
and immunomodulatory functions. In this study, PRV was used to conduct in vitro ex-
periments in PK15 cells (ATCCR CCL-33) so as to explore the antiviral effect of Ren’s
oligopeptides-1 and to provide a new reference for the development of PRV antiviral drugs.

2. Materials and Methods
2.1. Natural Extract Preparation

The extraction process of the drug is as follows (Figure 1). Ren’s oligopeptides-
1 [27-30] contains ginger (20%), garlic (20%), onion (20%), banana peel (10%), and bitter
melon (20%), all of which were obtained from Wuhan Shijie Maide Biotechnology Company
Limited. The first step in the preparation of the natural extract was to crush the bulk raw
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material into powder. The crushed particle size of the raw material was 355 um. ddH,O
was then added to the mixture, which was kept under stirring for 8 days. The weight
ratio of amylase to the mixture was 1:10,000. Then, the amylase was put into the mixture
for enzymatic hydrolysis, and the enzymatic hydrolysis time was 8 days. Finally, the
supernatant was collected for disinfection. After boiling to sterilize, Ren’s oligopeptides-1
was stored at 4 °C for later use. The concentration of Ren’s oligopeptides-1 extracted from
the plant was 900 mg/mL. In the subsequent experiments, the drug was eluted in DMEM.

(I)Raw material (II)Crushing (IIT) Fermentation (IV) Filtering ~ (V)Sterilizing

Figure 1. Drug preparation flow chart of Ren’s oligopeptides-1.

2.2. Cell Line Culture

PK15 cells (ATCCR CCL-33) were grown in 25 cm? culture flasks containing Dulbecco’s
Modified Eagle’s Medium (DMEM) supplemented with 10% fetal bovine serum (FBS,
Gibco), 50 units/mL penicillin, and 50 pg/mL streptomycin (Gibco). The flasks were stored
at 37 °C in an incubator, which provided a humidified atmosphere containing 5% CO,.
When the PK15 cells grew to cover 90% of the flasks, the cells were subcultured in fresh
medium. The subculturing process was repeated three times a week.

2.3. TCIDs5g Assay

The PRV 152-GFP strain was used in this study (a gift from K. Xiao, Huazhong
Agricultural University). PK15 cells (ATCCR CCL-33) were inoculated in a 25 cm? culture
flask, and PRV 152-GFP virus strain dilution was added when the cell proliferation was
about 80%. The number of fluorescent cells was observed under a fluorescence microscope
when 90% of the cells in the 25 cm? culture flask showed green fluorescence. The virus-
containing material was then collected, freeze-thawed three times in liquid nitrogen, and
centrifuged at 10,000 g for 15 min at 4 °C. PK15 cells at 2 x 10° cells/mL were seeded in
96-well microplates overnight. Serial 10-fold dilutions (from 10~ to 10~1°) of the original
PRV 152-GFP virus were made with DMEM using a culture medium in centrifuge tubes.
Different dilutions of the virus were inoculated into 96-well culture plates, and each dilution
was inoculated in a vertical row, and a total of 8 wells were repeated. The 12th row was
the control group. Each well was inoculated with 100 pL dilutions. The cytopathic effect
(CPE) was recorded and observed every day, and the virus titer was counted using the
Reed —Muench method [31].

2.4. Cytotoxic Assays

The detection of the drug toxicity was performed using a real-time cell analysis system
(RTCA), which enabled tracking of the cell growth during experiments [32]. When the
PK15 cells in the 25 cm? culture flask grew to 80-90% confluent, 1 mL of trypsin was added
to the culture flask and allowed to stand for 5 min at room temperature. Then, the cell
solution was collected in a 15 mL centrifuge tube and centrifuged at 1500 g for 5 min.
Afterward, 2 mL of 1x PBS solution was added to the cell pellet and the mixture was
centrifuged at 1500 x g for 5 min. Finally, the cells were resuspended in 1 mL of DMEM
medium containing 2% FBS.
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The cell solution (10 nL) was used for cell counting, ensuring that the concentration of
cells in the RTCA experiment was at least 1 x 10° cells/mL. DMEM was used as a negative
control, and 1 x 10* cells/100 uL PK15 cells were used as a positive control group. The
control groups were the cells without treatment. Firstly, 50 uL of DMEM with 2% FBS was
added to each well of the E-plate 16, and then 100 uL of the cell suspension was added to
the drug groups with different concentrations and a positive control group. After 12 h, the
E-plate 16 was removed from the RTCA machine, and different concentrations of Ren’s
oligopeptides-1 were added at 3 mg/mL, 6 mg/mL, 15 mg/mL, and 30 mg/mL. Three
biological replicates were set up for each concentration. E-plate 16 was placed into the
RTCA instrument. The above steps were repeated for drug concentrations of 3 mg/mL,
6 mg/mL, 15mg/mL, and 30 mg/mL. The statistical method software (xCELLigence RTCA
DP) is part of the real-time cell analysis system (RTCA).

2.5. High-Content Screening of Ren’s Oligopeptides-1 against PRV

High-content system compound screening was used to observe the activity of the
natural extracts against PRV and to exploit the GFP signal. A combination of optical
microscope technology and a computer analysis system was also used [33,34]. The cells
were seeded into 96-well microplates at a density of 1 x 10% cells /150 uL, and were cultured
overnight in a 37 °C, 5% CO; incubator. A control group (infected cells without treatment)
and four experimental groups (with the virus and different concentrations of drugs) were
designed, with three replicates for each group. PK15 cells were infected in vitro with the
PRV 152-GFP strain at an MOI of 4 for 1 h, and the drugs were added at a concentration
of 3mg/mL, 6 mg/mL, 15 mg/mL, and 30 mg/mL. After 3 h, the cells were changed to
a new DMEM medium, and the unadsorbed viruses were discarded. In the high-content
analysis system, four fields of view were randomly selected for each well, and then the
amount of virus fluorescence in the field of view was collected in real time and plotted with
GraphPad Prism 6. The statistical method software (Opera phenix, HarmonyR4.9) is part
of the high-content screening system.

2.6. Quantitation of PRV Replication by Real-Time PCR

First, 2 x 10°/600 uL PK15 cells were inoculated into 24-well microplates and placed
in a 37 °C, 5%CO; incubator overnight. The PK15 cells (ATCCR CCL-33) in the 24-well
microplates were washed with 1 x PBS, and two experimental groups and two control
groups were set up. In vitro infection of PK15 cells was conducted with the PRV 152-GFP
strain at an MOI of 4. In the first group, PK15 cells were infected for 3 h by adding the
PRV 152-GFP strain after adding Ren’s oligopeptides-1 at a concentration of 6 mg/mL
for 9 h, and the control group was replaced by DMEM. In the second group, PK15 cells
were infected for 6 h in vitro by adding the PRV 152-GFP strain after adding the drug at
a concentration of 6 mg/mL for 6 h, and the control group was replaced by DMEM. The
cells were then harvested for RNA isolation and qPCR as described previously (Table 1).
The relative mRNA expression was calculated using the 244t method with Swine-29
as an internal reference gene. Both groups of experiments used the RNAiso Plus reagent
to purify and collect the viruses in the PK15 cells [35]. After DNase treatment, reverse
transcription was performed using the ReverTra Ace qPCR RT Master Mix kit (TOYOBO,
Shanghai, China). The qPCR primer sequences were designed according to Genebank [36].

Table 1. qPCR primer sequences.

Gene Forward Primer Reverse Primer
swine-28S rRNA 5-GGGCCGAAACGATCTCAACC-3' 5-GCCGGGCTTCTTACCCATT-3
PRV-UL54 5-TGCAGCTACACCCTCGTCC-3' 5-TCAAAACAGGTGGTTGCAGTAAA-3'
PRV-UL21 5-TCAGCTGTTTCGGGCGC-3' 5-ATTGAGGACGATGGAGATGTTGG-3'
PRV-UL18 5-TGGTGCTGAACATGATCTTCC-3’ 5-GGATGAGCGACAGCAGGAT-3’
PRV-IE180 5-CATCGTGCTGGACACCATCGAG-3' 5-CATCGTGCTGGACACCATCGAG-3’
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3. Results
3.1. Cytotoxicity of the Drug Ren’s Oligopeptides-1

Determining the toxicity of Ren'’s oligopeptides-1 to PK15 cells was a prerequisite
for all other studies. We observed that only the cells in the 6 mg/mL treatment group
grew, and the cells in the other three groups showed no sign of growth (Figure 2b). The
significance of the four experimental groups compared with the control group was less
than 0.0001 (Figure 2c). According to the results (Figure 2d), the cell proliferation indexes of
the treatment group at concentrations of 3 mg/mL and 6 mg/mL were roughly the same as
those of the control group, and the drug had no inhibitory effect on cell proliferation at these
concentrations. The significance of the 3 mg/mL treatment group and the control group
was less than 0.0001. There was no significant difference between the 6 mg/mL treatment
group and the control group (Figure 2e). In the treatment group with a concentration of
15 mg/mL, the number of cells decreased by half after adding the drug for 12 h, and then
remained stable. The number of cells in the 30 mg/mL drug group gradually decreased to
zero, indicating that this concentration of drug was toxic to the cells.

a Drug Toxicity Flowchart
. 8 8 hour -12 —— PK15 cells culture
o
— % S|| mmmp - = . 0 —f— Ren's oligopeptides-1
& ]
© o
(S © 0o
PK15 cells E-plate Ren's oligopeptides-1  E-plate Detection 60 —— Collect detection data
PK15 cells
b 54 C 60h
- 600 mg/mL eF
49 = 300 mg/mL
—_i =+ (0 mg/mL =
s 3 = 6mg/mL :z:
=]
8 -o- 0 mg/mL(control) E
3 3
]
1 4
0- Y RS 45;:&,_ ) 6 60 300 600
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Figure 2. Detection of the cytotoxicity of Ren’s oligopeptides-1 at different concentrations. (a) Flow
chart of drug cytotoxicity assay using the real-time cell analysis (RTCA) method. (b) Cell index
plots for 6 mg/mL, 60 mg/mL, 300 mg/mL, and 600 mg/mL drug concentrations. (c) Significant
differences in the cell index of each group at 6 mg/mlL, 60 mg/mL, 300 mg/mL, and 600 mg/mL
drug concentrations at the 60 h. (d) Cell index plots for drug concentrations of 3 mg/mL, 6 mg/mL,
15 mg/mL, and 30 mg/mL. (e) Significant differences in the cell index of each group at the 60 h
for drug concentrations of 3 mg/mL, 6 mg/mL, 15 mg/mL, and 30 mg/mL. ns, not significant
(p > 0.05) and **** p < 0.0001 from the Student’s t-test. Error bars represent the SD from three
independent experiments.
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a High content system drug screening Antiviral flow chart

3.2. The Effect of the Drug Ren’s Oligopeptides-1 on Viral Replication

Within the safe concentration range, the immunofluorescence signals of the 6 mg/mL
treatment group and the 15 mg/mL treatment group were roughly the same (Figure 3b).
Compared with the control group, the immunofluorescence signal of the treatment group
with a concentration of 6 mg/mL decreased the most, and the p-value was less than 0.01.
The signal of the virus fluorescence in the treatment was significantly lower than that of the
control (Figure 3c). Compared with the control group in the four groups, the significant
difference gradually increased (Figure 3d).
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Figure 3. Ren’s oligopeptides-1 inhibits PRV-associated replication in PK15 cells. (a) High-content
system drug screening antiviral flow chart. (b) Infected cells’ immunofluorescence plots were treated
with 0 mg/mL and 15 mg/mL of Ren’s oligopeptides-1. (c) Infected cells were treated with 3 mg/mL,
6 mg/mL, 15 mg/mL, and 30 mg/mL of Ren’s oligopeptides-1; untreated and infected cells (PK15).
A nonlinear regression analysis utilizing these data determined the ECs for Ren’s oligopeptides-1
to be 6 mg/mL. (d) Significant differences in the immunofluorescence signal of each group at the
12 h for 3 mg/mL, 6 mg/mL, 15 mg/mL, and 30 mg/mL of Ren’s oligopeptides-1. ns, not significant
(p>0.05), * p < 0.05, ** p < 0.01, and **** p < 0.0001 from the Student’s t-test. Error bars represent the
SD from five independent experiments.

3.3. mRNA Expression Levels of PRV under the Influence of Inhibitors

To confirm the regulation of the PRV gene supporting a role for Ren’s oligopeptides-1
in the effect on viral replication, we analyzed the mRNA expression levels of PRV around
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Relative mRNA level

o

Relative mRNA level
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several immediate early genes, early genes, and late genes (including IE180, UL54, UL18,
and UL21). Next, PK15 cells were infected with PRV for different periods and then subjected
to qPCR analysis. We found that Ren’s oligopeptides-1 could significantly decrease the
expression of these genes at multiple time points after infection. As shown in Figure 4a—d,
the mRNA expression levels of PRV were reduced following 9 and 6 h of treatment with
Ren’s oligopeptides-1. The results showed that the expression levels of these four IE180,
UL18, UL54, and UL21 genes were significantly inhibited by Ren’s oligopeptides-1.
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Figure 4. Viral RNA expression as measured by real-time PCR in PRV-infected PK15 cells treated
with 6 mg/mL of Ren’s oligopeptides-1. (a) Expression levels of IE180 at 3 and 6 h following
treatment with Ren’s oligopeptides-1. (b) Expression levels of UL54 at 3 and 6 h following treatment
with Ren’s oligopeptides-1. (c) Expression levels of UL18 at 3 and 6 h following treatment with
Ren’s oligopeptides-1. (d) Expression levels of UL21 at 3 and 6 h following treatment with Ren’s
oligopeptides-1. ns, not significant (p > 0.05); ** p < 0.01, *** p < 0.001, and **** p < 0.0001 from the
Student’s t-test. Error bars represent SD from three independent experiments.

4. Discussion

Viruses are one of the main causes of harm to human and animal health, including the
pseudorabies virus (PRV). Natural antiviral compounds have many advantages compared
with synthesized chemicals. For example, natural compounds have the characteristics of a
lower toxicity, lower price, and better antiviral effects. Ren’s oligopeptide-1 is the extract
of five natural plants, including ginger, garlic, onion, banana peel, and bitter melon. The
drug can be derived from daily food, making it easy to obtain. Ren’s oligopeptide-1 has
the merits of less residue, little drug resistance, fewer side effects, and lower cost. It can
improve the animal health and growth performance of pigs and is expected to become a
promising feed additive [37]. It is imperative to develop natural antiviral compounds that
can provide new ideas for the treatment and prevention of viral diseases.

xCELLigence was used to monitor the cytotoxicity of drugs in real time [38], which
reduced the time and cost. The inhibitory concentration of the compound on the cell
growth at each time point was obtained through real-time xCELLigence analysis, and
the compound concentration with the lowest cytotoxicity was selected for subsequent
experiments. We found that the CCs value of Ren’s oligopeptides-1 was 15 mg/mL. Ren’s
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oligopeptides-1 has the characteristics of a wide range of action and lower toxicity, which
is beneficial to public health security and human economic development.

Ren’s oligopeptides-1 can inhibit the replication of PRV, which is related to its plant
extracts. PRV is neurotropic. Ren’s oligopeptides-1 contains ginger, which may have neuro-
protective effects, because ginger contains several phenolic compounds, such as gingerol
and shogaol. These chemicals have various biological activities, including antioxidant,
anti-inflammatory, and antibacterial properties [39]. The bioactive compounds in ginger can
modulate cell death or cell survival signaling molecules by ameliorating neurological symp-
toms and pathological conditions [40]. When the concentration of Ren’s oligopeptides-1
was 6 mg/mL, the expression of the IE180, UL18, UL54, and UL21 genes [41,42] of PRV was
downregulated after both 3 h and 6 h of PRV infection. Moreover, Ren’s oligopeptides-1
can inhibit virus replication, and this ability could be related to the garlic. Studies have
shown that garlic essential oil has an anti-coronavirus activity, mainly owing to the pres-
ence of allyl disulfide and allyl trisulfide. Garlic also has antioxidant, anti-inflammatory;,
antibacterial, antifungal, immunomodulatory, and neuroprotective properties [43,44]. The
high-content system can directly observe the reduction in virus replication. It was found
that, within the cell safety range, the lowest immunofluorescence signal was collected
at a concentration of 6 mg/mL of Ren’s oligopeptides-1, demonstrating a reduction in
viral replication. Furthermore, the replication of PRV was reduced under the influence
of Ren’s oligopeptides-1. This property could be as a result of the onion. Again, studies
have shown that onion phytochemicals show an anti-rabies activity mainly because of
the presence of (+) catechins [45]. A kind of fructan was isolated from green onion as
an anti-influenza virus substance (Allium fistulosum L.). Fructan does not show an anti-
influenza virus activity in vitro, but has an inhibitory effect on virus in vivo when given
orally to mice. The antiviral mechanism of polysaccharides appears to be dependent on the
host’s immune system [46]. Both bitter melon and banana peels in Ren’s oligopeptides-1
have a strong biological activity. Bitter melon has an anti-inflammatory activity. Studies
have shown that bitter melon extract can modulate inflammation-suppressing effects [47].
Bitter melon extract reduced the expression of LPS-induced inflammatory genes in Raw
264.7 cells, including the expression of IL-1«, IL-13, and TNF-« [48]. Bitter melon also
has anti-diabetic properties [49,50]. Banana peel is a good antioxidant [51]. Its extract is
an important phenolic compound [52]. Ren’s oligopeptide-1 increases the total phenolic
content and may have high antioxidant properties. Methanol and ethanol extracted from
banana peels have an antibacterial potential [53]. Compared with other PRV antiviral drugs,
Ren’s oligopeptide-1 can not only inhibit viral replication, but also has easy access to raw
materials and a low drug cost.

Ren’s oligopeptide-1 is a plant-derived anti-herpes virus drug with a wide range of
actions and low toxicity. However, the safe dose and drug action time of Ren’s oligopeptide-
1 need to be further explored and discussed.

5. Conclusions

When it comes to reducing antibiotic abuse while having antiviral effects, Ren’s
oligopeptides-1 offers a simple solution. It has a simple composition and is used as a
feed additive. Ren’s oligopeptides-1 is inexpensive and readily available, ensuring safe
meat products for humans. However, Ren’s oligopeptides-1 is still a long way off from
clinical applications, and more experiments are needed to evaluate its economic aspects
and efficacy in clinical conditions so that it can be used as a natural substitute for antibiotics
in the swine industry.

Author Contributions: Conceptualization, D.X.; methodology, Y.H.; software, Q.X.; validation, D.X.
and Y.H.; formal analysis, D.X. and L.C.; investigation, Q.X.; resources, K.X.; data curation, D.X. and
H.W.; writing—original draft preparation, D.X.; writing—review and editing, D.X.; visualization,
Q.X.; supervision, A.R. and K.X,; project administration, D.X. and K.X. All authors have read and
agreed to the published version of the manuscript.



Animals 2022, 12, 1341 9of11

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data supporting the reported results are contained within the article.

Acknowledgments: We would like to thank the State Key Laboratory of Agricultural Microbiology
(Zhe Hu) and Gang Cao’ Lab. Special thanks is given to Yukang Jia who helped polish the article.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Mettenleiter, T.C. Aujeszky’s Disease and the Development of the Marker/DIVA Vaccination Concept. Pathogens 2020, 9, 563.
[CrossRef]

2. Karasneh, G.A.; Shukla, D. Herpes simplex virus infects most cell types in vitro: Clues to its success. Virol. . 2011, 8, 481.
[CrossRef]

3. Ou, J,; Cai, S.; Zheng, F; Lu, G.; Zhang, G. Human pseudorabies virus infection: A new threat in China. J. Infect. 2019, 80, 578-606.
[CrossRef]

4. Ferrara, G.; Longobardi, C.; D’Ambrosi, F.; Amoroso, M.G.; D’Alessio, N.; Damiano, S.; Ciarcia, R.; Iovane, V.; Iovane, G.; Pagnini,
U.; et al. Aujeszky’s Disease in South-Italian Wild Boars (Sus scrofa): A Serological Survey. Animals 2021, 11, 3298. [CrossRef]

5.  Tan,L; Yao,]; Yang, Y,; Luo, W,; Yuan, X.; Yang, L.; Wang, A. Current Status and Challenge of Pseudorabies Virus Infection in
China. Virol. Sin. 2021, 36, 588-607. [CrossRef]

6. Sun, Y, Liang, W,; Liu, Q.; Zhao, T.; Zhu, H.; Hua, L.; Peng, Z.; Tang, X.; Stratton, C.W.; Zhou, D.; et al. Epidemiological and
genetic characteristics of swine pseudorabies virus in mainland China between 2012 and 2017. Peer] 2018, 6, €5785. [CrossRef]

7. Ma, Z,;Liu, M,; Liu, Z.; Meng, E,; Wang, H.; Cao, L.; Li, Y; Jiao, Q.; Liu, S. Epidemiological investigation of por-cine circovirus
type 2 and its coinfection rate in Shandong province in China from 2015 to 2018. BMC Vet. Res. 2021, 17, 17. [CrossRef]

8.  Zhang, L.;Ren, W.; Chi, J.; Lu, C; Li, X; Li, C; Jiang, S.; Tian, X.; Li, F; Wang, L.; et al. Epidemiology of Porcine Pseudorabies
from 2010 to 2018 in Tianjin, China. Viral Immunol. 2021, 34, 714-721. [CrossRef]

9. Xie, J; Bi, Y; Xu, S;; Han, Y,; Idris, A.; Zhang, H.; Li, X.; Bai, J.; Zhang, Y.; Feng, R. Host antiviral protein IFITM2 restricts
pseudorabies virus replication. Virus Res. 2020, 287, 198105. [CrossRef]

10. Freuling, C.; Miiller, T.; Mettenleiter, T. Vaccines against pseudorabies virus (PrV). Vet. Microbiol. 2017, 206, 3-9. [CrossRef]

11. Zhou, J.; Li, S.; Wang, X.; Zou, M.; Gao, S. Bartha-k61 vaccine protects growing pigs against challenge with an emerging variant
pseudorabies virus. Vaccine 2017, 35, 1161-1166. [CrossRef]

12.  Tong, W,; Liu, F; Zheng, H.; Liang, C.; Zhou, Y.-].; Jiang, Y.-F; Shan, T.-L.; Gao, F; Li, G.-X.; Tong, G.-Z. Emergence of a
Pseudorabies virus variant with increased virulence to piglets. Vet. Microbiol. 2015, 181, 236-240. [CrossRef]

13.  Zhang, C.; Guo, L, Jia, X.; Wang, T.; Wang, J.; Sun, Z.; Wang, L.; Li, X,; Tan, F; Tian, K. Construction of a triple gene-deleted
Chinese Pseudorabies virus variant and its efficacy study as a vaccine candidate on suckling piglets. Vaccine 2015, 33, 2432-2437.
[CrossRef]

14. Gu, Z,; Dong, J.; Wang, J.; Hou, C.; Sun, H.; Yang, W.; Bai, J.; Jiang, P. A novel inactivated gE/gl deleted pseudorabies virus (PRV)
vaccine completely protects pigs from an emerged variant PRV challenge. Virus Res. 2015, 195, 57-63. [CrossRef]

15. Annunziata, G.; Maisto, M.; Schisano, C.; Ciampaglia, R.; Narciso, V.; Tenore, G.C.; Novellino, E. Resveratrol as a Novel
Anti-Herpes Simplex Virus Nutraceutical Agent: An Overview. Viruses 2018, 10, 473. [CrossRef]

16. Chono, K,; Katsumata, K.; Kontani, T.; Kobayashi, M.; Sudo, K.; Yokota, T.; Konno, K.; Shimizu, Y.; Suzuki, H. ASP2151, a novel
helicase-primase inhibitor, possesses antiviral activity against varicella-zoster virus and herpes simplex virus types 1 and 2. J.
Antimicrob. Chemother. 2010, 65, 1733-1741. [CrossRef]

17.  Kaufman, H.E. Clinical Cure of Herpes Simplex Keratitis by 5-Jodo-2/ -Deoxyuridine. Exp. Biol. Med. 1962, 109, 251-252.
[CrossRef]

18.  Hornig, J.; McGregor, A. Design and development of antivirals and intervention strategies against human herpesviruses using
high-throughput approach. Expert Opin. Drug Discov. 2014, 9, 891-915. [CrossRef]

19.  Clercq, D.E. Looking back in 2009 at the dawning of antiviral therapy now 50 years ago an historical per-spec-tive. Adv. Virus Res.
2009, 73, 1.

20. Adams, B.D.; Parsons, C.; Walker, L.; Zhang, W.C; Slack, FJ. Targeting noncoding RNAs in disease. J. Clin. Investig. 2017, 127,
761-771. [CrossRef]

21. Andrei, G.; Gillemot, S.; Topalis, D.; Snoeck, R. The Anti-Human immunodeficiency virus drug tenofovir, a reverse transcriptase
inhibitor, also targets the herpes simplex virus DNA polymerase. J. Infect. Dis. 2017, 217, 790-801. [CrossRef]

22. Tong, C.; Chen, Z; Liu, E; Qiao, Y.; Chen, T.; Wang, X. Antiviral activities of Radix isatidis polysaccharide against pseudorabies
virus in swine testicle cells. BMC Complement. Med. Ther. 2020, 20, 48. [CrossRef]

23. Ao, Z.; Chan, M.; Ouyang, M.].; Olukitibi, T.A.; Mahmoudi, M.; Kobasa, D.; Yao, X. Identification and evaluation of the inhibitory

effect of Prunella vulgaris extract on SARS-coronavirus 2 virus entry. PLoS ONE 2021, 16, e0251649. [CrossRef]


http://doi.org/10.3390/pathogens9070563
http://doi.org/10.1186/1743-422X-8-481
http://doi.org/10.1016/j.jinf.2019.12.018
http://doi.org/10.3390/ani11113298
http://doi.org/10.1007/s12250-020-00340-0
http://doi.org/10.7717/peerj.5785
http://doi.org/10.1186/s12917-020-02718-4
http://doi.org/10.1089/vim.2021.0069
http://doi.org/10.1016/j.virusres.2020.198105
http://doi.org/10.1016/j.vetmic.2016.11.019
http://doi.org/10.1016/j.vaccine.2017.01.003
http://doi.org/10.1016/j.vetmic.2015.09.021
http://doi.org/10.1016/j.vaccine.2015.03.094
http://doi.org/10.1016/j.virusres.2014.09.003
http://doi.org/10.3390/v10090473
http://doi.org/10.1093/jac/dkq198
http://doi.org/10.3181/00379727-109-27169
http://doi.org/10.1517/17460441.2014.922538
http://doi.org/10.1172/JCI84424
http://doi.org/10.1093/infdis/jix605
http://doi.org/10.1186/s12906-020-2838-4
http://doi.org/10.1371/journal.pone.0251649

Animals 2022, 12, 1341 10 of 11

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Wang, J.; Jia, J.; Song, L.; Gong, X.; Xu, J.; Yang, M.; Li, M. Extraction, Structure, and Pharmacological Activities of Astragalus
Polysaccharides. Appl. Sci. 2018, 9, 122. [CrossRef]

Yang, C.M.; Cheng, H.Y,; Lin, T.C.; Chiang, L.C.; Lin, C.C. Acetone, ethanol and methanol extracts of phyl-lanthus urinaria inhibit
HSV-2 infection in vitro. Antivir. Res. 2005, 67, 24-30. [CrossRef]

Park, H.J.; Kurokawa, M.; Shiraki, K.; Nakamura, N.; Choi, ].S.; Hattori, M. Antiviral activity of the marine alga Sym-phyocladia
latiuscula against herpes simplex virus (HSV-1) in vitro and its therapeutic efficacy against HSV-1 infection in mice. Biol. Pharm.
Bull. 2005, 28, 2258-2262. [CrossRef]

Srinivasan, K.; Adhya, P; Sharma, S.S. Nutraceutical Potential of Ginger; Springer International Publishing: Cham, Switzerland,
2019; pp. 51-70.

Ansary, J.; Forbes-Hernandez, T.Y.; Gil, E.; Cianciosi, D.; Zhang, J.; Elexpuru-Zabaleta, M.; Simal-Gandara, J.; Giampieri, F,;
Battino, M. Potential Health Benefit of Garlic Based on Human Intervention Studies: A Brief Overview. Antioxidants 2020, 9, 619.
[CrossRef]

Teshika, J.D.; Zakariyyah, A.M.; Zaynab, T.; Fawzi, M.M. Traditional and modern uses of onion bulb (Allium cepa L.): A systematic
review. Crit. Rev. Food Sci. Nutr. 2019, 59, S39-570. [CrossRef]

Behrens, M.; Gu, M,; Fan, S.; Huang, C.; Meyerhof, W. Bitter substances from plants used in traditional Chi-nese medicine exert
biased activation of human bitter taste receptors. Chem. Biol. Drug Des. 2018, 91, 422-433. [CrossRef]

Tencheva, A.; Liu, R.; Volkova, T.V.; Chayrov, R.; Mitrev, Y.; Sticha, M.; Li, Y,; Jiang, H.; Li, Z.; Stankova, L; et al. Synthetic
analogues of memantine as neuroprotective and influenza viral inhibitors: In vitro and physicochemical studies. Amino Acids
2020, 52, 1559-1580. [CrossRef]

Stefanowicz-Hajduk, J.; Ochocka, J.R. Real-time cell analysis system in cytotoxicity applications: Usefulness and comparison with
tetrazolium salt assays. Toxicol. Rep. 2020, 7, 335-344. [CrossRef] [PubMed]

Martinez-Sobrido, L.; Cheng, B.Y.; Torre, ].C. Reverse Genetics Approaches to Control Arenavirus. Methods Mol. Biol. 2016, 1403,
313-351. [PubMed]

Smith, A.; Long, C.; Pirozzi, K.; Hickman, J. A functional system for high-content screening of neuromuscular junctions in vitro.
Technology 2013, 1, 37—48. [CrossRef] [PubMed]

Tombécz, D.; Téth, ].S.; Petrovszki, P.; Boldogksi, Z. Whole-genome analysis of pseudorabies virus gene ex-pression by real-time
quantitative RT-PCR assay. BMC Genom. 2009, 10, 491. [CrossRef]

Xiao, K.; Xiong, D.; Chen, G.; Yu, J.; Li, Y,; Xu, Q.; Huang, X.; Cao, G. RUNX1-mediated alphaherpesvirus-host trans-species
chromatin interaction promotes viral transcription. Sci. Adv. 2021, 7, eabf8962. [CrossRef]

Li, L.; Sun, X.; Zhao, D.; Dai, H. Pharmacological Applications and Action Mechanisms of Phytochemicals as Alternatives to
Antibiotics in Pig Production. Front. Immunol. 2021, 12, 798553. [CrossRef]

Martinez-Serra, J.; Gutierrez, A.; Navarro-Palou, M.; Ros, T.; Amat, ].C.; Marcus, T.E; Fueyo, L.; Suquia, A.G.; Rubio, E,; Besalduch,
J.; et al. xCELLigence system for real-time label-free monitoring of growth and viability of cell lines from hematological
malignancies. OncoTargets Ther. 2014, 7, 985-994. [CrossRef]

Mao, Q.-Q.; Xu, X.-Y.; Cao, S.-Y.; Gan, R.-Y.; Corke, H.; Beta, T.; Li, H.-B. Bioactive Compounds and Bioactivities of Ginger
(Zingiber officinale Roscoe). Foods 2019, 8, 185. [CrossRef]

Arcusa, R; Villafio, D.; Marhuenda, J.; Cano, M.; Cerda, B.; Zafrilla, P. Potential Role of Ginger (Zingiber of-fic-inale Roscoe) in
the Prevention of Neurodegenerative Diseases. Front. Nutr. Front. Nutr. 2022, 9, 809621. [CrossRef]

Olah, P; Tombacz, D.; Péka, N.; Csabai, Z.; Prazsak, I.; Boldogkdi, Z. Characterization of pseudorabies virus transcriptome by
Mlumina sequencing. BMC Microbiol. 2015, 15, 130. [CrossRef]

Li, Y,; Li, L,; Yu, S.; Wang, X.; Zhang, L.; Yu, J.; Qiu, H. Applications of Replicating-Competent Re-port-er-Expressing Viruses in
Diagnostic and Molecular Virology. Viruses 2016, 8, 127. [CrossRef] [PubMed]

Shang, A.; Cao, S.-Y.; Xu, X.-Y.; Gan, R.-Y.; Tang, G.-Y.; Corke, H.; Mavumengwana, V.; Li, H.-B. Bioactive Compounds and
Biological Functions of Garlic (Allium sativum L.). Foods 2019, 8, 246. [CrossRef] [PubMed]

Thuy, B.T.P; My, T.T.A.; Hai, N.T.T; Hieu, L.T.; Hoa, T.T.; Triet, N.T.; Anh, T.T.V,; Quy, P.T,; Tat, P.V.; Nhung, N.T.A. Investigation
into SARS-CoV-2 Resistance of Compounds in Garlic Essential Oil. ACS Omega 2020, 5, 8312-8320. [CrossRef] [PubMed]
Samant, L.R.; Dhorajiwala, T.M.; Halder, S.T. Computer-aided docking studies of phytochemicals from plants Salix subserrata
and Onion as inhibitors of glycoprotein G of rabies virus. Biomed. Biotechnol. Res. J. 2019, 3, 269. [CrossRef]

Lee, J.; Miyake, S.; Umetsu, R.; Hayashi, K.; Chijimatsu, T.; Hayashi, T. Anti-influenza A virus effects of fruc-tan from Welsh
onion (Allium fistulosum L.). Food Chem. 2012, 134, 2164-2168. [CrossRef]

Huang, W.-C,; Tsai, T.-H.; Huang, C.-J.; Li, Y.-Y.; Chyuan, J.-H.; Tsai, P.-J. Inhibitory effects of wild bitter melon leaf extract on
Propionibacterium acnes-induced skin inflammation in mice and cytokine production in vitro. Food Funct. 2015, 6, 2550-2560.
[CrossRef]

Tsai, T.-H.; Huang, W.-C.; Ying, H.-T.; Kuo, Y.-H.; Shen, C.-C.; Lin, Y.-K,; Tsai, P.-]. Wild Bitter Melon Leaf Extract Inhibits
Porphyromonas gingivalis-Induced Inflammation: Identification of Active Compounds through Bioassay-Guided Isolation.
Molecules 2016, 21, 454. [CrossRef]

Bortolotti, M.; Mercatelli, D.; Polito, L. Momordica charantia, a Nutraceutical Approach for Inflammatory Related Diseases. Front.
Pharmacol. 2019, 10, 486. [CrossRef]


http://doi.org/10.3390/app9010122
http://doi.org/10.1016/j.antiviral.2005.02.008
http://doi.org/10.1248/bpb.28.2258
http://doi.org/10.3390/antiox9070619
http://doi.org/10.1080/10408398.2018.1499074
http://doi.org/10.1111/cbdd.13089
http://doi.org/10.1007/s00726-020-02914-4
http://doi.org/10.1016/j.toxrep.2020.02.002
http://www.ncbi.nlm.nih.gov/pubmed/32090021
http://www.ncbi.nlm.nih.gov/pubmed/27076139
http://doi.org/10.1142/S2339547813500015
http://www.ncbi.nlm.nih.gov/pubmed/25019094
http://doi.org/10.1186/1471-2164-10-491
http://doi.org/10.1126/sciadv.abf8962
http://doi.org/10.3389/fimmu.2021.798553
http://doi.org/10.2147/OTT.S62887
http://doi.org/10.3390/foods8060185
http://doi.org/10.3389/fnut.2022.809621
http://doi.org/10.1186/s12866-015-0470-0
http://doi.org/10.3390/v8050127
http://www.ncbi.nlm.nih.gov/pubmed/27164126
http://doi.org/10.3390/foods8070246
http://www.ncbi.nlm.nih.gov/pubmed/31284512
http://doi.org/10.1021/acsomega.0c00772
http://www.ncbi.nlm.nih.gov/pubmed/32363255
http://doi.org/10.4103/bbrj.bbrj_124_19
http://doi.org/10.1016/j.foodchem.2012.04.016
http://doi.org/10.1039/C5FO00550G
http://doi.org/10.3390/molecules21040454
http://doi.org/10.3389/fphar.2019.00486

Animals 2022, 12, 1341 11 of 11

50. Elekofehinti, O.0.; Ariyo, E.O.; Akinjiyan, M.O.; Olayeriju, O.S.; Lawal, A.O.; Adanlawo, 1.G.; Rocha, J.B.T. Potential use of bitter
melon (Momordica charantia) derived compounds as antidiabetics: In silico and in vivo studies. Pathophysiology 2018, 25, 327-333.
[CrossRef]

51. Ibrahim, U.K,; Kamarrudin, N.; Suzihaque, M.U.H.; Hashib, S.A. Local Fruit Wastes as a Potential Source of Natural Antioxidant:
An Overview. IOP Conf. Ser. Mater. Sci. Eng. 2017, 206, 12040. [CrossRef]

52. Kabir, R.; Hasan, M.; Islam, R.; Haque, A.R.; Hasan, S.M.K. Formulation of yogurt with banana peel extracts to enhance storability
and bioactive properties. J. Food Process. Preserv. 2020, 45, €15191. [CrossRef]

53. Hanafy, S.M.; Abd El-Shafea, Y.M.; Saleh, W.D.; Fathy, H.M. Chemical profiling, in vitro antimicrobial and an-tioxidant activities
of pomegranate, orange and banana peel-extracts against pathogenic microorganisms. J. Genet. Eng. Biotechnol. 2021, 19, 80.
[CrossRef] [PubMed]


http://doi.org/10.1016/j.pathophys.2018.05.003
http://doi.org/10.1088/1757-899X/206/1/012040
http://doi.org/10.1111/jfpp.15191
http://doi.org/10.1186/s43141-021-00151-0
http://www.ncbi.nlm.nih.gov/pubmed/34056675

	Introduction 
	Materials and Methods 
	Natural Extract Preparation 
	Cell Line Culture 
	TCID50 Assay 
	Cytotoxic Assays 
	High-Content Screening of Ren’s Oligopeptides-1 against PRV 
	Quantitation of PRV Replication by Real-Time PCR 

	Results 
	Cytotoxicity of the Drug Ren’s Oligopeptides-1 
	The Effect of the Drug Ren’s Oligopeptides-1 on Viral Replication 
	mRNA Expression Levels of PRV under the Influence of Inhibitors 

	Discussion 
	Conclusions 
	References

