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A B S T R A C T   

The activity of the terpenes and Cannabidiol (CBD) against human coronavirus (HCoV) strain OC43 and influ
enza A (H1N1) was evaluated in human lung fibroblasts (MRC-5 cells). Also, we examined whether these in
gredients inhibit pro-inflammatory cytokines in peripheral blood mononuclear cells (PBMC). The tested 
preparations exhibited both anti-inflammatory and antiviral effects. The combination of terpenes was effective 
against both HCoV-OC43 and influenza A (H1N1) virus. The addition of CBD improved the antiviral activity in 
some, but not all cases. This variation in activity may suggest an antiviral mechanism. In addition, there was a 
strong correlation between the quantitative results from a cell-viability assay and the cytopathic effect after 72 h, 
as observed under a microscope. The anti-inflammatory properties of terpenes were demonstrated using a pro- 
inflammatory cytokine-inhibition assay, which revealed significant cytokine inhibition and enhanced by the 
addition of CBD.   

1. Introduction 

Infectious diseases have had a significant impact on human existence 
from ancient times. The introduction of naturally occurring bioactive 
compounds, as well as nature-inspired, synthetic compounds into drug- 
research programs has increased human life spans considerably since the 
1940s. Phytochemicals, such as terpenes, have demonstrated thera
peutic potential. Terpenes are natural, isoprene-based molecules that 
are characterized by unique aromas, a high degree of chemical diversity, 
and high volatility. In vitro studies have confirmed the antiviral po
tential of terpenes against both RNA and DNA viruses, such as herpes 
simplex virus [1,2], bronchitis virus [3], West Nile virus [4], HIV-1 [5] 
and others [6]. Those studies and a study previously published by our 
team [7] support the efficacy of terpenes against human coronaviruses 
and influenza viruses. 

Coronaviruses are enveloped, non-segmented, positive-strand RNA 
viruses of the family Coronaviridae. They cause a wide spectrum of ill
nesses, including respiratory and gastrointestinal diseases in humans 
[8]. Currently, seven human coronaviruses (HCoVs) have been 

identified. Four of those, HCoV-229E, HCoV-OC43, HCoV-NL63, and 
HCoV-HKU1, are non-zoonotic and cause worldwide outbreaks of upper 
respiratory tract infections, predominantly in the winter [9]. 
SARS-CoV-2 is the seventh coronavirus known to infect humans and the 
third zoonotic virus after SARS-CoV and MERS-CoV. 

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
is the cause of the coronavirus disease 2019 (COVID-19) pandemic that 
continues to pose a threat to public health and economies around the 
world. As of 8 May 2022, over 514 million cases and over six million 
deaths have been reported globally, as reported by the World Health 
Organization [10]. This febrile respiratory and systemic illness is highly 
contagious and potentially life-threatening. The pandemic has led to a 
search for active antiviral compounds to treat the disease. Recently, the 
potential of phytochemicals, such as terpenes, for use as potent antiviral 
agents has received considerable attention, encouraged by the fact that 
they are plentiful, naturally occurring substances that are cost-effective 
and have nearly zero toxicity. 

Phytochemicals that have previously been reported to have antiviral 
effects against HCoVs can be considered as emerging drug candidates for 
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the treatment of COVID-19. Glycyrrhizin, a triterpene naturally occur
ring in licorice (Glycyrrhiza glabra) roots, was one of the first compounds 
found to be active against SARS coronavirus (SARS-CoV) in vitro, where 
it was shown to inhibit SARS-CoV replication with an EC50 of 365 µM 
[11]. Glycyrrhizin has been used to effectively treat SARS patients [12]. 
Laurus nobilis essential oil, with beta-ocimene, 1,8-cineole, 
alpha-pinene, and beta-pinene as its main constituents, has also been 
shown to exert antiviral activity against SARS-CoV, with an IC50 value of 
120 mg/mL [13]. More recent works reviewed the antiviral activity of 
plant secondary metabolites as a possible SARS-CoV-2 Treatment [14], 
assessed the Antiviral activity of Humulus lupulus against MERS-CoV 
using in-vitro and in-silico tools [15] and investigated the antiviral ef
fects of Saussurea lappa root extract against SARS-CoV-2 in vitro and in 
animal models [16]. 

A proprietary terpene formulation, named NT-VRL®ฏ, has been 
shown to have antiviral properties against HCoV-229E [7]. The tested 
formulation exhibited an antiviral effect when it was pre-incubated with 
host cells prior to virus infection. The addition of cannabidiol (CBD) 
potentiated the antiviral effect and was more effective than the positive 
controls pyrazofurin and glycyrrhizin. The terpene formulation pre
vented cell death, an observation that was confirmed by microscopic 
evaluation of cell morphology. 

NT-VRL®ฏ was developed using a proprietary phytochemical data
base for optimized antiviral and anti-inflammatory activity. Thirty 
compounds were selected from Eybna’s library of 350 compounds. 
These 30 volatile compounds exhibited the necessary biological activity 
and met safety standards for inhalation. Multiple combinations and 
concentrations of these 30 compounds were tested against HCoV-229E 
and the treatment code-named NT-VRL®ฏ was found to be the most 
potent formulation (Fig. 1). The main constituents of the NT-VRL® 
formulation are beta caryophyllene, eucalyptol, and citral. 

While SARS-CoV-2 is highly contagious and requires a Level 4 
biosafety facility, working with a less virulent strain, such as HCoV-229E 
or HCoV-OC43, is considered a safe alternative [9,17,18]. 

Influenza viruses are negative single-stranded RNA viruses that are 
members of the Orthomyxoviridae family [19]. Influenza viruses cause 
emerging and re-emerging respiratory illnesses in humans, due to the 

continuous evolution of their genomes. The three main types are alpha 
influenza, beta influenza, and gamma influenza. Alpha influenza is the 
most significant in terms of human morbidity and mortality [20]; 
whereas gamma influenza is responsible for mild symptoms [21]. The 
influenza A viruses that frequently infect people are the H1N1 virus and 
the H3N2 virus [22]. 

Many strains of influenza virus have developed resistance to 
commonly used treatments, demanding the development of genome- 
specific therapies. Natural phytochemicals are a diverse group of 
bioactive molecules with the potential to serve as novel antiviral 
treatments. 

The objective of the present study was to test the formulation NT- 
VRL®ฏ with and without CBD at different concentrations against two 
coronaviruses: HCoV-OC43 and HCoV-229E, and influenza A virus in 
human lung fibroblasts (MRC-5 cells) and Peripheral blood mononuclear 
cells (PBMC), to evaluate its potential antiviral and anti-inflammatory 
activity in vitro. In addition, to determine morphologic changes of 
MRC-5 cells on electron microscopy, before and after treatment with NT- 
VRL®ฏ. Those cells were exposed to either HCoV-OC43, influenza A 
(H1N1), or HCoV-229E. To the best of our knowledge, this is the first 
study to test a designated terpene formulation with and without CBD for 
anti-inflammatory and antiviral activity against both a HCoV and an 
influenza virus. 

2. Material and methods 

2.1. Materials and reagents 

MRC-5 cells, HCoV-229E strain HCoV-OC43, and influenza A (H1N1) 
virus were purchased from the American Type Culture Collection 
(ATCC; Manassas, VA). All media ingredients and cell-proliferation kits 
(XTT) were purchased from Biological Industries (Israel). CBD was 
purchased from Recipharm Israel Ltd. (Israel). NT-VRL®ฏ was obtained 
from Eybna Technologies Ltd. (Israel). Glycyrrhizin was obtained from 
Penta International Corporation (NJ, USA) and pyrazofurin was pur
chased from Sigma Corporation (Israel). Commercial frozen human 
peripheral blood mononuclear cells (PBMCs) for the cytotoxicity and 

Fig. 1. Process of terpene selection for NT-VRL® development. A. Terpenes range number of compounds per classification. B. Terpenes that were used for NT-VRL® 
are generally recognized as safe (GRAS), food-grade (FEMA), safe to inhale, and possess antiviral and anti-inflammatory properties. 
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cytokine secretion assays were purchased from Lonza (Switzerland). 

2.2. Testing the efficacy of pre-treatment and post-adsorption 

MRC-5 cells were plated at 1 × 104 cells/well in 96-well plates, in 
Eagle’s Minimum Essential Medium (EMEM) supplemented with 10 % 
fetal calf serum as was previously described [23] with minor modifica
tions. The plates were then incubated at 37 ◦C in 5 % CO2. For the 
Pre-Treatment, After 24 h, the medium was discarded, and 100 µL of 
EMEM supplemented with 1 % fetal calf serum was added to the cells, 
supplemented with the treatments (NT-VRL®ฏ and/or CBD) at a previ
ously tested nontoxic concentration [7]. The cells were incubated for 1 h 
at 34 ◦C in 5 % CO2. Next, 1 µL of medium (used for control) or virus 
(HCoV-OC43 1.45 × 1016 PFU/mL, influenza H1N1 5.91 × 1010 

PFU/mL) was added to the cells. For the Post-Adsorption, After 24 h, the 
medium was discarded and EMEM supplemented with 1 % fetal calf 
serum was added to the cells with or without 1 µL of virus (HCoV-OC43 
1.45 × 1016 PFU/mL, influenza H1N1 5.91 × 1010 PFU/mL). The cells 
were incubated for 1 h at 34 ◦C in 5 % CO2. The medium was discarded 
and 100 µL of EMEM supplemented with 1 % fetal calf serum was added 
to the cells, supplemented with the treatments (NT-VRL®ฏ and/or CBD) 
according to each nontoxic concentration and 1 µL of media or virus 
(HCoV-OC43 1.45 × 1016 PFU/mL, influenza H1N1 5.91 × 1010 

PFU/mL).The cells were incubated for an additional 72 ± 2 h at 34 ◦C in 
5 % CO2. Using an inverted microscope, a representative photo was 
taken of the cells in each treatment at 24, 48, and 72 h post-infection. 
The virus-induced cytopathic effect was observed in comparison with 
the parallel virus control and cell control. Finally, cells were subjected to 
an XTT assay. 

2.3. XTT-based viability assay 

XTT is a colorimetric assay for the nonradioactive quantification of 
cellular proliferation, viability, and cytotoxicity. Assay was performed 
as previously described [24]. At the end of each incubation period, 
media was discarded from all wells and 100 µL of fresh culture medium 
was added to the cells together with 50 µL of XTT reagent. Optical 
density (OD) was measured at a wavelength of 450 nm (after subtraction 
of the non-specific OD at 620 nm). 

2.4. Preparation of samples for microscopy 

MRC-5 cells were plated on one 96-well plate and on two 96-well 
plates with polylysine-coated 0.5-mm coverslips, as previously 
described [25] in their culture medium, at 1 × 104 cells/well. Cells were 
allowed to attach for 16–24 h at 37 ◦C, in 5 % CO2. Then, the culture 
medium was discarded and 100 µL of assay media was added to the cells, 
supplemented with treatments (NT-VRL®ฏ and/or CBD). The cells were 
incubated for 1 h at 37 ◦C, in 5 % CO2. Finally, 1 µL of assay media or 
virus (HCoV-OC43 1.45 × 1016 PFU/mL, HCoV-229E 7.24 × 108 

PFU/mL, influenza H1N1 5.91 × 1010 PFU/mL) was added to the cells 
and the plates were incubated for 72 h. In addition, 10 µL of virus only 
was added to the plates for 30 min just before fixation. For the fixation, 
the medium was discarded, and the plates were washed once with 150 
µL phosphate-buffered saline (PBS) per well. The cells were fixed with 2 
% paraformaldehyde, 3 % glutaraldehyde, and 1 % sucrose in PBS for 1 h 
at room temperature (at 150 µL per well). The cells were then washed 
three times with 150 µL PBS per well (by leaving PBS on the cells for 5 
min each wash). Next, the cells were dehydrated with increasing con
centrations of filtered (0.22 µm filter) ethanol. The drying process pro
ceeded as follows: 20 % ethanol for 20 min, 50 % ethanol for 20 min, 70 
% ethanol for 20 min, 90 % ethanol for 20 min, 95 % ethanol for 20 min, 
and, finally, 100 % ethanol for 20 min using a Critical Point Dryer 
(Quorum K850; Quorum Technologies, Laughton, UK). 

2.5. Scanning electron microscopy 

After drying, the samples were arranged on an aluminum stub and 
coated with 1 nm of gold-palladium (Quorum Q150T ES Spatter Coater). 
Microphotographs were recorded using the scanning electron micro
scope JEOL model, 7800f. The images were taken with an accelerating 
voltage of 2 kV and a secondary electron detector. 

2.6. Cytotoxicity assay 

Frozen human PBMCs were thawed and suspended in a suitable 
culture media at a final concentration of 1 × 106 cells per mL and 100 
μL/well of cell suspension were cultured in triplicates in a flat-bottom, 
96-well plate to achieve a final number of 1 × 105 cells per well. Cells 
were incubated with each treatment for 24 h. Cell viability was assayed 
by using alamarBlue™ reagent [26]. The control compounds included 
dexamethasone alone as a non-toxic solution and Triton (1 %) as a 
cytotoxic reagent. 

2.7. Cytokine-expression assay 

Frozen human PBMCs were thawed and suspended in a designated 
culture media at a final concentration of 1 × 106 cells per mL and 500 
μL/well of cell suspension were cultured in triplicate in 24-well plates, to 
achieve a final number of 5 × 105 cells per well. The controls and 
treatments were diluted in culture media to achieve the final assay 
concentration. Cells were incubated with the treatments and controls for 
1 h, treated with 100 ng lipopolysaccharides and incubated for 24 h. One 
µg/mL dexamethasone served as positive control. Following incubation, 
the supernatants were collected, ELISA (R&D Systems; Minneapolis, 
MN) was used to measure the levels of a panel of secreted cytokines [27], 
and the optical density was determined by ‘CLARIOStar-plus’ 
plate-reader (BMG Labtech; Ortenberg, Germany). The concentration of 
cytokines (pg/mL) was calculated using a standard curve. 

2.8. Statistical analysis 

All the data was analyzed using GraphPad Prism 8.0.1 software 
(GraphPad Software, San Diego, CA, USA). Normality of data distribu
tion was assessed using the Shapiro–Wilk test and for the homogeneity 
of variance with Bartlett’s test. All analysis compared the control group 
results with those of the different groups using two-way analysis of 
variance (ANOVA) multiple-comparison and Dunnett post hoc tests. 
Results were considered statistically significant where p-value < 0.05. 

3. Results 

3.1. Antiviral effect 

3.1.1. Cytotoxicity of compounds 
MRC-5 cells were screened against a range of concentrations of CBD 

(2–10 µg/mL) and NT-VRL®ฏ (5–100 µg/mL), as shown in Fig. 2. The 
chosen concentrations for the efficacy test did not affect cell viability 
and were considered non-toxic. Those concentrations were: CBD ≤ 1 µg/ 
mL and NT-VRL®ฏ ≤ 10 µg/mL. 

3.1.2. Efficacy of compounds against HCoV-OC43: cell pre-treatment 
MRC-5 cells were pre-treated with the compounds prior to inocula

tion with HCoV-OC43. As shown in Fig. 3, the viability of cells that were 
infected with HCoV-OC43, but otherwise untreated, was reduced to 
~24 % of the viability of the uninfected control cells. Pre-incubation of 
the cells with all compounds prior to virus inoculation increased cell 
viability. The combination of 10 µg/mL NT-VRL®ฏ and 1 µg/mL CBD 
was the most effective treatment associated with the highest level of cell 
viability (p < 0.05). 
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3.1.3. Efficacy of compounds against HCoV-OC43: post-adsorption 
When the compounds were added to the cells after virus adsorption, 

the viability of the HCoV-OC43-infected cells was reduced to 33 % of the 
control, as shown in Fig. 4. Under these conditions, 10 µg/mL NT-VRL®ฏ 

enhanced cell viability to around 65 % (p < 0.05) and the addition of 1 
µg/mL CBD did not amplify the effect of NT-VRL®ฏ. One µg/mL CBD 
applied on its own had an effect like that of 10 µg/mL NT-VRL®ฏ. 

3.1.4. Effect of NT-VRL®ฏ against HCoV-OC43 
Morphological change associated with viral infection was observed 

on the cell surface at 72 h post-infection (Fig. 5B). Treatment of cells 
with NT-VRL®ฏ and CBD (Fig. 5C) before viral infection prevented that 
morphological change and the treated MRC-5 cells appeared similar to 
healthy cells (Fig. 5A). 

3.1.5. Efficacy of compounds against influenza A (H1N1): cell pre- 
treatment 

MRC-5 cells were pre-treated with the compounds prior to inocula
tion with influenza A (H1N1) virus. As shown in Fig. 6, the viability of 
cells that were infected with influenza A (H1N1) virus, but otherwise 

Fig. 2. Cytotoxicity of treatments to MRC-5 cells. MRC-5 cells were treated with different concentrations of the compounds for 72 h. Cell viability was then 
determined using an XTT assay that measures metabolically active live cells. Results represent mean percent viability ± SD (n = 4). CBD—cannabidiol. 

Fig. 3. Cell viability in each treatment group. The bars represent means + standard deviation (SD). Bars that are not labeled with a common letter are significantly 
different from one another (p < 0.05). n = 4. 
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untreated, was reduced to ~36 % of the viability of the uninfected 
control cells. Pre-incubation of the cells with all the compounds prior to 
virus inoculation increased the level of cell viability. NT-VRL®ฏ 

exhibited a dose-response efficacy against influenza A (H1N1) virus. The 
combination of 10 µg/mL NT-VRL®ฏ with 1 µg/mL CBD was the most 
effective treatment associated with the highest level of cell viability (p <
0.05). 

3.1.6. Effect of NT-VRL®ฏ against influenza (H1N1) virus 
As shown in Fig. 7, this pattern was also observed in terms of the 

cytopathic effect seen microscopically after 72 h. Healthy MRC5 cells 
adhered efficiently to the surface and were evenly spread out, as can be 
seen in Fig. 7A. Lengthening and clumping of the MRC-5 cells was 
observed 72 h after viral infection (Fig. 7B). Pre-treatment of cells with 
NT-VRL®ฏ alone (Fig. 7C) before viral infection preserved cell viability 
and halted the cytopathic effect. 

3.1.7. Efficacy of compounds against influenza A (H1N1): post-adsorption 
When the compounds were added to the cells after virus adsorption, 

the viability of the influenza A (H1N1) virus-infected cells was reduced 

to 39 % of the control, as shown in Fig. 8. Under these conditions, NT- 
VRL®ฏ enhanced cell viability in a dose-dependent manner and the 10 
µg/mL NT-VRL®ฏ treatment was associated with the highest level of cell 
viability (around 57 %; p < 0.05). The addition of 1 µg/mL CBD did not 
amplify the effect of NT-VRL®ฏ and even caused a decrease in cell 
viability, as compared to infected cells (p < 0.05). 

3.1.8. Effect of NT-VRL®ฏ against HCoV-229E 
In a previous study by Chatow et al. [7], NT-VRL®ฏ exhibited an 

antiviral effect when it was pre-incubated with host cells prior to virus 
infection. The addition of CBD potentiated that antiviral effect and did 
so more effectively than the positive controls pyrazofurin and glycyr
rhizin. This pattern was also observed in terms of the cytopathic effect 
observed under a microscope after 72 h. Healthy MRC5 cells adhered to 
the surface, as can be seen in Fig. 9A. There was a drastic decrease in cell 
confluence presented by cell fragments left on the slide (Fig. 9B). 
Treatment of cells with NT-VRL®ฏ and CBD (Fig. 9C) before viral 
infection preserved cell viability and halted the cytopathic effect. 

Fig. 4. Cell viability in each treatment group. The bars represent means + SD. Bars that are not labeled with a common letter are significantly different from one 
another (p < 0.05). n = 4. 

Fig. 5. Protective effects of pre-treatment of MRC-5 cells with NT-VRL®ฏ and CBD against the morphological effect of HCoV-OC43 infection. (A) Healthy MRC-5 
cells. (B) MRC-5 cells that were pre-treated with assay medium, photographed 72 h after inoculation with HCoV-OC43. (C) MRC-5 cells that were pre-treated 
with NT-VRL®ฏ and CBD, photographed at 72 h after exposure to HCoV-OC43. 
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3.2. Anti-inflammatory effect 

3.2.1. Cytotoxicity of compounds 
PBMC cells were screened against a range of concentrations of NT- 

VRL®ฏ (2–20 µg/mL), dexamethasone (40 µg/mL), and CBD (2 µg/mL; 
data not shown). The chosen concentrations for the efficacy test did not 
affect cell viability and were considered non-toxic. The non-toxic con
centrations were: ≤1 µg/mL CBD and ≤10 µg/mL NT-VRL®ฏ. 

3.2.2. Inhibition of pro-inflammatory cytokines 
The results for all four cytokines (IL-1β, TNF-α, IL-6, and IL-8) 

revealed that the NT-VRL®ฏ formulation had a dose-dependent inhibi
tory effect on the secretion of pro-inflammatory cytokines (Fig. 10), 
which did not compromise cell viability. The anti-inflammatory effect of 
NT-VRL®ฏ could be seen at concentrations of 2–20 μg/mL. The inhibi
tory effect of 20 μg/mL NT-VRL®ฏ was slightly greater than the effect of 
2 μg/mL CBD for most cytokines. The NT-VRL®ฏ formulation exhibited a 
stronger inhibitory effect than 1 μg/mL dexamethasone. Finally, the 
addition of CBD (2 μg/mL) together with NT-VRL®ฏ provided the 
greatest inhibition of cytokine secretion. 

4. Discussion 

Viral infections remain a major worldwide cause of morbidity and 
mortality. Each year, there are 3 million cases of influenza and 
300,000–500,000 deaths from that disease [28]. The development of 
novel, effective antiviral treatments with low toxicity and few side ef
fects is a matter of great interest. The rapid mutations that occur within 
both coronaviruses and influenza viruses indicate that there is a great 
need for the development of novel and potent antiviral drugs that are not 
genome-specific, and which have multiple antiviral properties. 
Furthermore, the efficacy of vaccinations wanes over time and vaccines 
are unavailable for certain populations. Thus, a natural and safe anti
viral solution may be useful as an additional protection especially for 
population groups that may not be eligible for vaccination, such as 
children, pregnant women, the immune-suppressed, and people with 
other limiting medical conditions. 

Drug repurposing involves testing a drug for a medical application 
that is different from its original indications [29]. This approach led to 
the approval of remdesivir as the first specific drug for the treatment of 
hospitalized COVID-19 patients [30]. Natural compounds are one of the 
most valuable sources for drug discovery and can be “repurposed” for 
the treatment of different conditions. For example, terpenes and CBD are 

Fig. 6. Cell viability in each treatment group. The bars represent means + SD. Bars that are not labeled with a common letter are significantly different from one 
another (p < 0.05). n = 4. 

Fig. 7. Effects of NT-VRL®ฏ and CBD applied pre-infection on the cytopathic effect of influenza A (H1N1) virus in MRC-5 cells. (A) Healthy MRC-5 cells. (B) MRC-5 
cells at 72 h after infection with influenza A (H1N1) virus. (C) MRC-5 cells that were pre-treated with NT-VRL®ฏ, photographed 72 h after exposure to influenza A 
(H1N1) virus. 
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used in both folk and Western medicine as treatments for various dis
orders such as cancer [31], bile stones [32], and anxiety [33] and other 
psychiatric disorders [34]. Terpenes are known to have efficient 
bioavailability via inhalation [35], a property that can be utilized for 
therapeutic applications related to the respiratory system. In addition, 
terpenes have known antiviral potential and low toxicity, making them 
good candidates as antiviral and anti-inflammatory agents with minimal 
side effects [36]. In this work, we suggest the consideration of terpenes 
as potential antiviral and anti-inflammatory agents for human use. 

In a previous paper, we reported the antiviral efficacy of a pro
prietary terpene formulation (NT-VRL®ฏ) against HCoV-229E [7]. In the 
current study, we sought to determine whether this formulation is 
effective against other viruses and whether it decreases the secretion of 
inflammatory cytokines. In this study, we demonstrate the in vitro ef
ficacy of NT-VRL®ฏ, with and without CBD, against the HCoV-OC43 and 
influenza A (H1N1) viruses. HCoV-OC43 is the most frequently infective 
virus of the HCoV family in infants [37]. As opposed to SARS-CoV-1,2 
and MERS-CoV which present significant mortality rate, both 
HCoV-OC43 and HCoV-229E are endemic in human populations with 
clinical representation resembles that of many other agents of the 
common cold [38,39]. They have been the subject of many research 
endeavors long before the outbreak of COVID-19 [40–42]. Further, 

following the outbreak [43–45], both HCoV-OC43 and HCoV-229E 
could be studied at the biosafety level 2, thus research using them as a 
model system may help discover effective drugs or SARS-CoV-2 patho
genesis [39]. Influenza viruses and coronaviruses are both groups of 
enveloped viruses, but they have very different surface proteins and 
viral RNA. The observed antiviral effect against both viruses suggests 
that NT-VRL®ฏ may have a non-specific antiviral effect. 

The activity of NT-VRL®ฏ against the two viruses was determined by 
the addition of the compounds to lung cells before or after those cells 
were inoculated with the viruses. The time-of-addition assays can help in 
determining the point(s) at which the formulation inhibits viral repli
cation. NT-VRL®ฏ and CBD had different effects on the two viruses. NT- 
VRL®ฏ was more effective against HCoV-OC43 when it was applied post- 
adsorption, as compared to a pre-treatment of host cells. In contrast, NT- 
VRL®ฏ + CBD was more effective in the host-cell pre-treatment experi
ment. The effects of NT-VRL®ฏ against influenza A (H1N1) were similar 
in both the post-adsorption and pre-treatment tests. However, the 
addition of CBD enhanced cell survival in the pre-treatment test, but 
drastically decreased cell survival in the post-adsorption test. That 
decrease in cell survival is still under investigation. 

When working with phytochemicals, studies suggest that combina
tion treatments based on synergism between plant metabolites have the 

Fig. 8. Cell viability in each treatment group. The bars represent means + SD. Bars that are not labeled with a common letter are significantly different from one 
another (p < 0.05). n = 4. 

Fig. 9. Effects of NT-VRL®ฏ and CBD applied pre-infection on the cytopathic effect of HCoV-229E on MRC-5 cells. (A) Healthy MRC-5 cells. (B) MRC-5 cells at 72 h 
after infection with HCoV-229E. (C) MRC-5 cells that were pre-treated with NT-VRL®ฏ, photographed 72 h after exposure to HCoV-229E. 
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potential to provide stronger effects than any single compound [46]. 
One example of this phenomenon is Rowatinex®, a formulation of ter
penes that is used to improve the clearance of urinary stones [47]. Here, 
we suggest the use of a carefully planned terpene formulation as an 
effective in vitro antiviral and anti-inflammatory treatment. The in vitro 
efficacy of NT-VRL®ฏ, a 30-terpene formulation, could indicate a phar
macodynamic synergy between the compounds in that formulation 
(“entourage effect”). Plant extracts have been shown to have higher in 
vitro or in vivo activity than isolated ingredients at equivalent doses. 
NT-VRL®ฏ comprises several compounds that may operate on several 
targets to improve the overall therapeutic impact, without compro
mising cell viability or safety. 

Since respiratory failure caused by acute respiratory distress syn
drome is the primary cause of COVID-19 mortality [48], it is very 
important to utilize anti-inflammatory treatment to prevent the extreme 
inflammatory response. That initial inflammatory response is usually 
associated with an induced cytokine storm syndrome [48]. The cytokine 
storm is characterized by elevated levels of several cytokines such as 
interleukin (IL)-6, IL-8, and tumor necrosis factor alpha (TNFα; [49]). 
We demonstrated the effectiveness of NT-VRL®ฏ against the inflamma
tory response as measured by cytokines. Thus, the dual efficacy of 
cellular protection from the viruses and the reduction of cytokines in
creases the potential value of the compound. Recently published 
research demonstrated the virucide effectiveness of cannabidiol and 
terpene-based formulations [50] but neglected the anti-inflammatory 
point of view. 

If proven effective in animal and human studies, NT-VRL®ฏ may be a 
valuable treatment for viral illnesses throughout the world. The results 
of these in vitro studies demonstrating protection of human lung cells by 
NT-VRL®ฏ, with or without CBD, prior to or after inoculation with either 
an influenza virus or a coronavirus suggest that this formulation may be 

helpful for preventing or alleviating the illnesses caused by those 
viruses. 

5. Conclusion 

NT-VRL®ฏ exhibited an antiviral and anti-inflammatory effect both 
pre-treatment and post-adsorption. Electron microscopy images 
revealed the antiviral properties of NT-VRL®ฏ, showing the protective 
effects of the formulation on the morphology of the cells. The combi
nation of NT-VRL®ฏ with CBD provided an amplified antiviral effect. 
These results suggest that NT-VRL®ฏ, with or without CBD, may be 
useful as a preventative measure against coronaviruses and influenza 
viruses. Animal studies are ongoing to determine the antiviral efficacy of 
NT-VRL®ฏ and the efficacy of this formulation against additional viruses 
will also be examined. 
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