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Abstract  19 

The activity of a new, terpene-based formulation, code-named NT-VRL-1, against Human 20 

Coronavirus (HCoV) strain 229E was evaluated in human lung fibroblasts (MRC-5 cells), 21 

with and without the addition of cannabidiol (CBD). The tested formulation exhibited an 22 

antiviral effect when it was pre-incubated with the host cells prior to virus infection. The 23 

combination of NT-VRL-1 with CBD potentiated the antiviral effect better than the 24 

positive controls pyrazofurin and glycyrrhizin. There was a strong correlation between 25 

the quantitative results from a cell-viability assay and the cytopathic effect seen under 26 

the microscope after 72 h. To the best of our knowledge, this is the first report of activity 27 

of a combination of terpenes and CBD against a coronavirus. 28 

 29 
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Introduction 33 

Coronaviruses are enveloped, non-segmented, positive-strand RNA viruses of 34 

the family Coronaviridae that cause a wide spectrum of illnesses in humans, 35 

including respiratory and gastrointestinal diseases (1). To date, seven human 36 

coronaviruses (HCoVs) have been identified. Four of those, HCoV-229E, HCoV-OC43, 37 

HCoV-NL63 and HCoV-HKU1, are non-zoonotic and cause worldwide outbreaks of 38 

upper respiratory tract infections predominantly in the winter (2). The severe acute 39 

respiratory syndrome coronavirus 2 (SARS-CoV-2) has produced an epidemic of 40 

Coronavirus Disease 2019 (COVID-19) that started on 31 December 2019 in China 41 

and then spread to different regions and countries. According to the WHO (3), as of 42 

January 26th, 2021, there have been a total of 98,925,221 confirmed cases of COVID-43 

19 worldwide, including 2,127,294 deaths.  44 

This outbreak has led to a search for active antiviral compounds to treat this 45 

disease. While SARS-CoV-2 is highly contagious and can only be studied in a biosafety 46 

level 4 facility, working with the less virulent strain HCoV-229E is considered a good 47 

alternative for preliminary research (2, 4, 5). HCoV-229E is associated with various 48 

respiratory illnesses ranging from the common cold to severe pneumonia (6). 49 

Recently, the potential of phytochemicals, such as terpenes, for use as potent 50 

antiviral agents has received considerable attention, especially because these 51 

substances are naturally abundant with relatively low toxicity and cost (7). 52 

Terpenes are natural, volatile compounds primarily extracted from plants, 53 

which contain only carbon, hydrogen and oxygen atoms. In plants, terpenes act as 54 

chemoattractants or chemorepellents (8) and are largely responsible for plant 55 

fragrances. In animals and humans, terpenes exhibit a variety of pharmacological 56 

.CC-BY 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted March 2, 2021. ; https://doi.org/10.1101/2021.03.01.433501doi: bioRxiv preprint 

https://doi.org/10.1101/2021.03.01.433501
http://creativecommons.org/licenses/by/4.0/


4 
 

properties, including anti-inflammatory (9), analgesic (10), antimicrobial (11) and 57 

antiviral (12) properties. A wide range of in vitro studies have demonstrated 58 

terpenes’ potential for use against a wide range of viruses such as herpes simplex 59 

virus (13), bronchitis virus (14), West Nile virus (15) and HIV-1 (16). 60 

As isolated compounds and in plant essential oils, terpenes have been shown 61 

to have antiviral effects against several types of HCoVs. Glycyrrhizin, a triterpene 62 

found in licorice roots, was one of the first compounds found to be active against 63 

SARS coronavirus (SARS-CoV) in vitro; it was shown to inhibit SARS-CoV replication 64 

with an EC50 of 365 µM (17). Glycyrrhizin has also been used to successfully treat 65 

SARS patients (18). Laurus nobilis essential oil, with beta-ocimene, 1,8-cineole, alpha-66 

pinene and beta-pinene as its main constituents, was found to exert antiviral activity 67 

against SARS-CoV with an IC50 value of 120 mg/mL (19).   68 

Even though the vaccination of the world’s population against COVID-19 has 69 

begun and is expected to proceed gradually, with no clear expectation of 70 

completion. Some individuals will not be vaccinated due to personal choice or health 71 

limitations. In addition, several population groups such as younger age groups will be 72 

the last to get vaccinated. A natural antiviral solution with minimal side effects that 73 

can be used alone or in conjunction with vaccines as a preventative treatment may 74 

be a safe and relatively easy way to reduce infection in those populations.  75 

The goal of the present study was to evaluate the antiviral activity of a 76 

proprietary terpene formulation (code named NT-VRL-1) against HCoV-229E, with 77 

and without the addition of cannabidiol (CBD), and the mode of antiviral action of 78 

this formulation during the viral multiplication cycle. The NT-VRL-1 formulation 79 

consisted of 30 natural terpenes that are found in cannabis, as well as other plants. 80 
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The therapeutic activity of these compounds was evaluated in terms of the 81 

cytopathic effect observed under an inverted microscope and an in vitro cell viability 82 

XTT assay involving human lung fibroblasts (MRC-5 cells) in which the mitochondrial 83 

activity of those cells was examined.   84 

 85 

Materials and Methods 86 

Materials and reagents 87 

MRC-5 cells and the HCoV-229E strain were purchased from the American 88 

Type Culture Collection (ATCC; Manassas, Virginia, United States). All media 89 

ingredients and the XTT-based viability assay kit were purchased from Biological 90 

Industries (Beit HaEmek, Israel). CBD was purchased from Recipharm Israel (Ness 91 

Ziona, Israel). NT-VRL-1 was obtained from Eybna Technologies (Givat Hen, Israel). 92 

Glycyrrhizin was obtained from Penta International Corporation (New Jersey, USA) 93 

and pyrazofurin was purchased from Sigma (Jerusalem, Israel). 94 

 95 

Cytotoxicity of compounds 96 

MRC-5 cells were plated at 1 x 104 cells/well in 96-well plates in minimum 97 

essential medium Eagle (EMEM) supplemented with 10% fetal calf serum and then 98 

incubated at 37°C with 5% CO2. The next day, the medium was discarded and 100 µL 99 

of EMEM supplemented with 1% fetal calf serum was added to the cells, together 100 

with the compounds. The following concentrations were tested for each potential 101 

treatment.  CBD: 2 µg/mL, 5 µg/mL and 10 µg/mL. NT-VRL-1: 5 µg/mL, 10 µg/mL, 50 102 

µg/mL and 100 µg/mL. NT-VRL-1 + CBD: 10 µg/mL + 1 µg/mL and 10 µg/mL + 3 103 

µg/mL (respectively). Pyrazofurin: 2 µg/mL, 5 µg/mL and 10 µg/mL. Glycerrihizin: 100 104 
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µg/mL, 500 µg/mL and 1000 µg/mL. The cells were incubated for an additional 72 ± 2 105 

h at 34°C and 5% CO2. Finally, the cells were subjected to an XTT assay. Based on the 106 

results of this work, we determined the non-toxic concentrations of the compounds 107 

to be used in the efficacy evaluations: CBD (0.5 µg/mL and 1 µg/mL), NT-VRL-1 (2 108 

µg/mL, 5 µg/mL and 10 µg/mL), NT-VRL-1 + CBD ( 10 µg/mL + 1 µg/mL), pyrazofurin 109 

(5 µg/mL) and glycerrihizin (400 µg/mL). 110 

 111 

Efficacy of compounds - Cell pretreatment 112 

MRC-5 cells were plated at 1 × 104 cells/well in 96-well plates in EMEM 113 

supplemented with 10% fetal calf serum, and then incubated at 37°C and 5% CO2. 114 

The next day, the medium was discarded and 100 µL of EMEM supplemented with 115 

1% fetal calf serum was added to the cells, supplemented with the compounds at 116 

concentrations previously identified as nontoxic. The cells were incubated for 1 h at 117 

34°C and 5% CO2. Next, 1 µL of medium or virus at 100 times the concentration of 118 

the infective dose (1:340 dilution) was added to the cells. The cells were incubated 119 

for an additional 72 ± 2 h at 34°C and 5% CO2. Under an inverted microscope, a 120 

photograph was taken of the cells in each treatment at 24, 48 and 72 h post-121 

infection. A virus-induced cytopathic effect was observed in comparison with the 122 

parallel virus control and cell control. Finally, cells were subjected to an XTT assay.  123 

 124 

Efficacy of compounds - Virus pretreatment 125 

MRC-5 cells were plated at 1 × 104 cells/well in 96-well plates in EMEM 126 

supplemented with 10% fetal calf serum, and then incubated at 37°C and 5% CO2. 127 

The next day, 120 µL of EMEM supplemented with 1% fetal calf serum was added to 128 
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the wells, supplemented with the compounds at concentrations previously identified 129 

as nontoxic. The virus was mixed with the compounds in a U-shaped plate and then 130 

incubated for 1 h at 34°C and 5% CO2. Then, 1.2 µL medium or virus at 100 times the 131 

concentration of the infective dose was added to the wells. Next, 100 µL of the virus 132 

+ compounds mixture was added to the cells after medium was removed and the 133 

cells were incubated at 34°C and 5% CO2 for an additional 72 ± 2 h. Under an 134 

inverted microscope, photographs of the cells in each treatment were taken at 24, 135 

48 and 72 h post-infection. The virus-induced cytopathic effect was observed in 136 

comparison with the parallel virus control and cell control. Finally, cells were 137 

subjected to an XTT assay. 138 

 139 

Efficacy of compounds – Post-adsorption 140 

MRC-5 cells were plated at 1 × 104 cells/well in 96-well plates in EMEM 141 

supplemented with 10% fetal calf serum, and then incubated at 37°C and 5% CO2. 142 

The next day, medium was discarded and EMEM supplemented with 1% fetal calf 143 

serum was added to the cells with or without 1 µL of virus at 100 times the 144 

concentration of the infective dose. The cells were then incubated for 1 h at 34°C 145 

and 5% CO2. Then, medium was discarded and 100 µL of EMEM supplemented with 146 

1% fetal calf serum was added to the cells, supplemented with the compounds at the 147 

concentrations previously identified as nontoxic and 1 µL of media or virus at 100 148 

times the concentration of the infective dose. The cells were incubated for an 149 

additional 72 ± 2 h at 34°C and 5% CO2. Under an inverted microscope, photographs 150 

were taken of the cells in each treatment at 24, 48 and 72 h post-infection. The 151 
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virus-induced cytopathic effect was observed in comparison with the parallel virus 152 

control and cell control. Finally, cells were subjected to an XTT assay. 153 

 154 

XTT-based viability assay 155 

At the end of each incubation period, media was discarded from all wells and 156 

100 µL of fresh culture medium was added to the cells together with 50 µL of XTT 157 

reagent. OD was measured at 450 nm (after subtraction of the non-specific OD at 158 

620 nm). 159 

 160 

Results 161 

Cytotoxicity of compounds 162 

The non-cytotoxic concentrations of the various compounds were 163 

determined as the concentrations that did not lead to excess cell death, as compared 164 

to untreated cells. As shown in Figure 1, the non-toxic concentrations were: CBD ≤ 1 165 

µg/mL, NT-VRL-1 ≤ 10 µg/mL, pyrazofurin ≤ 10 µg/mL and glycyrrhizin ≤ 500 µg/mL. 166 

 167 

Efficacy of compounds - Cell pretreatment 168 

MRC-5 cells were pretreated with the compounds prior to inoculation with 169 

HCoV-229E. As shown in Figure 2, the viability of cells that were infected with HCoV-170 

229E, but otherwise untreated, was reduced to ~40% of the viability of the 171 

uninfected control cells. Pre-incubation of the cells with all of the compounds prior 172 

to virus inoculation rescued the cells and increased the level of cell viability. The 173 

combination of 10 µg/mL NT-VRL-1 with 1 µg/mL CBD was the most effective 174 

treatment associated with the highest level of cell viability (p < 0.001). This pattern 175 
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was also observed in terms of the cytopathic effect seen under the microscope after 176 

72 h. Swelling and clumping of the MRC-5 cells was observed 72 h after viral 177 

infection (Figure 3). Cell pretreatment with NT-VRL-1 alone (Figure 3C) or NT-VRL-1 + 178 

CBD (Figure 3D) before viral infection prevented a cytopathic effect. 179 

 180 

Efficacy of compounds - Virus pretreatment 181 

 HCoV-229E was incubated with the compounds before it was introduced to the 182 

MRC-5 cells. As shown in Figure 4, inoculation with HCoV-229E (pre-incubation with 183 

assay medium) reduced the viability to 80%. Pre-incubation of the virus with 10 184 

µg/mL NT-VRL-1 + 1 µg/mL CBD prior to its introduction to host cells elevated cell 185 

viability back to the level observed for the control (p < 0.001). In addition, virus 186 

pretreatment with NT-VRL-1 + CBD prevented a cytopathic effect after the cells were 187 

inoculated with the virus (Figure 5) 188 

 189 

Efficacy of compounds – Post-adsorption 190 

 When the compounds were added to the cells after virus adsorption, the 191 

viability of the HCoV-229E-infected cells was reduced to only ~70% of the control, as 192 

shown in Figure 6. Under these conditions, 10 µg/mL NT-VRL-1 + 1 µg/mL CBD 193 

prevented cell death and preserved a level of cell viability similar to that observed 194 

for the control (p < 0.001). Pyrazofurin at 5 µg/mL also enhanced cell viability (p < 195 

0.05) relative to the untreated, infected control. Similar results were observed in 196 

terms of the cytopathic effect after 72 h, at which point NT-VRL-1 by itself (Figure 197 

7C) and NT-VRL-1 + CBD (Figure 7D) both prevented cell damage. 198 

 199 

.CC-BY 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted March 2, 2021. ; https://doi.org/10.1101/2021.03.01.433501doi: bioRxiv preprint 

https://doi.org/10.1101/2021.03.01.433501
http://creativecommons.org/licenses/by/4.0/


10 
 

Discussion  200 

Human coronaviruses have presented a great burden to global health since 201 

the 1960’s (20). The development of novel, effective antiviral solutions with low 202 

toxicity and few side effects is a matter of great interest. Secondary plant 203 

metabolites such as terpenes and cannabinoids have been shown to have significant 204 

antiviral potential and low toxicity, making them good candidates for use as antiviral 205 

agents with minimal side effects (21).   206 

With global COVID-19 vaccination in its initial stages, the timeframe for full 207 

global vaccination is still unknown. Several population groups, such as the youngest 208 

age groups and people with health limitations, will take longer to vaccinate. 209 

Therefore, a preventative antiviral treatment to be used in conjunction with vaccines 210 

or even temporarily until vaccination or other alternatives become available would 211 

be valuable.  212 

The objective of this study was to evaluate the anti-viral activity of the NT-213 

VRL-1 terpene formulation, with and without CBD, against human HCoV-229E in 214 

human lung fibroblasts in vitro. In this study, we report the antiviral activity of the 215 

NT-VRL-1 terpene formulation and show that that activity was enhanced when it was 216 

applied together with CBD, suggesting either a synergetic or additive effect between 217 

the terpene formulation and CBD. Several studies have suggested that 218 

phytochemicals found in cannabis may be useful as potential anti-inflammatory 219 

agents (22, 23). Such activity may be particularly useful for controlling the cytokine 220 

storm syndrome and acute respiratory distress syndrome associated with COVID-19. 221 

This study is the first to test cannabis phytochemicals for use against a coronavirus.  222 
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Pyrazofurin, a natural antiviral compound that has been shown to be 223 

effective against SARS-associated coronaviruses (17), was used as positive control. 224 

Glycyrrhizin, which has been shown to have antiviral effect against SARS-associated 225 

coronaviruses (24), served as the second positive control.  226 

The mode of antiviral action of NT-VRL-1 was determined by the addition of 227 

the compounds to uninfected lung cells, before or after those cells were inoculated 228 

with HCoV-229E. The time-of-addition assays can help us to determine the point(s) 229 

at which our compound inhibits HCoV-229E replication.  230 

Our results demonstrate that NT-VRL-1’s antiviral effect was most 231 

pronounced in the pretreatment system, which may indicate that the compounds’ 232 

antiviral effect is based on the prevention of viral attachment and/or entry. Under 233 

these conditions, both CBD (at 0.5‒1 µg/mL) and NT-VRL-1 (at 2‒10 µg/mL) exhibited 234 

observable antiviral effects, as did the positive controls (pyrazofurin at 5 µg/mL and 235 

glycyrrhizin at 400 µg/mL). In addition, when CBD (1 µg/mL) and NT-VRL-1 (10 236 

µg/mL) were applied together, we observed a synergistic antiviral effect that was 237 

even stronger than that observed for the positive controls. 238 

Terpenes have been shown to have antiviral activity against SARS-CoV (17, 239 

19). However, in previous studies, the terpenes were added to the virus at the same 240 

time and no time-of-addition assays were performed. To the best of our knowledge, 241 

this is the first report on the antiviral mode of action of terpenes and CBD against a 242 

coronavirus.  243 

NT-VRL-1 exhibited an antiviral effect and should preferably be pre-incubated 244 

with cells prior to virus exposure. The combination of NT-VRL-1 with CBD amplified 245 

this antiviral effect. These results suggest that NT-VRL with or without CBD could be 246 
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useful as a preventative measure against coronaviruses. As the lungs are the organs 247 

most affected by COVID-19, preventative treatment directly to the lungs, possibly via 248 

inhalation, would be the ideal administration route for this potential therapeutic 249 

solution.  250 
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Figure Legends  332 

Figure 1: Cytotoxicity test. MRC-5 cells were treated with different concentrations of 333 

the compounds for 72 h. Cell viability was then determined using an XTT assay. 334 

Results represent mean percent viability ± SEM (n = 4). 335 

 336 

Figure 2: Protective effect of pretreatment of MRC-5 cells with the compounds 337 

against HCoV-229E infection. MRC-5 cells were first pretreated with different 338 

concentrations of the compounds for 1 h and then exposed to HCoV-229E for an 339 

additional 72 h. Cell viability was determined using an XTT assay. Results represent 340 

mean percent viability ± SEM (n = 4). Statistics are presented for each treatment 341 

compared to cells treated with HCoV-229E only. *p < 0.05, **p < 0.01 and ***p < 342 

0.001, according to a t-test. 343 

 344 

Figure 3: Effects of pretreatment of MRC-5 cells with terpenes and CBD on the 345 

replication and cytopathic effect of HCoV-229E. (A) Healthy MRC-5 cells, (B) MRC-5 346 

cells that had been pretreated with assay medium, photographed 72 h after 347 

inoculation with HCoV-229E, (C) MRC-5 cells that had been pretreated with 348 

terpenes, photographed 72 h after infection with HCoV-229E, (D) MRC-5 cells that 349 

had been pretreated with terpenes and CBD, photographed at 72 h after infection 350 

with HCoV-229E. 351 

 352 

Figure 4: Effect of pretreatment of HCoV-229E with the compounds on the viability 353 

of MRC-5 cells. HCoV-229E was treated with different concentrations of the 354 

compounds for 1 h and then incubated with MRC-5 cells for an additional 72 h. Cell 355 
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viability was determined using an XTT assay. Results represent mean percent viability 356 

± SEM (n = 4). Statistics are presented for each treatment relative to cells treated 357 

with HCoV-229E that had not been pretreated. *p < 0.05 and ***p < 0.001, 358 

according to a t-test. 359 

 360 

Figure 5: Effect of pretreatment of HCoV-229E with terpenes and CBD on its 361 

replication and cytopathic effect in MRC-5 cells. (A) Healthy MRC-5 cells, (B) MRC-5 362 

cells at 72 h after infection with HCoV-229E that had been pretreated with assay 363 

medium, (C) MRC-5 cells at 72 h after infection with HCoV-229E that had been 364 

pretreated with terpenes and(D) MRC-5 cells at 72 h after infection with HCoV-229E 365 

that had been pretreated with terpenes and CBD. 366 

 367 

Figure 6: Protective effects of compounds on MRC-5 cells after virus adsorption. 368 

HCoV-229E was first added to MRC-5 cells for 1 h. Then, different concentrations of 369 

compounds were added to the cells for an additional 72 h. Cell viability was 370 

determined using an XTT assay. Results represent mean percent viability ± SEM (n = 371 

4). Statistics are presented for each treatment relative to cells treated only with 372 

HCoV-229E. *p < 0.05 and ***p < 0.001, according to a t-test. 373 

 374 

Figure 7: Effects of terpenes and CBD applied post-infection on the replication and 375 

cytopathic effect of HCoV-229E in MRC-5 cells. (A) Healthy MRC-5 cells, (B) MRC-5 376 

cells at 72 h after infection with HCoV-229E, (C) MRC-5 cells that were pretreated 377 

with terpenes, photographed 72 h after infection with HCoV-229E and (D) MRC-5 378 
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cells that were pretreated with terpenes and CBD, photographed 72 h after infection 379 

with HCoV-229E.  380 

 381 
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Figure 1: 383 

 384 

Cytotoxicity test. MRC-5 cells were treated with different concentrations of the 385 

compounds for 72 h. Cell viability was then determined using an XTT assay. Results 386 

represent mean percent viability ± SEM (n = 4).  387 

  388 
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Figure 2: 389 

 390 

Protective effect of pretreatment of MRC-5 cells with the compounds against HCoV-391 

229E infection. MRC-5 cells were first pretreated with different concentrations of the 392 

compounds for 1 h and then exposed to HCoV-229E for an additional 72 h. Cell 393 

viability was determined using an XTT assay. Results represent mean percent viability 394 

± SEM (n = 4). Statistics are presented for each treatment compared to cells treated 395 

with HCoV-229E only. *p < 0.05, **p < 0.01 and ***p < 0.001, according to a t-test.  396 

 397 
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Figure 3:   399 

 400 

  401 

Effects of pretreatment of MRC-5 cells with terpenes and CBD on the replication and 402 

cytopathic effect of HCoV-229E. (A) Healthy MRC-5 cells, (B) MRC-5 cells that had 403 

been pretreated with assay medium, photographed 72 h after inoculation with 404 

HCoV-229E, (C) MRC-5 cells that had been pretreated with terpenes, photographed 405 

72 h after infection with HCoV-229E, (D) MRC-5 cells that had been pretreated with 406 

terpenes and CBD, photographed at 72 h after infection with HCoV-229E. 407 

 408 

 409 
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Figure 4: 411 

 412 

Effect of pretreatment of HCoV-229E with the compounds on the viability of MRC-5 413 

cells. HCoV-229E was treated with different concentrations of the compounds for 1 h 414 

and then incubated with MRC-5 cells for an additional 72 h. Cell viability was 415 

determined using an XTT assay. Results represent mean percent viability ± SEM (n = 416 

4). Statistics are presented for each treatment relative to cells treated with HCoV-417 

229E that had not been pretreated. *p < 0.05 and ***p < 0.001, according to a t-test.  418 

 419 
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Figure 5:   426 

 427 

  428 

Effect of pretreatment of HCoV-229E with terpenes and CBD on its replication and 429 

cytopathic effect in MRC-5 cells. (A) Healthy MRC-5 cells, (B) MRC-5 cells at 72 h after 430 

infection with HCoV-229E that had been pretreated with assay medium, (C) MRC-5 431 

cells at 72 h after infection with HCoV-229E that had been pretreated with terpenes 432 

and(D) MRC-5 cells at 72 h after infection with HCoV-229E that had been pretreated 433 

with terpenes and CBD. 434 
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Figure 6: 437 

 438 

Protective effects of compounds on MRC-5 cells after virus adsorption. HCoV-229E 439 

was first added to MRC-5 cells for 1 h. Then, different concentrations of compounds 440 

were added to the cells for an additional 72 h. Cell viability was determined using an 441 

XTT assay. Results represent mean percent viability ± SEM (n = 4). Statistics are 442 

presented for each treatment relative to cells treated only with HCoV-229E. *p < 443 

0.05 and ***p < 0.001, according to a t-test.  444 
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Figure 7:   452 

 453 

  454 

Effects of terpenes and CBD applied post-infection on the replication and cytopathic 455 

effect of HCoV-229E in MRC-5 cells. (A) Healthy MRC-5 cells, (B) MRC-5 cells at 72 h 456 

after infection with HCoV-229E, (C) MRC-5 cells that were pretreated with terpenes, 457 

photographed 72 h after infection with HCoV-229E and (D) MRC-5 cells that were 458 

pretreated with terpenes and CBD, photographed 72 h after infection with HCoV-459 

229E.  460 
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