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Abstract 
This study aimed determine the activity of aqueous and ethanolic extracts 
of Origanum vulgare against some viruses of veterinary importance (bovine 
viral diarrhea virus (BVDV), equine arteritis virus (EAV), equine influenza 
virus (EIV), feline calicivirus (FCV), canine distemper virus (CDV), canine 
adenovirus (CAV), and canine cororavirus (CCoV) by evaluating the possi-
bility of inhibition of viral particles production. The aqueous extract from 
1600 µg/mL did not show cytotoxicity for all cellular lineages evaluated, 
Madin Darby bovine kidney cells (MDBK), Rabbit kidney cells (RK 13), 
Madin Darby canine kidney cells (MDCK) and Crandell feline kidney cells 
(CRFK), and the ethanolic extract of Origanum vulgare was not toxic at 600 
µg/mL. The addition of aqueous extract of Origanum vulgare in media re-
sulted in a significant reduction of the EAV titer from 105.42 infecting dose 
for cellular culture at 50% (TCID50) to 102.09 TCID50/100 µL while in the 
presence of the ethanolic extract of Origanum vulgare in media resulted in a 
significant reduction of the EAV titer from 105.42 TCID50 to 100.79 TCID50/100 
µL. To CDV the addition of aqueous extract resulted in a reduction from 
102.00 TCID50 to 100.00 TCID50/100 µL while in the presence of the ethanolic 
extract titers were reduced from 102.00 TCID50 to 101.50 TCID50/100 µL. No sig-
nificant differences in titers regarding the others analyzed viruses were de-
tected. With respect to chemical analysis of the extracts of Origanum vulgare, 
were identified in the ethanol extract phenolics rosmarinic acid, caffeic acid, 
carnosol, p-coumaric acid, carnosic acid, luteolin, apigenin, kaempferol and 
quercetin. In aqueous extracts of Origanum vulgare were detected rosmarinic 
acid, p-coumaric acid carnosic acid, luteolin, apigenin, kaempferol and quer-
cetin. The data obtained stimulate other biological assays in order to deter-
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mine which compounds are responsible for the antiviral activity as well as 
which are the mechanisms involved. The results presented and the considera-
tions we were able to draw from them allowed us to conclude that the etha-
nolic extract of Origanum vulgare demonstrated lower cell viability than the 
aqueous extract and has significant antiviral activity against EAV and the 
both aqueous and ethanolic extracts have antiviral action against CDV. 
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1. Introduction 

Viral diseases are a challenge for human public health and the farming sector 
due to their clinical severity, the zoonotic character of some, as well as financial 
losses. While some diseases are controlled by vaccination programs [1] [2], oth-
ers do not have available vaccines in domestic market [3] [4]. The use of antivir-
al drugs for control and treatment is characterized by several restrictions such as 
reduced action spectrum, limited therapeutic utility, microbial resistance, high 
costs, and limited availability [4] [5]. It is difficult to develop new antiviral drugs 
mainly because of the nature of the viruses, which are totally dependent on cel-
lular metabolic processes to multiply and survive. As a result, the compounds 
that inhibit viruses or cause their death are also toxic to host cells, at different 
intensities [5] [6]. 

Several researches for the development of new antiviral drugs have been car-
ried out based on synthetic substances. However, great efforts have been made to 
evaluate the antiviral potential of natural products, in order to isolate and cha-
racterize new compounds. That can inhibit viral replication or be used as models 
of new molecules. Some extracts and essential oils of plants have been evaluated 
regarding their therapeutic potentiality, and many of them have shown promis-
ing biological activities [7] [8] [9] [10]. 

Among the various species of plants which are popularly used as an alterna-
tive to prevent and treat pathologies, Origanum vulgare stands out due to its re-
ported antibacterial and antifungal properties [11]-[18]. Origanum vulgare is a 
plant belonging to the family Lamiaceae (Labiatae) [19]. Cognized worldwide as 
a medicinal, natural antioxidants and flavoring plant, because of bioactive com-
ponents [20] [21] [22] [23] [24]. 

However, it is necessary to evaluate the antiviral potential of this plant, defin-
ing its specificity, toxicity and mechanism of action through in vitro and in vivo 
bioassays, besides identification of the chemical constituents responsible for the 
biological effects. This work aimed evaluate antiviral activity of ethanolic and 
aqueous extracts of Origanum vulgare against bovine viral diarrhea virus 
(BVDV), equine arteritis virus (EAV), equine influenza virus (EIV), feline cali-
civirus (FCV), canine distemper virus (CDV), canine adenovirus (CAV), and 
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canine cororavirus (CCoV), and identification of the chemical compounds. 

2. Materials and Methods 
2.1. Acquisition of Extracts 

For preparing the aqueous extract 25 g of dry leaves of Origanum vulgare were 
immersed in 250 mL of distilled water for one hour at 60˚C, under agitation. The 
extract was then filtered and the process was repeated twice. For obtaining the 
ethanolic extract, 35 g of dry leaves were added into 350 mL of ethanol for 24 
hours at 60˚C, under agitation. After filtering the aqueous and ethanolic extracts, 
their respective densities were calculated, according to the formula d = m/v. The 
extracts were then stored in hermetically sealed containers until use. 

2.2. Identification of Compounds in the Sample 

Chemical constitution was defined through high-performance liquid chromato-
graphy (HPLC) by using Varian Diode Array Detector (DAD). The reverse 
phase column C-18 (Phenomenex Gemini, 25 cm × 4.6 mm × 5 µm) was used 
for the separation of phenolic compounds. The column was maintained at 40˚C 
and analyzed for the following wavelengths of interest: 280, 300, and 320 nm. 
The injection volume was injection volume of 10 µL and the with flow rate of 1 
mL∙min−1. The mobile phases were water acidified with phosphoric acid and 1% 
methanol. Elution of the phenolic compounds was performed using the follow-
ing gradient mode: 0% - 15% B 2 min; 15% - 25% B for 5 min; 25% - 30% B for 
10 min; 30% - 35% B for 15 min; 35% - 50% B for 25 min; 50% - 60% B for 30 
min; 60%- 80% B for 35 min; 80% - 100% B for 45 min; and 100% - 5% B for 60 
min. The phenolic compounds were identified and quantified based on the 
analysis of patterns of phenolic compounds (Sigma-Aldrich, >98% purity) under 
identical analytical conditions used in the samples. The identification parameters 
applied were spectral similarity, matching the retention times and spectral purity 
of the peaks to the retention times of interest. The quantification was performed 
using external standards and 6-point dilution curves (done in triplicate) and a 
R2 > 0.9 for each individual pattern. 

2.3. Viruses and Cells 

EAV, EIV, FCV, CDV, CAV, and CCoV were propagated in cell culture as de-
scribed by Snijder and Meulenberg [25]. The strain Singer of BVDV was propa-
gated in Madin Darby bovine kidney cells (MDBK); EAV (strain Bucyrus) in 
Rabbit kidney cells (RK 13-ATCC® Number: CCL-37TM); EIV and CDV in Ma-
din Darby canine kidney cells (MDCK), while FCV and CCoV were propagated 
in Crandell feline kidney cells (CRFK). Viruses culture were frozen when full 
cytopathic effect (CPE) was observed, after thawing were clarified by centrifuga-
tion and the suspensions stored at −70˚C until use. The cells were cultured in 
Eagle’s medium (E-MEM) containing 10% fetal bovine serum (FBS), and peni-
cillin-streptomycin (Invitrogen, Gaithersberg, MD), at 37˚C and 5% of CO2. 
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2.4. Cytotoxicity 

The aqueous and ethanolic extracts were analyzed regarding toxicity in lineages 
MDBK, RK13, MDCK, and CRFK by determining the highest non-toxic dilution 
to be evaluated concerning antiviral action. The cells were cultured in micro-
plates at 37˚C with 5% of CO2 for 24 hours in E-MEM containing 10% of fetal 
bovine serum, in order to form the monolayers. E-MEM was removed and cells 
were treated with serial dilutions (in E-MEM) of the aqueous and ethanolic ex-
tracts of Origanum vulgare (from 1/10 to 1/5120). Cells treated only with 
E-MEM were used as control. Cellular viability was measured through MTT as-
say, after 72 hours, as described [26]. The percentage of viability was calculated 
as AT/AC × 100; where AT and AC are the rates of absorbance of treated and 
control cells, respectively. 

2.5. Screening for Antiviral Activity 

In order to evaluate the presence of antiviral activity, after removing the growth 
medium of the cellular monolayers, was carried virus titration, in absence or 
presence of each extract, at a concentration previously determined as non-toxic. 
Titrations were performed by Behrends & Kärber method [27], based on absence 
or presence of cytopathic effect. Reading was done after 72 hours and titer was 
determined as infecting dose for cellular culture at 50% (TCID50/100 µL). 

2.6. Statistical Analyses 

All assays described here were performed a minimum of three times and mean 
values ± SD (Standard Deviation) were calculated using Microsoft Excel®. Statis-
tical analyses were performed using a Fisher’s test and values were considered 
significant when p < 0.05. 

3. Results and Discussion 

Extraction resulted in density rates of 1.0002 g/cm3 for the aqueous extract and 
0.7846 g/cm3 for the ethanolic extract of Origanum vulgare. From this concen-
tration, serial dilutions were evaluated regarding toxicity in different cell lineag-
es. The determination of cytotoxicity is considered important in order to diffe-
rentiate cytopathic effect and toxic effect and to select potential vegetal extracts 
concerning toxicity. The MTT assay showed a decrease in the cellular viability 
that was proportional to the concentration evaluated in each extract. Absence of 
cytotoxicity was detected in the aqueous extract at the concentration of 1600 
µg/mL, in all lineages used. To the ethanolic extract cellular integrity and viabil-
ity near to 100% was only observed in the concentration at 600 µg/mL. These 
concentrations were used in the antiviral assays. 

The HPLC-DAD method identified similar phenolic and flavonoid com-
pounds in aqueous and ethanolic extracts of Origanum vulgare. The phenolic 
acids and diterpenes detected in the ethanolic were carnosic acid, carnosol, 
p-coumaric acid, rosmarinic acid and caffeic acid. Carnosol and caffeic acid were 
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not detected in the aqueous extract. The flavonoids quercetin, apigenin, luteolin 
and caempferol were present in both extracts. Chemical constituents here identi-
fied were also described in other study carried out with aqueous and ethanolic 
extracts of Origanum vulgare [28]. 

It is known that the solvent used for obtaining the extracts can also interfere 
in the kinds of chemical constituents, and this may result in different biological 
activities. Antiviral activity of the plant extracts obtained with different kinds of 
solvents such as hexane, ethanol and dichloromethane can be different [29]. 

Our analytic study was qualitative and the concentrations of the chemical 
constituents were not determined. Usually the active constituents in bigger con-
centrations are the responsible by antimicrobial effects. 

The results of the viruses’ titrations, in absence or presence of each extract, are 
shown in (Figure 1). The action of the aqueous and ethanolic extract of Origa-
num vulgare was particularly interesting to EAV, as the virus was almost com-
pletely inactivated in the presence of the extract. In the absence of the ethanolic 
extract EAV showed an average titer of 105.42 TCID50/100 µL and the titer was 
reduced to 100.79 TCID50/ 100 µL with the presence of these extract, indicating a 
strong antiviral action. The addition of aqueous extract of Origanum vulgare in 
media resulted in a significant reduction of the EAV titer from 105.42 TCID50 to 
102.09 TCID50/100 µL. When data were statistically analyzed, it was confirmed 
that EAV titers were significantly different (p < 0.05). Statistically significant re-
sults were also obtained to CDV titrated in the presence of the aqueous and 
ethanolic extracts of Origanum vulgare (Figure 1). The production of particles 
of BVDV, EIV, FCF, CAV, and CCoV was not significantly affected in the pres-
ence of the extracts. 

The mechanism of action of the aqueous and ethanolic extracts against EAV 
and CDV was not determined. It is known that antiviral action can differ to dif-
ferent viruses and even in different stages of infection; the action may be extra-
cellular, in the adsorption to the cells, intracellular, during the replication or also 
in the stage of liberation of the viral particles [30]. 

Moreover, some components described in extracts of Origanum sp. such as 
flavonoids and phenolic acids can present synergic or antagonistic effect in-
creasing or inhibiting biological potentiality [30] [31]. The synergic effect of the 
combination of quercertin and baicalein has been demonstrated against human 
cytomegalovirus (HCMV) [32]. 

Among the flavonoids present in the aqueous and ethanolic extracts of Ori-
ganum vulgare, quercetin has been described with antiviral activity [33] [34]. It 
has been suggested that the antiviral potential of quercetin is related to their 
ability to bind to glycoproteins on the viral envelope and thus interfering in the 
adsorption and penetration of the virus in the cell and also interfering with DNA 
synthesis [35]. 

It is possible that the compounds quercetin and/or baicalein are related to the 
antiviral action against EAV and CDV observed in this study. However, in the  
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Figure 1. Titers (TCID50/100 µL) of EAV, EIV, BVDV, FCV, CDV, CAV and CCoV in 
absence or presence of aqueous extract (1600 µg/mL) or ethanolic extract (600 µg/mL) of 
Origanum vulgare. 

 
present work, the antiviral activity against EAV was identified only with the 
ethanolic extract of Origanum vulgare. This suggests action by compounds ab-
sent in the aqueous extract (carnosol and caffeic acid). Regarding CDV, ethanol-
ic and aqueous extract resulted in reduction of production of viral particles. 
More studies will be carried out aiming to identify the compound or compounds 
responsible for the anti-EAV and anti-CDV activity and also to determine the 
mechanism of antiviral action. The results presented in this study give a rich, not 
yet reported date concerning the antiviral activities of Origanum vulgare, and 
are therefore a preliminary source of important scientific information that sti-
mulates future investigations. 

4. Conclusion 

The results presented and the considerations we were able to draw from them 
allowed us to conclude that the ethanolic extract of Origanum vulgare demon-
strated lower cell viability than the aqueous extract and has significant antiviral 
activity against EAV and aqueous extracts have antiviral action against EAV and 
both aqueous and ethanolic extracts have antiviral action against CDV. 
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