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ABSTRACT 

Bovine herpesvirus 1 (BHV-1) is a highly contagious viral pathogen which causes infectious bovine rhinotracheitis 

in bovine worldwide. Currently, there is no antiviral prophylactic treatment available capable of the complete cure of 

the viral disease and facilitating recovery from latent infection in animals. The present study aimed to evaluate 

antiviral activities of Water Green Tea Extract (WGE) and Ethanol Propolis Extract (EPE) against BHV-1 virus 

comparing to commercial Acyclovir (ACV) in vitro in Madin-Darby Bovine Kidney (MDBK) cell line and in vivo in 

rabbits as a laboratory animal’s model. The cytotoxicity assay was determined the safe dose of water green tea, and 

Ethanol propolis extracts and evaluated antiviral activity of each extract on infected MDBK with BHV-1. The fifteen 

rabbits were divided accidentally into five groups. Groups 1, 2 and 3 were inoculated with BHV-1 virus 107 

TCID50/250 ul in nostrils and received propolis ethanol, water green tea extracts and ACV antiviral for 7 dpi 

respectively. Group 4 was inoculated with BHV-1 virus 107 TCID50/250 ul in nostrils without extracts or 

commercial drug. Group 5 was considered as control negative. Results of in-vitro study showed water green tea, and 

ethanol propolis extracts were potent inhibitor on BHV-1, which showed 80% protection against this virus and 

dropped in viral titer more than ACV.  In vivo study of treated infected animals with WGE, EPE and ACV reduced 

clinical signs, elevated cytokines, and antibody production levels and failed re-isolated or detect DNA in blood or 

nasal samples swabs. Non treaded infected rabbits group developed respiratory clinical signs, humoral response and 

re-isolated BHV-1 and detected viral DNA of BHV-1 in blood, and nasal swabs from experimentally infected 

rabbits. In conclusion, propolis and green tea extracts were able to prevent virus replication and reduced CPE in 

MDBK cell cultures infected with BHV-1 and able to induce cytokines and antibodies levels production. 
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INTRODUCTION 

  

Bovine herpesvirus-1 (BHV-1) belongs to the Varicellovirus genus of the Alphaherpesvirinae subfamily within the 

Herpesviridae family (Diallo et al., 2011). The viral genome consists of double-stranded DNA that codes for about 70 

proteins, of which 33 are known to be structural and up to 15 are non-structural proteins (Muylkens et al., 2007). The 

viral glycoproteins are located in the envelope on the surface of the virion and play an important role in pathogenesis 

and immunity. BHV-1 can be differentiated into subtypes 1.1, 1.2a, 1.2b and 1.3 (Muylkens et al., 2007). BHV-1 is a 

cause of several infectious disease syndromes in cattle and buffaloes and occurs throughout the world  (Thakur et al., 

2017; OIE, 2018). BHV-1 is associated with major clinical syndromes namely, IBR, Infectious Pustular Vulvovaginitis 

(IPV) and Infectious Pustular Balanoposthitis (IPB) (Jones and Chowdhury, 2010; Pandey et al., 2014). BHV-1 is also a 

contributing factor in shipping fever, also known as bovine respiratory disease (Wentink et al., 2000).  This virus has 

worldwide economic impact on livestock industry(Kook et al., 2015). In Egypt, since 1960s, attention was drawn to 

BHV-1 as one of the most significant causes of great economic loss in feedlot and dairy farms, mainly due to death, 

abortion, weight loss, cost of treatment and prevention (Biswas et al., 2013; Zeedan et al., 2018). BHV-1 control in cattle 

is based on vaccination and hygienic measures for the herd cattle, quarantine for new cattle (Chung and Hemmatzadeh, 

2016; Zeedan et al., 2018). Therefore it becomes so urgent to develop a new-type of natural antiviral with high 

efficiency and low toxicity (Kuete et al., 2012; Yin et al., 2013; Chung et al., 2016).  New antiviral drug research is 

rapidly growing due to increasing resistance to current antiviral medications. Most antiviral drug research has focused on 

natural products (Cragg and Newman, 2013; Civitelli et al., 2014). One such product is propolis or bee glue (Vlietinck 

and Berghe, 1991; Yuqing et al., 2012). Propolis has many pharmacological properties and biological activities, such as 

anti-inflammatory, antibacterial, antifungal, antioxidant, anticancer, and antiviral effects (Zeedan et al., 2014). Propolis 

is a resinous material produced by bees that displays a variety of biological activities against viruses (Allison and Byars, 

1991). Many actions of propolis are still unknown. Hegazi et al. (2001) investigated the composition of propolis samples 
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collected from Upper Egypt. Propolis samples were investigated by GC/MS, 71 compounds were identified, 14 being 

new for propolis. Banisweif propolis is characterized by the presence of 7 caffeate esters and 4 triterpenoids. Fayoum 

propolis showed the highest amount of lactic acid and the presence of 3 chalcones. But Assiut propolis is characterized 

by the presence of 4 prenylated coumar-ates. Souhag propolis is characterized by the presence of 5 aliphatic dicarboxylic 

acids and some other new compounds to propolis. It has very complex  composition more than 300 components have 

already been identified, and depends upon the original source (Münstedt, 2019; Soós et al., 2019).  Propolis consists of 

complex chemical compounds, the most important group being phenolic acid components, which play a role in antiviral 

activity. It has been reported that constituents such as caffeic acid, p-coumaric acid, benzoic acid, galangin, 

pinocembrin, and chrysin may be effective against Herpes Simplex Virus in cell culture (Lirdprapamongkol et al., 2013).  

The green tea is a product of the plant Camellia sinensis (Araghizadeh et al., 2013). The flavonoids present in the 

green tea have two aromatic rings, A and B with hydroxyl groups (Vu et al., 2011). Most of the health benefits of green 

tea can be attributed to its polyphenols that comprise 25 to 35% in composition included polyphenols are best known for 

their diverse biological and pharmacological activities, including anti-oxidative (de Oliveira et al., 2015), anti-

proliferative (Yin et al., 2013) anti-inflammatory, antibacterial (Anita et al., 2014), and antiviral activities against 

different Ribonucleic Acid (RNA) and Deoxyribonucleic Acid (DNA) viruses (Araghizadeh et al., 2013).  

The green Tea extract inhibited the replication of influenza viruses by preventing acidification of intracellular 

compartment, such as lysosomes and endosomes (Matsusaki et al., 2016). The present study aimed to evaluate Antiviral 

activity of water green tea, and Ethanol propolis extracts against BHV-1 virus comparing to Acyclovir (ACV) in vitro in 

Madin-Darby Bovine Kidney (MDBK) cell culture and in vivo, experimentally BHV-1 infected rabbits by measuring 

Tumor Necrosis Factor-alpha (TNF-α), interferon gamma (IFN-γ), IL-2 cytokines and  antibody levels. 

 

MATERTIALS AND METHODS  

 

Ethical approval 

All samples were collected as per standard procedure without giving any stress or harm to the animals and the 

guidelines of the (NRC, 1996). The study was conducted according to Medical Research Ethical Committee Research, 

National Statement on Ethical Conduct in Human and animals Research at National Research Centre, Egypt under 

registration code # 19-134#. 

 

Preparation ethanol propolis extract  

Propolis was collected from beehives located in Egypt and stored at - 20
o 

C. The ethanolic extract was prepared as 

described by (Paulino de Souza et al., 2018).  Briefly, propolis samples were frozen at -24°C and a grinder was used to 

break them into small pieces. Two grams of propolis were shaken with 20 ml 70% ethanol/water (v/v) using a shaker for 

Propolis was ground and macerated with an extract solution containing absolute ethanol, using 10 minutes (min) daily 

agitation, for 10 days. The mixture was filtered using filter papers (Watman No: 1) to remove wax and bee parts. Then, 

the solvent was evaporated and the resulting dried matter was dissolved in phosphate buffer solution (pH 6.2), in a final 

concentration of 100 mg/ml (4%, w/v) of propolis, sterilized and stored at -20
o 
C   

 

Preparation of water green tea extract  

Dried green tea leaves were purchased from Herbal plants hopping market. Green plant extract was prepared 

according to Paulino de Souza et al. (2018), small pieces and extracted twice with sterile distilled water for 12 hours (h) 

at 80
o
C, at a ratio of 40 ml water to one g of the plant. Insoluble material was removed by filtration. The clear 

supernatant was concentrated by lyophilization, reconstituted with water to 100 mg/ml, sterilized and stored at -20
o
C 

until use. 

 

Standard drugs  

Acyclovir (Sigma, USA) was selected as a standard drug. It was dissolved in bi-distillated water before use (1 

mg/ml). Various concentrations of propolis and green tea, ranging from 0.5 to 512 μg ml–1, were used in the 

experiments. 

 

Titration of BHV-1 on Madin-Darby Bovine Kidney cell line  

Viruses were titrated in duplicate using MDBK tissue culture infectious dose of 50% (TCID50%). Briefly the 

original stock virus serial tenfold serial dilutions of virus were prepared in sterile vials ranged10
-1

 to 10
-9

 using 

maintenance medium 1% fetal bovine serum (FBS), 1000U/mL of penicillin  and streptomycin 10 μg/mL) were 

inoculated on ice block as to maintain the viability and titer of the BHV-1. Each virus dilution was distributed into 6 

wells (100 ul/well) of monolayer MDBK cells. The 96-well microtiter plate was incubated at 37
o
C with 5 % CO2 for 

three days till the appearance of the CPE. Determination of TCID50/ml was calculated according to the Lee et al. (2015) 
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Cytotoxic effect of propolis and green tea extracts, on Madin-Darby Bovine Kidney cell line 

The cytotoxicity of propolis and green tea were determined using a standard in vitro cytotoxicity procedure with 

minor modifications (Gavanji et al., 2015). Briefly, seven serial two-fold dilutions of extracts were prepared in 

maintenance media (2% FBS) and 100 ul of the diluted extracts were added to MDBK cells in a 96-microtiter plates. 

The plates were incubated for 72h. The media was removed from the microtiter plates, replaced with 100ul of MEM 

containing 50 ug/ml neutral red dyes and incubated for three h at 37
o
C. The dye solution was removed and replaced with 

200ul of a solution containing 1% acetic acid and 50% methanol to extract the dye and the plates were incubated for 20 

minutes at room temperature. The OD of the neutral red dye was read in a wavelength spectrophotometer at 550 nm. The 

cytotoxic concentration (CC50) was determined as the percentage change in OD and was calculated as follows: 1-[ODt / 

ODs] Multipy in 100 

 

Animals 

The experiment was carried out at National Research Centre, Dokki, and Giza, Egypt. Rabbits were housed in 

separate cages, fed on a balanced commercial ration, and water was available ad libitum, randomly divided into 5 groups 

then housed in wire cages, lighted for 24 h receiving feeding and water, used in experimental vaccine efficacy. Bleeding 

of the animals was performed by a puncture in the marginal ear vein after adequate restraint and disinfection of the area. 

Handling of rabbits and all experimental procedures were performed in compliance with the recommendations of the 

“Guide for the Care and Use of Laboratory Animals of the National Research Council (NRC, 1996). 

 

Detection of the antiviral effect green tea and propolis extracts against BHV-1 

Confluent monolayer (80-90 %) of MDBK cells was prepared in 96-well microtiter plate. Equal volumes (100 ul) 

of each extracts at the previously mentioned concentrations and 100TCID50/ml of BHV-1 (100ul) were added to the cell 

monolayer at the same time and the plate was incubated at 37
o
C and 5% CO2 for 3-4 days. The appearance of Cytopathic 

Effect (CPE) after 3-4 days was monitored. The plate was stained with neutral red dye like previously mentioned in 

cytotoxicity test and the effect of plants on BHV-1 virus replication was calculated from the following equations. Dan ve 

et al., (2002) Virus replication = [1-OD virus control] - [1- OD cell control]. Virus replication extract = [1-(OD virus+ 

extract)]-[1-OD cell control] Percentage of reduction= 1-[viral replication extract/viral replication] multiply 100 

 

Experimental design 

New Zealand White rabbits 7-8 weeks of age, with a weight of 1-1.5 kg (n-15) were divided into Five groups (each 

containing 3 rabbits), 3 group’ rabbits receiving intranasal doses of BHV-1 virus 10
7
 TCID50 /250 μL Group 1 was 

inoculated with the BHV-1 virus 10
7
 TCID50/250 ul in each nostrils and received propolis ethanol extract 50 ug /kg 

body weight for seven days post-inoculation, group2 inoculated with water green tea extract 50 mg/kg body weight for 

seven days post-inoculation and group3 inoculated with ACV antiviral drug 20mg/ kg body weight for seven days post-

inoculation.  Group 4 receiving intranasal doses of BHV-1 virus 10
7
 TCID50 /250 μL positive control and 5

th
-group, 

inoculated with 250 μL inoculated with sterile Phosphate Buffer Saline (PBS) kept as control negative. All animals were 

observed daily for clinical signs or abnormal observation, rectal temperatures were taken using a digital thermometer 

and nasal swabs were evaluated for re- isolation. Blood samples were collected from day zero (pre-inoculated), 3 h, 6 h, 

12 h, 1day, 2days, 3days, and every week until the end of the experiment. The experiment continue for five weeks, 

collected (One ml / rabbit) into Eppendorf tubes and allowed to clot at 37 
o
C for one h. Serum was separated by 

centrifugation then stored at -20
o
C until used. 

 

Enzyme-linked immunosorbent assay  

The indirect Enzyme-Linked Immunosorbent Assay (ELISA) technique was used for quantitative of IgG 

antibodies according to the method described by (Tary-Lehmann et al., 1998) with some modifications. Briefly, the 96-

well plates coated with inactivated purified BHV-1 antigen were incubated with diluted tested serum samples (1:100) 

were added wells and positive and negative control were included. Horseradish peroxidase-conjugated anti-rabbit IgG 

antibody at 1:200 dilution and incubated for one h at 37 ℃. OPD substrate incubated for 10 min in the dark at 20℃. The 

enzyme reaction was stopped by adding 100 μL of 1.25 mol/L H2SO4 per well and levels were read 

spectrophotometrically at 450 nm.  

 

Cellular immune response  

The blood samples were collected in sterile heparinized tubes from five groups at the 3h, 6h, 12 h, 1 day 2, 3, 4 and 

5 days after inoculation. Blood was used for separation of mononuclear leukocytes for the lymphocyte proliferation 

assay to measure the cellular immune response of rabbits against BHV-1 assayed for cytokines such as TNF-a, IFN-g 

and IL2 by Enzyme-linked immunosorbent assay. Briefly, a 96-well flat bottom was coated with capture antibody 

specific to each cytokine. The plate was washed and blocked and serially diluted specific standards were added to the 
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respective wells. Following a series of washing, the captured cytokine was detected using the specific conjugated 

detection antibody. The chromogen/substrate reagent was added into each well, and after color development, the plate 

was read at 450 nm using an ELISA reader. 

 

Re-isolation   

After treatment with propolis and green tea plant extract, samples were taken from nasal and conjunctival exudates, 

using a sterile cotton swab. The swab was transported to the laboratory in plastic vials with one mL of the transport 

medium (MEM serum-free medium supplemented with penicillin streptomycin-amphotericin (10 000 U/mL-10 μg/ mL-

0.25 μg/mL) and frozen at -70 ℃. Swabs were washed in medium, and then centrifuged for 20 min at 1500 rpm and the 

supernatant was filtered through a 0.45 µm membrane. Tenfold dilutions of the filtrate were then put in contact with 

MDBK cell monolayers previously cultured in 96-well plates to isolate and titrate the virus  according to (Chothe et al., 

2018; Valera et al., 2008). 

 

Extraction of viral DNA 

DNA was extracted using the commercially available DNA extraction kit (Qiagen, USA), as indicated in the 

manufacturer’s protocol. DNA extraction from the samples was extracted from harvested homogenate CAM with clear 

pock lesion and from supernatant culture of MDBK cell DNA was isolated using QIAamp DNA Mini Kit (Qiagen Ltd, 

USA). The DNA concentration and purification was measured using spectrophotometer and final elution of DNA was 

done in 50 uL of elution buffer and stored at -20 for long term use.  

 

Polymerase chain reaction  

PCR specific primers of BHV-1 were used glycoprotein B (gB) gene as target gene as protocol using by (Burleson 

et al., 1992; Suchard et al., 2012). To amplify the target sequence primers for BHV-1 glycoprotein B (gB) primers were 

(F, 5’-TGT GGA CCT AAA CCT CAC GGT-3’; R 5’- GTA GTC GACAG ACC CGT GTC- 3’), 1 μl (25 pmol) of 

each primers, 5 μl of the extracted DNA was added to 45 μl of PCR mix containing 2.5 U of Taq DNA polymerase, 5 μL 

of 10X PCR buffer, 1.5 μl of 50 mM MgCl2, 1 μl of 10 mM  of dNTPs  mix, The reaction was run under the following 

thermal cycling program: Pre-denaturing at 94°C/3 min; denaturing at 94°C/1 min, annealing at 60°C/1min, extension at 

72°C/1min repeated (35 cycles) followed by a final extension at 72°C for five min. Negative and positive control 

reactions were used. Agarose gel was performed according to (Sambrook et al., 1989). The DNA products were shown 

under Ultraviolet (UV) light of the PCR products in a 2% agarose with ethidium bromide (0.3 mg/ ml) and used ladder 

100 bp molecular weight markers.  

 

Pathological studies 

Tissue specimens were collected immediately from liver, kidney and spleen after euthanized of animal groups at 

the end of experiment then fixed in 10% formal saline. Dehydrated, cleared and embedded in paraffin blocks were done. 

Paraffin sections of 5 thickness were prepared, stained by H&E and examined microscopically for detection of 

histopathological alterations. 

 

Statistical analysis 

Antibody titers were compared using statistical analysis by SPSS software version 16. The data obtained in this 

study were analyzed using One-way ANOVA of the GenStat Release 12 Edition. Significant differences were 

determined by analysis of variance (ANOVA) and significant level at 95% (P<0.05) was determined 

 

RESULTS 

 

In vitro, cytotoxicity effect of water green tea extract, ethanol propolis extract and ACV on cultured MDBK at 

concentrations of 7.8 -125 μg mL
-1 

caused cell cytotoxic by different degree were cell rounding and clumping that could 

be considered toxic effect on cell cultures ranged from 30 to 80 % at levels ≥ 62.5 μg mL
-1 

on MDBK as in figure 1. The 

cytotoxicity test was performed on MDBK cells. The values of CC50 of water green tea, ethanol propolis extracts are 

expressed in μg / ml. Overall, the water green tea, ethanol propolis extracts showed nearly similar CC50 values, varying 

between 7.8 and 125μg/ml indicating that the toxicity of water green tea, ethanol propolis extracts are considered low at 

50 μg/ml (Figure 1). 

The ranges of antiviral effects of water green tea extract (WGE), Ethanol propolis extract (EPE) and ACV at 

concentrations on BHV-1 infected Madin-Darby Bovine Kidney (MDBK) cells culture. In vitro results showed the 50 ug 

ml
-1

 concentrations from different extracts and ACV inhibited BHV-1 at 90 to 100 %. However, Cytopatheic Effects 

(CPE) value reached 85 to 90 % in infected cell with BHV-1 as in figure 2. In vivo, experiment  all rabbits were 

inoculated with BHV-1 and treated with propolis extract, green tea extract and ACV drug for seven days post 
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inoculation  as in groups 1 2 and 3 revealed mild clinical signs than the 4
th

 group  inoculated with BHV-1 was showed 

sever clinical signs included depression, salivation, nasal discharge, rules, and convulsions. There were no deaths or 

clinical signs were observed in the non-infected control negative group 5. Rabbit's body temperatures in the negative 

control group were normal until the end of the experiment. The commercially antiviral drug ACV group showed raised 

body temperature peak on day three post-treatment (39.8 °C ± 0.566). The first group inoculated with BHV-1 and treated 

with propolis extract showed decreased body temperature (38.9 °C ± 0.456), but the lower temperature on day two post-

infection to (38.3± 0.325) as shown in figure 3. The clinical signs, body temperature, nasal and ocular discharge in all 

groups post-infected with virulent BHV-1  mild to moderate, body temperature change in groups 1, 2, and 3 with mild 

clinical signs after challenge. Control negative group inoculated with Phosphate-Buffered Saline (PBS) showed normal 

healthy rabbits. While the Group 4 rabbits were inoculated BHV-1 showed high body temperature and sever respiratory 

signs with nasal ocular discharge as shown in figure 3. 

 

 

 
Figure 1. The Cytotoxic Concentration (CC50) of water green tea, ethanol propolis extracts and ACV on Madin-Darby 

Bovine Kidney cell line. WGE: Water Green Tea Extract, EPE: Ethanol Propolis Extract, ACV: Acyclovir, MDBK: Madin-Darby Bovine 

Kidney cells  

 

 

 
Figure 2. Inhibatory effects of green tea and propolis extracts on BHV-1 propagated in Madin-Darby Bovine Kidney cell 

line. WGE: Water Green Tea Extract, EPE: Ethanol Propolis Extract, ACV: Acyclovir, MDB: Madin-Darby Bovine Kidney cells 
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Figure 3. Different clinical signs in rabbits experiential infected with bovine herpes virus -1 and treated with propolis 

extract, green tea extract and Acylovir drug 

 

In vivo experiment  

Administration of propolis and green tea extracts for seven days post inoculation resulted increase IL-2, IFN-γ and 

IFN-g cytokines respectively in propolis and green tea extracts treated rabbits at the seventh day from extracts 

administration in comparison to the control non-treated group negative group. marked increase in the levels of cytokines 

IL-2, and IFN-γ in serum and cellular levels of all BHV-1-infected groups either propolis treated (group 1)  and green tea 

treated (group 2) or untreated group (group 5). No differences were observed between the first
 
and the second groups in 

cytokines levels. The re-isolated virus in rabbit's excretion failed re-isolated BHV-1 from extract and ACV treated 

groups compared to control positive and negative as shown in figure 4. Results in figure (4A, B and C) showed 

decreased in levels of IL-2, IFN, and IFN-γ in BHV-1-infected group compared with postinfection treated groups 1 and 2 

with the propolis and green tea extracts significant at P≤ 0.05 observed between propolis and green tea extracts. The 

increased 10-20 fold in levels of IL-2, IFN and IFN-γ cytokines respectively comparison to the control negative group 5 

from 2
nd

 dpi to 5
th

 dpi as shown in figure 4.  

 

 

 
 

 

 
Figure 4. Effect of propolis and green tea extracts post infected treatment for seven days on cytokines production in 

experimentally infected rabbits with BHV-1.  
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Figure 5. Effect of  Green tea, propolis extracts and Acyclovir on antibody production in rabbits inoculated with BHV-

1. T: Significant between groups at t < 0. 05 using CI = 95 %. Different letters in the same row means significant changes at t< 0. 05. ** Highly 

significant at t<0. 01 by using CI = 99 % WGE: Water Green Tea Extract, EPE: Ethanol Propolis Extract, ACV: Acyclovir, MDBK: Madin-Darby 

Bovine Kidney cells 

 

 
Figure 6.  Histopathological finding in lung, liver, and kidney of experimentally infected rabbit with bovine herpes 

virus -1    
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The antiviral drug ACV induces antibody titer against BHV-1 lower than group of rabbits inoculated with BHV-1 

were treated with propolis and green tea extracts. All rabbits had no antibodies against BHV-1 at zero day before 

inoculation. All control negative groups remained seronegative during this time (Figure 5). 

The non-infected control negative group received Phosphate-Buffered Saline (PBS) showed no histopathological 

changes in the lung, liver, and kidney as shown in figure 5A, C, and G respectively. Histopathological changes in rabbit's 

organs receive the extracts post experiment infection with BHA-1, showed mild histopathological changes in the lung, 

liver, and kidney Lung, but in infected group inoculated with BHV-1 without treated with extracts or ACV showed sever 

congestion, and inflammatory reaction pulmonary edema, hemorrhage and hemosiderosis, liver showed hepatitis, 

leucocytic inflammatory cells and megakaryocytes in the hepatic sinusoids as well as apoptosis of hepatocytes, Kidney 

showed hypertrophy and hypercellularity of glomerular tuft as well as vacuolation of endothelial lining glomerular as 

shown in figure 5B, D, F and H (H&E, x200). 

 

DISCUSSION 

 

BHV-1 is a worldwide contagious disease of socioeconomic importance. In Egypt, BHV-1 has been reported in many 

provinces up-to-date. Therefore there is a need to continue research to control BHV-1. BHV-1 uses a variety of 

mechanisms to elude the host’s immune system, by spreading intracellularly; it can exist in the presence of virus specific 

antibodies (Ferrari et al., 2006). Furthermore, cell-mediated immune responses depressed as  a result of BHV-1 infection 

(Tardif et al., 2014). 

 It is a fact that the BHV-1 vaccination is the most efficient method to control and eradicates the disease in country 

with high seroprevalence. according to (Raaperi et al., 2014). But the risk of reversion to virulence, induction of latency 

of the vaccine strain and the inability to apply them to pregnant cows, due to the risk of inducing abortion (Jones and 

Chowdhury, 2010). Although there are antiviral drugs available for the treatment of herpes viruses. It is also reported 

that there is serious viral resistance to existing antiviral drugs (Wang et al., 2015).  

Increasing drug resistance in these infections stimulates the search for drugs that are more potent and easily 

accessible. Recently, purified natural products and herbal medicines provide a rich resource for novel antiviral drug 

development  (OIE, 2008; Romera et al., 2014 ), such as  propolis is a natural product safe for human and animal, it has 

been approved  as health food or medicine in many countries  (Baylor et al., 2002; Sforcin, 2007; Sivakumar et al., 

2011). Also, green tea had virucidal effect on BHV-1 (Hsieh et al., 2014).  

 The present study evaluated antiviral activities of water green tea extract, and Ethanol propolis extract against 

BHV-1 virus comparing to commercial ACV drug in vitro and in vivo. The cytotoxicity of water green tea extract, and 

Ethanol propolis extracts on MDBK at high concentration 125 ug ml
-1

, while they had low or absent of cytotoxic 

effect at 7.8  to 50 μg mL
-1

 or below means that’s extracts were considerable as a relatively toxic in figure 1 and this 

results was regarding with (Hegazi et al., 2001; Zeedan et al., 2014; Isidorov et al., 2016). 

The antiviral activity of propolis and green tea extracts on BHV-1 infected MDBK cells produced higher inhibitory 

effects on BHV-1 than ACV.  The antiviral activity of propolis and green tea had stronger effect on BHV-1 might be due 

to a major components of extracts that interfere in the replication by inhibiting protein synthesis. In addition, some 

components have been reported to inhibit the enzymatic activity, viral attachment and penetration as shown in figure 2 

shown, the results according with Kwak et al. (2004) and Kaihatsu et al. (2018) who suggested that epigallocatechin 

gallate (EGCG) (the primary catechin in green tea) used in potent and universal virus inhibitor among the natural 

catechins, directly interacting not only with various types of enveloped DNA, (+)-RNA, and (−)-RNA viruses, but also 

various types of cells. However, the propolis could be inhibit virus propagation through reduction of viral multiplication 

and induced  virucidal action (De Koeijer et al., 2008; Superti et al., 2008). The present work was aimed to evaluate 

antiviral effect of ethanol of propolis and green tea extracts on BHV-1 infected rabbits. Propolis and green tea were 

administrated either orally and by S/C injection at 7 dpi. In order assess the potential of this activities as a tool for BHV-

by PCR  and trials for re-isolated applied to show that couldn’t detect BHV-1 infected MDBK cells from nasal samples 

were collected from treated groups by extracts 7dpi. In contrast, the PCR products have weak yields or gave a negative 

result for treated groups with propolis and green tea extracts.  The density and characters of clinical signs between the 

control positive group which was infected with BHV-1 without treatment with extracts or drug as in figure 3. The 

highest potency of pro-inflammatory cytokines IL-2 and IFN-γ in sera of rabbits treated with propolis and green tea 

extracts at 7dpi. Th-1 cytokines, IL-2 and IFN-γ increased in propolis and green tea extracts -treated groups in 

comparison to those of the control group. IL-2, a cytokine secreted by type 1 helper T cells (Th1 cells), mediates cellular 

immunity. In addition, IL-2 can stimulate the production of immunoglobulins and promote the proliferation  as in figure 

4, differentiation of natural killer cells and protection rabbits against BHV-1 and decreasing shedding of virus (Mahan et 

al., 2016).  The antiviral property of polyphenols is due to their antioxidants nature, inhibition of the enzymes involved 

in viral replication and to their cell membrane disruption. First, the dimeric molecules, such as theaflavin and 

procyanidin B-2, generally displayed more potent antiviral activity against both influenza A and B viruses than the 
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catechin monomers. Second, the kaempferol for inhibition of influenza B virus indicated that the more planar flavonol 

structure with only one C-4′ phenolic hydroxyl group in the B ring is necessary for the anti-influenza B virus activity. 

The green tea polyphenols also blocked  viral penetration and binding to cells triggering the self-defense of the host cell 

influencing the activity of a variety of signal transduction pathways (Narotzki  et al.,  2012; Waters et al., 2016; Dhakal 

et al., 2018).  

 The antiviral drug ACV induces antibody titer against BHV-1 lower than group of rabbits inoculated with BHV-1 

were treated with propolis and green tea extracts. All rabbits had no antibodies against BHV-1 at zero day before 

inoculation.  All control negative groups remained seronegative during this time as in figure 5. 

Present results were confirmed by histopathological examination of rabbit’s lung, liver and kidney specimens 

collected from all scarified rabbit groups. Group 4 showed sever multiple focal areas of coagulative necrosis. While, the 

liver of treated  rabbits at 7 dpi in groups 1, 2 and 3 have less severe or mild  lesion represented by mononuclear cell 

infiltration in the portal areas and normal hepatocytes with mild portal congestion respectively as in figure 6. These 

results were in consistent with (Hashimoto et al., 2015).  Finally, propolis and green tea extracts have been proved to be 

effective against BHV-1 infection in vitro or in vivo, and stimulated production of cytokines and antibody against BHV-1 

in experimentally infected rabbits.  

 

CONCLUSION  

 

In vitro study the cytotoxicity of green tea and propolis extracts were found safe and have low cytopathic effects at dose 

ranged from 7.8 to 50 μg mL
-1

.  The green tea and propolis extracts had inhibitory effect on BHV-1similar and had 

more viricidal effect than antiviral drug Acylovir. Propolis and green tea extracts at 50 ug/ml could stimulat both 

humoral and cellular immune responses as well as increased pro-inflammatory cytokines such as TNF-a, IFN-g and IL2. 

They able to protect experimentally infected rabbits against BHV-1. The green tea and propolis extracts considered 

important sources for the development of new antiviral agents as an alternative to commercial antivirals drug uses. 
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