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Abstract
Background Feline Herpesvirus type-1 (FHV-1) is a worldwide spread pathogen responsible for viral rhinotracheitis 
and conjunctivitis in cats that, in the most severe cases, can lead to death. Despite the availability of a variety of 
antiviral medications to treat this illness, mainly characterized by virostatic drugs that alter DNA replication, their use 
is often debated. Phytotherapeutic treatments are a little-explored field for FHV-1 infections and reactivations. In 
this scenario, natural compounds could provide several advantages, such as reduced side effects, less resistance and 
low toxicity. The purpose of this study was to explore the potential inhibitory effects of the green tea extract (GTE), 
consisting of 50% of polyphenols, on FHV-1 infection and reactive oxygen species (ROS) production.

Results Crandell-Reese feline kidney (CRFK) cells were treated with different doses of GTE (10–400 µg/mL) during 
the viral adsorption and throughout the following 24 h. The MTT and TCID50 assays were performed to determine 
the cytotoxicity and the EC50 of the extract, determining the amounts of GTE used for the subsequent investigations. 
The western blot assay showed a drastic reduction in the expression of viral glycoproteins (i.e., gB and gI) after GTE 
treatment. GTE induced not only a suppression in viral proliferation but also in the phosphorylation of Akt protein, 
generally involved in viral entry. Moreover, the increase in cell proliferation observed in infected cells upon GTE 
addition was supported by enhanced expression of Bcl-2 and Bcl-xL anti-apoptotic proteins. Finally, GTE antioxidant 
activity was evaluated by dichloro-dihydro-fluorescein diacetate (DCFH-DA) and total antioxidant capacity (TAC) 
assays. The ROS burst observed during FHV-1 infection was mitigated after GTE treatment, leading to a reduction in 
the oxidative imbalance.

Conclusions Although further clinical trials are necessary, this study demonstrated that the GTE could potentially 
serve as natural inhibitor of FHV-1 proliferation, by reducing viral entry. Moreover, it is plausible that the extract could 
inhibit apoptosis by modulating the intrinsic pathway, thus affecting ROS production.
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Background
Herpesvirus infections are frequently reported for both 
humans and animals, with different degrees of sever-
ity. Feline Herpesvirus type-1 (FHV-1) is one of most 
common viruses associated with respiratory disease in 
domestic and wild felids [1]. Cats of every age and state 
of health are widely exposed, reaching prevalence rates 
of up to 97% [2]. FHV-1 is a double strand DNA virus 
belonging to Alphaherpesvirinae family that replicates 
in the epithelial cells of both conjunctiva and the upper 
respiratory tract [3]. Moreover, its tropism for neuronal 
cells causes lifelong infections in a latent phase (typi-
cally in trigeminus ganglia), with the potential of periodic 
reactivation, thus ensuring its survival in the host [3, 4].

FHV-1 is generally self-resolving in immune-compe-
tent cats but could lead to death in immune-depressed 
and debilitated ones (as cats with chronic diseases and 
with comorbidities). Significant repercussions can also 
be observed in kittens that have not completed the vac-
cination cycle or in wild cats not adequately weaned and, 
therefore, lacked colostral immunity [5].

Transmission among infected cats and susceptible ones 
mainly occurs by oral and nasal routes. Typical clinical 
signs, including sneezing, fever, ocular/nasal secretions 
(purulent in case of secondary bacterial infection) could 
be accompanied by oral and skin ulcers, and dermatitis 
[6]. In severe cases, FHV-1 pathogenic mechanism could 
lead to blindness, as well as chronic rhinosinusitis and 
neurological signs [7]. Moreover, this infection is also 
often associated with feline calicivirus (FCV) and other 
pathogens, causing multi-agent respiratory syndrome 
and worsening the clinical picture [8].

Despite the existence of safe and effective vaccines 
that should be boosted annually to at-risk cats (3 yearly 
intervals for indoor ones), FHV-1 continues to cause 
outbreaks, especially in kittens. According to specific 
guidelines, a supportive treatment consisting of fluids/
electrolytes administered by systemic route and broad-
spectrum antibiotics to prevent bacterial secondary 
infections, as well as eye drops/ointments are recom-
mended [8].

The most effective drugs for FHV-1 treatment are 
characterized by virostatic DNA analogues. These com-
pounds work as DNA polymerase inhibitors and affect 
chain termination of DNA replication [9]. Although a 
wide panel of antiviral treatments are available, famci-
clovir and cidofovir are the first-line treatment strategies 
to administer in cats with severe FHV-1. Nevertheless, 
these drugs’ effectiveness is doubtful since treatments 
for FHV-1 infection frequently rely on in vitro research, 
case-based reports, and veterinarian’s personal experi-
ence [5]. The ability of viruses to undergo mutations rep-
resents a further obstacle in fighting viral infections due 
to the development of drug resistance [10, 11].

Substances of natural origin have the potential to serve 
as an alternative to conventional pharmaceuticals in cases 
of resistance/ineffectiveness, also offering a complement 
in pharmacological therapy [12]. In recent years, natural 
remedies derived from medicinal plants have frequently 
been used for their antiviral activity against many infec-
tious diseases, including herpes simplex virus (HSV), 
even without any scientific evidence [13].

Green tea-based phytocomplexes, commonly pro-
cessed from the Camellia sinensis plant, are known to 
possess a wide range of antibacterial and anti-inflam-
matory properties, due to their polyphenols content 
known as catechins [14, 15]. Among them, (−)-epigallo-
catechin gallate (EGCG) has proven to interfere with the 
viral entry of the human immunodeficiency virus (HIV), 
HSV, influenza virus, as well as hepatitis C virus (HCV) 
[16–20]. Recent evidence suggests that viral infections 
often trigger oxidative stress (OS) in the host cells (as a 
result of antiviral immune system activation) and con-
temporary reduces its antioxidant defence [21]. More-
over, increased OS also contributes to the pathogenesis 
of viral infections as respiratory ones and influenza [22, 
23]. Therefore, green tea compounds could be beneficial 
in enhancing antioxidant defences, thus contributing to 
preserving cellular health.

Currently, the field of natural remedies against FHV-1 
infection is poorly investigated. Therefore, the novelty of 
this study stands in the investigation of the in vitro effec-
tiveness of GTE against FHV-1.

Results
Green tea extract (GTE) reduces viral titer during FHV-1 
infection
CRFK cells were exposed to seven different concentra-
tions of GTE. No significant reduction in cell viability 
was observed at 10, 25, 50, 75, 100 and 200 µg/mL of the 
extract, except for the highest dose tested (400  µg/mL, 
p < 0.05) (Fig. 1A).

The same GTE concentrations were used during 
FHV-1 infection for 24  h. Under these conditions, anti-
viral activity evaluated by TCID50 was observed at con-
centrations higher than 89.59  µg/mL, as evidenced by 
EC50 = 89.59  µg/mL (Fig.  1B). Real-time PCR on thymi-
dine kinase (TK) gene, involved in the early phases of 
viral replication, confirmed the efficacy of GTE in reduc-
ing viral titers, especially at 100, 200 and 400  µg/mL of 
GTE (p < 0.0001, Fig. 1C). As a result of the decrease in 
the viability when cells were exposed to the highest dose 
of GTE and due to EC50 value, subsequent experiments 
were carried out using 100 and 200 µg/mL of GTE.

GTE reduces FHV-1-induced apoptosis
In order to assess the efficacy of GTE to protect FHV-1 
infected cells from apoptosis, western blot assay was 
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performed to evaluate the expression of two anti-apop-
totic markers, Bcl-2 and Bcl-xL (Fig. 2A and B), together 
with Acridine orange (AO)/Propidium Iodide (PI) dual 
stain (Fig.  2C). Infected cells treated with 200  µg/mL 
of GTE showed a marked increase in the expression of 
both Bcl-2 and Bcl-xL proteins (p < 0.01 and p < 0.0001, 
Fig.  2B). Regarding the treatment with 100  µg/mL of 
GTE, a statistically significant increase in Bcl-xL was 
found (p < 0.0001), together with a similar a tendency in 
the case of Bcl-2 (p < 0.05) (Fig. 2B).

PI, which is taken up by nonviable cells and the ones 
with damaged membranes, was markedly observed in 
almost all cells infected with FHV-1. Indeed, infected 
cells exhibited a significant red staining compared to 
the overall population, indicating an apoptotic/necrotic 
response to FHV-1 stimulus. However, treatment with 
GTE at both tested doses increased the vital cell popula-
tion, thus resulting in markedly less apoptotic cells with 
respect to their total number.

Fig. 2 Green tea extract (GTE) activates the anti-apoptotic pathway during FHV-1 infection. (A) Representative western images of Bcl-2, Bcl-xL, and 
β-actin; (B) Densitometric analysis of Bcl-2 and Bcl-xL protein expression normalised toward β-actin. A representative actin has been inserted into the 
figure. Individual actins from each membrane, as well as full-size membranes, are available in the Supplementary Material. Results were expressed as 
means ± SD from three independent experiments (*p < 0.05; **p < 0.01; ****p < 0.0001); (C) Acridine orange (green) and Propidium iodide (red) dual stain, 
scale bar = 50 μm. Whole blots are available in the Supplementary file (Additional file 1)

 

Fig. 1 Antiviral activity of Green tea extract (GTE) against Feline Herpesvirus type-1 (FHV-1). (A) CRFK cell viability treated with increasing concentration 
of GTE; (B) EC50 of GTE calculated by TCID50 assay; (C) Real time PCR of FHV-1’s thymidine kinase gene conducted on supernatants. (*p < 0.05; ***p < 0.001; 
****p < 0.0001)
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GTE limits viral entry during FHV-1 infection
To assess whether GTE compromises viral entry and 
replication, western blot assay on specific proteins was 
performed. In particular, Akt 1/ 2 and p-Akt involved in 
viral entry, along with the viral glycoproteins gB and gI 
(Fig. 3A). GTE showed a significant decrease in p-Akt, gB 
and gI protein expression (p < 0.0001) after 24 h of treat-
ment compared to the FHV-1 infected cells (Fig. 3B).

The results from immunofluorescence supported the 
previous outcomes, indicating the effective suppression 
of viral replication by GTE. This result was evident from 
the lower green fluorescence observed in infected cells 
treated with GTE compared to the FHV-1 infected ones 
(Fig. 3C).

GTE protects FHV-1 infected cells against ROS production
Since polyphenols in GTE have notable antioxidant capa-
bilities, two distinct assays, namely DCFH-DA and total 
antioxidant capacity (TAC) assays, were used to detect 
reactive oxygen species (ROS). When exposed to a high 
concentration of ROS, DCFH-DA undergoes oxidation 
and transforms into the green fluorescent dye known 
as 2’-7’dichlorofluorescein (DCF). During FHV-1 infec-
tion, cells exhibited high levels of DCF, indicating an 
abundance of reactive oxygen species (ROS). In contrast, 

treatment with GTE at concentrations of 100 and 200 µg/
mL resulted in the restoration of fluorescence intensity to 
levels comparable to the control (Fig. 4A and B). Simul-
taneously, the oxidative environment caused by FHV-1 
infection significantly decreased the Trolox concentra-
tion (p < 0.01), i.e. the antioxidant standard used for TAC 
assay, and, as a result, exhibited an increased fluorescence 
(p < 0.01). The administration of GTE led to an increase 
in nmols of Trolox, suggesting a recovery in the antioxi-
dant equilibrium in the infected cells to those observed 
the control groups (Fig. 4C).

Discussion
Despite the existence of vaccinations to control viral 
spreading and mitigate the severe consequences of infec-
tion, FHV-1 remains prevalent among cats. Although a 
wide panel of antivirals is available, their efficacy is con-
sidered controversial [5]. In this scenario, the adoption 
of natural treatments could represent a valid option to 
extend the variety of therapeutic alternatives. This strat-
egy may improve the safety and tolerability of the antivi-
ral therapy [12].

Green tea-based products are one of the most used nat-
ural compounds employed for their biological activities 
and have been recognised for their medical applications 

Fig. 3 Green tea extract (GTE) reduces Feline Herpesvirus type-1 entry. (A) Representative western images of Akt 1/2, p-Akt, gB, gI, and β-actin; (B) Den-
sitometric analysis of p-Akt, gB, and gI protein expression normalised toward β-actin. A representative actin has been inserted into the figure. Individual 
actins from each membrane, as well as full-size membranes, are available in the Supplementary Material. Results were expressed as means ± SD from three 
independent experiments (****p < 0.0001); (C) Immunofluorescence staining of FHV-1 (green) and cell nuclei (DAPI, blue), scale bar = 50 μm. Whole blots 
are available in the Supplementary file (Additional file 1)
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for different type of diseases [15, 24]. The antiviral effi-
cacy of the green tea polyphenols against HSV-1, belong-
ing to the same family as FHV-1, has already been proven 
to effectively block HSV-1 viral particles without influ-
encing Vero cells viability [25]. Phytotherapeutics have 
not been extensively investigated for FHV-1 treatment 
despite their widespread use against several human 
viruses. In the current study, GTE reduced virus pro-
liferation, resulting well tolerated by CRFK cells when 
supplied with doses lower than 400  µg/mL. Moreover, 
GTE significantly reduced the viral titers, calculated by 
TCID50, obtaining the EC50 around 90 µg/mL.

In this research two pathways’ modifications have been 
investigated to highlight GTE interactions with FHV-1 
infection, i.e. apoptosis and PI3K (phosphatidylinositol 
3-kinase)/Akt /mechanistic target of rapamycin (mTOR) 
axis.

Virus infections trigger different types of programmed 
cell death through distinct signalling pathways, some of 
them involving caspases activation and thus leading to 
apoptosis and pyroptosis, others relying on necroptosis 
and ferroptosis [26]. According to the recent literature, 
FHV-1 is known to induce apoptosis by down-regulating 
Bcl-2 and Bcl-xL proteins expression over the 24 h post-
infection [27]. The expression of the above-described 
markers was comparable to control cells when GTE was 

supplemented. These beneficial effects of GTE may be 
ascribed to the modulation of the mitochondrial intrinsic 
pathway of apoptosis. In fact, the Bcl-2 protein family is 
widely recognised for its role in regulating the intrinsic 
pathway, with a significant influence on both cell sur-
vival and endoplasmic reticulum stress response [28]. 
Bcl-2 protein family regulates mitochondrial membrane 
permeabilization, influenced by oxidative balance [29]. 
In particular, Bcl-2 and Bcl-xL (Bcl-2 family members) 
inhibit apoptosis by preventing mitochondrial outer 
membrane permeabilization (MOMP) and cytochrome 
c release [30]. In this study, an overall rise in oxidative 
stress was detected in FHV-1 infected cells, accompa-
nied by a decrease in the total antioxidant activity. This 
condition could compromise both organelles and cell 
viability, predisposing to death. However, the oxidative 
damage induced by FHV-1 was lower in GTE treated 
cells. The antiviral properties of GTE are mostly related 
to the capacity of polyphenols to function as antioxi-
dants, preserving cellular membranes and inhibiting the 
binding/invasion of viruses into cells [31]. Therefore, 
we hypothesise a link between GTE antioxidant activ-
ity, and its beneficial effects on cell viability. Indeed, the 
increased expression of Bcl-2 and Bcl-xL proteins in cells 
treated with GTE suggests a mitigation of ROS accumu-
lation. Preserving the imbalance between generation and 

Fig. 4 Green tea extract (GTE) limits ROS production during Feline Herpesvirus type-1 (FHV-1) infection. (A) DCFH-DA (2’,7’-Dichlorofluorescin diacetate) 
stain, scale bar = 100  μm; (B) Fluorescence intensity quantification of DCFH-DA stain; (C) Total antioxidant capacity (TAC) relative to nmol of Trolox. 
(**p < 0.01; *** p < 0.001)
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scavenging of ROS, frequently associated with viral infec-
tions [21], is crucial for cellular processes like mitochon-
drial energy production, host defence, cellular signaling, 
and the regulation of gene expression [32–34].

Another pathway involved in FHV-1 pathogenesis and 
modified by GTE was PI3K/Akt/mTOR axis. Recently, 
its role in FHV-1 entry has been established [35]. In par-
ticular, the entry of FHV-1 has been related to the phos-
phorylation of Akt (p-Akt), that was already observed 
within few hours post-infection. In the present study, 
accordingly, infected cells exhibited the over expres-
sion of p-Akt (as a result of viral entry and its replica-
tion). Furthermore, a dose-dependent disappearance of 
Akt phosphorylation was detected when GTE was used. 
This was accompanied by a significant reduction in the 
expression of viral glycoproteins involved in intra-cellular 
spreading and fusion, i.e. gB and gI, highlighting the in 
vitro effectiveness of GTE to contrast viral entry and rep-
lication. Further evidence of reduced viral replication in 
GTE-treated cells was observed in immunofluorescence 
and real-time PCR. Specifically, we observed reduced 
levels of TK expression in GTE-treated cells, which in 
turn led to decreased expression in infected cells. While 
p-Akt was modulated, Akt expression did not exhibit 
modification following the treatment, indicating that 
this protein was not influenced by GTE. This outcome 
may probably be attributed to the GTE effects on FHV-1 
entry. According to the literature, GTE activity could be 
attributed to two main catechins contained in the green 
tea, the EGCG and (−)-epicatechin gallate (ECG). In fact, 
these compounds have already been found to successfully 
inhibit the proliferation of influenza virus, by altering its 
viral membrane, and its subtypes [19], as well as Zika 
virus [36] and chikungunya virus in vitro [37]. Accord-
ingly, it is hypothesised that EGCG and other phenolic 
compounds contained in the green tea act as antiviral 
agents by binding the virus and disturbing the endocytic 
pathway, so limiting the virus’s ability to enter cells in the 
early phases of infection [38]. In fact, it’s possible that the 
GTE polyphenols interfere with heparan sulfate activity 
of FHV-1, similarly to EGCG effects on HSV-1, influenza 
virus, HCV, HIV, and many others [39, 40].

Therefore, the hypothesis regarding the mechanism of 
action of GTE could be dualistic: on the one hand, GTE 
may counteract the viral entry thanks to the presence 
of catechins; on the other hand, it is plausible that the 
extract could inhibit the apoptosis modulating the intrin-
sic pathway by reducing the oxidative imbalance.

Although these results are encouraging, it is necessary 
to consider GTE pharmacokinetics in vivo. Previous stud-
ies have shown that catechins, and particularly EGCG, 
exhibit chemical instability, low membrane permeability, 
as well as rapid metabolism by the organism. As a conse-
quence, their bioavailability is limited [40]. However, the 

use of the GTE phytocomplex itself can work to improve 
the stability and synergize and/or potentiate the phar-
macological effects of ECGC. Numerous strategies have 
been improved to address this issue, including the use of 
delivery methods that can enhance stability [41].One of 
them has been the synthesis of a lipophilic EGCG deriva-
tive with higher affinity towards the cellular membrane 
[42]. Nevertheless, the possibility of using this extract for 
topical use or conveyed in the form of ophthalmic drops 
is not excluded. Therefore, toxicokinetic studies in cats 
are necessary to assess GTE safety when administered 
orally and applied at the corneal level.

The search for new compounds, both synthetic and 
natural, against viruses is a topic of debate very important 
to counteract viral spreading [43–45]. In fact, apart from 
a supportive therapy to control symptoms, the effective-
ness of antivirals in feline medicine is still debated [5]. 
In this perspective, natural substances as GTE could be 
considered an effective alternative therapy against FHV-1 
infection, providing usefulness in future pharmaceutical 
veterinary applications. also contributing to expanding 
antiviral mechanisms of action to counteract resistance 
as well as latency.

Conclusion
This study has shown that the tested GTE effectively lim-
its the proliferation of FHV-1 within the host cell in vitro. 
The mechanism by which this inhibition occurs is proba-
bly related to the antioxidant properties of this extract to 
counteract the apoptotic intrinsic pathway during FHV-1 
infection. Thus, natural anti-infective compounds green 
tea-based might pave the way for defeating the problem 
of drug resistance as well as provide effective and safe 
treatment of infections caused by FHV-1.

Methods
Cell culture, viral infection and GTE treatment
Crandell-Rees Feline Kidney (CRFK, ATCC) cells were 
cultured at 37  °C in 5% CO2 atmosphere in Dulbecco’s 
Modified Eagle’s Medium (DMEM, Corning) containing 
10% fetal bovine serum (FBS) and 1% antibiotics (Penicil-
lin-Streptomycin Solution, Corning). FHV-1 strain Ba/91 
(MOI 0.5) was added to the permissive cells at 80% con-
fluency. After 2  h adsorption, medium containing virus 
was replaced by DMEM with FBS 5% and incubated for 
24  h. Green tea extract (GTE) with 50% polyphenols 
(Italfeed) produced by Camellia sinensis was dissolved in 
DMEM, added to the cells, and kept in the medium dur-
ing the whole experiment, at ascending concentrations 
(10, 25, 50, 75, 100, 200 and 400  µg/mL), except in the 
Control cells.
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Cytotoxicity evaluation
Cytotoxicity of GTE was assessed by measuring mito-
chondrial metabolic activity by [3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyl tetrazolium bromide] (MTT) assay, 
which was conducted in the previously described con-
ditions in 96-well plates [46]. Briefly, MTT powder was 
dissolved in Roswell Park Memorial Institute (RPMI) 
medium (0.5  mg/mL), added to each well (100 µL) and 
incubated at 37  °C. After 4  h, 100 µL of dimethylsulf-
oxide (DMSO) were added in each well and the plate 
incubated at 37 °C for 10 min. MTT conversion in forma-
zan was assessed measuring the absorbance at 570  nm 
using a microplate spectrophotometer (Thermo Fisher 
Scientific).

Viral replication assessment (TCID50 and real time PCR)
After incubation with FHV-1 and ascending concentra-
tions of GTE, the supernatants of each experiment were 
collected and the Reed-Muench method was used to 
calculate the viral titer. The obtained data were used to 
calculate the EC50 by GraphPad Prism software. Doses 
higher than EC50 and not significatively influencing the 
cell viability, were used for the subsequent experiments.

Moreover, DNA isolated from aliquots belonging to the 
same supernatants, were used for gene expression analy-
sis. A SYBR-green (Bio-Rad) real-time PCR amplifying 
the TK gene (forward primer: 5’  T G T C C G C A T T T A C A 
T A G A T G G 3’; reverse primer: 5’ G G G G T G T T C C T C A 
C A T A C A A 3’), was carried out using the CFX96 Touch 
real-time PCR detection system (Bio-Rad) [47, 48]. Gene 
expression was measured using a standard curve gener-
ated by serial dilution of crude viral DNA.

Western blot analysis
Cell pellets from the experiments previously described 
were lysed with RIPA buffer supplemented with protease 
and phosphatase inhibitors (Roche). Equal amounts of 
total protein (25 µg) were loaded, separated on pre-cast 
acrylamide gels (Bio-Rad), and blotted on nitrocellulose 
membranes (Bio-Rad). These latter were incubated over-
night with a panel of primary antibodies (1:1000): FHV-1 
(Novus biological), Akt (Santa Cruz), p-Akt (Cell Signal-
ing Technology), Bcl-2 (Abcam), Bcl-xL (Cell Signaling 
Technology), β-Actin (Santa Cruz), and then incubated 
for 1  h with secondary peroxidase-conjugated antibod-
ies according to the species of the primary ones. Protein 
bands were detected with a ChemiDoc Imaging System 
(Bio-Rad) and protein expression levels were assessed 
by densitometric analysis using Image Lab software 
(Bio-Rad).

Immunofluorescence
After fixation and permeabilization of cell monolay-
ers properly treated, primary antibody against FHV-1 

(Novus Biologicals, mouse monoclonal) was incubated 
at + 4  °C overnight (dilution 1:400). Secondary labelled 
antibody (Anti-mouse secondary antibody, Alexa Fluor 
488) was incubated for 1 h at room temperature (dilution 
1:800). Cell nuclei were stained with 4′,6-diamidin-2-fe-
nilindolo (DAPI; Vector Laboratories). ZOE Fluores-
cent Cell Imaging System (Bio-Rad) was used for images 
acquisition.

Acridine Orange (AO)/Propidium iodide (PI) staining
Acrydine orange (AO)/propidium iodide (PI) double 
staining was used to measure apoptosis. After treat-
ments, cell monolayers were washed with PBS (1X), fixed, 
and incubated with a mix of Acridine orange hemi (zinc 
chloride) salt (Sigma) and PI (Thermo Fisher) for 15 min. 
After 3 washes with PBS (1X), images were acquired by 
ZOE Fluorescent Cell Imaging System (Bio-Rad).

DCFH-DA (2’,7’-Dichlorofluorescin diacetate) assay
Cell monolayers, appropriately treated, were incubated 
with DCFH-DA (10 µM) at 37  °C. After 30  min, they 
were washed twice with DMEM and once with PBS (1X). 
Images were acquired with ZOE Fluorescent Cell Imaging 
System (Bio-Rad). Subsequently, same cell monolayers 
were incubated on ice with RIPA buffer and centrifuged 
at 21,130 x g for 10  min at 4  °C. Fluorescence intensity 
(λex = 485 nm; λem = 530 nm) was measured in superna-
tants and normalised to total protein concentration.

Statistical analysis
All experiments were performed in triplicates. The 
GraphPad software version 8.0.2 was used for statistical 
analysis. Statistical differences among group were evalu-
ated by ordinary one-way ANOVA. Values of p < 0.05 
were considered statistically significant.

Abbreviations
FHV-1  Feline Herpesvirus type-1
GTE  Green tea extract
ROS  Reactive oxygen species
CRFK  Candrell-Rees Feline Kidney
MTT  3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2 H-tetrazolium 

bromide
TCID50  Tissue Culture Infectious Dose 50
gB  Glycoprotein B
gI  Glycoprotein I
Bcl-2  B-cell lymphoma 2
Bcl-xL  B-cell lymphoma-extra large
DCHF-DA  Dichloro-dihydro-fluorescein diacetate
TAC  Total antioxidant capacity
FCV  Feline calicivirus
HIV  Human immunodeficiency virus
HSV  Herpes simplex virus
HCV  Hepatitis C virus
EGCG  (−)-Epigallocatechin gallate
OS  Oxidative stress
PCR  Protein chain reaction
TK  Thymidine kinase
AO  Acridine Orange
PI  Propidium Iodide
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PBS  Phosphate-buffered saline
ECG  (−)-Epicatechin gallate
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