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“The cosmos is within us. We are made of star-stuff. We are a way for the universe to know 
itself.”  

Carl Sagan 
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Resumo 
 
 
 

da Fonseca, Renata Nobre. Efeitos antivirais, virucidas, imunomoduladores e 
antioxidantes dos extratos de Mimosa bimucronata, Luehea divaricata e 
Schinus terebinthifolius e de seus principais compostos fenólicos. 2025. 210f. 
Tese (Doutorado em Ciências) – Programa de Pós-Graduação em Veterinária, 
Faculdade de Veterinária, Universidade Federal de Pelotas, Pelotas, 2025. 

 
 

Os flavonoides são metabólitos secundários produzidos por plantas e reconhecidos 
por suas propriedades antioxidantes, anti-inflamatórias, antitumorais, e antivirais. 
Dentre os mecanismos de ação antiviral propostos, destacam-se a inibição da 
replicação viral, o bloqueio da entrada do vírus na célula hospedeira e a modulação 
da resposta imune.   O presente estudo experimental é pioneiro na avaliação dos 
efeitos antivirais e imunomoduladores de extratos etanólicos e hidroalcoólicos de três 
plantas do bioma Pampa: Mimosa bimucronata, Luehea divaricata e Schinus 
terebinthifolius, contra o herpesvírus bovino tipo 1 (BoHV-1) e o vírus da diarreia viral 
bovina (BVDV). Cinco dos seis extratos testados inibiram completamente os efeitos 
citopáticos virais, enquanto o extrato etanólico de Schinus terebinthifolius promoveu 
inibição parcial. A análise por LC-MS identificou 17 compostos fenólicos: ácido 3-
feruloilquínico, glucosídeo de ascorbila, catequina, procyanidina B2, galocatequina, 
epicatequina, procyanidina C1, rutina, procyanidina B1, apigetrina, quercetina 3,7-
diglucosídeo, miricetina 3-O-glucosídeo, isoquercetina, nictoflorina, tilirosídeo, 
quercetina e kaempferol, dentre os quais os flavonoides quercetina, kaempferol e 
tilirosídeo exibiram atividade antiviral relevante. A quercetina demonstrou efeito 
antiviral e virucida contra o BVDV, além de potente atividade antiviral contra o BoHV-
1. O kaempferol foi eficaz contra ambos os vírus, enquanto o tilirosídeo apresentou 
ação virucida seletiva contra o BVDV. A análise da expressão gênica por PCR em 
tempo real teve o objetivo de avaliar se atividade antiviral dos flavonoides estava 
associada à imunomodulação. Os resultados de demonstraram que os flavonoides 
foram capazes de reverter significativamente a expressão de IFNα, IFNγ e ISG15, a 
qual havia sido reduzida pela infecção com o BoHV-1 e BVDV. Essas citocinas 
desempenham papéis fundamentais na resposta antiviral do hospedeiro. Além disso, 
análises in silico por meio de docking molecular revelaram fortes interações entre a 
quercetina, o kaempferol e o tilirosídeo com proteínas virais do BoHV-1 e do BVDV, 
essenciais para o estabelecimento da infecção viral, sugerindo diferentes mecanismos 
de ação antiviral mediados por interações específicas com essas proteínas. Ademais, 
todos os extratos exibiram notável atividade antioxidante, incluindo a redução da 
peroxidação lipídica, a eliminação de radicais ABTS e DPPH e a capacidade redutora 
de íons férricos (FRAP). Com base em todas evidências reunidas, é possível sugerir 
uma ação antiviral multifacetada da quercetina, do kaempferol e do tilirosideo, 
ressaltando que seus efeitos antivirais decorrem de múltiplos mecanismos de ação 
atuando de forma sinérgica. Estudos futuros são necessários para analisar com maior 
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especificidade a atividade dessses compostos frente a cada vírus, de modo a 
subsidiar o desenvolvimento de terapias antivirais.  
 
 
 
Palavras-chave: Flavonoides; Kaempferol; Quercetina; Tilirosideo; Antioxidante. 
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Abstract 
 
 
 

da Fonseca, Renata Nobre. Antiviral, virucidal, immunomodulatory, and 
antioxidant effects of Mimosa bimucronata, Luehea divaricata, and Schinus 
terebinthifolius extracts and their main phenolic compounds. 2025. 210f. Thesis 
(Doctor degree in Sciences) – Programa de Pós-Graduação em Veterinária, 
Faculdade de Veterinária, Universidade Federal de Pelotas, Pelotas, 2025. 
 
 
Flavonoids are secondary metabolites produced by plants and are recognized for their 
antioxidant, anti-inflammatory, antitumoral, and antiviral properties. Among the 
proposed antiviral mechanisms of action, viral replication inhibition, blockage of viral 
entry into host cells, and modulation of the immune response stand out. This 
experimental study is the first to evaluate the antiviral and immunomodulatory effects 
of ethanolic and hydroalcoholic extracts from plants of the Pampa biome: Mimosa 
bimucronata, Luehea divaricata, and Schinus terebinthifolius against bovine 
herpesvirus type 1 (BoHV-1) and bovine viral diarrhea virus (BVDV). Five of the six 
tested extracts completely inhibited viral cytopathic effects, while the ethanolic extract 
of Schinus terebinthifolius showed partial inhibition. LC-MS analysis identified 17 
phenolic compounds: 3-feruloylquinic acid, ascorbyl glucoside, catechin, procyanidin 
B2, gallocatechin, epicatechin, procyanidin C1, rutin, procyanidin B1, apigetrin, 
quercetin 3,7-diglucoside, myricetin 3-O-glucoside, isoquercetin, nictoflorin, tiliroside, 
quercetin, and kaempferol, among which the flavonoids quercetin, kaempferol, and 
tiliroside exhibited significant antiviral activity. Quercetin demonstrated both antiviral 
and virucidal effects against BVDV, as well as potent antiviral activity against BoHV-1. 
Kaempferol was effective against both viruses, whereas tiliroside showed selective 
virucidal action against BVDV. The analysis of gene expression by real-time PCR 
aimed to determine whether the antiviral activity of flavonoids was associated with 
immunomodulation. The results demonstrated that flavonoids were able to significantly 
restore the expression of IFNα, IFNγ, and ISG15, which had been downregulated by 
BoHV-1 and BVDV infection. These cytokines play fundamental roles in the host 
antiviral response. Moreover, in silico analyses through molecular docking revealed 
strong interactions between quercetin, kaempferol, and tiliroside and key viral proteins 
of BoHV-1 and BVDV, essential for viral infection establishment, suggesting distinct 
antiviral mechanisms of action mediated by specific interactions with these proteins. In 
addition, all extracts exhibited remarkable antioxidant activity, including the reduction 
of lipid peroxidation, scavenging of ABTS and DPPH radicals, and ferric reducing 
antioxidant power (FRAP). Based on the body of evidence gathered, a multifaceted 
antiviral action of quercetin, kaempferol, and tiliroside is suggested, emphasizing that 
their antiviral effects result from multiple mechanisms acting synergistically. Further 
studies are needed to assess the specificity of these compounds against each virus, 
in order to support the development of flavonoid-based antiviral therapies. 
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1 Introdução 
 
 

Ao longo da história, diversas plantas com propriedades bioativas têm sido 

reconhecidas e utilizadas na medicina, destacando-se os flavonoides como uma das 

classes de metabólitos secundários de origem vegetal mais estudadas, com cerca de 

10.000 compostos distintos (DIXON et al., 2010; ZAKARYAN et al., 2017). Os 

flavonoides são comumente encontrados em flores, folhas e sementes, e 

desempenham papeis essenciais na defesa contra patógenos, insetos e estressores 

ambientais como a luz UV (LATTANZIO et al., 2013; ZHANG et al., 2013), além de 

apresentarem um amplo espectro de atividades biológicas, incluindo propriedades 

anti-inflamatórias, antioxidantes, antibacterianas, antivirais, anticancerígenas e 

neuroprotetoras (IRANSHAHI et al., 2015; KHAN et al., 2013; NABAVI et al., 2015; XIA 

et al., 2010; GORLACH et al., 2015). 

Desde os primeiros estudos que investigaram o potencial antiviral de extratos 

vegetais contra o vírus da influenza A em ovos embrionados (CHANTRILL et al., 1952), 

o interesse científico tem crescido de forma significativa. Até maio de 2020, mais de 

mil estudos sobre as atividades antivirais in vivo e in vitro de centenas de flavonoides 

haviam sido publicados (WANG et al., 2020). Embora muitos desses trabalhos incluam 

vírus que infectam animais, a maior parte das revisões disponíveis na literatura 

científica concentra-se em vírus de relevância para a saúde humana. Essa lacuna 

evidencia a necessidade de avaliações mais abrangentes sobre o potencial antiviral 

dos flavonoides frente a vírus de importância veterinária.  

Entre os vírus de maior importância econômica na medicina veterinária, 

destacam-se o vírus da diarreia viral bovina (BVDV) e o herpesvírus bovino tipo 1 

(BoHV-1), ambos responsáveis por expressivas perdas produtivas e financeiras em 

nível global, principalmente em decorrência de doenças respiratórias e falhas 

reprodutivas (BROCK et al., 2020; FAROOQ et al., 2019; GOMEZ-ROMERO et al., 

2021; HASHEMI et al., 2022; ORTIZ-GONZÁLEZ et al., 2022; SILVA et al., 2021; SU 

et al., 2023). O BVDV, pertencente ao gênero Pestivirus da família Flaviviridae, pode 
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gerar prejuízos econômicos de até US$ 687,8 por animal afetado. Já o BoHV-1 

integrante da subfamília Alphaherpesvirinae, está associado a perdas estimadas em 

até US$ 509 por animal (SIMMONDS et al., 2017; TIKOO et al., 1995; RICHTER et 

al., 2017; CAN et al., 2016). Embora existam tratamentos antivirais eficazes para vírus 

humanos e veterinários geneticamente relacionados ao BVDV e BoHV-1 

(BUCKWOLD et al., 2003; RUSSEL et al., 2018; VAN CROMBRUGGE et al., 2024; 

BAUMERT et al., 2019; SAUERBREI et al., 2016; MAXWELL et al., 2017; THOMASY 

et al., 2016), as decisões de tratamento em rebanhos bovinos são, em geral, 

orientadas por critérios econômicos. Diferentemente do que ocorre com seres 

humanos e animais de companhia, nos quais prevalecem considerações ligadas ao 

bem-estar. Esse cenário reforça a importância do desenvolvimento de alternativas 

terapêuticas eficazes e financeiramente viáveis para uso na produção animal.  

Nesse contexto, os produtos naturais constituem uma fonte promissora para a 

descoberta de novos medicamentos, sendo responsáveis por 28,65% dos 185 

antivirais aprovados mundialmente entre 1981 e 2019 (NEWMAN et al., 2020; ZHAO 

et al., 2023). As plantas, em particular, destacam-se pela produção de uma ampla 

variedade de metabólitos secundários, que atuam por múltiplos mecanismos, 

tornando-os candidatos relevantes para o desenvolvimento de novas terapias 

antivirais (THOMAS et al., 2021; PONTICELLI et al., 2023). Paradoxalmente, estima-

se que apenas 15% das espécies vegetais tenham sido submetidas à análise 

fitoquímica e apenas 6% tenham sido avaliadas quanto ao seu potencial 

farmacológico, indicando um vasto campo ainda inexplorado (FABRICANT & 

FARNSWORTH, 2001; NEWMAN et al., 2020; VERPOORTE, 1998; OLIVEIRA et al., 

2012). 

O Brasil, reconhecido como um país megadiverso, abriga mais de 40 mil 

espécies de plantas distintas distribuídas entre seus seis biomas continentais 

(OLIVEIRA et al., 2021). Apesar dessa extraordinária biodiversidade, o 

desenvolvimento de medicamentos à base de plantas nativas brasileiras ainda é 

limitado (CALIXTO, 2019). O bioma Pampa, que ocupa cerca de 176.496 km² do 

território nacional, abriga mais de 3 mil espécies vegetais, entre elas Luehea 

divaricata, Mimosa bimucronata e Schinus terebinthifolius, plantas do bioma Pampa 

conhecidas regionalmente como Açoita-cavalo, Maricá e Aroeira-vermelha, 

respectivamente (ROESCH et al., 2009; DA SILVA MENEZES et al., 2018; NAGEL et 

al., 2015; BACKES, 2014). 
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Abordar a pesquisa e a utilização de plantas como fonte para a descoberta de 

compostos antivirais voltados à medicina veterinária é um desafio que exige esforços 

coordenados para consolidar o conhecimento existente e avançar em novas 

abordagens experimentais. Com esse propósito, este trabalho teve como objetivo, 

primeiramente, realizar uma revisão de literatura abrangente sobre os estudos 

científicos disponíveis que investigaram a atividade antiviral de flavonoides contra 

vírus que infectam animais. Além disso, foram avaliadas as propriedades virucidas, 

antivirais, imunomoduladoras e antioxidantes de Luehea divaricata, Mimosa 

bimucronata e Schinus terebinthifolius e de seus principais compostos fenólicos frente 

ao BVDV e ao BoHV-1, por meio de abordagens in silico e in vitro. 
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Abstract 

 
Flavonoids, plant-derived compounds widely recognized for their antioxidant, anti-
inflammatory, and anticancer properties, also exhibit significant antiviral effects against various 
animal viruses. This review highlights the promising antiviral mechanisms of flavonoids, which 
include disrupting viral replication, blocking cell entry, and modulating immune responses. 
Notably, flavonoids like quercetin, kaempferol, and genistein have been shown to effectively 
inhibit viruses of veterinary importance, such as African Swine Fever Virus (ASFV), Porcine 
Epidemic Diarrhea Virus (PEDV), and Infectious Bronchitis Virus (IBV), among others. 
Although most studies demonstrate efficacy in vitro, the limited in vivo research underscores 
the need to further explore flavonoids’ antiviral potential in real-world applications. The 
immunomodulatory effects observed in some cases, where flavonoids regulate cytokine 
expression and reduce inflammation, suggest a dual action that could benefit both antiviral and 
anti-inflammatory responses. This body of research suggests that flavonoids could provide an 
option for managing animal viral infections. Yet, standardized methodologies and more in vivo 
studies are needed to validate these findings for veterinary use. 

 

Keywords: plant-derived compounds; immunomodulation; virus; veterinary
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1. Introduction 

Throughout history, numerous bioactive plants have been recognized and employed in 

the field of medicine (43). Among these, flavonoids stand out as one of the most extensively 

researched classes of plant-derived specialized metabolites, with an estimated 10,000 distinct 

compounds (44). 

Flavonoids are commonly found in the flowers, leaves, and seeds of plants, where they 

serve essential roles in defense against pathogens, insects, and environmental stressors such as 

UV light (3,4). Also, a broad spectrum of biological activities has been described for flavonoids, 

including anti-inflammatory, antioxidant, antibacterial, antiviral, anticancer, and 

neuroprotective activities (5,6,7,8,9).  

 Groundbreaking research first assessed the antiviral potential of plant extracts, 

screening 288 extracts against influenza A in embryonated eggs (10). It is reported that, up to 

May 2020, over 1000 studies on the -)!=-=* and -)!=-'&* antiviral activities involving hundreds 

of natural flavonoids were documented in scientific journals (11). While most review studies 

have primarily concentrated on viruses significant to human health (43,11,45,46), a more recent 

review addressed viruses relevant to veterinary medicine, although its scope was limited to 

swine species (47).  

This underscores a notable gap in the current literature and highlights the need for a 

more comprehensive evaluation of flavonoids with antiviral activity across a broader spectrum 

of viruses relevant to veterinary medicine. Addressing this gap will require integrated research 

strategies, combining systems biology, computational pharmacokinetics, and innovative drug 

delivery platforms to accelerate the clinical translation of promising flavonoid candidates. 

Central to this effort is the identification of key metabolic pathways and molecular targets 

modulated by flavonoids, which can inform their rational development as antiviral agents 

(46,48,49). 

Thus, this review aims to broaden that scope, examining the antiviral properties and 

mechanisms of flavonoids against a broader range of viruses significant in veterinary medicine. 
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1.1 Flavonoid classification, structural features, and biosynthesis 

Flavonoids represent a vast group of specialized plant secondary metabolites 

characterized by a common C6–C3–C6 carbon skeleton. They are broadly categorized into 

flavonols, flavones, flavanones, catechins, anthocyanidins, dihydroflavonols, isoflavones, and 

chalcones, depending on the oxidation level and substitution pattern on the heterocyclic C-ring 

(3,4). These structural variations define their physiological roles and interactions within plant 

systems and with external stimuli. Notably, flavones and flavonols differ by the presence of a 

hydroxyl group at the 3-position, which is absent in flavones (50). Recent classifications 

emphasize the integration of genomic and metabolite profiling, enhancing the understanding of 

functional diversity in flavonoid classes (51,52). Substitution patterns, such as hydroxylation, 

glycosylation, methylation, and acylation, significantly affect the biological properties of 

flavonoids (53,54). Moreover, recent research has identified specific transcription factors 

involved in regulatory pathways that directly contribute to these structural traits and their 

subsequent bioactivity (55). 

The biosynthetic route of flavonoids originates from the phenylpropanoid pathway, 

where phenylalanine is converted into p-coumaroyl-CoA via the actions of phenylalanine 

ammonia lyase (PAL), cinnamic acid 4-hydroxylase (C4H), and 4-coumarate: CoA ligase 

(4CL). This intermediate is then condensed with malonyl-CoA by chalcone synthase (CHS) to 

produce naringenin chalcone, a central precursor (56). Initially, naringenin can be converted 

into other flavanones through the action of flavanone 3′-hydroxylase (F3′H) or flavanone 3′,5′-

hydroxylase (F3′5′H). Subsequently, flavone synthase (FNS) transforms flavanones into 

flavones. In parallel, isoflavone synthase (IFS) directs a portion of flavanones into the 

isoflavone biosynthetic pathway. Additionally, dihydroflavonols (DHFs) are produced from 

flavanones via the catalytic activity of flavanone 3-hydroxylase (F3H), and these DHFs serve 

as central precursors for the synthesis of flavonols, anthocyanidins, and flavanols (57,58). 

Currently, metabolic engineering of flavonoid pathways has gained significant attention 

as a strategy to enhance the accumulation of specific flavonoid compounds. By manipulating 

and regulating key genes and transcription factors involved in these pathways, it is possible to 

overcome rate-limiting steps in various plant species (59). For example, synthetic biology 

platforms using microbial hosts have successfully reconstituted flavonoid biosynthesis through 

heterologous expression of CHS, CHI, F3H, and FNS, allowing for the industrial-scale 

production of bioactive flavonoids (60,61). 
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1.2 Pharmacokinetics and clinical translation of flavonoids 

 

The clinical application of flavonoids is hindered by their suboptimal pharmacokinetic 

properties, including poor absorption, variable distribution, rapid metabolism, limited 

excretion, and potential toxicity, which show considerable variation across different flavonoid 

classes (62 p. 20). Among the key factors influencing their bioavailability and chemical stability 

is the flavonoid chemical structure itself. In particular, specific substitutions on the core 

flavonoid skeleton play a crucial role in modulating their absorption, metabolism, and tissue 

distribution (63,64). For instance, there is debate over whether the glycosylated forms of 

flavonoids, which are the most common in nature, are more efficiently absorbed than their 

aglycone counterparts (65,66). In general, flavonoid metabolism involves two main 

compartments. The first includes the liver, small intestine, and kidneys, where the initial 

conjugation phase occurs. The second compartment is the colon, which contributes to further 

metabolism, particularly through microbial activity. Flavonoid aglycones are extensively 

conjugated by enzymes during and after absorption, forming glucuronidated, methoxylated, and 

sulfated metabolites. This high degree of biotransformation suggests that the biological activity 

of flavonoids is more likely due to these metabolites rather than the free aglycone or its original 

glycosylated form (66,67). The conjugation process, particularly for flavonoids like catechins, 

is thought to begin in the intestinal cells by adding a glucuronide group. After conjugation, the 

molecule binds to albumin and is transported to the liver. In the liver, further modifications 

occur by adding methyl or sulfate groups, or both. These transformations help prolong the 

presence of flavonoids in circulation and are believed to reduce potential toxic effects by 

slowing their elimination (66,68).  Recent studies demonstrated that, in humans, quercetin and 

kaempferol are glucuronidated in the liver, reducing their capacity to cross cellular membranes 

and interact with target proteins (69,70). 

However, research on the pharmacokinetics of flavonoids in veterinary species is scarce. 

Studies in dogs, for instance, have demonstrated that quercetin glycosides exhibit variable 

absorption patterns depending on their chemical structure, with quercetin aglycone showing 

better systemic availability compared to its glycosidic counterparts (71). Similarly, the 

pharmacokinetics of citrus flavanones in beagles revealed rapid absorption but limited plasma 

half-life, indicating the necessity of repeated dosing or modified-release formulations (72). In 

a more recent investigation, tricin showed distinct pharmacokinetic behavior in animals 

compared to humans, highlighting the need for species-specific dosing strategies (73). 

Moreover, nutraceuticals such as Phycox®, which contain flavonoid-rich extracts, have also 
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been evaluated in dogs, though quantifying individual flavonoid metabolites remains a 

challenge due to low systemic concentrations (74). 

To address the pharmacokinetic limitations of flavonoids, researchers have explored 

advanced delivery systems such as nanoformulations, liposomal carriers, and metal complexes 

to improve their solubility, stability, and target specificity (56,75,76). Nevertheless, despite 

encouraging -)! =-'&* and preclinical findings, the clinical translation of flavonoids remains 

challenging. This is due to suboptimal pharmacokinetics, inconsistent efficacy among different 

populations, and a lack of standardized formulations.  

2. Methodology 

 A systematic approach was employed to conduct a comprehensive literature review on 

the antiviral effects of flavonoids against animal viruses, utilizing both PubMed and Scopus 

databases. The research was carried out up to April 9, 2025, ensuring the inclusion of the most 

recent findings. The methodology involved several key steps: developing a search strategy, 

executing database searches, screening and selecting studies, extracting and synthesizing data, 

and presenting the results and discussion. 

The search strategy was structured around the keywords "flavonoid" and "antiviral", 

which were combined using the Boolean operator "AND" to refine the query for titles, abstracts, 

or keywords, formatted as follows: (antiviral [Title/Abstract/Keywords]) AND (flavonoid 

[Title/Abstract/Keywords]). This query was executed in both databases without filters, in order 

to capture a broad and inclusive range of studies. 

The screening and selection process consisted of carefully evaluating abstracts obtained 

from the initial search results. Inclusion criteria required that studies investigate one or more 

individual flavonoid compounds for their antiviral activity against viruses affecting animals. In 

contrast, exclusion criteria were applied to studies that (i) investigated only full extracts (e.g., 

ethanolic, hydroalcoholic, aqueous), even if those extracts contained flavonoids, or (ii) focused 

solely on immunomodulatory effects without assessing direct antiviral activity.  

  The data extraction and synthesis were performed by thoroughly reviewing each paper, 

organizing findings by species, virus, and compound class.  The results and discussion sections 

of this work were structured around the presentation of the observed outcomes, followed by an 

analysis and comparison of findings across different studies.  
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3. Results and discussion 

 The initial search on PubMed and Scopus databases resulted in 746 and 2,685 results, 

respectively. After meticulously examining the results and excluding studies that did not meet 

the inclusion criteria, 73 studies were selected (Figure 1). Among these, 46 were related to 

livestock animal viruses, 15 to avian viruses, 6 to companion animal viruses, and 6 to fish 

viruses. The year of publication of the selected studies varies from 2000 to 2025. Table 1 

summarizes the data obtained regarding animal species, viruses, and flavonoids. The scientific 

classification of the viruses was based on the most recent update of the International Committee 

on Taxonomy of Viruses (ICTV - https://ictv.global/).  

 

 

Figure 1 - Overview of the research criteria and selection process. Figure created using 
Biorender (https://www.biorender.com/). * 

 

https://www.biorender.com/
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Table 1. Detailed description of viruses and associated flavonoid compounds for the studies included in this review.  
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EGCG: Epigallocatechin gallate; ECG: Epicatechin gallate; EGC: Epigallocatechin; DHM: Dihydromyricetin.
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 As described in Table 1, the selected studies encompassed 35 different viruses belonging 

to 21 distinct viral families. Among these viruses, 14 infect livestock species, 10 infect avian 

species, 6 infect fish, and 5 infect companion species. Of the 35 viruses, 26 have RNA genomes, 

while 9 are DNA viruses. Additionally, 26 of these viruses are enveloped. Regarding flavonoid 

compounds, the 73 selected studies evaluated 47 different molecules. The most frequently 

studied was quercetin, evaluated in 10 studies, followed by baicalin (8 studies), kaempferol (7 

studies), genistein and EGCG (6 studies), luteolin (5 studies), and baicalein (4 studies). Also, 

among the 47 flavonoids, 16 belong to the flavonols subclass, 11 to the flavones subclass, 6 to 

the flavanols subclass, 4 to the isoflavones subclass, 5 to the flavanones subclass, 1 to the 

anthocyanidins subclass, and 4 to the chalcones subclass.    

 The following subsections will describe the reported antiviral activity, hierarchized by 

the viral genome and animal species.  

!"#$%&'$()*+,-,$

!"#"#$./0123)/3$,1-4)-, $

3.1.1.1 Feline calicivirus!(FCV) 

Feline calicivirus is a highly contagious and mutagenic virus commonly found in 

domestic cats (148). The clinical presentation of FCV infection is variable and may include 

upper respiratory tract disease (URTD), lingual ulcers, gingivostomatitis, and limping 

syndrome. In more severe cases, infection with virulent systemic FCV can lead to extensive 

clinical signs such as alopecia, ulcerations, and necrotizing pododermatites (149). Currently, 

treatment is limited to supportive care, as there are no approved antiviral drugs for FCV (150). 

In light of the urgent need for effective therapeutic options, recent studies have explored the 

antiviral potential of various natural compounds against FCV.   

The antiviral effect of ten flavonoids: epigallocatechin gallate (EGCG), epicatechin 

gallate (ECG), quercetin, daidzein, fisetin, baicalein, kaempferol, biochanin A, ribavirin, 

theaflavin digallate, and theaflavin was tested against FCV using Crandell Reese Feline Kidney 

(CRFK) cells. Among them, kaempferol and daidzein (200 µM) significantly reduced FCV 

titers by 69.8 % and 63.4 %, respectively. At 300 µM, quercetin, daidzein, and fisetin also 

significantly reduced FCV titers by 56.1 %, 50.8 %, and 41.8 %, respectively. EGCG (100 µM) 

significantly reduced FCV titer by 47 %. The treatments only reduced FCV titer when CRFK 

cells were pre-treated for 24 hours. Neither the post nor the co-treatment significantly reduced 
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FCV titer. In addition, the pre-treatment with ECG, baicalein, biochanin A, theaflavin digallate, 

and theaflavin was ineffective in reducing the FCV titer even at the highest concentration (300 

µM) (97). 

 

3.1.1.2 Feline infectious peritonitis virus (FIPV)  

 
Feline infectious peritonitis virus (FIPV) is the causative agent of feline infectious 

peritonitis (FIP), a fatal systemic disease that develops when feline enteric coronavirus (FECV), 

typically associated with mild enteric symptoms, mutates within the host to acquire macrophage 

tropism and systemic dissemination (151). Clinically, FIP presents in two main forms: an 

effusive (wet) form, characterized by serous effusions in body cavities, and a non-effusive (dry) 

form, marked by granulomatous lesions in organs such as the liver, kidneys, central nervous 

system, and eyes (152). Although nucleoside analogs such as GS-441524 have demonstrated 

high therapeutic efficacy in experimental and field studies (153), challenges including limited 

availability, high cost, and lack of regulatory approval in some regions, persist. Thus, recent 

research has turned to alternative antiviral candidates, with baicalin emerging as a particularly 

promising compound due to its significant -)!=-'&* activity against FIPV (100).   

The antiviral efficacy of nine compounds against FIPV was evaluated in CRFK cells 

through cytopathic effect (CPE) observation and the CCK-8 assay. Maximum non-toxic 

concentration (MNTC) and 50% cytotoxic concentration (CC₅₀) were calculated using cell ratio 

(CR)-based analysis. All compounds, including the positive control GS-441524, displayed 

dose-dependent cytotoxicity. Antiviral activity was assessed by co-incubating each compound 

with 100 median tissue culture infectious dose (TCID#$). Among the test agents, five 

compounds (dihydrotanshinone I, tanshinone IIA, puerarin, matrine, and ligustrazine 

hydrochloride) showed <20% inhibition, and chlorogenic acid, glycyrrhizic acid, and caffeic 

acid showed 20–50% inhibition. Baicalin alone achieved a significant inhibition rate of 79.5%. 

Dose-response analysis revealed effective concentration 50% (EC₅₀) values of 20.8 μg/mL for 

baicalin. Baicalin's selectivity index (SI) was calculated as 5.5, surpassing the screening 

thresholds (Maximum inhibition rate > 50%, SI > 3 (100).  

To elucidate its mechanism of action, baicalin’s effects were examined through three 

assays: replication inhibition, adsorption inhibition, and direct viral inactivation. In the 

replication inhibition assay (FIPV 100 TCID#$/0.1 mL), baicalin was added at various time 

points post-infection. It significantly inhibited viral replication by >50% within the first 8 h, 

but this effect diminished after 10 h. In the adsorption inhibition assay, baicalin pre-treatment 
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before viral exposure (FIPV 100 TCID#$/0.1 mL) showed a time-dependent increase in 

inhibition but remained below 50%, indicating limited efficacy in blocking viral attachment. In 

contrast, the direct inactivation assay, where baicalin was co-incubated with FIPV before 

infecting cells, demonstrated a time-dependent virucidal effect, with inhibition rates 

consistently >50% and nearing 100% at 150 min (100).  

To assess baicalin’s effect on FIPV-induced apoptosis, CRFK cells infected with FIPV 

(100 TCID#$/0.1 mL) were treated with baicalin (2 mg/mL), and apoptosis was analyzed 24 

hours post-infection (hpi) using the Annexin V-FITC/PI assay. Baicalin treatment significantly 

reduced early apoptosis compared to the virus control group. No late apoptosis was observed, 

likely due to the short infection period (100).  

Moreover, using network pharmacology, molecular docking, and 4D-LFQ proteomics, 

AKT1 was identified as a central target in baicalin’s antiviral pathway. Further analysis showed 

that baicalin regulated the PI3K-AKT signaling pathway, leading to the upregulation of key 

survival proteins (EGFR, PI3K, Bcl-2) and the downregulation of pro-apoptotic markers 

(cleaved caspase9, Bax) (100). 

3.1.1.3 Canine distemper virus!(CDV) 

Canine distemper is a significant infectious disease affecting domestic dogs globally 

and continues to be a leading cause of illness and death in shelter environments (154). Caused 

by the highly contagious canine distemper virus, the infection often results in severe 

multisystemic illness, primarily involving the gastrointestinal, respiratory, and nervous 

systems. Among the clinical manifestations, neurological complications are the most critical 

determinants of prognosis and recovery. As there is currently no specific antiviral treatment for 

CDV, management relies on supportive care (155).  

! The antiviral property of flavonoids against CDV was investigated (136,137). One study 

evaluated the anti-CDV activity of quercetin, morin, rutin, and hesperidin individually (137), 

while another study evaluated the anti-CDV effect of quercetin, naringenin, and pinocembrin 

both individually and combined (136). Both studies were conducted -)!=-'&*!using Vero (African 

green monkey kidney) cells.  

A time of addition assay was conducted as follows: -1 h (pre-treatment), 0 h 

(adsorption), 1 h (penetration), and 2 h (intracellular) to determine which step of the viral cycle 

was affected (137). Vero cells were infected with serial dilutions of CDV and treated with 15 - 

80 µg/mL of each flavonoid. The results were expressed in effective concentration 50% (EC#$) 
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and SI. In the first study, quercetin significantly reduced viral titer at times 0 (EC#$%11.7 µg/mL 

and SI 9.9), 1 h (EC#$%12.7 µg/mL and SI 9.1), and 2 h (EC#$%13.9 µg/mL and SI 9.3). Morin 

had a significant antiviral effect at times 0 (EC#$%34 µg/mL and SI 5.8) and 1 h (EC#$%40.8 µg/mL 

and SI 4.8). Rutin and hesperidin reduced the viral titer significantly at times 0 (EC#$%10.4 

µg/mL and SI 15 for rutin; EC#$%11 µg/mL and SI 14.8 for hesperidin) and 1 h (EC#$%13.4 µg/mL 

and SI 11.6 for rutin; EC#$%13.9 µg/mL and SI 11.8 for hesperidin). Also, hesperidin exhibited 

a significant antiviral effect at 2 h (EC#$%21.6 µg/mL and SI 7.6) (137). 

Another study infected cells with CDV and treated them with quercetin (2.5 µg/mL), 

pinocembrin (40 µg/mL), or naringenin (40 µg/mL). Two methods were used to evaluate the 

antiviral property: MTT colorimetric assay and RT-qPCR (CDV N protein). The cell viability 

was significantly higher within the group where the cells were simultaneously infected and 

treated with each of the three flavonoids, individually or in combination. The mRNA relative 

expression of CDV N protein was not affected by any of the three flavonoids tested individually 

or combined (136). 

Interestingly, quercetin was shown to reduce the CDV viral titer (136,137) but did not 

decrease the CDV N protein mRNA expression (136). This suggests that quercetin may inhibit 

viral replication not by suppressing transcription of the CDV N protein but by interfering with 

post-translational processes (156)These divergent results can be explained by the concentration 

of the molecule, experimental methodology, and the timing used to evaluate quercetin's antiviral 

property.  

3.1.1.4 Canine coronavirus!(CCoV)!

Canine coronavirus primarily affects the gastrointestinal tract of dogs, causing mild to 

moderate enteric disease (157). Despite its usually self-limiting nature, CCoV co-infection with 

other pathogens like canine parvovirus can lead to severe outcomes. Supportive therapy remains 

the primary treatment, and continuous monitoring and molecular surveillance are crucial due to 

the virus's capacity for recombination and interspecies transmission (158,159).  

The anti-CCoV effect of cyanidin was evaluated -)!=-'&* using CRFK cells (99). The 

antiviral activity of this flavonoid was assessed by infecting cells with CCoV (multiplicity of 

infection of 1) (MOI = 1) and incubating for 1 h, then the inoculum was removed, and cells 

were treated with the compound at 25, 50, and 200 µg/mL for 24 h. Afterwards, the supernatant 

was collected and titrated by plaque assay. The results demonstrated that cyanidin reduced 
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infectivity of CCoV in a concentration-dependent manner with EC#$ (µg/mL) of 7.7 % and SI 

26 (99). 

3.1.1.5 Canine influenza virus (CIV - H3N2)  

Canine influenza virus (CIV) subtype H3N2, an avian-origin influenza A virus, is a 

highly contagious respiratory pathogen that has adapted to dogs through interspecies 

transmission (160). Infected dogs typically exhibit coughing, nasal discharge, fever, and in 

more severe cases, pneumonia. The virus replicates efficiently in the respiratory epithelium and 

is shed for several days (161). Vaccination is available as a preventive measure (162). 

Rhamnocitrin was evaluated for its antiviral effects against the influenza 

A/Aichi/2/1968 (H3N2) virus -)!=-'&* (135). CCK-8 assay was conducted treating Madin-Darby 

canine kidney (MDCK) and human lung adenocarcinoma (A549) cells with rhamnocitrin for 

48 h.  Results confirmed that rhamnocitrin was non-cytotoxic at 100 μM in both cell lines, 

which was subsequently used for further experiments. Subsequently, MDCK cells were treated 

with rhamnocitrin or oseltamivir following H3N2 inoculation (100 TCID#$/100 µL). In the CPE 

inhibition assays, rhamnocitrin displayed an inhibitory concentration 50% (IC#$) of 2.3 μM. 

The plaque reduction assay revealed a dose-dependent reduction. At three tested concentrations, 

rhamnocitrin achieved inhibition rates of 99.3% ± 0.5%, 97.5% ± 1.1%, and 76.6% ± 1.9%, 

which were comparable to oseltamivir’s inhibition of 99.58% ± 0.10%. Rhamnocitrin also 

significantly reduced virus-induced CPE. In apoptosis assays, rhamnocitrin treatment 

significantly reduced H3N2-induced apoptosis in a dose-dependent manner, showing efficacy 

comparable to oseltamivir (135).  

Further assays were performed using A549 cell line. Intracellular reactive oxygen 

species (ROS) levels were measured to assess oxidative stress in H3N2-infected cells. 

Treatment with rhamnocitrin at concentrations of 100, 50, and 25 μM significantly reduced 

ROS levels in H3N2-infected cells in a dose-dependent manner. To evaluate mitochondrial 

membrane potential (MMP), JC-1 staining was used. In healthy cells, JC-1 accumulates in the 

mitochondria. Cells treated with H3N2 or CCCP (a positive control for mitochondrial damage) 

showed impaired MMP. However, rhamnocitrin treatment at 100, 50, and 25 μM restored MMP 

integrity (135).  

Moreover, subsequent analysis revealed that rhamnocitrin exerts its antiviral activity 

primarily by inhibiting the cGAS/STING signaling pathway. Molecular docking and 100-ns 

molecular dynamics (MD) simulations confirmed stable binding of rhamnocitrin to cGAS and 

STING with binding energies of −7.70 kcal/mol and −6.23 kcal/mol, respectively. Besides, 
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rhamnocitrin treatment (100, 50, or 25 μM) significantly downregulated cGAS, STING mRNA 

cGAS, STING, cleaved-caspase9/caspase9, and cleaved-caspase3/caspase3 protein levels in 

H3N2-infected cells. Additionally, Western blotting results revealed that rhamnocitrin reduced 

the activation (phosphorylation) of TBK1, IRF3, and NFκB p65, which are key downstream 

mediators of this pathway. The flavonoid further suppressed H3N2 induced upregulation of 

IFNβ, IL6, IL8, MCP1, and TNFα as shown by qPCR (135).  

In the intrinsic pathway of apoptosis context, Caspase 9 serves as the initiator caspase 

while caspase3 functions as the effector caspase (163). In addition, caspase3 activation is a 

critical event for efficient influenza virus propagation, while caspase3 cleavage is a classic 

marker of virus-induced apoptosis (164). Similarly to the rhamnocitrin anti-H3N2 activity, 

baicalein e biochanin A also reduced cleaved-caspase3/caspase3 in H5N1-infected cells (133). 

!"#"5$6)(-,7/48$()*+,-,$

3.1.2.1 Bovine diarrhea virus!(BVDV)!

Bovine viral diarrhea virus is a globally prevalent pathogen in cattle, causing a spectrum 

of clinical manifestations ranging from subclinical infections to severe mucosal disease. BVDV 

infection in pregnant cattle may result in several syndromes, including early embryonic death, 

teratogenic effects on the fetus, and the development of persistently infected animals (PI) (165). 

The virus also compromises the immune system, increasing the susceptibility to secondary 

infections (166). Although vaccines have been commercially available for decades, they alone 

have not proven sufficient to fully control BVDV. In this sense, antiviral compounds present 

advantages, particularly during disease outbreaks (167).   

Genistein, a tyrosine kinase inhibitor, was used to determine if BVDV enters cells 

through a caveolae-mediated pathway in Madin-Darby Bovine Kidney (MDBK) cells (116). It 

was found that genistein inhibited BVDV in a dose-dependent manner. This inhibition was 

higher when cells were infected in the absence of the flavonoid and then treated with 50 µg/mL 

of genistein from 4 up to 20 hpi. The researchers observed about 50 % inhibition using 50 to 

100 µg/mL of genistein (116). 

Another study showed that quercetin inhibited heat shock protein (Hsp70) expression 

and cytopathic (cp) and non-cytopathic (ncp) BVDV replication in MDBK cells (117). To 

determine whether quercetin acts in the entry or post-entry phase of BVDV, this flavonoid (20, 

25, 50, and 100 µmol/L) was added separately before and after infection with cp and ncp BVDV 

(MOI = 1). The results showed that quercetin significantly reduced the BVDV titers in a dose-
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dependent manner.  In addition, the relative expression of Hsp70 and BVDV mRNA in cells 

treated with quercetin before infection was significantly lower than when quercetin was added 

after infection. Western blot data showed that in addition to mRNA, BVDV glycoprotein E0 

and Hsp70 protein levels also significantly decreased when cells were pre- and post-treated 

with quercetin (117).  

Heat shock proteins are a large group of chaperones that viruses may utilize to facilitate 

protein folding and to enhance their survival under unfavorable host conditions (168). 

Moreover, some viruses induce overexpression of HSPs in infected cells (169) and it was found 

that overexpression of Hsp70 by a lentivirus increased BVDV replication (117). Conversely, 

Hsp70 knockdown by small interfering RNA (siRNA) inhibited BVDV replication (117). 

To investigate the effect of quercetin on BVDV-induced oxidative stress, MDBK cells 

were treated with 100 µmol/L of quercetin and then infected with BVDV (cp/ncp) (117). The 

results showed that quercetin significantly reduced the intracellular reactive oxygen species 

(ROS) when cells were infected with cp-BVDV, although this reduction was not observed with 

ncp-BVDV. In addition, the pre-treatment with quercetin also significantly reduced the 

phosphorylation level of the extracellular signal-regulated kinase (ERK) only in the cp-BVDV-

infected group (117). Interestingly, another study showed that ERK is directly involved in the 

phosphorylation of Hsp70, and that there is a positive correlation between these proteins (170).  

3.1.2.2 Foot and mouth disease virus!(FMDV) 

Foot-and-mouth disease is highly infectious and affects animals from the order 

Artiodactyla (ungulates) such as cattle, sheep, swine, and goats. FMDV is endemic in South 

America, Africa, Asia, and parts of Europe, causing large-scale economic losses (171). The 

control of foot-and-mouth disease primarily includes the culling of infected and exposed 

animals, movement restrictions, and the use of vaccination. Culling can have significant 

economic or genetic consequences in cases involving high-value or endangered livestock. In 

such scenarios, targeted antiviral treatment could serve as a critical intervention, offering a 

viable alternative to culling. Also, because vaccine-induced immunity requires several days to 

develop, the use of short-acting antiviral agents could offer immediate, temporary protection 

during the critical window following an outbreak (172). 

Apigenin!inhibited FMDV replication -)!=-'&*!by targeting the viral internal ribosome 

entry site (IRES) and suppressing viral protein synthesis (141). Baby hamster kidney cells 

(BHK-21) were infected with FMDV (MOI = 0.1). After 1 h at 37°C, cells were washed and 
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apigenin at 5, 10, 15, 20, 25, and 30 µg/mL was added for 24 h. The virus titer and FMDV VP1 

protein expression were evaluated. The results showed that 20, 25, and 30 µg/mL of apigenin 

reduced the FMDV titer. The Western blotting revealed that the expression of FMDV VP1 

protein was reduced in infected cells treated with 10 µg/mL of apigenin or above. A time-of-

addition assay was also performed in cells infected with FMDV (MOI = 0.1) and treated with 

apigenin (20 µg/mL) at -1 h, 0, or 1 hpi. The therapeutic effect of apigenin (10, 15, 20 µg/mL) 

was evaluated by infecting BHK-21 cells with FMDV (MOI = 0.2) and adding apigenin at 12 

hpi. The results showed that only the post-entry stage was affected by the apigenin (20 µg/mL) 

treatment. Apigenin (10, 15, 20 µg/mL) also presented a therapeutic effect in BHK-21 infected 

cells, significantly reducing FMDV titers. The authors also found that apigenin (20 µg/mL) 

inhibited FMDV IRES activity, blocking viral RNA translation. Although the flavonoids 

chrysin, liquiritigenin, quercetin, kaempferol, and galangin were also evaluated against FMDV, 

no antiviral effect was noted (141). 

 

3.1.2.3 Porcine epidemic diarrhea virus!(PEDV) 

Porcine epidemic diarrhea is a highly contagious gastrointestinal disease affecting pigs 

of all ages, with neonatal piglets particularly susceptible to severe and often fatal infections. 

The disease is characterized by profuse watery diarrhea, vomiting, loss of appetite, and severe 

dehydration (173). PEDV outbreaks also result in considerable economic losses due to 

mortality, treatment expenses, and restrictions on trade (174). Emerging studies have shown 

that PEDV can evade host immunity by inducing processes like mitophagy and degrading key 

immune signaling pathways, thereby enhancing viral persistence and pathogenesis (175). While 

vaccination remains a cornerstone of PEDV prevention and control, its effectiveness is 

frequently challenged by the high mutation rate of the viral spike (S) gene (175). Consequently, 

antiviral therapies have become increasingly crucial as complementary tools, especially during 

outbreaks.  

Quercetin 7-rhamnoside (Q7R) isolated from W*J''J.)-%!8*&7%'% extract was evaluated 

-)! =-'&* against PEDV using Vero cells (110). The results showed that Q7R (10 µg/mL) 

exhibited strong anti-PEDV activity. The IC#$ of 0.014 µg/mL and therapeutic index (TI, 

equivalent to SI) above 7000 indicated an intense activity of this compound against PEDV. No 

virucidal effect of Q7R was noted. The time-of-addition assay showed that Q7R suppressed 

PEDV infection only when added at 0, 1, 2, and 4 hpi. Nevertheless, the inhibitory rate of Q7R 
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declined to 40% or less when added either prior (-1 h) or after 6, 8, 12 and 24 hpi. These results 

suggest that Q7R affects the initial stage of PEDV infection.  

The study also evaluated the anti-PEDV effect of quercetin, apigenin, luteolin, and 

catechin, which also showed inhibitory effects with IC#$ of less than 12 µg/L. However, Q7R 

showed the highest TI for PEDV and therefore was chosen for further assays. The authors also 

discussed whether the dose difference between quercetin and Q7R could be due to the structural 

difference and concluded that sugar groups at C-7 of A-ring are an essential feature for the anti-

PEDV activity of flavonoids (110). 

Similarly, another study also investigated the antiviral activity of Q7R against PEDV, 

focusing on whether the presence of ROS influenced this effect. The results showed that treating 

PEDV-infected Vero cells with Q7R (10 µg/mL) directly reduced the formation of visible 

cytopathic effects. Although ROS production increased during PEDV infection, the Q7R 

treatment did not affect ROS levels.  These results suggest that the PEDV inhibition by Q7R 

was not solely related to their antioxidant action (111). 

The inhibitory effects of quercetin on PEDV were investigated using CCL-81 and E6 

Vero cells (112,113). The RT-qPCR results revealed that quercetin reduced the production of 

PEDV viral genome in a dose-dependent manner (1.56 to 50 µM). The IC#$%was 2.1 and 2.6 µM 

for PEDV strains YN144 and DR13, with TI over 100. Also, the viral titer of both strains was 

significantly reduced when infected cells were treated with 25 µM of quercetin. The time-of-

addition assay demonstrated that quercetin reduced PEDV titer during the replication cycle (-2 

to 24 hpi). Moreover, molecular docking analysis suggested that quercetin may interact with 

PEDV 3C-like protease (3CL&'(). This was confirmed by fluorescence resonance energy 

transfer (FRET). The results showed that quercetin could inhibit 3CL&'(%activity in a dose-

dependent manner (8 to 128 uM). Although other studies showed that quercetin reduced the 

Hsp70 activity in cells infected with both BVDV and porcine reproductive and respiratory 

syndrome virus (PRRSV) (84,117), this effect was not observed in PEDV infected cells (112). 

This observed difference can be attributed to several factors. For example, it was 

demonstrated (84,117) that PRRSV and BVDV infection significantly induce Hsp70 

expression. In contrast, another study (112) showed that Hsp70 suppression via siRNA had no 

effect on PEDV replication. Furthermore, in studies involving PRRSV and BVDV, quercetin 

reduced both Hsp70 expression and viral replication, indicating a strong correlation between 

the two (84,117). In the case of PEDV (112), Hsp70 knockdown did not affect viral genome 

replication or protein synthesis. Another important factor is the use of different cell lines (such 
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as MDBK for BVDV, MARC-145 for PRRSV, and CCL-81 for PEDV) and the low multiplicity 

of infection (MOI = 0.001) used in the PEDV study, which may have contributed to the lack of 

detectable Hsp70 modulation. 

Through laser scanning confocal microscopy, it was demonstrated that PEDV infection 

in Vero cells causes lipid droplet accumulation (113), a consequence of the increase in lipid 

metabolism, and can enhance intracellular inflammatory responses (176,177). However, when 

infected cells were treated with quercetin (80 µM), there was a significant reduction in lipid 

droplets. The study also demonstrated that PEDV-infected cells treated with quercetin (80 µM) 

from 3 to 36 hpi significantly reduced the expression of pp65 and pIkB proteins. These proteins 

are involved in the NFκβ pathway and were up-regulated in PEDV-infected cells, suggesting 

that quercetin was able to decrease the activation of this pathway. The researchers also explored 

the effect of quercetin (80 µM) on PEDV replication by evaluating PEDV N expression. The 

results showed that quercetin treatment significantly reduced PEDV N mRNA expression when 

added from 3 to 36 hpi. The inflammatory cytokines IL1! , IL8, and IL6 mRNA expression, 

which were up-regulated in PEDV-infected cells, were significantly reduced by quercetin (80 

µM). Moreover, the! -)! =-=*!experiment demonstrated that quercetin (10 mg/kg/day) can 

effectively mitigate the clinical symptoms and intestinal injury caused by PEDV in piglets 

(113). 

Wogonin (12.5 to 100 µM) was able to significantly suppress PEDV replication in Vero 

cells in a dose-dependent manner (114). When added at different stages of the PEDV viral cycle, 

wogonin (50 µM) significantly inhibited PEDV internalization, replication, and release. In 

addition, the pre-exposure of the virus to this flavonoid also significantly reduced the PEDV 

186-fragment (ORF1ab gene) mRNA expression. Moreover, the enzymatic inhibition assay 

showed that wogonin inhibited PEDV M&'(  (also named 3CL&'() activity in a dose-dependent 

fashion (54% inhibition of protease activity at 100 µM) (114). 

Similar to quercetin and wogonin, recent studies have identified multiple flavonoids 

with inhibitory activity against PEDV 3CL&'( , a key enzyme required for viral polyprotein 

processing. Among these, baicalein, baicalin (106), and luteolin (108) have demonstrated 

notable antiviral effects targeting PEDV 3CL&'( . A FRET based screening system was employed 

to assess a 270-compound flavonoid library for potential inhibitors of PEDV 3CL&'( . Baicalein 

and baicalin were selected for further investigation based on their structural similarity (baicalin, 

a glucuronide conjugate of the flavonoid baicalein) and relative affordability. In FRET assays, 

both compounds inhibited PEDV 3CL&'(  enzymatic activity in a dose-dependent manner, with 
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IC₅₀ values of 9.5 ± 1 μM for baicalein and 65.8 ± 6.5 μM for baicalin, confirming higher 

potency for baicalein. Molecular docking and 100-ns MD simulations further demonstrated that 

both flavonoids formed stable interactions with the active site of PEDV 3CL&'(  (106). 

In parallel, luteolin was shown to act as a dual-target antiviral agent. Surface plasmon 

resonance (SPR) and molecular docking revealed that luteolin binds to porcine ACE2 (pACE2) 

with an affinity constant of 71.6 µM, overlapping with the PEDV spike (S) protein’s binding 

site. Despite this, SPR data showed that PEDV-S1 (domain of S protein) does not directly 

interact with pACE2, suggesting that luteolin’s entry inhibition occurs independently of spike-

ACE2 interference. Instead, luteolin exerts potent inhibition of PEDV 3CL&'(  with a binding 

free energy of −7.36 kcal/mol and an IC₅₀ of 2.9 µM in FRET assays. Transcriptomic profiling 

revealed that luteolin suppressed PEDV-induced upregulation of inflammatory cytokines, 

including IL6, IL1β, TNFα, and MCP1/2, while modulating host oxidative stress response 

through Nrf2/HO-1 pathway regulation (108). 

To validate the antiviral efficacy, baicalein and baicalin were tested against PEDV 

strains YN13 and DR13-GFP in Vero cells (106). Both compounds significantly reduced viral 

gene expression in a dose-dependent manner using RT-qPCR. Baicalein demonstrated superior 

potency with IC₅₀ values of 3.2 ± 0.2 μM (YN13) and 1.6 ± 0.1 μM (DR13-GFP), compared to 

baicalin’s IC₅₀ of 9.6 ± 1.5 μM and 11.5 ± 1.4 μM, respectively. The SI exceeded 100 for 

baicalein and 30 for baicalin, indicating strong antiviral activity with low cytotoxicity. These 

findings were further corroborated using TCID#$ assays in Vero cells, where baicalein (40 μM) 

significantly reduced DR13-GFP and YN13 titers. In DR13-GFP-infected cells, both baicalein 

and baicalin induced a concentration-dependent reduction in GFP expression, aligning with 

Immunofluorescence (IFA) observations. These data support that the antiviral activity of 

baicalein and baicalin is at least partially attributable to their inhibition of PEDV 3CL&'(  (106). 

Complementary findings from luteolin studies further highlighted its broad-spectrum 

anti-PEDV efficacy in Vero and intestinal porcine epithelial cells – jejunum 2 (IPEC-J2). CCK-

8 cytotoxicity assays revealed cytotoxic concentration 50% (CC#$) values of 511.8 µM in Vero 

and 238.6 µM in IPEC-J2 cells, indicating a favorable therapeutic window. Upon PEDV 

infection (MOI = 0.01 for Vero and 0.1 for IPEC-J2), luteolin significantly reduced viral 

replication in a dose-dependent manner, with IC#$ values of 23.8 µM and 68.5 µM, and SI 

values of 21.4 and 3.4, respectively. Western blotting and IFA targeting the N protein confirmed 

suppression of viral replication. In TCID#$ assays, luteolin treatment (25 µM) led to a complete 

loss of detectable virus in culture supernatants. Mechanistically, luteolin showed no effect on 

viral attachment but strongly impaired PEDV internalization, replication, and release (108). 
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Puerarin significantly reduced PEDV M and N RNA levels in Vero cells (115). The 

mRNA expression of IL8, TNF" , and MCP-1 genes was increased post-PEDV infection. 

However, after puerarin treatment, these levels were significantly decreased. I)!=-=*, mRNA 

levels of PEDV M and N genes were reduced in the jejunum, ileum, mesenteric lymph nodes, 

and colon of piglets treated with 0.5 mg/kg of puerarin for five days. Also, the mRNA 

expression of IFN"  and !  was decreased in the ileum of puerarin-treated piglets. Similarly, 

protein levels of IL1! , IL6, and IL8 in the treated group were also reduced in the ileum (115). 

Research has shown that the NFκβ pathway plays a significant role in IL8 production 

during PEDV infection, with elevated IL8 expression observed in cells expressing the PEDV 

M or E proteins (178). This suggests a strong correlation between viral replication and NFκβ 

signaling. Recent studies further indicate that IL8 contributes to increased cytosolic Ca²⁺ levels 

in infected cells, which PEDV exploits to enhance viral internalization, replication, and egress 

(179). Therefore, the anti-inflammatory actions of both quercetin and puerarin could potentially 

inhibit PEDV replication by reducing IL8 levels and disrupting this NFκβ-mediated pathway. 

Three major compounds: panduratin A, pinostrobin, and pinocembrin, were isolated 

from P*#>#)1#&3-%!&*'J)7% extract and evaluated for antiviral activity against PEDV using 

eGFP-expressing Vero cells infected with a recombinant mCherry-expressing PEDV reporter 

virus (MOI = 0.00016) (109). Cytotoxicity was assessed via CCK-8 assays, revealing a 

maximum non-toxic dose of 2.5 mM for panduratin A, whereas pinostrobin and pinocembrin 

showed no cytotoxicity up to 80 μM. Further analysis showed that pinostrobin exhibited the 

strongest antiviral effect among the three, significantly reducing PEDV-induced syncytia 

formation. Its performance exceeded that of nafamostat (25 μM) and was comparable to 

remdesivir (15 μM), a known RNA-dependent RNA polymerase (RdRp) inhibitor. Dose-

response antiviral assays demonstrated that pinostrobin inhibited PEDV infection in a 

concentration-dependent manner, with an EC#$ of 2.7 ± 0.1 μM, a CC#$ > 500 μM, and a SI > 

184.5. Syncytia suppression was evaluated by high-content imaging at 15 hpi, showing 

statistically significant inhibition. Viral replication inhibition was confirmed using RT-qPCR, 

targeting the M gene (109). 

To explore the mechanism of action, a time-of-addition assay was conducted using a 

high-content imaging system. Remdesivir, used as a control, only inhibited infection when 

administered during post-adsorption or replication stages. In contrast, pinostrobin (80 μM) 

showed antiviral activity during multiple infection phases: pre-incubation with cells, pre-

incubation with virus, co-incubation during viral adsorption at 4°C, and during internalization 
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and early post-infection stages. Notably, no virucidal activity was observed during pre-

incubation and washout protocols. Additionally, a cell–cell fusion assay was performed using 

human embryonic kidney (HEK293T) cells transfected with PEDV S protein and mCherry, co-

cultured with eGFP-Vero cells. Results showed that pinostrobin (80 μM) significantly inhibited 

S-mediated membrane fusion, indicating its role in interfering with viral entry (109). 

A host-directed antiviral strategy was explored by targeting the integrated stress 

response (ISR) pathway to inhibit PEDV infection (101). The ISR, particularly the 

phosphorylation of eukaryotic translation initiation factor 2 alpha (eIF2α), is a key cellular 

defense mechanism that suppresses viral replication by inhibiting protein synthesis. PEDV can 

disrupt host translation control, making ISR modulation a promising antiviral approach. Using 

3D molecular similarity modeling (eSHAFTS), the researchers screened and designed ISR-

activating compounds based on known scaffolds such as BTdCPU and DHBDC. Two lead 

compounds, 1-B and 1-C, were synthesized via chalcone intermediates and urea coupling 

reactions. Structurally, 1-B and 1-C are synthetic flavonoids, belonging to the subclasses 

flavone and flavanone, respectively, being modified explicitly at the 6-position to enhance 

interaction with eIF2α kinases and trigger ISR activation (101). 

In antiviral assays against PEDV in Vero cells, compound 1-B demonstrated potent 

activity with a CC#$ > 1000 μM, EC#$ = 11.1 ± 4.9 μM, and a SI  > 89.3, outperforming both 

remdesivir (SI = 79.5) and ribavirin (SI = 11.1). Compound 1-C also exhibited strong antiviral 

activity, albeit less potent than 1-B, with a CC#$ of 59.2 ± 2.7 μM, EC₅₀ of 1.8 ± 0.7 μM, and 

SI of 32.3. Western blotting analyses confirmed that both 1-B and 1-C significantly reduced the 

viral nucleocapsid (N) protein expression in infected cells. Treatment with either compound 

demonstrated an increase in eIF2α phosphorylation with a further decrease in 7#!)*=* protein 

synthesis, as shown through reduced puromycin incorporation. These results suggest that the 

antiviral effect of 1-B and 1-C is mediated through pharmacological activation of the ISR, 

ultimately impairing global protein synthesis and halting viral replication (101).  

Flavonol (3-Hydroxyflavone) exhibited antiviral activity against PEDV -)!=-'&* in both 

Vero (MOI = 0.1) and IPEC-J2 (MOI = 1) cells, with IC#$ values of 12.75 μmol/L and 20.37 

μmol/L, and SI of 33.78 and 22.77, respectively (107). IFA assays showed dose-dependent 

inhibition of viral proliferation (0 to 80 μmol/L). Time-of-addition assays revealed that, in Vero 

cells, flavonol significantly down-regulated PEDV-N mRNA, protein expression, and viral 

titers under all-treatment (-2 to 24 hpi) and co-treatment (0 to 24 hpi) conditions, whereas in 

IPEC-J2 cells, PEDV-N suppression occurred across all-treatment, pre-treatment (-2 to 0 hpi), 

co-treatment, and post-treatment (1 to 24 hpi) conditions. Western blotting demonstrated that 
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flavonol inhibited PEDV-N expression during attachment (20, 40, and 80 μmol/L) and 

internalization (10, 20, 40, and 80 μmol/L) in Vero cells, while in IPEC-J2 cells, viral genome 

replication and PEDV-N expression were affected in attachment (40 and 80 μmol/L), 

internalization (20, 40, and 80 μmol/L), and replication (40 and 80 μmol/L) phases. Notably, 

flavonol did not affect viral genome replication or virion production during replication and 

release phases, nor did it exhibit direct virucidal activity. Docking and molecular dynamics 

analysis showed a low binding affinity (-6.54 kcal/mol) and high stability with PEDV M&'( , 

suggesting that flavonol primarily disrupts early viral entry rather than direct viral inactivation 

(107). 

3.1.2.4 Porcine reproductive and respiratory syndrome virus!(PRRSV)!

Porcine reproductive and respiratory syndrome virus (PRRSV) is the causative agent of 

one of swine's most economically significant viral diseases worldwide, with widespread 

prevalence across major pig-producing countries (180). Clinical manifestations of PRRSV 

infection commonly include lethargy and respiratory distress in piglets, late-term abortions, and 

reduced growth rates (181). PRRSV outbreaks frequently result in trade restrictions and 

quarantines, leading to substantial economic losses within the pork industry (182). Although 

vaccines are widely used to promote immunity and mitigate the severity of clinical symptoms, 

their effectiveness remains limited. Factors such as PRRSV-induced immunosuppression, rapid 

viral evolution, frequent recombination events, and the genetic diversity of circulating strains 

pose significant challenges to current vaccination strategies (183,184). 

The inhibition of Hsp70 and the decrease in PRRSV replication were investigated -)!

=-'&*!(84)S!The results showed that PRRSV infection significantly increased Hsp70 mRNA and 

protein expression from 6 to 48 hpi in MARC-145 cells. However, Western blotting analysis 

showed that cells treated with quercetin (100 µM) had lower Hsp70 expression and reduced 

PRRSV titer. 

The (–)-Epigallocatechin-3-gallate (EGCG) showed antiviral effect against PRRSV 

infection in MARC-145 and pulmonary alveolar macrophages (PAMs) cells (86). IFA images 

targeting PRRSV N protein demonstrated a dose-dependent decrease of viral replication in both 

cells treated with EGCG (31.25 to 250 µM). The study showed that the treatment of PRRSV 

virions with different concentrations of EGCG (31.25 to 125 µM) significantly reduced viral 

titers in MARC-145 cells. Furthermore, EGCG (125 or 250 µM) pre-treatment (6, 12, and 24 

h) of MARC-145 cells significantly reduced PRRSV titer and the relative viral RNA levels. The 
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authors also found that pre-treated (250 µM for 24 h) MARC-145 cells showed significant 

down-regulation of important proteins involved in PRRSV binding to target cells (CD163, 

heparin sulfate, and MYH9) (86). 

During post-treatment (0, 6, and 12 hpi) with 250 µM of EGCG, the PRRSV viral titers 

significantly decreased (86). The gene expression profile showed that EGCG significantly 

reduced the mRNA levels of TNFα, IL6, and IL8, all of which were elevated due to PRRSV 

infection (86).  These findings suggest that EGCG exerts an anti-inflammatory effect. Notably, 

the expression of multiple cytokines is a hallmark of many viral diseases, and inflammation can 

sometimes be detrimental to the host (185). For example, PRRSV-induced upregulation of pro-

inflammatory factors in microglia has been linked to neurotoxicity (186). Additionally, PRRSV-

infected pigs exhibit worsened clinical symptoms, higher lung viral loads, and increased 

viremia, correlated with elevated IL6 and IFNγ levels (187). 

Another study also investigated the antiviral potential of EGCG and EGCG palmitate 

against PRRSV -)!=-'&* (87). Pre-treatment was more efficient than co- and post-treatment. 

MARC-145 cells pre-treated with 17.9 μM of EGCG palmitate or 170.4 μM of EGCG and then 

infected with PRRSV (10 TCID#$) showed an EC#$ (µM) of 0.5 for EGCG palmitate and 8.5 

for EGCG. The SI value was 892.3 for EGCG palmitate and 276.6 for EGCG.  

Interestingly, the dietary effects of soy genistein on pig growth and viral replication 

during a PRRSV challenge -)!=-=* were assessed. The results indicated that dietary genistein 

supplementation (200, 400, and 800 ppm) led to a linear reduction in PRRSV viremia level. 

These findings suggest that dietary genistein may reduce PRRSV concentration, influencing 

immune cell functions, intercellular signaling, and/or virus replication and attachment 

capabilities (85). 

Baicalin demonstrated significant inhibitory effects against PRRSV -)! =-'&*, as 

evaluated in both MARC-145 cells and PAMs. Cell viability assays using CCK-8 revealed no 

cytotoxicity at concentrations up to 20 μg/mL, with calculated CC#$ values of 42.8 μg/mL 

(MARC-145) and 40.2 μg/mL (PAMs). Subsequent infection assays were performed at MOI = 

0.1, where cells were treated with 5, 10, or 20 μg/mL of baicalin for 4 h prior to PRRSV 

exposure. Viral replication was assessed by RT-qPCR quantification of ORF7 mRNA, IFA for 

N protein expression, and TCID#$ titration for progeny virus production. Baicalin significantly 

reduced PRRSV RNA and N protein expression in a dose- and time-dependent manner at 24, 

36, and 48 hpi, but not at 12 hpi. Consistently, the TCID#$ values in MARC-145 and PAMs 

significantly decreased in a dose-dependent manner (82). 
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Time-of-addition experiments demonstrated that baicalin effectively inhibited PRRSV 

replication in pre-, co-, and post-treatment modes, with maximal suppression observed when 

baicalin was administered 4–6 h prior to infection. In the pre-treatment condition at 20 μg/mL, 

the viral titer was significantly reduced, indicating early-stage interference with viral entry. RT-

qPCR showed downregulation of PRRSV receptor genes CD151 and CD163 during both virus 

binding and internalization phases. Direct virus-drug interaction was confirmed by incubating 

PRRSV with baicalin (5–20 μg/mL) at 37°C for 1 h, followed by ultrafiltration to separate free 

baicalin. Treated virions exhibited reduced infectivity, with a significant decrease in TCID#$ 

values. Additionally, baicalin reduced PRRSV-induced cytokine expression (IL6, IL8, TNFα, 

IFNα) in PAMs, measured by RT-qPCR at 12, 24, and 36 hpi (82). 

Baicalein demonstrated potent antiviral activity against PRRSV in MARC-145 cells and 

weaned piglets. Cytotoxicity assays showed a CC#$ of 84.7 μg/mL, and antiviral assays revealed 

an EC#$ of 10.2 μg/mL. MARC-145 cells infected with 100 TCID#$ of PRRSV (GD-ZJ strain) 

showed typical CPE, which was markedly suppressed by baicalein (80 μg/mL). Time-of-

addition assays indicated significant inhibition during pre-, co-, and post-treatment phases. 

Viral titration revealed a significant reduction in viral titers. Direct virus–compound interaction 

assays demonstrated that baicalein could bind to and inactivate PRRSV virions, a property not 

shared by ribavirin (83). 

I)!=-=*, piglets treated with a baicalein-supplemented diet (2.4 mg/kg) for two weeks 

showed improved growth performance post-PRRSV challenge, with an increase in average 

daily gain (ADG) from 398 to 461 g/day and higher antibody titers (IgG) against PRRSV 

compared to untreated animals. Baicalein significantly lowered viral RNA loads and N protein 

expression in lung tissues, as confirmed by qPCR, Western blotting, IFA, and immunochemistry 

(IHC). Lung viral titers were significantly reduced in the baicalin-treated group, compared to 

the control (83). 

Mechanistically, baicalein downregulated the phosphorylation of EGFR, PI3K, AKT, 

and SRC, disrupting the EGFR-PI3K-AKT signaling cascade known to facilitate viral entry. 

Molecular docking and MD simulations confirmed strong binding affinity of baicalein to EGFR 

(−7.935 kcal/mol) and GP5/M structural proteins (−6.09 kcal/mol), supporting dual 

mechanisms: inhibition of viral entry and direct virion inactivation. Additionally, baicalein 

improved anti-inflammatory response, upregulating IL10 and downregulating TNFα mRNA 

levels (83). 
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Virtual screening, molecular docking, and 100 ns MD simulations identified flavonoid 

inhibitors targeting PRRSV Nsp4 (81). Naringin dihydrochalcone, agathisflavone, and 

amentoflavone showed the most stable binding (up to −47.06 kcal/mol). These compounds also 

exhibited favorable toxicity profiles, highlighting these three flavonoids as promising 

candidates for anti-PRRSV drug development. 

3.1.2.5 Porcine deltacoronavirus (PDCoV) 

Porcine deltacoronavirus (PDCoV) is an emerging enteric virus that causes acute 

gastroenteritis in swine, predominantly affecting neonatal piglets. Clinical signs include profuse 

watery diarrhea, vomiting, dehydration, and stunted growth (188). Initially detected in Hong 

Kong in 2012 and later identified in North America and other parts of Asia, PDCoV has become 

a recognized component of the porcine enteric disease complex, contributing to economic 

losses in the swine industry (189). The virus exhibits strong tropism for intestinal epithelial 

cells, resulting in villus atrophy, impaired nutrient absorption, and disruption of the intestinal 

barrier function (190). Despite increasing global awareness, there are currently no licensed 

vaccines or antiviral treatments for PDCoV. As a result, control measures rely heavily on 

biosecurity, early detection, and supportive care (188). 

Compounds 1-B and 1-C, flavone-derived molecules engineered to trigger the ISR, 

exhibited strong antiviral activity against PDCoV in Lilly Laboratories cell-porcine kidney 1 

(LLC-PK1) cells. As described earlier, these compounds were based on a baicalein-like 

flavonoid structure. Among the candidates, compound 1-B showed superior efficacy, with CC#$ 

> 1000 μM, EC#$ = 68.3 ± 4 μM, and SI > 14.7, while compound 1-C had a CC#$ of 77 ± 6.8 

μM and EC#$%of 13.7 ± 0.8 μM (SI = 5.61). Time-course analysis demonstrated significant 

phosphorylation of eIF2α and a marked reduction in viral N protein levels at 12, 18, and 24 hpi. 

Puromycin labeling assays confirmed near-complete translation arrest in treated cells. Unlike 

ribavirin and remdesivir, which showed low or no efficacy, 1-B and 1-C successfully blocked 

PDCoV replication by modulating host ISR pathways (101). 

3.1.2.6 Vesicular Stomatitis Virus (VSV)  

Vesicular stomatitis virus (VSV) is a zoonotic pathogen that primarily affects livestock, 

most notably cattle, horses, and swine, causing vesicular lesions on the mouth, tongue, teats, 

and hooves, which resemble those caused by foot-and-mouth disease (191). Although the 

disease is rarely fatal, outbreaks can lead to substantial economic losses due to decreased milk 

production, lameness, and movement or trade restrictions (192). In humans, VSV infection is 
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uncommon but possible through direct contact with infected animals or insect vectors (193). 

VSV is a reportable disease in many countries, and risk factors for transmission include vector 

exposure, especially via biting flies, and outdoor access to pastures (194). While VSV has been 

widely studied as a vaccine vector platform, there is currently no licensed vaccine available for 

the prevention of VSV in horses, and control measures remain reliant on vector management 

and movement restrictions (195). 

Quercetin demonstrated potent antiviral effects against VSV both -)!=-'&* and -)!=-=*. 

I)!=-'&*, six flavonoids were screened using 2fTGH cells infected with a VSV-GFP reporter 

virus at MOI = 1, followed by 24 h exposure to test compounds. Quercetin showed the strongest 

antiviral activity, with an IC#$ of 19.9 µM, outperforming kaempferol, galangin, and 

pinocembrin. I)!=-=*, C57BL/6 mice were intraperitoneally injected with VSV (1 × 10⁸ PFU/g 

body weight), then fed with quercetin-supplemented feed (30 or 60 mg/kg) for 7 days. 

Quercetin significantly reduced VSV-G mRNA in the liver and spleen, and enhanced interferon-

stimulated genes ISG54 and ISG15 expression. Histological analysis of lung and spleen tissues 

revealed that quercetin improved VSV-induced inflammatory infiltration and fibrosis. 

Transmission electron microscopy (TEM) imaging of lung tissues confirmed reduced viral 

invasion and improved cellular ultrastructure in quercetin-fed groups (147).  

The quercetin innate antiviral responses were promoted by enhancing type I interferon 

(IFNα/β) production and suppressing proinflammatory cytokines TNFα and IL6, as quantified 

by cytometric bead array. Flow cytometry confirmed the restoration of natural killer (NK) cell 

populations diminished by VSV infection. In HeLa cells, quercetin inhibited VSV G protein 

expression and activated IRF3-mediated signaling, demonstrated through RT-qPCR, Western 

blotting, and an ISRE luciferase reporter assay. 16S rRNA sequencing showed that quercetin 

reversed VSV-induced gut dysbiosis by increasing microbial diversity and abundance of 

beneficial genera (e.g., PJ'.&-=-1&-*, 9>8-22-1%8'#&) while suppressing X>80#&-80-%Y;0-3#22% 

spp. Untargeted UPLC-Q-TOF/MS metabolomics further revealed that quercetin modulated 

host lipid metabolism, increasing levels of antiviral-related metabolites like 

phosphatidylcholine and 5-acetylamino-6-formylamino-3-methyluracil (147).  

!"#"!$'()23$()*+,-, $

3.1.3.1 Avian leukosis virus!(ALV) 

Avian leukosis virus (ALV) is linked to tumorigenic diseases, reduced fertility, decline 

in egg production, and growth retardation in poultry (196,197). Furthermore, ALV induces 
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immunosuppression, which increases the susceptibility of infected chickens to secondary 

infections (198). Based on transmission routes, ALV is categorized into endogenous and 

exogenous types (199). Despite substantial advancements in understanding the virus, ALV 

remains a persistent threat to the poultry industry, and no commercial vaccines or antiviral drugs 

are currently available to prevent or treat ALV infections (200). 

Genistein treatment strongly inhibited ALV subgroup J (ALV-J) gene expression and 

protein levels without interfering with virus attachment and entry on the chicken fibroblast cell 

line (DF-1) (80). Cells were incubated with genistein (100 µM) for 3 h and then were infected 

with ALV-J (MOI = 1) in the presence of the compound for another 3 h. After 72 h, p27 mRNA 

levels were significantly reduced in the supernatant of treated cells. The mRNA levels of both 

chicken Na) /H)  exchanger type 1 (chNHE1) and gp37 were not altered in cells treated with 

genistein (100 µM), suggesting no effect on the virus-binding to DF-1 cells via the chNHE1 

receptor nor by the gp37 viral envelope protein. While ALV-J entry was not altered, genistein 

(100 µM) significantly inhibited p27 viral gene transcription and release of virus particles, 

suggesting that the inhibitory effect likely occurred at the late stage of viral replication (80). 

Contrasting with the study above, baicalin targets ALV-J internalization into DF-1 cells 

(79)S!When cells were incubated for 5 h with baicalin (5 and 20 µg/mL) prior to infection with 

ALV-J strain (MOI = 1), the relative expression of gp37 and p27 RNA was significantly 

reduced. Also, the time-of-addition assay showed that baicalin (20 µg/mL) could potentially 

suppress ALV-J infection when added to DF-1 cells at 0 hpi. However, RT-qPCR results showed 

that baicalin treatment did not affect the expression of the virus receptor (chNHE1). Moreover, 

viral titer was reduced when baicalin (20 µg/mL) was added after virus attachment. Taken 

together, these results suggest that the anti-ALV-J effect of baicalin is probably due to the 

inhibition of the virus’s internalization (79). 

3.1.3.2 Duck hepatitis A virus type 1!(DHAV-1)!

The duck industry plays a significant role within the global poultry sector, as duck-

derived food products serve as an essential source of protein for millions worldwide. Duck viral 

hepatitis (DVH) is an acute, highly fatal infectious disease that primarily affects young 

ducklings, posing a serious threat to duck farming (201). DVH is classified into types 1, 2, and 

3. The type 1 (DHAV-1) is the most pathogenic and widely distributed genotype (202). 

Although a commercial vaccine targeting DHAV-1 is available, further research is needed to 

assess its effectiveness in providing cross-protection against emerging variants (203). 
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The antiviral activity of baicalin and baicalin phospholipid complex (BAPC) against 

DHAV-1 was evaluated using duck embryonic hepatocytes (DEHs) and three-day-old cherry 

valley ducklings (142). Cells were infected with DHAV-1 and then treated with baicalin (31.25 

µg/mL) or BAPC (31.25 µg/mL). After 36 h of incubation, the relative DHAV-1 titer was 

evaluated by RT-qPCR. The results showed that BAPC and baicalin significantly reduced the 

gene expression of DHAV-1. I)!=-=*, ducklings were infected intramuscularly with DHAV-1 

and treated with baicalin and BAPC (2mg/duckling). Similar to -)!=-'&*!results, DHAV-1 gene 

expression in the blood of baicalin and BAPC-treated groups was significantly reduced. 

However, BAPC exhibited higher anti-DHAV-1 activity than baicalin alone, both -)!=-'&* and 

-)!=-=*!(142). 

3.1.3.3 Tembusu virus!(TMUV)!

Tembusu virus (TMUV) is an emerging arbovirus first isolated in Malaysia in 1955 

from 5J2#Z!'&-'%#)-*&0.)80J> mosquitoes (204). Despite its early discovery, TMUV remained 

largely overlooked until a significant outbreak in ducks in 2010 in China (205). TMUV is 

known to cause encephalitis and neurological disorders in avian species, with morbidity rates 

reaching up to 90%. Infected birds, particularly laying ducks, often suffer from severe 

reproductive tract damage, resulting in substantial declines in egg production (206). Presently, 

available vaccines primarily include inactivated and live attenuated formulations. However, 

genomic analyses have revealed that TMUV exhibits substantial genetic diversity across strains  

(207,208). 

I)!=-'&* experiments demonstrated that EGCG inhibits TMUV replication by directly 

interacting with viral particles (118). BHK-21 cells treated with 10 to 100 µg of EGCG had a 

significant decrease in both viral titer and TMUV E protein expression. Similar results were 

observed when TMUV was incubated with EGCG prior to infection. However, neither virus 

titer nor E protein levels were decreased when BHK-21 cells were treated with EGCG before 

infection. In addition, EGCG (100 µg) was able to significantly reduce TMUV titers and E 

protein levels when added simultaneously with the virus. The immunomodulatory effect was 

also verified by RT-qPCR. BHK-21 cells were treated with EGCG (10 to 100 µg) and 

subsequently infected with TMUV. The mRNA levels of IFNα and β were significantly 

increased in a dose-dependent manner. Ducklings were intramuscularly injected with EGCG 

(300 or 600 mg/kg) and infected with TMUV after 4 h. The survival rate of the treated group 

was significantly increased, and the virus copy numbers in different tissues were significantly 
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reduced. In conclusion, EGCG showed a promising antiviral activity against TMUV both -)!

=-=* and -)!=-'&* (118). 

3.1.3.4 Avian influenza virus type A!(H5N1)!

Avian influenza viruses (AIVs) are further classified into highly pathogenic avian 

influenza viruses (HPAIVs), which include certain H5Nx and H7Nx subtypes (209). Among 

them, H5N1 is widely recognized as the most virulent, often causing severe disease and 

elevated mortality rates in birds, mammals, and humans (210,211). In poultry, HPAIVs can 

trigger devastating outbreaks with high fatality rates (212). In humans, H5N1 infection results 

in mortality in approximately 50% of confirmed cases  (210,213). In poultry, the most 

commonly used form of prevention is vaccination. Currently, there are several regional vaccines 

available for this species; however, most are injectable, which makes large-scale use difficult 

(214). Moreover, recent H5N1 outbreaks in U.S. dairy cattle have raised concerns about cross-

species transmission (209). Although antiviral drugs are available for H5N1 (215), the 

emergence of resistant viral strains due to mutations in the neuraminidase (NA) and polymerase 

acidic (PA) proteins highlights the urgent need for continued antiviral drug research (209). 

Through a series of experiments using adenocarcinomic human alveolar basal epithelial 

cells (A549) infected with the H5N1 strain A/Thailand/1(Kan-1)/04, the researchers 

demonstrated that biochanin A, baicalein, apigenin, and luteolin exert an antiviral effect against 

H5N1 (133). Biochanin A and baicalein (10 to 40 µM) significantly decreased H5N1 viral titers 

after 24 h of incubation when added 1 h prior to H5N1 infection or when treated for 16, 24, or 

48 h. In the time-of-addition assay, both flavonoids only reduced viral titers when added after 

the adsorption period. Moreover, only baicalein, apigenin, and luteolin (10 up to 100 µM) 

reduced H5N1 neuraminidase activity. Conversely, biochanin A interfered with H5N1-induced 

phosphorylation of AKT and ERK 1/2 while baicalein did not affect the phosphorylation of 

these proteins (133). 

Both baicalin (40 µM) and biochanin A (40 µM) treatment decreased the levels of 

cleaved caspase3, although neither of them interacted directly with this enzyme (133). The 

reduction of capase3 was previously associated with the nuclear retention of the viral 

ribonucleoprotein (RNP) complex (164,216), suggesting that this could be one of the antiviral 

mechanisms of these two flavonoids. Both compounds caused nuclear retention of viral RNP 

complexes. Also, biochanin A inhibited the H5N1-induced NFκβ p65 accumulation and 

CXCL10 production. Both flavonoids inhibited IL6 and IL8 protein secretion. In primary 
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human monocyte-derived macrophages (MDM), baicalein (40 µM) significantly reduced H5N1 

viral titers. Finally, both compounds inhibited H5N1-induced secretion of IL6, CXCL10, and 

TNFα in MDM cells. The authors noted that the cytokine-inhibitory effects of biochanin A and 

baicalein did not consistently correlate with their impact on viral replication, suggesting no 

direct relationship between their anti-inflammatory and antiviral properties. Additionally, these 

findings indicated that the effects of biochanin A and baicalein are cell-type specific (133).  

H5N1 infection led to the upregulation of IL6, type 1, and type 3 interferons, indicating 

a robust inflammatory and Th1 immune response in chickens (217). This heightened immune 

response contributed significantly to the virus's high pathogenicity and mortality in this species 

(218). Although the antiviral effects of biochanin A and baicalein do not directly correlate with 

their anti-inflammatory effects, their use still showed potential therapeutic benefits in managing 

inflammation caused by H5N1 infection. 

 

3.1.3.5 Infectious bursal disease virus!(IBDV) 

Infectious bursal disease virus is a highly immunosuppressive virus that primarily 

targets the bursa of Fabricius, destroying developing B-lymphocytes. While various bird 

species can be infected, severe clinical disease is often observed only in young chickens 

(219,220). IBDV also leads to indirect losses from immunosuppression, increasing 

susceptibility to secondary infections, and reducing the effectiveness of vaccinations. Since the 

emergence of very virulent IBDV strains (vvIBDV) in 1987, mortality has significantly 

increased, and traditional vaccines have shown reduced efficacy. As a result, IBDV has become 

economically significant, with clinical outbreaks reported in over 80% of World Organization 

for Animal Health (WOAH) member countries. There are currently no antiviral treatments, 

making vaccination the primary control strategy (220). 

Baicalein inhibited IBDV replication and weakened the IBDV-induced inflammatory 

response in chicken embryonic eggs (96). Eggs were injected with 0.2 mL of baicalein (108 

and 216 µg/egg) through the allantoic cavity. At 48 h after hatching, chicks were inoculated 

with 0.2 mL of IBDV, and livers were collected 72 h after inoculation. Viral load and cytokine 

expression were measured through RT-qPCR and ELISA, respectively. Results showed a 

significant decrease in the viral RNA load in the livers. Moreover, IBDV infection led to 

increased expression of NFkβ and NFkβ p65. However, the baicalein treatment led to a 

significant reduction in both. Similarly, protein levels of TNFα and IL1β were downregulated 

following treatment with baicalein, mirroring the reduction in NFkβ activity (96).  



48 
 

 

IBDV infection triggers a strong upregulation of pro-inflammatory mediators and 

cytokines during the acute phase, often leading to severe inflammation that can result in 

mortality (221). In this context, the anti-inflammatory properties of baicalein may help mitigate 

the excessive inflammation induced by the virus, thereby supporting disease management and 

potentially reducing viral load. 

3.1.3.6 Infectious bronchitis virus!(IBV)!

Infectious bronchitis (IB) is a highly contagious viral disease in chickens that causes 

major economic losses globally (222). All ages are susceptible, and the virus spreads rapidly 

via aerosols and mechanically (223). Clinically, IB manifests in three main forms: respiratory, 

renal, and reproductive (224). The virus (IBV) is widespread worldwide and shows high genetic 

and antigenic variability (225). There are no specific antiviral treatments, so control relies on 

biosecurity and vaccination (226). However, genetic diversity and recombination among co-

circulating strains hamper vaccine effectiveness and contribute to frequent outbreaks, even in 

vaccinated flocks (224). 

Baicalin (100 and 200 µg/mL) treatment significantly reduced both protein and mRNA 

expression of IBV N protein in Vero cells (103). The results of the time-of-addition assay 

showed that baicalin significantly inhibited viral adsorption, internalization, and release. In 

addition, baicalin directly inactivates IBV, although the pre-treatment of Vero cells had no effect 

on their susceptibility to IBV. Western blot showed that the expression of G3BP1(Ras GTPase-

activating protein-binding protein 1) significantly increased after IBV-infected cells were 

treated with baicalin (200 µg/mL). Interestingly, G3BP1 expression was inversely related to 

IBV N protein expression, suggesting that G3BP1 may be an antiviral factor. The study also 

showed that the PKR phosphorylation was significantly up-regulated in the IBV-infected cells 

treated with baicalin (200 µg/mL) at 12 and 24 hpi (103).  

In another study, baicalin exhibited significant antiviral efficacy against IBV both -)!

=-'&* using primary chicken embryonic kidney (CEK) cells and in broiler chickens. Cytotoxicity 

assays using CCK-8 confirmed cell viability remained above 92% at baicalin concentrations 

≤125 µg/mL. CEK cells were infected with IBV (100 EID#$) for antiviral testing and treated 

with baicalin at 125 µg/mL. After 36 hpi, Baicalin-treated cultures showed a statistically 

significant reduction in IBV RNA copy number and N protein expression via RT-qPCR and 

IFA, respectively. Baicalin also significantly suppressed inflammatory cytokine expression 
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(IL6, TNFα). Additionally, baicalin downregulated the TLR7/MyD88/NFκβ pathway by 

reducing the phosphorylation of NFκβ p65 and expression of TLR7 and MyD88 (104). 

Notably, broilers treated with baicalin (450 mg/kg BW) via drinking water for 7 days 

prior to IBV infection (10⁴ EID#$, ocular-nasal) exhibited significant protection. Baicalin-

treated broilers maintained higher body weight, exhibited fewer clinical symptoms, and had 

reduced tracheal and lung damage. Scanning electron microscopy revealed preserved ciliary 

structure and epithelial integrity in baicalin-treated birds. Baicalin-treated broilers also showed 

lower tracheal viral load and higher G3BP1 expression, a key antiviral protein (104).  

Apigenin demonstrated a protective effect on 10-day-old embryonated eggs infected 

with IBV. IBV was incubated for 1 h (37º C) with different concentrations of apigenin (1 to 3.5 

µg/egg), then inoculated into the allantoic cavity of embryonated eggs. Seven days later, the 

IBV titer and the ORF1a gene expression (RT-qPCR) were evaluated in the allantoic fluid. The 

researchers found that apigenin (1, 2, 2.5, and 3.5 µg/egg) significantly reduced the viral titers 

and genome copy number in the allantoic fluid (102). 

Wogonin was shown to exert potent antiviral and cytoprotective effects against 

nephropathogenic infectious bronchitis virus (NIBV) in primary chicken renal tubular epithelial 

cells. Cytotoxicity screening using a CCK-8 assay identified 2.5 μM/mL as a non-cytotoxic and 

effective working concentration. Cells were infected with NIBV (strain SX9) and divided into 

four treatment groups: control, control+wogonin, NIBV, and NIBV+wogonin. Wogonin 

significantly reduced NIBV replication, as measured by quantification of viral copy number 

and N protein expression. Flow cytometry analysis confirmed that NIBV significantly induced 

apoptosis and necrosis, which were markedly reduced upon wogonin treatment (p < 0.01). 

Additionally, JC-1 staining revealed that wogonin stabilized mitochondrial membrane 

potential, which is otherwise disrupted during NIBV-induced apoptosis (105). 

Wogonin was shown to downregulate key mitochondrial apoptotic genes and proteins, 

including CYT-C, APAF1, caspase3, and caspase9. It also suppressed necroptosis-related 

signaling by inhibiting RIPK1, RIPK3, MLKL, and upstream mediators TNFα, TRADD, and 

FADD with concurrent reductions in phosphorylated RIPK3 and MLKL levels. Additionally, 

wogonin mitigated NIBV-induced opening of mitochondrial permeability transition pores 

(MPTP), as indicated by increased calcein fluorescence and decreased CaMKII and PPIF 

expression (105). 
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3.1.3.7 Newcastle disease virus!(NDV)!

Newcastle disease (ND) is a highly contagious and virulent viral infection in poultry 

that primarily affects the digestive and central nervous systems (227). Since its emergence in 

1926, the world has experienced four ND pandemics, each linked to a distinct genotype of 

Newcastle disease virus (NDV) (228). To combat the disease, a wide range of live and 

inactivated vaccines are currently available and used globally (229). However, current vaccines 

are insufficient to fully prevent viral shedding and infection (230), underscoring the ongoing 

need for intensified research into more effective vaccines and antiviral strategies. 

Through experiments using chicken embryo fibroblast (CEF), the researchers found that 

baicalin exhibited strong anti-NDV properties. Baicalin (0.03 to 0.25 mg/mL) significantly 

inhibited NDV when added before, post, or simultaneously to the virus. Moreover, baicalin also 

suppressed NDV-induced apoptosis in CEF and the spread of the virus (231).  

Karanjin, a furanoflavonoid extracted from /*)3%(-%!$-)%'% (L.) seeds demonstrated 

antiviral activity against NDV in embryonated chicken eggs and BHK-21 cells. NDV (MOI = 

0.02) infected BHK-21 cells treated with 25 μM of karanjin showed a significant down-

regulation of NDV-hemagglutinin-neuraminidase (HN) mRNA and protein levels. Moreover, 

growth kinetics studies demonstrated a significant inhibition of NDV replication in karanjin 

treated cells until 96 hpi. I)! *=* , karanjin (25 μM) treatment decreased hemorrhages in 

embryonated chicken eggs and lowered the viral load in the allantoic fluid. Docking and 

molecular dynamics revealed strong binding interaction (-9.03 kcal/mol) between karanjin and 

NDV-HN protein. Moreover, the study investigated the effect of karanjin on metabolic 

pathways in BHK-21 cells and its influence on NDV replication. High-performance liquid 

chromatography (HPLC) analysis showed that karanjin treatment simultaneously increased 

lactate production and glucose uptake within the first 24 hours. In NDV-infected cells, this 

flavonoid accelerated the recovery of glucose uptake, advancing this process by approximately 

15 hours compared to untreated infected cells. Additionally, RT-qPCR analyses in neuro 2A 

(N2A) cells revealed that karanjin significantly increased the expression of HEX and GLUT1 

genes in a time-dependent manner, with more pronounced effects after 48 hours of treatment. 

These results suggest that karanjin positively modulates glucose metabolism, which may have 

important implications for cellular response to viral infection (139). 
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 3.1.4 9),:$()*+,-, $

3.1.4.1 Grass carp reovirus!(GCRV)!

Aquareoviruses (AqRVs) are known to infect a wide range of wild and farmed bony 

fish, causing hemorrhagic syndromes in muscles and internal organs, and leading to significant 

economic losses in aquaculture globally. Among them, grass carp reovirus is the most virulent 

strain identified in aquatic species (232). Infected grass carp commonly exhibit petechial 

hemorrhages in the muscle, intestine, and liver, ranging from mild to severe  (233). To combat 

grass carp hemorrhagic disease (GCHD) caused by GCRV, vaccines have been developed. In 

addition, the use of natural compounds has shown promising potential as a sustainable method 

for disease control in grass carp aquaculture (232). 

Grass carps were orally treated with EGCG. Plasma, liver, and kidney samples were 

collected over a week, and EGCG (µg/g) levels were measured. Researchers found that EGCG 

is partially transformed into (-) epicatechin gallate (ECG) -)!=-=*. The researchers then tested 

the ECG antiviral activity -)!=-'&*. Using grass carp kidney cells (CIK) and the GCRV-JX01 

strain, the researchers found that 20 and 40 µg/mL of ECG reduced the infection rate (145). 

3.1.4.2 Infectious salmon anemia virus!(ISAV) !

Infectious salmon anemia virus infects only Atlantic salmon (Salmo salar), causing 

infectious salmon anemia (ISA), a disease marked by severe anemia and internal bleeding. First 

identified in Norway in 1984, ISAV has since spread globally, leading to major economic losses 

in salmon aquaculture  (234). Control strategies include biosecurity, vaccination, and selective 

breeding. While vaccination is vital in large-scale farming to improve survival and productivity 

(235), it poses challenges: vaccinated fish may experience stress, side effects, reduced 

immunity, and may still become asymptomatic carriers. As a result, ISA vaccines are banned in 

some countries, emphasizing the need for alternative approaches, such as antivirals, to manage 

and limit ISAV transmission (236). 

Atlantic salmon kidney (ASK) cells were treated with the supernatant of salmon head 

kidney (SHK-1) cells stimulated with alpinone for 24 h (134). Cells were then infected with 

ISAV, and the viral RNA copy number was determined 2, 4, and 7 days later. No antiviral effect 

was observed when ASK cells were treated directly with alpinone. I)!=-=*, Atlantic salmon 

injected intramuscularly with 100 μg of either alpinone or pinocembrin were sacrificed 48 h 

post-injection, and whole kidneys were analyzed by RT-qPCR. Alpinone significantly 
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upregulated TNFα, IL1, IFNα, IFNγ, and TGFβ1 in the kidney, while pinocembrin 

downregulated TNFα, IL1, IFNα, IL4, and TGFβ1 mRNA expression (134).  

 

3.1.4.3 Spring viremia of carp virus (SVCV)  

 

Spring viremia of carp virus (SVCV) is a reportable rhabdovirus that causes acute 

hemorrhagic disease in cyprinid fish, particularly in common carp (5.$&-)J>!8%&$-*), and is 

associated with high mortality rates and substantial economic losses in aquaculture systems 

worldwide (237). Infected fish typically present with clinical signs such as abdominal swelling, 

exophthalmia, cutaneous and branchial hemorrhages, and marked lethargy, often culminating 

in death within a few days (238). Due to its ability to spread across borders through live fish 

trade and waterborne transmission, SVCV is listed by the World Organisation for Animal 

Health (WOAH/OIE) as a disease of international concern (239). Despite the severity of 

outbreaks, no licensed vaccines or antiviral therapies are currently available for SVCV. 

Consequently, effective management relies on early diagnosis, movement restrictions, and strict 

biosecurity protocols to contain infection and prevent dissemination (240). 

Isoliquiritigenin showed potent antiviral activity against SVCV in epithelioma 

papulosum cyprinid (EPC) cells and juvenile carp. EPC cells infected with SVCV (10³ 

TCID#$/0.1 mL) were treated with isoliquiritigenin at concentrations ranging from 6.25 to 100 

μg/mL. The compound significantly reduced intracellular viral loads and inhibited progeny 

virus release at ≥50 μg/mL. Time-of-addition/removal assays revealed maximal antiviral 

efficacy when isoliquiritigenin was added between 8–12 hpi. Pretreatment of EPC cells 

enhanced resistance to viral internalization without impacting viral binding. Oxidative stress 

markers (ROS, T-AOC, SOD, MDA), measured via DCFH-DA fluorescence and biochemical 

assays, confirmed isoliquiritigenin’s protective antioxidant effects, particularly against SVCV-

induced ROS elevation (146). 

Studies treating juvenile common carp (5.$&-)J>!8%&$-*) using bath (5–10 μg/mL) and 

gavage (1–2.5 mg/kg) administration demonstrated safety and efficacy.  Isoliquiritigenin 

treatment reduced mortality by up to 40% and significantly decreased SVCV load (viral G gene) 

in spleen, kidney, and liver samples, as quantified by qPCR of the viral G gene. TCID#$ analysis 

of surviving fish revealed a significant reduction in viral titer compared to controls. Preventive 

gavage (administered every two days for up to 8 days) enhanced fish survival and viral 

resistance, although the protective effect declined after cessation of treatment, suggesting rapid 
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metabolic clearance. Repeated gavage elevated the expression of innate immune genes (NRF2, 

HO-1, IFNΑ1, IFNΓ, ISG15, VIG1), supporting immunostimulatory effects through pathways 

such as Nrf2/HO-1 and possible suppression of cGAS-STING activation (146).  

3.1.4.4  Nervous necrosis virus (NNV)  

Nervous necrosis virus (NNV), a member of the P#'%)*7%=-&J> genus in the 

Nodaviridae family, affects more than 120 species of marine and freshwater fish. NNV causes 

a severe neuropathological disease, mostly observed in larvae and juveniles (241). Infected fish 

display abnormal swimming patterns, lethargy, anorexia, and mortality rates exceeding 90% in 

hatchery settings (242). NNV is notably resistant to environmental degradation and can persist 

in seawater, facilitating horizontal transmission through waterborne exposure and vertical 

transmission from infected broodstock, posing a major challenge to control and eradication 

efforts (242,243). Despite extensive research, there are currently no licensed antiviral 

treatments available, and vaccines provide variable efficacy, often influenced by fish species, 

viral genotype, and environmental factors (242). 

Luteolin exhibited significant antiviral activity against NNV using grouper fin-1 

epithelial cells (GF-1) infected with 10³ TCID#$/mL of the virus. The compound showed IC#$ 

of 9.8 μM, achieving a maximum inhibition rate of 98.3% at 27.9 μM, as determined by RT-

qPCR targeting the NNV capsid gene. Cytotoxicity assessment indicated a CC*$%of 42.3 μM, 

confirming its safety at effective doses. In prophylactic assays, pretreatment with luteolin 

reduced viral gene expression to 3.7%, and flow cytometry analysis demonstrated marked 

suppression of NNV-induced late apoptosis, with apoptotic cells decreasing from 46.8% to 

2.6%, while viability increased from 38.7% to 91.1%. These findings suggest that luteolin 

inhibits NNV by blocking viral replication, while protecting host cells from virus-induced 

apoptosis (132). 

To enhance central nervous system delivery and therapeutic efficacy, luteolin was 

formulated into a luteolin-borneol complex, leveraging borneol’s known ability to increase 

blood–brain barrier permeability. Juvenile groupers (X$-)#$0#2J>!8*-*-7#>) challenged with 10³ 

TCID#$/0.1 mL of NNV had survival of 16.6% with luteolin treatment, whereas 26.6% with the 

luteolin-borneol combination. Analysis of brain samples revealed a decline in viral RNA levels 

in the complex-treated group to only 18.3% of control expression on day 1, versus 50.9% with 

luteolin alone. Together, these results establish that the luteolin-borneol complex effectively 

improves brain delivery and antiviral efficacy, offering a promising therapeutic strategy against 

neurotropic NNV infections in aquaculture (132). 
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Figure 2 illustrates the proposed antiviral mechanisms of flavonoids against reviewed 

RNA viruses, when they interact with the virus (Figure 2A) or with the cell (Figure 2B).  

 

Figure 2 – Proposed effects on viral replication and cellular processes of RNA viruses.'
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Table 2. Flavonoids and their respective antiviral effect against RNA viruses. 
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a:  statistically different (p <  0.01);  b: statistically different (p < 0.05); c: no statistical data was presented. The p values mentioned in this table 
correspond to the highest p values found in studies. NT: not tested. 
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3.2 DNA viruses 

3.2.1$6)(-,7/48$()*+,-, $

$ 3.2.1.1$Orf virus!(ORFV) 

Orf virus causes contagious pustular dermatitis, a zoonotic disease primarily affecting 

goats and sheep, marked by lesions around the lips and muzzle (244,245). Its recurrence in 

previously infected animals is linked to immunomodulatory proteins that enable immune 

evasion (246). Although mortality is low, ORFV leads to notable economic losses through 

reduced feed intake, stunted lamb growth, and secondary infections (247,248). 

Genistein demonstrated its antiviral effect on ORFV by blocking viral genome DNA 

transcription and replication, as well as suppressing viral protein synthesis (144). Primary ovine 

turbinate cells (OFTu) infected with OV-SY17 were treated with genistein, and ORFV viral 

titers were significantly decreased at 12.5, 25, 50, and 100 µM. Also, the treatment with 100 

µM for 24 h reduced viral DNA copies and the mRNA expression of ORFV early, intermediate, 

and late genes. The time-of-addition assay revealed that genistein targets the viral transcription, 

and it is mediated through the interaction with the RNA polymerase subunit RPO30 (144). 

 

3.2.1.2 African swine fever virus!(ASFV) 

African swine fever is a highly lethal infectious disease in pigs, with mortality rates 

approaching 100% (249). The African swine fever virus spreads efficiently among domestic 

pigs. ASFV has expanded from Eastern Europe into Asia as a major transboundary pathogen, 

posing an increasing threat to global pig production. Notably, ASFV emerged in China in recent 

years, leading to the culling of over one million pigs since 2018. The absence of effective 

vaccines or antiviral therapies severely hinders control efforts, posing a serious risk to the swine 

industry (250). 

Genistein reduces ASFV DNA synthesis, decreasing the formation of viral factories in 

a dose-dependent manner (89). When genistein (50 µM) was added to Vero cells at the time of 

infection it significantly reduced the viral yield from 6.2 log TCID#$/mL to 0.4 TCID#$/mL. The 

time-of-addition assay reveals that genistein (50 µM) exhibited the most potent anti-ASFV 

activity when added at 8 hpi, reducing the viral titer by 3.8 log. Also, when cells were exposed 

to genistein at 8 hpi (50 µM) there was a significant decrease (54%) in viral DNA. Western blot 

results showed a decreased concentration of the early p32 and late p72 viral proteins. 
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Furthermore, molecular docking studies demonstrated that genistein may interact with the ATP 

binding site of ASFV-topoisomerase II. And, since the ATP-binding site of topoisomerase II is 

highly conserved among ASFV strains, genistein, as a competitive inhibitor, is a potential target 

for drug development against this virus (89). 

Kaempferol inhibited ASFV Ba71V strain in Vero cells in a dose-dependent manner 

(90). The strongest antiviral effect was recorded when cells were treated with 20 µg/mL of 

kaempferol (1.26 viral titer log decrease). The time-of-addition assay revealed that kaempferol 

acts on the entry (0 hpi) and post-entry (up to 4 hpi) stages of ASFV replication cycle. Also, it 

was identified that kaempferol induced the formation of autophagic vacuoles in both mock and 

ASFV-infected Vero cells, suggesting it as a potential antiviral mechanism against ASFV (90). 

Dihydromyricetin (DHM) treatment suppressed ASFV in PAMs (91). Cells were 

infected with ASFV (MOI = 1) for 2 h and then treated with DHM (25, 50, and 100 µM) for 

24, 48 or 72 h. The virus titers significantly decreased in a dose-dependent manner and were 

more pronounced with 100 µM of DHM. Viral titers reduced from 7.58 to 2.69 log+$%median 

hemadsorption dose per mL (HAD#$/mL). The time-of-addition assay revealed that DHM 

suppresses ASFV infection in all modes. Also, DHM at 100 µM significantly reduced the 

ASFV-B646L relative expression when added from 2 h prior to infection up to 48 hpi. RT-qPCR 

analysis showed that DHM (25, 50, and 100 µM) effectively down-regulated the mRNA 

expression of TLR4, MyD88, IL1! , IL6, IL18, and TNF" . Moreover, ASFV infection increased 

the phosphorylated P38, ERK, and p65 expression levels, which were all reduced by DHM 

treatment. The expression of NLRP3, ASC, and caspase1 were also inhibited. Taken together, 

these results suggest that DHM reduces ASFV-induced inflammatory cytokine levels by 

reducing the expression of TLR4/My88/MAPK/NFκβ pathway (91). 

In a previous study, the antiviral properties of luteolin against ASFV were explored 

using PAMs (92). The results showed that luteolin (5, 10, and 20 µM) significantly reduced the 

ASFV titers (7.3 log+$HAD#$/mL reduction). The time-of-addition assay revealed that luteolin 

(20 µM) treatment decreased ASFV-B646L mRNA expression at 12-15 hpi. Notably, luteolin 

suppressed NFκ! , STAT3, and ATF6 protein expression in a dose-dependent manner, 

suggesting that its anti-ASFV effect may be due the inhibition of the NFκ! /STAT3/ATF6 

signaling pathway (92). Moreover, it was demonstrated that ASFV infection activates the NFκβ 

signaling pathway, leading to increased expression of IL1β and IL8. And that the inhibition of 

this pathway using the NFκβ inhibitor BAY11-7082 resulted in reduced ASFV replication and 
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decreased expression of these cytokines (251). These results reaffirm the correlation between 

this pathway's inhibition and luteolin's antiviral action against ASFV.  

The antiviral properties of apigenin and genkwanin against ASFV were also evaluated 

(93,88). Apigenin significantly reduced viral titer from 5.5 log TCID#$/mL to 2.2 log 

TCID#$/mL when added at 1 hpi. Continuous treatment (up to 144 hpi) resulted in the absence 

of CPE (88). Even though apigenin has shown anti-ASFV activity, this compound is practically 

insoluble in highly polar solvents. Thus, a follow-up study was conducted, screening six 

different commercial apigenin derivatives for their anti-ASFV activity in Vero cells (93). 

Among these compounds, genkwanin showed significant anti-ASFV potential, reducing the 

viral titer from 6.5 to 4.75 log+$ TCID#$/mL in a dose-dependent manner. Also, this flavonoid 

reduced the levels of ASFV early and late proteins (Vp72 and Vp32, respectively), as well as 

viral DNA synthesis (93). Moreover, myricetin and its derivative myricitrin demonstrated 

specific inhibition of the ASFV protease through FRET analysis (94). 

ASFV infection also upregulates both mRNA and protein levels of TLR4 and MyD88, 

which are significantly downregulated by dihydromyricetin (DHM) treatment (91). 

Additionally, a specific TLR4 inhibitor (resatorvid) also inhibited ASFV replication, suggesting 

that ASFV relies on the activation of the TLR4 pathway. ASFV further promotes the expression 

of IL1β, IL6, IL18, and TNFα, which DHM treatment effectively reduces (91).  These findings 

are consistent with those previously reported by the same group (92). TLR4 is known to activate 

the MAPK/NFκβ signaling pathway via MyD88, driving the expression of inflammatory 

cytokines like TNFα, IL1β, IL6, and IL18 (252). Thus, these results suggest that DHM, similar 

to luteolin, may inhibit ASFV replication by reducing ASFV-induced inflammatory cytokines 

through the TLR4/MyD88/MAPK/NFκβ pathway. 

A structure-based -)! >-2-8* screening to evaluate the antiviral potential of four 

flavonoids: hyperoside, isoquercetin, quercetin, and quercitrin, against the pNP868R protein of 

ASFV, which is a critical guanylyltransferase involved in mRNA capping, was employed (95). 

Molecular docking was performed targeting the crystal structure of pNP868R (PDB ID: 7D8U). 

Among the candidates, hyperoside demonstrated the strongest binding affinity at −9.07 kJ/mol, 

outperforming quercitrin (−8.5 kJ/mol), isoquercetin (−7.92 kJ/mol), and quercetin 

(−7.65 kJ/mol). Molecular dynamics simulations were subsequently conducted, confirming 

stable and consistent binding throughout the simulation. The study concludes that hyperoside 

is a promising candidate for inhibiting ASFV mRNA capping, potentially exposing viral RNA 

to innate immune recognition (e.g., RIG-I) and stimulating antiviral immunity. However, 

further -)!=-'&* validation is warranted.  
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  3.2.1.3 Bovine alphaherpesvirus 1!(BoHV-1) 

Bovine alphaherpesvirus type 1 remains one of the most significant viral pathogens 

affecting beef and dairy cattle worldwide (253). The virus can cause a range of clinical 

conditions, including infectious bovine rhinotracheitis (IBR), conjunctivitis, vulvovaginitis, 

balanoposthitis, reduced milk production, and abortions in pregnant cows (254,255,256). A key 

feature of BoHV-1 is its ability to establish latency in the trigeminal ganglia, with periodic 

reactivation, which facilitates viral persistence and spread within cattle populations (255). 

Although some European countries have successfully eradicated the virus, vaccination 

continues to be the most effective strategy for controlling BoAHV-1-associated disease (253). 

Currently, few antiviral compounds are available, mostly at an increased cost for livestock 

species, underlining the need for ongoing research.  

The antiviral properties of genistein on the -)! =-'&* replication of BoHV-1 and 

glycoprotein E (gE) phosphorylation were evaluated using MDBK cells (120). Researchers 

evaluated the effect of genistein, known for the modulation of the tyrosine kinase pathway, on 

BoHV-1 replication. They found that genistein significantly reduced BoHV-1 replication by 

90% at 18 hpi. Conversely, no effect was observed in gE-deleted BoHV-1, suggesting that this 

flavonoid inhibits the viral replication through the interaction with gE. Further experiments 

showed that genistein inhibited gE phosphorylation and, consequently, BoHV-1 replication in 

a dose-dependent manner. The antiviral effect of genistein may be attributed to its specific 

interaction with tyrosine kinase pathways, which play a crucial role in the phosphorylation of 

gE (120). 

Kaempferol (100 µmol/L) completely inhibited the BoHV-1 replication -)!=-'&* (121). 

MDBK cells were pre-treated with different concentrations of kaempferol (25 to 100 µmol/L) 

for 1 h prior and post-infection with BoHV-1 (MOI = 1). The concentrations of 25 and 50 

µmol/L significantly reduced the viral titer by 1.1 log+$ and 3.6 log+$%(TCID#$/mL), respectively. 

Moreover, a time-of-addition assay was performed to understand which step(s) of BoHV-1 

replication cycle were affected by kaempferol. MDBK cells were treated with kaempferol (100 

µmol/L) 1 h prior to infection, or at the same time of infection, or 1 hpi. The results 

demonstrated that kaempferol significantly inhibited BoHV-1 infection mainly at the post-entry 

stages. Western blotting analysis revealed that kaempferol (2.5 to 50 µM) diminished the 

activation of Akt signaling in response to BoHV-1 (MOI = 10). A previous study from the same 

group demonstrated that BoHV-1 infection stimulated the AKT signaling pathway, mainly at 
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the post-entry stage, to facilitate efficient replication (257). These findings suggest that the anti-

BoHV-1 activity of kaempferol may be due to the inhibition of the AKT signaling pathway.  

Luteolin demonstrated significant antiviral activity against BoHV-1 -)! =-'&*. 

Cytotoxicity analysis via CCK-8 assay established a CC#$ of 6 μg/mL for luteolin in bovine 

nasal turbinate osteoblasts (BT) cells. BT and MDBK cells were infected with BoHV-1 at MOI 

= 0.05, and luteolin was applied 2 h before infection and maintained during viral exposure. CPE 

observations at 24, 36, and 48 hpi confirmed a dose-dependent reduction in cytopathology. Viral 

replication was assessed via TCID#$, RT-qPCR targeting the BoHV-1 gB gene, and VP8 protein 

expression. All methods confirmed a statistically significant inhibition of BoHV-1 replication 

in a concentration-dependent manner (122). 

Bioinformatic screening identified 107 overlapping targets between luteolin and BoHV-

1, with KEGG enrichment highlighting the PI3K/AKT pathway. Docking simulations revealed 

stable binding of luteolin to PI3K and AKT with binding energies of −9.24 and −9.43 kcal/mol, 

respectively. Western blotting assays confirmed that luteolin significantly reduced BoHV-1-

induced phosphorylation of PI3K and AKT, while co-treatment with 740Y-P (PI3K/AKT 

agonist) restored phosphorylation and viral replication. Inflammatory response modulation was 

also observed with downregulation of NFκβ p65 and Iκβ phosphorylation and reduced mRNA 

expression of TNFα, IL1β, IL6, and IL8. Whereas there was upregulation of IL4 and IL10. The 

reversal of these effects by 740Y-P further confirmed the PI3K/AKT/NFκβ axis as a mediator 

of both antiviral and anti-inflammatory properties of luteolin (122).  

 

3.2.1.4 Buffalopox virus!(BPXV)!

Buffalopox is a highly contagious zoonotic disease that primarily affects Asian 

buffaloes (PJ1%2J>!1J1%2->) but can also infect cows and humans (258). Although rarely fatal, 

the disease has considerable economic consequences due to reduced productivity (258). In dairy 

buffaloes, mastitis is a common complication that can lead to significant and sometimes 

permanent declines in milk production (259). Currently, there are no approved antiviral 

treatments for buffalopox. While various vaccination strategies have been investigated, there is 

still no commercially available vaccine for the disease (260). 

Apigenin effectively inhibited BPXV replication in a dose-dependent manner -)!=-'&* 

(143). Vero cells were infected with BPXV (MOI = 0.1) in the presence of apigenin (20 ng/mL 

to 2500 ng/mL). The progeny virus released in the supernatant was quantified by plaque assay 

at 48 hpi. The resulting EC#$ and TI were 51.7 ng/mL and 194.9, respectively. These results 
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indicate that apigenin inhibited BPXV replication (effective at a low concentration) with a high 

safety margin (high TI value). Moreover, Vero cells were infected with BPXV (MOI = 5) for 

1h and treated with apigenin (2.5 µg/mL) at 3 hpi. At 30 hpi the BPXV C18L DNA, mRNA, 

and protein levels were quantified. All three levels were significantly reduced at 30 hpi. 

Apigenin treatment also resulted in a moderate decrease in eIF4E phosphorylation and viral 

polymerase level. It was previously demonstrated that the activation of MAPK, 

ERK/MNK1/eIF4E, is a prerequisite for the translation of BPXV proteins (261). Taken 

together, these results suggest that, in addition to targeting cellular ERK/MNK1/eIF4E 

signaling, apigenin may also directly target the viral polymerase in order to exert its antiviral 

effect (143). 

 

3.2.1.5 Porcine circovirus!(PCV) 

Porcine circovirus is a widespread viral pathogen in pigs, responsible for a group of 

conditions collectively termed porcine circovirus-associated diseases (PCVAD). These include 

post-weaning multisystemic wasting syndrome (PMWS), porcine dermatitis and nephropathy 

syndrome (PDNS), granulomatous enteritis, porcine respiratory disease, reproductive failure, 

and acute pulmonary edema (262). Of the four known PCV types, PCV1 is non-pathogenic, 

while PCV2, PCV3, and PCV4 are considered pathogenic, with PCV2 being the principal cause 

of PCVAD (263). Vaccination is currently the most effective strategy for managing PCVAD 

(264), particularly against PCV2. However, no commercial vaccines are yet available for PCV3 

or PCV4. Even with vaccination, full virus eradication remains unachievable due to the limited 

duration of immunity and the risk of re-infection (263,265,266). These challenges highlight the 

urgent need for alternative control strategies for this complex, multifactorial disease (263). 

EGCG inhibited PCV2 replication and infectivity in porcine kidney cells (PK-15) (98).  

For the virucidal assay, PCV2 was pre-treated with EGCG for 10 min, then inoculated into PK-

15 (MOI = 1). Virus inoculum was removed after 1 h and the infected cells were maintained in 

medium containing EGCG (100 µM). Virus titers were evaluated at 24, 48, 72, 96 and 120 hpi. 

Additionally, at 72 hpi the PCV2 capsid protein and the genome copy numbers were determined 

by Western blot and RT-qPCR, respectively. The PCV2 titer (TCID#$/100 µL) was significantly 

reduced at all time points tested. Also, both levels of viral capsid proteins and PCV2 viral 

genome copy numbers were reduced (98). 

The time-of-addition assay was performed by pre-treating PK-15 cells with EGCG, then 

inoculating them with PCV2, or the PCV2 premixed with EGCG. Interestingly, the inhibitory 
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effect was not detected in the pre-treated group. However, EGCG significantly reduced the viral 

titer, DNA copy number, and the capsid protein in the PCV2 premixed with EGCG group. This 

suggests that EGCG affects PCV2 likely by the effect on the PCV2 capsid and inhibiting the 

binding to heparan sulfate receptor. The -)!>-2-8* analysis demonstrated that EGCG interacts 

with four specific capsid aminoacids (ARG-51, ARG-73, ASP-70, and ASP-78). Taken together 

these results indicated that these aminoacids were crucial for its interaction with EGCG and its 

inhibitory effect (98). 

3.2.1.6 Porcine parvovirus!(PPV) 

Porcine parvovirus (PPV) is a globally prevalent virus causing reproductive failure in 

pigs, notably the SMEDI syndrome, which refers to stillbirth, mummification, embryonic death, 

and infertility (267). It affects all pig categories and is highly stable in the environment, 

spreading easily through contaminated surfaces and equipment (268). Despite widespread 

vaccination since the 1980s, recent increases in SMEDI cases are linked to emerging PPV 

variants (269,270). With no specific treatment available, vigilant monitoring and antiviral 

development are essential (268). 

Chrysin, kaempferol, and galangal at 50 µM demonstrated a good inhibitory effect on 

PPV-infected cells. PK-15 cells were infected with PPV (MOI = 1) for 4 h. Subsequently, the 

supernatant was removed, and the cells were treated with chrysin, kaempferol, or galangal (50 

µM) for 48 h. The results of the CCK-8 assay (cell proliferation) and qPCR showed that only 

the treatment with chrysin induced a significant inhibition of PPV-induced cell death of PK-15 

cells and a reduction in PPV copy numbers (140). 

 

3.2.1.7 Pseudorabies virus!(SHV-1)!

Pseudorabies virus (PRV), the agent behind Aujeszky’s disease, affects a wide range of 

mammals and birds, though pigs are its only natural reservoir (271). Clinical symptoms vary 

by animal age: piglets suffer fatal neurological issues, fattening pigs exhibit respiratory signs 

with low mortality, and pregnant sows may experience abortions and fetal death (272). PRV 

poses major economic threats to the swine industry and growing concerns for public health, as 

over 20 severe human encephalitis cases have recently been reported (273). Although the global 

use of the gE-negative Bartha-K61 vaccine initially controlled the disease since its introduction 

in 1961, recent outbreaks driven by emerging PRV variants have reduced vaccine effectiveness, 

highlighting the importance of developing new strategies (274,275).  
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The antiviral potential of luteolin against SHV-1 was evaluated both -)!=-'&* and -)!=-=* 

(123). The time-of-addition assay was performed in PK-15 cells, and the SHV-1 DNA copy 

number was measured when luteolin was added either at the adsorption, entry, or replication 

stage. Furthermore, the researchers evaluated the SHV-1 gene expression (E180, EPO, UL27, 

UL29, UL9, and UL54) after luteolin treatment for 6, 12, 24, 48, and 72 h. It was found that 

luteolin has a significant inhibitory effect, with the highest inhibition rate (86.39%) at a 

concentration of 70 µM. Also, luteolin treatment (44 µM and 70 µM) reduced the SHV-1 DNA 

copies significantly when added during the replication, entry, and adsorption stage, mainly 

affecting the viral replication stage. The expression of all six genes analyzed was significantly 

reduced when SHV-1-infected cells were treated with luteolin (70 µM) in all five time points 

tested. Western blot results showed that luteolin (44 µM and 70 µM) reduced the expression of 

glycoprotein B (gB) protein. These results are consistent with the reduction in the expression 

of the UL27 gene, which encodes the gB protein. In mice, luteolin substantially reduced the 

SHV-1 levels in the liver, kidney, heart, lung, and brain. Moreover, the serum concentration of 

IL4 and TNF"  was significantly downregulated in the luteolin-treated group. In contrast, the 

IFNγ levels were significantly increased in the luteolin-treated group (123). Another study 

demonstrated that luteolin inhibits SHV-1-induced phosphorylation of the NFκβ p50 subunit in 

PK-15 cells (276). These results suggest that luteolin may downregulate TNFα and IL4 -)!=-=* 

(123) by preventing the p50 activation and subsequent gene transcription (277). However, this 

suppression does not correlate with the upregulation of IFN-γ, as its production can be mediated 

through NFκβ (278).   

Kaempferol exhibited anti-SHV-1 activity in mice by improving the survival rate by 

22.22%, which was higher than that of acyclovir (124). SHV-1 was intraperitoneally injected, 

and kaempferol (80, 160, or 240 mg/kg) was orally administered daily for 6 days. In addition, 

four mice were randomly selected in each group for sample collection at 3,4, and 5 dpi. The 

findings suggested that kaempferol at the dose of 240 mg/kg had higher activity to protect mice 

from SHV-1-induced death when compared with acyclovir (160 mg/kg). Heart, liver, spleen, 

lung, kidney, thymus, and brain were collected to assess the viral load. The SHV-1 load in liver, 

lung and, brain, was significantly lower in kaempferol-treated group compared to the acyclovir-

treated group. RT-qPCR was used to measure the expression of SHV-1 genes related to 

transcription and latency (IE180 and LAT) in the brain. The transcription level of IE180 (SHV-

1 immediate early gene) in both the kaempferol and acyclovir groups was inhibited at 5 dpi 

compared to the negative control, leading to decreased expression of the early genes. In 

addition, kaempferol, but not acyclovir, reduced latent-associated transcript (LAT) expression. 
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Cytokine levels (IL1β, IL4, IL6, TNF" , and IFNγ) in the serum were increased by SHV-1 

infection based on ELISA testing. After kaempferol treatment, the levels of these cytokines 

decreased at 3 dpi (124). These results contrast with those observed for luteolin, suggesting that 

these flavonoids exhibit opposing immunomodulatory activities against SHV-1 in mice. 

Myricetin dose-dependently inhibited SHV-1 replication and SHV-1-induced cell death 

(125). PK-15 cells were infected with SHV-1 and treated with myricetin (31.5, 62.5, 125, 250, 

and 500 µM) for 48 h. The results of CCK-8 assay (cell proliferation) and fluorescent 

quantitative (FQ) PCR revealed that myricetin inhibited SHV-1 in all concentrations tested. 

Time-of-addition assay showed that myricetin at 500 µM exhibited virucidal effect and had 

significant inhibitory effects on viral adsorption, penetration, and replication. Interestingly, 

SHV-1 significantly up-regulates the expression of antiapoptotic gene Bcl-2 mRNA at 12, 18, 

and 24 hpi. However, the up-regulation of apoptosis-related genes was reversed with myricetin 

treatment (500 µM). The expression levels of proteins involved in the NFκβ and MAPK 

pathways were analyzed by western blot at 4, 8, and 12 hpi. The results suggested that SHV-1 

infection suppresses the expression of these proteins at 4 hpi. Interestingly, treatment with 

myricetin reactivates the expression of these proteins. I)! =-=*, mice were intraperitoneally 

injected with 0.1 mL of 2 x 10,  TCID#$ of SHV-1 and treated with 100 mg/kg of myricetin. RT-

qPCR results showed that myricetin significantly reduced the relative expression of IL1"  

(spleen, kidney, and brain), ILβ1 (liver, lung, and brain), and IL6 (spleen, lung, and kidney) at 

2, 4, 6, and 8 hpi. Also,!myricetin treatment prolonged the survival of infected mice, enhancing 

the survival rate. In addition, myricetin treatment significantly reduced SHV-1 load in the liver, 

lung, spleen, kidney, and brain (125). 

In another study, myricetin also exhibited potent antiviral activity against SHV-1 in PK-

15 cells (279). In a screening of 25 flavonoids, myricetin had one of the lowest IC#$ values 

(42.6 µM) while maintaining negligible cytotoxicity (CC#$ > 1000 µM). Viral inhibition assays 

were performed using 100 TCID#$ of SHV-1 Ra strain, with myricetin treatments applied after 

viral adsorption. CCK-8 assays confirmed that myricetin significantly improved cell viability 

and reduced SHV-1-induced CPE. Further, qPCR showed strong upregulation of cGAS, 

STING, TBK1, IRF3, IRF7, and IFNβ at 2, 6, and 12 hpi, reversing the downregulation caused 

by SHV-1. Dual-luciferase assays and Western blotting confirmed that myricetin restored 

phosphorylated IRF3 and STAT1, boosting type I interferon responses. In SHV-1-infected cells, 

TCID#$ viral titers significantly decreased after myricetin treatment. 

Oral administration of myricetin (100 mg/kg) to SHV-1-infected mice (2 × 10⁴ 

TCID#$/0.1 mL) significantly reduced mortality from 70% in untreated controls to 30% in the 



71 
 

 

treated group. Viral genome copies measured by qPCR were reduced, reaching an 80-fold 

reduction in the kidney compared to untreated animals. Western blotting and ELISA analyses 

revealed restored expression of key antiviral proteins (MX1, ISG15, OAS1, p-STAT1) in the 

brain and kidney, the SHV-1's primary target organs. The activation of both the cGAS/STING 

and JAK/STAT pathways was confirmed by the elevated transcription and phosphorylation of 

pathway components, especially in tissues where SHV-1 had suppressed type I IFN signaling 

(279). 

SHV-1 titers were reduced in Vero cells infected with SHV-1 (MOI = 0.1) and 

simultaneously treated with quercetin (50 µM) for 24 h.  Also, quercetin (12.5, 25, and 50 µM) 

significantly reduced the viral DNA copies and the glycoprotein E (gE) protein expression 

(126). The time-of-addition assay revealed that quercetin (25, 50, and 125 µM) inhibited the 

SHV-1 gE protein at the time interval 0-10 h based on Western blotting results. Also, cell pre-

treatment, virus pre-treatment, and co-treatment were evaluated. According to the results, the 

co-treatment with quercetin showed an inhibition rate of about 98.1%, and the virus pre-

treatment demonstrated an inhibition rate of 73.97%. On the other hand, cell pre-treatment had 

no effect (126). 

I)! >-2-8* analysis demonstrated that quercetin binds to SHV-1 glycoprotein D (gD) 

between SHV-1 gD and nectin-1 structure (126). These results suggest that quercetin targets 

SHV-1 particles, competing with the receptor and affecting the attachment of SHV-1. 

Furthermore, mice were intra-plantarly infected with SHV-1 (10 LD#$) alone or SHV-1 (10 

LD#$) mixed with quercetin (1.5 µg). The results showed that the administration of quercetin 

led to a significant decrease in virus DNA and improved survival rates (126). 

Baicalin exhibited significant antiviral activity against SHV-1 in PK-15 cells (127). Cell 

viability assays confirmed that baicalin is non-toxic at concentrations between 31.2 and 

125 µM. Antiviral assays were performed using both wild-type SHV-1-HeNLH/2017 and a 

SHV-1-GFP recombinant virus at an MOI of 0.1. Baicalin pre-treatment at 62.5 or 125 µM 

significantly inhibited viral proliferation in a time- and dose-dependent manner, as 

demonstrated by TCID#$ titration at 13, 25, and 37 hpi, reduced GFP fluorescence, and 

decreased gE protein levels via Western blotting. Attachment and internalization assays 

conducted at MOI 0.1 and 1 revealed no effect on these early entry steps, whereas replication 

assays (UL54 mRNA quantification) and release assays (extracellular/intracellular viral titer 

ratio) confirmed that baicalin strongly inhibited both viral replication and progeny release 

(127). 
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Proteomic profiling using Tandem Mass Tag (TMT)-based quantitative LC-MS/MS 

analysis identified 14 SHV-1 proteins significantly downregulated by baicalin, primarily 

affecting capsid formation, glycoproteins (gC, gD, gH), and tegument proteins involved in 

replication and immune evasion. Furthermore, 116 host proteins that were dysregulated by 

SHV-1 were restored toward normal expression in the baicalin-treated group. KEGG and GO 

pathway enrichment analysis revealed baicalin’s modulation of the complement and 

coagulation cascades, ROS metabolism, mitochondrial function (NFU1), and nucleoplasmic 

activity (SLC3A2, CEBPB). Flow cytometry validated baicalin’s reduction of intracellular ROS 

levels, whereas qPCR confirmed the upregulation of F3, and transcriptional restoration of 

SLC3A2 and CEBPB, along with downregulation of SHV-1-induced NFU1. Thus, baicalin 

reduces mitochondrial overactivation induced by viral infection (127). 

3.2.1.8 Equid herpesvirus 1!(EHV-1) 

Equine herpesvirus-1 (EHV-1) is a highly contagious and economically damaging virus 

in horses, linked to respiratory illness, abortions, neurological disease, and neonatal death 

(280,281). It spreads easily through direct contact and contaminated materials (282). Despite 

available vaccines, none effectively prevent the neurological form of the disease, and no 

comprehensive treatment exists (283,284).  

Researchers evaluated the prophylactic and therapeutic effects of quercetin compared 

to the commercial drug Penciclovir® against EHV-1 (128).  Female C5BL/6 mice were 

intranasally infected with EHV-1 and daily treated with 90 mg/kg of quercetin. The results 

indicated that quercetin showed antiviral activity, reducing the severity of cerebral and 

pulmonary lesions in EHV-1-infected mice (128). 

In another study, quercetin and morin were evaluated against EHV-1 using Vero cells 

(129). To assess the virucidal activity, EHV-1 serial dilutions (10+%to 10-  TCID#$/mL) were 

incubated for 1 h with quercetin (15, 30, and 60 µg/mL) or morin (30, 60, and 90 µg/mL). Both 

flavonoids reduced the viral titer at all three tested concentrations. A time-of-addition assay was 

performed to investigate the effect of the compounds on the different steps of the viral cycle. 

The results revealed that quercetin at 30 and 60 µg/mL significantly reduced the viral titer when 

added at 0 or 1 hpi. On the other hand, morin (30, 60, and 90 µg/mL) significantly reduced the 

viral titer only at 0 h (129).  
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3.2.2.1 Duck hepatitis B virus!(DHBV) 

Duck hepatitis B virus (DHBV) was initially discovered in Pekin ducks, which 

exhibited no clinical signs of hepatitis or mortality (285) and has since been detected in various 

countries (286). In contrast to more severe waterfowl diseases like avian influenza, Newcastle 

disease, and duck viral enteritis, DHBV generally results in mild or asymptomatic infections in 

adult ducks, often manifesting as acute or persistent infections (286). The virus is primarily 

transmitted vertically, and persistent infections negatively impact hatchability and hinder 

duckling development (287). Due to its genetic and replicative similarity to human hepatitis B 

viruses, DHBV also serves as a valuable model for studying hepatitis B in humans  (288). 

The antiviral potential of hyperoside against DHBV was evaluated -)! =-=*!(119)S  

Ducklings were inoculated intravenously with DHBV (0.2 mL/animal), and hyperoside was 

administered orally twice a day for 10 days (0.02, 0.05, and 0.1 g/kg) starting at day seven post-

challenge. The serum levels of DHBV were detected by dot hybridization. The concentrations 

of 0.05 and 0.1 g/kg significantly reduced the DHBV serum levels compared to the positive 

control (0.05 g/kg of lamivudine). Moreover, the protective effect of hyperoside was confirmed 

by histopathological exams. There was an improvement in the hepatocellular architecture and 

a reduction in necrosis and vacuolation (119). 

 

3.2.2.2 Fowl aviadenovirus!(FAdV)!

Fowl aviadenovirus consists of five species (A–E) and 12 recognized serotypes (289). 

It is responsible for three major poultry diseases: inclusion body hepatitis (IBH), hepatitis-

hydropericardium syndrome (HHS), and adenoviral gizzard erosion (AGE) (290). IBH is 

globally widespread and the most frequently reported form, followed by HHS. These infections 

primarily affect broiler chickens, but layers and breeders are also susceptible. The economic 

impact is mainly due to reduced growth and reproductive performance. Vaccination remains the 

primary strategy for effective disease control (291).  

The antiviral effects of EGCG, EGC, and ECG against FAdV serotype 4 were 

investigated using Vero cells and broiler chicks (77). Initial studies -)!=-'&* revealed that EGCG, 

EGC, and ECG at 120 µM/mL inhibited FAdV in 36.8, 28.8, and 25.7 %, respectively. I)!=-=*, 

broiler chicks were infected with 10,./%%embryo infectious dose 50% (EID#$) FAdV and were 

treated with the three flavonoids (30, 60, and 120 mg/mL) orally in drinking water.  The 
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treatment improved the survival rate compared to the control, and also the relative organ weight 

(77). 

3.2.2.3 Marek`s disease virus!(MDV)!

Marek’s disease virus (MDV) is a highly contagious pathogen in poultry that causes 

tumor-related illness (292). Initially described in 1907 as a mild nerve-related condition in older 

birds (293) the disease has evolved over the 20th century into a far more lethal form, with 

mortality rates exceeding 90% in unvaccinated chickens (294). The CVI988 vaccine has long 

been the most effective defense against MDV (292). However, it does not prevent infection or 

transmission and is often ineffective against emerging virulent strains like vv+MDV and HV-

MDV (295,296). These threats highlight the urgent need for next-generation vaccines and 

alternative therapeutic strategies. 

Baicalin inhibited MDV viral mRNA, protein levels, and titers in CEF cells!(130). CEF 

cells were pretreated 2 h prior to infection with 0, 1, or 20 µg/mL. Then, cells were infected 

with MDV and incubated for 96 h. The treatment with baicalin (20 µg/mL) significantly 

reduced the relative expression of Meq and gB mRNA and the viral titer. Also, Western blotting 

revealed that baicalin reduced the expression of gB protein. Time-of-addition and virucidal 

assay were performed by pre-, co-, or post-treating cells with baicalin (20 µg/mL) or by 

incubating MDV (200 pfu) with 20 µg/mL of baicalin for 1.5 h and then treating cells, 

respectively. According to the time-of-addition assay, baicalin only had significant inhibition 

of Meq and gB mRNA relative expression when it was added after virus adsorption (1, 6, 12, 

and 24 h). Moreover, RT-qPCR and plaque assay results showed that the pre-incubation of the 

virus with the flavonoid significantly reduced gene expression and virus replication, suggesting 

that this flavonoid may have a virucidal activity against MDV (130). 

 

!"5"!$9),:$;)*+,-, $

3.2.3.1 Channel catfish virus!(CCV)!

Channel catfish virus (CCV) causes a fatal hemorrhagic disease in juvenile channel 

catfish, leading to significant economic losses in the aquaculture industry (297). The frequency 

of outbreaks has increased in recent years, largely due to high-density farming practices (298). 

Although some studies have shown that DNA and inactivated virus vaccines may help control 

CCV (299), these measures have proven insufficient during severe outbreaks. Additionally, the 
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high cost of vaccines limits their feasibility for widespread use in large populations of 

vulnerable juvenile fish (300). Currently, there are still no effective antiviral treatments 

available (298).  

Kaempferol showed a pronounced inhibitory effect against CCV -)!=-'&*!(78). Channel 

catfish ovary (CCO) cells were infected with CCV for 1 h and then the cells were treated with 

2.5, 5, 7.5, 10, 12.5, and 15 µg/mL of kaempferol. The cells were collected and subjected to 

RT-qPCR and Western blotting analysis at 24 and 36 hpi. Also, the supernatant and cell pellets 

were collected at 24 and 36 hpi to evaluate the intracellular and extracellular viral loads. Results 

revealed that kaempferol treatment significantly decreased the mRNA levels and protein 

concentration of CCV ORF 39 and ORF 59 at 24 and 36 hpi in all concentrations.  Kaempferol 

(5 to 15 µg/mL) also significantly decreased the titers in cell pellets and supernatant at 24 and 

36 hpi (78). 

The time-of-addition assay included a control group (CCO cells infected with CCV for 

1 h) and 4 groups treated with 15 µg/mL of kaempferol. The cells were pre-treated for 2 h before 

infection; virus treatment for 2 h before being added to cells; virus inoculation and treatment 

simultaneously for 1 h; and post-treatment, where cells were treated at 1, 2 ,4, 8, 12, and 24 h 

post-infection. The co-treatment of CCO cells failed to decrease viral ORFs 39 and 59 mRNA 

levels. While the virus-treatment and post-treatment significantly reduced the CCV mRNA 

(78). 

Another experiment evaluated virus attachment by pre-cooling cells at 4ºC for 30 min 

and then treating cells with kaempferol (15 µg/mL). Cells were then incubating with CCV at 

4ºC for 1 h to allow attachment and prevent viral internalization. Next, cells were washed and 

incubated at 28ºC for 24h. The RT-qPCR results showed that exposure to kaempferol 

significantly reduced viral attachment and internalization by more than 50%, decreasing both 

ORF 59/39 mRNA and CCV titer (78). 

 

3.2.3.2 White spot syndrome virus!(WSSV) 

White spot syndrome virus (WSSV) is the causative agent of white spot disease (WSD), 

a highly lethal and economically devastating infection that has severely impacted the global 

shrimp farming industry for over two decades (301,302,303). WSD affects all types of 

crustacean farming systems and is currently considered a pandemic, being listed as a notifiable 

disease by OIE (304). Despite extensive research into vaccine development, there are still major 
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challenges that include the complexity of the shrimp immune system, high production costs, 

and the lack of practical large-scale delivery methods in aquaculture settings (305). 

Naringenin repressed WSSV proliferation in a dose-dependent manner and significantly 

improved the survival of WSSV-challenged crayfish (131). One group of crayfish was injected 

with naringenin (6.25, 12.5, 25, 50 and 100 mg/kg) then injected with WSSV after 2, 4, 6, 12 

and 24 h post-treatment. Crayfish in another group were injected with WSSV and then injected 

with naringenin (50 mg/kg) after 2, 4, 6, 12, 24, and 72 hpi. RT-qPCR was performed to assess 

the transcription levels of both WSSV (VP28) and crayfish genes (STAT and Hsp70). The 

results showed that all naringenin concentrations significantly inhibited WSSV at 24 h. Also, 

naringenin (50 mg/kg) significantly inhibited WSSV when added as pre- or post-treatment. 

Furthermore, the anti-inflammatory, antioxidant, and apoptosis effect of naringenin were 

evaluated by RT-qPCR in crayfish challenged with WSSV. The expression of WSSV genes 

(DNApol, ie1 and VP28) were significantly downregulated by naringenin (50 mg/kg) in 24 h. 

Moreover, the expression levels of the antioxidant (cMnSOD, mMnSOD, CAT and GST) genes 

were significantly up-regulated. In contrast, the gene expression of inflammatory mediator 

cyclooxygenases (COX-1 and COX-2) significantly decreases with the naringenin treatment. 

In addition, the treatment up-regulated the expression of the apoptosis-related factor Bax, while 

the expression of BI-1 was down-regulated (131). 
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Figure 3 illustrates the proposed antiviral mechanisms of flavonoids against reviewed 

DNA viruses, when they interact with the virus (Figure 3A) or with the cell (Figure 3B). 

Figure 3 – Proposed effects on viral replication and cellular processes of DNA viruses.!
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Table 3 summarizes all the flavonoids compounds that were tested against DNA viruses 

as well as its potential antiviral or immunomodulatory effect.

https://biorender.com/
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Table 3. Flavonoids and their respective antiviral effect against DNA viruses. 
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a: statistically different (p < 0.01);  b: statistically different (p < 0.05); c: no statistical data was presented. The p values mentioned in 
this table correspond to the highest p values found in studies. NT: Not tested. 
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Supplementary Table 1 presents a comprehensive overview of the antiviral activity of 

flavonoids against animal viruses, compiled from studies utilizing a range of methodological 

approaches, including EC#$, IC#$, SI, and TCID#$/PFU-based assays. While this collection 

underscores the breadth of experimental strategies, it also highlights considerable variability in 

both study design and outcome reporting. In particular, several investigations using TCID#$ as 

a measure for antiviral efficacy report statistical differences between treatment and control 

groups without providing quantitative reductions in viral titers. This heterogeneity in reporting 

standards poses challenges for directly comparing results across studies and limits the 

interpretability of absolute antiviral effects. 

Furthermore, the MOI values used in experiments are highly inconsistent even among 

studies evaluating the same virus-flavonoid combinations. In several cases, MOI values are 

lacking, raising concerns about reproducibility and methodological transparency. This lack of 

uniformity complicates the interpretation of antiviral potency and highlights the critical need 

for standardized reporting practices to enhance the comparability and reliability of findings in 

flavonoid-based antiviral research. 

Thus, to ensure meaningful interpretation of flavonoid efficacy, careful attention must 

be given to the methodological framework employed in antiviral assays. The widely used EC₅₀ 

assay estimates the concentration needed to reduce viral markers by 50%, while the selectivity 

index (SI), defined as CC#$/EC#$ or IC#$, offers a measure of therapeutic window (306).  Though 

convenient and sensitive, EC50 and SI assess surrogate endpoints like viral protein expression 

or enzymatic activity, which may not directly reflect reductions in viral infectivity or replication 

capacity. 

In contrast, the TCID#$%assay offers a more functional perspective by quantifying the 

dilution of virus required to cause cytopathic effects in 50% of host cells (307). It provides 

direct evidence of viral viability, which EC#$ can sometimes overestimate. Consequently, 

integrating EC#$ and SI metrics with infectivity-based assays like TCID#$%is widely regarded as 

best practice in antiviral evaluation. While EC#$ alone may overestimate efficacy if non-

infectious viral particles persist, TCID#$ lacks information on cytotoxicity or specific antiviral 

mechanisms. The combined use of these complementary assays enhances the robustness and 

interpretability of antiviral efficacy data. 

Further reinforcing the value of an integrated evaluation strategy, it is recommended 

(308) minimum activity thresholds, IC#$ values below 100 µg/mL for crude extracts and 25 µM 

for pure compounds. These benchmarks serve as practical criteria to distinguish genuine 
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antiviral activity. Moreover, parallel cytotoxicity profiling is critical to ensure that observed 

antiviral effects are not artifacts of generalized cellular toxicity. 

Another important limitation is that the majority of studies included in the review were 

conducted exclusively -)!=-'&*. Among the few that incorporated -)!=-=* experiments, most 

focused on viruses affecting aquatic or avian species, likely due to the logistical ease of housing 

these animals under laboratory conditions. However, this narrow scope presents a major 

bottleneck in translational research. I)! =-'&* systems, while critical for high-throughput 

screening and mechanistic insights, fail to account for the complex physiological interactions 

that determine antiviral efficacy -)! =-=*, such as pharmacokinetics, immune modulation, 

metabolic transformation, and tissue distribution. As a result, the scarcity of mammalian -)!=-=* 

studies constitutes a critical gap, limiting the advancement of flavonoids from promising 

experimental antivirals to viable veterinary therapeutics. 

Despite these limitations, the antiviral data reviewed here highlight the promising cross-

species efficacy of several flavonoids. While this review does not primarily focus on dual-host 

antiviral applications, some compounds have demonstrated activity against both human and 

veterinary viruses, reinforcing their translational potential. For example, apigenin has shown 

effective inhibition of major human pathogens such as human immunodeficiency virus (HIV), 

hepatitis C virus (HCV), and severe acute respiratory syndrome coronavirus (SARS-CoV) 

(48,309,310), while also exhibiting antiviral activity against key veterinary viruses including 

FMDV, PEDV, IBV, ASFV, and BPXV (88,102,110,141,143). 

From a pharmacological and economic perspective, flavonoids also present distinct 

advantages over conventional antiviral agents. For example, acyclovir is one of the most 

commonly used antiviral drugs all around the world (311) but it is expensive and narrowly 

effective against W#&$#>=-&-7%#!(312). In contrast, flavonoids in general exhibit broader 

antiviral spectra, lower cytotoxicity, and lower production costs (11,313). These attributes make 

flavonoids especially valuable in resource-constrained or large-scale veterinary applications, 

where affordability, spectrum, and safety are critical considerations.  

In addition to that, many of the flavonoids discussed in this review exhibited potent dual 

activity, interfering not only with the viral replication cycle but also with key cellular processes 

and immunomodulation, as illustrated in Figures 2 and 3. For instance, baicalein for H5N1 

(133) besides significantly reducing viral titers and inhibiting neuraminidase activity, it also 

decreased levels of cleaved-caspase3 and inflammatory cytokines induced by the viral-

infection. Luteolin for PEDV (108) inhibits M&'( /3CL&'(%enzymatic activity, diminishing viral 

replication and also downregulated transcriptional levels of inflammatory cytokines. 



84 
 

 

Reinforcing its dual action, studies demonstrate that kaempferol inhibits the dihydroorotase 

domain of the CAD protein (carbamoyl-phosphate synthetase 2, aspartate transcarbamylase, 

and dihydroorotase) (314), while both kaempferol and quercetin activate nuclear factor 

erythroid 2-related factor 2 (Nrf2) (315). Nrf2 coordinates the antioxidant response pathway, 

maintaining cellular redox homeostasis through the induction of various cytoprotective genes 

(316). Simultaneously, CAD suppresses inflammation via NOD2 inhibition (317). 

This multifunctional behavior is further supported by their broad-spectrum antiviral 

activity across diverse viral families, including K2%=-=-&-7%#, W#&$#>=-&-7%#, 9&'0*(.Z*=-&-7%#, 

/-8*&)%=-&-7%#, and 5*&*)%=-&-7%# (Figure 4). Key compounds such as apigenin, baicalin, 

EGCG, genistein, kaempferol, luteolin, morin, naringenin, and quercetin have shown inhibitory 

activity against both RNA and DNA viruses through multifaceted mechanisms. 
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Figure 4 - Taxonomic distribution of RNA and DNA viruses affected by flavonoids with 
reported antiviral activity. Figure created using Biorender (https://www.biorender.com/). 
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4. Conclusion and future directions 

Flavonoids have attracted substantial interest in antiviral drug development due to their 

wide availability, natural origin, and low incidence of side effects. This review aimed to identify 

and discuss studies that evaluated the antiviral effects of flavonoids on viruses of veterinary 

importance, a focus that is often overlooked, as most existing reviews concentrate 

predominantly on viruses affecting human health. 

A total of 73 studies were reviewed, covering 47 different flavonoids tested against 35 

viruses, with quercetin, baicalin, and kaempferol being the most frequently analyzed 

compounds. The majority of the studies focused on viruses affecting livestock species, such as 

ASFV and PEDV, underscoring the economic significance of finding new antiviral agents in 

the animal husbandry sector, which is vital to the economies of numerous countries. 

However, most of the literature examined reported flavonoid efficacy solely in vitro, 

underscoring the scarcity of in vivo studies necessary to confirm these compounds' antiviral 

action in real-world settings. Furthermore, the analysis of results presents additional challenges. 

Many studies lacked rigorous statistical analysis, as highlighted throughout this review, which 

limits the reliability of their findings. Additionally, significant methodological variations in 

evaluating antiviral activity across studies make it difficult to compare results directly. Future 

research should prioritize standardized methods and statistical validation to improve the 

comparability and robustness of findings. 

Notably, an interconnection between antiviral activity and immunomodulation was 

evident in many studies. Although immunomodulation was not the primary focus of this review, 

it is important to recognize its substantial role in combating viral infections. The reviewed 

studies indicate that flavonoids may exert antiviral effects partly through immune modulation, 

primarily by regulating cytokine expression. However, it is crucial to emphasize that antiviral 

and immunomodulatory effects, while often observed together, are not necessarily correlated. 

In conclusion, the mechanisms of action described in this review offer a theoretical 

foundation for further drug screening and the application of flavonoids. They also provide 

valuable insights for future research and development in the field of veterinary antiviral 

therapies. Establishing standardized methodologies and conducting more in vivo studies will 

be essential for advancing the practical application of flavonoids in combating viral infections 

in veterinary medicine. 



87 
 

 

CRediT authorship contribution statement 

Renata Nobre da Fonseca: Writing – original draft. Mayara Fernanda Maggioli: 

Writing – review & editing. Silvia de Oliveira Hübner: Writing - review & editing. Fernando 

Vicosa Bauermann: Writing – review & editing. Funding acquisition.  

Data availability statement 

The original contributions presented in the study are included in the article.  Further inquiries 

can be directed to the corresponding author 

Funding 

 This work was supported by Fundação Coordenação de Aperfeiçoamento de Pessoal de 

Nível Superior (CAPES). FVB and RNF were partially funded by the Sitlington Endowment 

(FVB). 

Declaration of Competing Interest 

 The authors declare that they have no known competing financial interests or personal 

relationships that could have appeared to influence the work reported in this paper. 

References 

 

bUc' q"K".&"*' [C' ;."L&"*' /C' i1' ;C' q"*7$' Gk' !%"01*1$75g' 2.1#$5$*>' *"+4."%' ,1#214*75' ">"$*5+' 0$."%'
$*F),+$1*5k';.,E'3$.1%'VRUDQUZVgVYWPr YUk'E++25gff71$k1.>fURkURRDf5RRDRYARUDAW?UDA&k'

bVc' :$<1*' J;C' S"5$*)++$' (-k' !%"01*1$75' "*7' ]51F%"01*1$75g' !.1#' S%"*+' O$1%1>&' +1' ;>.$,4%+4.)' "*7'
9)4.15,$)*,)k'S%"*+'SE&5$1%'VRURQUY?g?YWr Dk'E++25gff71$k1.>fURkUUR?f22kUURkUZU?WRk'

bWc' N"++"*^$1'3k'SE)*1%$,'61#214*75g']*+.174,+$1*k'9"+k'S.17k'SE&+1,E)#k'O1+k'-)+"Lk';%K"%1$75'SE)*1%$,5'
)̀.2)*)5C'T2.$*>).A3).%">'O).%$*'[)$7)%L).>Q'VRUWC'2k'UY?Wr HRk'

b?c' qE"*>' XC' qE"1' hC' X$4' [k' !%"01*)5' "*7' !%"01*1%5g' SE&+1,E)#$5+.&' "*7' O$1,E)#$5+.&k' 9"+k' S.17k'
SE&+1,E)#k'O1+k'-)+"Lk';%K"%1$75'SE)*1%$,5' )̀.2)*)5C'T2.$*>).A3).%">'O).%$*'[)$7)%L).>Q'VRUWC'2k'UHVUr ?Dk'

bYc' ]."*5E"E$' -C' J)^"))' JC' S".E$^' [C' J11EL"KE5E';C' T1%+"*$' !k' S.1+),+$0)' )FF),+5' 1F' F%"01*1$75' ">"$*5+'
#$,.1L)5' "*7' +1<$*5g' `E)' ,"5)5' 1F' E)52).$7$*' "*7' E)52).)+$*k' N$F)' T,$' VRUYQUWDgUVYr WVk'
E++25gff71$k1.>fURkURUZfek%F5kVRUYkRDkRU?k'

bZc' GE"*'9C'T&)7':9C';E#"7'9C'-4KE+".'[k'!$5)+$*g';':$)+".&';*+$1<$7"*+'F1.'[)"%+E'S.1#1+$1*k';*+$1<$7'
J)71<'T$>*"%'VRUWQUPgUYUr ZVk'E++25gff71$k1.>fURkURHPf".5kVRUVk?PRUk'

bDc' 9"L"0$'T!C'O."$7&'9C'["L+)#".$"#'TC'i.E"*']/C':">%$"'-C'-"*"&$';C')+'"%k'9)4.12.1+),+$0)')FF),+5'1F'
,E.&5$*g' !.1#' ,E)#$5+.&' +1' #)7$,$*)k' 9)4.1,E)#' ]*+' VRUYQPRgVV?r WUk'
E++25gff71$k1.>fURkURUZfek*)4$*+kVRUYkRPkRRZk'



88 
 

 

bHc' h$"'/ AXC':)*>'( A!C'(41'8 AMC'N$'[AOk'O$1%1>$,"%';,+$0$+$)5'1F'S1%&2E)*1%5'F.1#'(."2)5k']*+'M'-1%'T,$'
VRURQUUgZVVr ?Zk'E++25gff71$k1.>fURkWWPRf$e#5UURVRZVVk'

bPc' (1.%",E'TC'!$,E*"'MC'N)="*71=5K"'ak'S1%&2E)*1%5'"5'#$+1,E1*7.$"A+".>)+)7'"*+$,"*,).'7.4>5k'6"*,).'
N)++'VRUYQWZZgU?Ur Pk'E++25gff71$k1.>fURkURUZfek,"*%)+kVRUYkRDkRR?k'

bURc' 6E"*+.$%%' [C' ]*K%)&' _C' -1..$5' _C' S&%)' ;[k' `E)' ;,+$1*' 1F' S%"*+' /<+.",+5' 1*' "' O",+).$12E">)' 1F'
S5)471.*1*"5'2&1,&"*)"'"*7'1*']*F%4)*^"';'3$.45'*k7k'E++25gff71$k1.>fURkURPPfRRVVUVHDAZAUAVAD?k'

bUUc' _"*>'NC'T1*>'MC'N$4';C'h$"1'OC'N$'TC'_)*'qC')+'"%k'J)5)".,E'S.1>.)55'1F'+E)';*+$0$."%'O$1",+$0$+$)5'1F'
9"+4."%'!%"01*1$75k'9"+'S.17'O$12.152),+$*>'VRVRQURgVDUr HWk'E++25gff71$k1.>fURkURRDf5UWZYPARVRARRVYDA<k'

bUVc' O"75E"E' TNC' !"$5"%' TC' -4E"##"7' ;C' S14%51*' O(C' /#="5' ;[C' M".)#K1' -k' ;*+$0$."%' ",+$0$+$)5' 1F'
F%"01*1$75k'O$1#)7'SE".#",1+E).'VRVUQU?RgUUUYPZk'E++25gff71$k1.>fURkURUZfekL$12E"kVRVUkUUUYPZk'

bUWc' 9$*F"%$'SC';*+1*)%%$';C'-">*"*$'-C'T,".2"'/Tk';*+$0$."%'S.12).+$)5'1F'!%"01*1$75'"*7':)%$0).&'T+."+)>$)5k'
94+.$)*+5'VRVRQUVgVYW?k'E++25gff71$k1.>fURkWWPRf*4UVRPVYW?k'

bU?c' qE"*>'hC'6E)*'TC'N$'hC'qE"*>'NC'J)*'Nk'!%"01*1$75'"5'S1+)*+$"%';*+$0$."%';>)*+5'F1.'S1.,$*)'3$.45)5k'
SE".#",)4+$,5'VRVVQU?gUDPWk'E++25gff71$k1.>fURkWWPRf2E".#",)4+$,5U?RPUDPWk'

bUYc' G)E$*7)' ]C' J"#E".",K' SC' 9%11+1' -C' (1.71*' -k' `E)' 2E".#",1K$*)+$,' 2.12).+$)5' 1F' []3AU' 2.1+)"5)'
$*E$L$+1.5g' ;' ,1#24+"+$1*"%' 2).52),+$0)' 1*' E).L"%' 2E&+1,E)#$,"%5k' [)%$&1*' VRUPQYg)RVYZYk'
E++25gff71$k1.>fURkURUZfekE)%$&1*kVRUPk)RVYZYk'

bUZc' T"7)>E$'-C'-$.1%$")$'-C'(E"*"7$"*'-k']*'T$%$,1';22.1",E)5'F1.'J"+$1*"%':.4>':)5$>*'"*7'S1+)*+$"%'
/*^&#)']*E$L$+1.5':$5,10).&g';'-$*$AJ)0$)='VRVYk'E++25gff71$k1.>fURkUHYRVfe"L5k0UY$UkUDYYRk'

bUDc' S"*,E)' ;9C' :$="*' ;:C' 6E"*7."' TJk' !%"01*1$75g' "*' 10).0$)=k'M' 94+.' T,$' VRUZQYg)?Dk'
E++25gff71$k1.>fURkURUDfe*5kVRUZk?Uk'

bUHc' :)*>'8C'8"*>'SC'qE"*>'XC'_4'XC'!)*>'NC'TE$'_C')+'"%k'()*1#$,'$*5$>E+5'$*+1'+E)')01%4+$1*'1F'F%"01*1$7'
L$15&*+E)5$5' "*7' iA#)+E&%+."*5F)."5)' "*7' >%4,15&%+."*5F)."5)' $*' 6E.&5"*+E)#4#' $*7$,4#k' 6)%%' J)2'
VRV?Q?WgUUWDVYk'E++25gff71$k1.>fURkURUZfek,)%.)2kVRV?kUUWDVYk'

bUPc' 81*)K4." AT"K"K$L"."' GC' [$>"5E$' 8C' 9"K"L"&"5E$' Jk' `E)' i.$>$*' "*7' /01%4+$1*' 1F' S%"*+' !%"01*1$7'
-)+"L1%$5#k'!.1*+'S%"*+'T,$'VRUPQURgP?Wk'E++25gff71$k1.>fURkWWHPfF2%5kVRUPkRRP?Wk'

bVRc' N$4'8C'X$"*'MC'N$'MC'h$*>'-C'(.$).51*':C'T4*'6C')+'"%k'[&7.1<&%"+$1*'7),1."+$1*'2"++).*5'1F'F%"01*1$75'$*'
E1.+$,4%+4."%' ,.125g' ,E)#$5+.&C' L$1",+$0$+&C' "*7' L$15&*+E)5$5k' [1.+$,' J)5' VRVVQPg4E"LRZHk'
E++25gff71$k1.>fURkURPWfE.f4E"LRZHk'

bVUc' ;%5))KE' TC' S).)^' :)' T14^"' NC' O)*$*"' -C' !).*$)' ;Jk' `E)' 5+&%)' "*7' 54L5+"*,)' 1F' 2%"*+' F%"01*1$7'
7),1."+$1*Q' +1=".75' 7)F$*$*>' L1+E' 5+.4,+4.)' "*7' F4*,+$1*k' SE&+1,E)#$5+.&' VRVRQUD?gUUVW?Dk'
E++25gff71$k1.>fURkURUZfek2E&+1,E)#kVRVRkUUVW?Dk'

bVVc' 6"1'8C'-)$'8C'qE"*>'JC'qE1*>'qC'8"*>'hC'h4'6C')+'"%k'̀ ."*5,.$2+$1*"%'.)>4%"+$1*'1F'F%"01*1%'L$15&*+E)5$5'
$*'2%"*+5k'[1.+$,'J)5'VRV?QUUg4E")R?Wk'E++25gff71$k1.>fURkURPWfE.f4E")R?Wk'

bVWc' N$4'_C'!)*>'8C'84'TC'!"*'qC'N$'hC'N$'MC')+'"%k'`E)'!%"01*1$7'O$15&*+E)5$5'9)+=1.K'$*'S%"*+5k']*+'M'-1%'
T,$'VRVUQVVgUVHV?k'E++25gff71$k1.>fURkWWPRf$e#5VVVWUVHV?k'

bV?c' "̀*>'XC'N$'qC'6E)*' 9C'N41'hC'qE"1'Xk'9"+4."%'2$>#)*+5'7).$0)7'F.1#'2%"*+5' "*7' #$,.11.>"*$5#5g'
,%"55$F$,"+$1*C' L$15&*+E)5$5C' "*7' "22%$,"+$1*5k' S%"*+' O$1+),E*1%' M' VRVYQVWgYPVr ZU?k'
E++25gff71$k1.>fURkUUUUf2L$kU?YVVk'

bVYc' :"0$)5'G-C'M$L."*'JC'qE14'8C';%L).+'9_C'O.4##)%%':;C'M1.7"*'OJC')+'"%k'`E)'/01%4+$1*'1F'!%"01*1$7'
O$15&*+E)5$5g';'O.&12E&+)'S).52),+$0)k'!.1*+'S%"*+'T,$'VRVRQUUgDk'E++25gff71$k1.>fURkWWHPfF2%5kVRVRkRRRRDk'



89 
 

 

bVZc' "̀.$\' [C' ;5$F' TC' ;*7%))L' ;C' ["*1' 6C' ;LL"5$' O[k' !%"01*1$7' S.174,+$1*g' 64..)*+' `.)*75' $*' S%"*+'
-)+"L1%$,' /*>$*)).$*>' "*7' :)' 9101' -$,.1L$"%' S.174,+$1*k' -)+"L1%$+)5' VRVWQUWgUV?k'
E++25gff71$k1.>fURkWWPRf#)+"L1UWRURUV?k'

bVDc' TE)*>'[C'T4*'hC'8"*'8C'84"*'XC'_"*>'MC'TE)*'hk'-)+"L1%$,' /*>$*)).$*>'1F'-$,.11.>"*$5#5'F1.'+E)'
S.174,+$1*'1F'!%"01*1$75k'!.1*+'O$1)*>'O$1+),E*1%'VRVRQHgYHPRZPk'E++25gff71$k1.>fURkWWHPfFL$1)kVRVRkYHPRZPk'

bVHc' TE"E' !N;C' J"#^$';OC'O"E".4#'T9C'911.' 9-C' (1E' [ A[C'N)1=' `6C' )+' "%k' J),)*+' "70"*,)#)*+' 1F'
)*>$*)).$*>'#$,.1L$"%'E15+5'F1.'+E)'L$1+),E*1%1>$,"%'2.174,+$1*'1F'F%"01*1$75k'-1%'O$1%'J)2'VRUPQ?ZgZZ?Dr YPk'
E++25gff71$k1.>fURkURRDf5UURWWARUPARYRZZAUk'

bVPc' )̀K"%)'TC'-"5E)%)'TC'S11)'iC'̀ E1.)'TC'G)*7.)K".'SC'S"=".'Jk'O$1%1>$,"%'J1%)'1F'6E"%,1*)5'$*'-)7$,$*"%'
6E)#$5+.&k']*g'6%"L1.*':C'OE"++",E".&"'TC'J1&'TC')7$+1.5k'3),+1.AO1.*)':$5k'A'J),)*+':)0k'/2$7)#$1%k'61*+.1%C'
]*+),Ei2)*Q'VRVRk'E++25gff71$k1.>fURkYDDVf$*+),E12)*kPUZVZk'

bWRc' 6"$'hC'!"*>'qC':14'MC'84';C'qE"$'(k'O$1"0"$%"L$%$+&'1F'X4).,)+$*g'S.1L%)#5'"*7'S.1#$5)5k'64..'-)7'
6E)#'VRUWQVRgVYDVr HVk'E++25gff71$k1.>fURkVUD?fRPVPHZDWUUWVRPPPRUVRk'

bWUc' G$#'8TC'J&4'8OC'64.+$5AN1*>'-MC'84K'[MC'6E1'MGC'G$#'M8C')+'"%k'!%"0"*1*)5'"*7'.1+)*1$75'F.1#'+E)'
.11+5' 1F' ;#1.2E"' F.4+$,15"' Nk' +E"+' $*E$L$+' L",+).$"%' *)4."#$*$7"5)k' !117' 6E)#' `1<$,1%' VRUUQ?PgUH?Pr YZk'
E++25gff71$k1.>fURkURUZfekF,+kVRUUkR?kRWHk'

bWVc' 814*>'M!C'9$)%5)*'T/C'["."%757s++$.'MC':"*)5E0".'OC'N"4.$75)*'T`C'G*4+E5)*'SC')+'"%k'/FF),+'1F'F.4$+'e4$,)'
$*+"K)'1*' 4.$*".&' \4).,)+$*' )<,.)+$1*' "*7'L$1#".K).5'1F' "*+$1<$7"+$0)'5+"+45k';#'M'6%$*'94+.'UPPPQZPgHDr P?k'
E++25gff71$k1.>fURkURPWf"e,*fZPkUkHDk'

bWWc' [1%%#"*'SC'G"+"*'-k';L51.2+$1*C'#)+"L1%$5#'"*7'E)"%+E')FF),+5'1F'7$)+".&'F%"01*1$75'$*'#"*k'O$1#)7'
SE".#",1+E).'UPPDQYUgWRYr URk'E++25gff71$k1.>fURkURUZfTRDYWAWWVV@PDBHHR?YAZk'

bW?c' 61.,1."*'-SC'-,G"&':NC'O%4#L).>'MOk'!%"01*1$7'O"5$,5g'6E)#$5+.&C'T14.,)5C'-),E"*$5#5'1F';,+$1*C'
"*7'T"F)+&k'M'94+.'().1*+1%'().$"+.'VRUVQWUgUDZr HPk'E++25gff71$k1.>fURkURHRfVUYYUUPDkVRUVkZPHVUPk'

bWYc' -"*",E'6C' -1."*7'6C' )̀<$).' iC' !"0$).' - ANC';>4%%1' (C' :)#$>*t'6C' )+' "%k'X4).,)+$*' -)+"L1%$+)5' ]*'
S%"5#"' 1F' J"+5' !)7' :$)+5' 61*+"$*$*>' J4+$*' 1.' X4).,)+$*k' M' 94+.' UPPYQUVYgUPUUr VVk'
E++25gff71$k1.>fURkURPWfe*fUVYkDkUPUUk'

bWZc' qE"*>'NC'q41'qC'N$*'(k']*+)5+$*"%'"*7'[)2"+$,'(%4,4.1*$7"+$1*'1F'!%"01*1$75k'-1%'SE".#'VRRDQ?gHWWr
?Yk'E++25gff71$k1.>fURkURVUf#2DRRRDD^k'

bWDc' 6E)*' qC' qE)*>' TC' N$' NC' M$"*>' [k' -)+"L1%$5#' 1F' !%"01*1$75' $*' [4#"*g' ;' 61#2.)E)*5$0)' J)0$)='
VRU?g?Hr ZUk'E++25gff71$k1.>fURkVUD?fUWHPVRRVUYRUU?RVUHUVYRVRk'

bWHc' J)$*L1+E'-C'_1%FF."#'TC';L."E"#'(C'a*>)#",E'!JC'6).#"K'Jk'i."%'L$1"0"$%"L$%$+&'1F'\4).,)+$*'F.1#'
7$FF).)*+' \4).,)+$*' >%&,15$7)5' $*' 71>5k' O.' M' 94+.' VRURQUR?gUPHr VRWk'
E++25gff71$k1.>fURkURUDfTRRRDUU?YURRRRYWhk'

bWPc' -"+" AO$%L"1'-:NC';*7.t5AN",4)0"'6C'J14."'/C'Mu4.)>4$'iC'/5,.$L"*1'/C'̀ 1..)'6C')+'"%k';L51.2+$1*'"*7'
2E".#",1K$*)+$,5' 1F' >."2)F.4$+' F%"0"*1*)5' $*' L)">%)5k' O.' M' 94+.' VRRDQPHgHZr PVk'
E++25gff71$k1.>fURkURUDfTRRRDUU?YRDDRDVZVk'

b?Rc' T1%&"*$K' (]C' q4%2E$>".10' iTC' S.1KE1.10"' ]3C' S&"5K105K"&"' i9C' G1%)5*$K' :NC' ;+"#"*&4K' 3Sk' ;'
61#2"."+$0)'T+47&'1*'SE".#",1K$*)+$,5'1F'`.$,$*C'"'!%"01*)'F.1#'(."#$*)145'S%"*+5'=$+E';*+$0$."%';,+$0$+&k'M'
O$15,$'-)7'VRVUQRPgDZr PUk'E++25gff71$k1.>fURk?VWZfeL#kVRVUkPVRRHk'

b?Uc' -".+$*)^' TC' N$%%$,1' JC' N"K1=5K$' `C' -".+$*)^' TC' :"0$)5' 9k' SE".#",1K$*)+$,' ;*"%&5$5' 1F' "*' i."%'
-4%+$,1#21*)*+' M1$*+' :$)+".&' T422%)#)*+' @SE&,1<vB' $*' :1>5k' SE".#",)4+$,5' VRUDQPgWRk'
E++25gff71$k1.>fURkWWPRf2E".#",)4+$,5PRWRRWRk'



90 
 

 

b?Vc' :=$0)7$'GC'-"*7"%';GC';F^"%'iC';%+"#$#$';T;C'T"E11';C';%155"$#$'-;C')+'"%k'/#).>)*,)'1F'9"*1A
O"5)7'!1.#4%"+$1*5'F1.'/FF),+$0)':)%$0).&'1F'!%"01*1$75'">"$*5+'`12$,"%']*F),+$145':$51.7).5k'()%5'VRVWQPgZDUk'
E++25gff71$k1.>fURkWWPRf>)%5PRHRZDUk'

b?Wc' _"%)*,$K'SGC'6E1$w5K"'JC'(1xyL$)=5K"'/C'G"%$*1=5K"'-k'-)+"%r !%"01*1$7']*+).",+$1*5z !.1#'T$#2%)'
61#2%)<)5'+1';70"*,)7'T&5+)#5k'-1%),4%)5'VRV?QVPgVYDWk'E++25gff71$k1.>fURkWWPRf#1%),4%)5VPUUVYDWk'

b??c' ;5%"#';C'-"E#117'-TC'[455"$*']C'GE"*'-9k'/0"%4"+$1*'1F';*+$0$."%'/FF),+'1F'/2$>"%%1,"+),E$*'("%%"+)C'
/2$>"%%1,"+),E$*C' /2$,"+),E$*' ("%%"+)' "*7' (.))*' )̀"' /<+.",+' ;>"$*5+' !1=%' ;7)*10$.45A?k' S"K$5+"*' M' q11%'
VRU?Q?Z@YBgUVHWr P?k'

b?Yc' ["1'GC'_"*>'8C'h4'M[C'9$)'6C'T1*>'TC'84'!C')+'"%k'G")#2F).1%'$5'"'*10)%'"*+$0$."%'">)*+'">"$*5+',E"**)%'
,"+F$5E'0$.45'$*F),+$1*'+E.14>E'L%1,K$*>'0$."%'"++",E#)*+'"*7'2)*)+."+$1*'$*'0$+.1k'!.1*+'3)+'T,$'VRVWQURgUWVWZ?Zk'
E++25gff71$k1.>fURkWWHPfF0)+5kVRVWkUWVWZ?Zk'

b?Zc' X$"*'GC'G1*>'qAJC'qE"*>'MC'6E)*>'hA_C'_4'q A8C'(4'6 AhC')+'"%k'O"$,"%$*'$5'"*'$*E$L$+1.'1F'54L>.142'M'
"0$"*'%)4K15$5'0$.45'$*F),+$1*k'3$.45'J)5'VRUHQV?HgZWr DRk'E++25gff71$k1.>fURkURUZfek0$.45.)5kVRUHkRVkRUDk'

b?Dc' X$"*'GC'("1';C'qE4'-C'TE"1'[C'M$*'_C'8)'MC')+'"%k'()*$5+)$*'$*E$L$+5'+E)'.)2%$,"+$1*'1F'"0$"*'%)4,15$5'
0$.45'54L>.142'M'$*':!AU',)%%5k'3$.45'J)5'VRU?QUPVgUU?r VRk'E++25gff71$k1.>fURkURUZfek0$.45.)5kVRU?kRHkRUZk'

b?Hc' TE$'`C'6E"*>'_C'_)$'hC'G1*>'8C'_)$'8k'O"5)7'1*'-1%),4%".':1,K$*>C'-1%),4%".':&*"#$,5'T$#4%"+$1*'
"*7' --fSO@(OBT;' +1' T+47&' S1+)*+$"%' ]*E$L$+1.51F' SJJT3A' 952?k' S.1+)$*5' T+.4,+' !4*,+' O$1$*F1.#"'
VRV?QPWgYPHr ZRDk'E++25gff71$k1.>fURkURRVf2.1+kVZDY?k'

b?Pc' 6E"*>'_C'_"*>'MC'_4'!C'qE"*>'[C'8"*>'-k';*+$0$."%'",+$0$+&'"*7'4*7).%&$*>'#),E"*$5#5'1F'L"$,"%$*'
">"$*5+' 21.,$*)' .)2.174,+$0)' "*7' .)52$."+1.&' 5&*7.1#)' 0$.45' $*' 0$+.1k' -$,.1L' S"+E1>' VRV?QUPWgURZDUVk'
E++25gff71$k1.>fURkURUZfek#$,2"+EkVRV?kURZDUVk'

bYRc' _4'MC'N4'XC'[14'MC'X$4'8C'`$"*'-C'_"*>'NC')+'"%k'O"$,"%)$*'$*E$L$+5'SJJT3'+E.14>E'7$.),+'L$*7$*>C'
+".>)+$*>' /(!JC' "*7' )*E"*,$*>' $##4*)' .)521*5)k' 3)+' J)5' VRVYQYZgUZk' E++25gff71$k1.>fURkUUHZf5UWYZDARV?A
RU??RAYk'

bYUc' ("1'MC'h$"1'TC'N$4'hC'_"*>'NC'M$'XC'-1':C')+'"%k']*E$L$+$1*'1F'[TSDR'.)74,)5'21.,$*)'.)2.174,+$0)'"*7'
.)52$."+1.&'5&*7.1#)'0$.45'.)2%$,"+$1*'$*'0$+.1k'O-6'-$,.1L$1%'VRU?QU?gZ?k'E++25gff71$k1.>fURkUUHZfU?DUAVUHRA
U?AZ?k'

bYVc' (.)$*).'NNC'T+"E%&'`TC'T+"L)%'`Mk'`E)')FF),+'1F'7$)+".&'51&'>)*$5+)$*'1*'2$>'>.1=+E'"*7'0$."%'.)2%$,"+$1*'
74.$*>'"'0$."%',E"%%)*>)k'M';*$#'T,$'VRRUQDPgUVDVk'E++25gff71$k1.>fURkVYVDfVRRUkDPYUVDV<k'

bYWc' ()'-C'h$"1'8C'6E)*'[C'N41'!C':4'(C'q)*>'!k'-4%+$2%)'"*+$0$."%'"22.1",E)5'1F'@r BA)2$>"%%1,"+),E$*AWA
>"%%"+)' @/(6(B' ">"$*5+' 21.,$*)' .)2.174,+$0)' "*7' .)52$."+1.&' 5&*7.1#)' 0$.45' $*F),+$1*' $*' 0$+.1k';*+$0$."%' J)5'
VRUHQUYHgYVr ZVk'E++25gff71$k1.>fURkURUZfek"*+$0$."%kVRUHkRDkRUVk'

bY?c' qE"1' 6C' N$4' TC' N$' 6C'8"*>' NC' q4'8k' ]*' 3$+.1' /0"%4"+$1*' 1F' +E)' ;*+$0$."%';,+$0$+&' 1F' +E)' T&*+E)+$,'
/2$>"%%1,"+),E$*'("%%"+)';*"%1>A/2$>"%%1,"+),E$*'("%%"+)'@/(6(B'S"%#$+"+)'">"$*5+'S1.,$*)'J)2.174,+$0)'"*7'
J)52$."+1.&'T&*7.1#)'3$.45k'3$.45)5'VRU?QZgPWHr YRk'E++25gff71$k1.>fURkWWPRf0ZRVRPWHk'

bYYc' ["K1L&"*';C';."L&"*'/C';0)+$5&"*';C';L.1&"*'NC'["K1L&"*'NC'q"K".&"*'[k';2$>)*$*'$*E$L$+5';F.$,"*'
5=$*)'F)0).'0$.45'$*F),+$1*'$*'0$+.1k';.,E'3$.1%'VRUZQUZUgW??Yr YWk'E++25gff71$k1.>fURkURRDf5RRDRYARUZAWRZUA&k'

bYZc' ;."L&"*' /C' ["K1L&"*';C'G1+5$*&"*';C'G"."%&"*'qC';."K)%10'3C';."K)%10'(C')+'"%k'()*$5+)$*'$*E$L$+5'
;F.$,"*'5=$*)'F)0).'0$.45'.)2%$,"+$1*'$*'0$+.1'L&'7$5.42+$*>'0$."%':9;'5&*+E)5$5k';*+$0$."%'J)5'VRUHQUYZgUVHr WDk'
E++25gff71$k1.>fURkURUZfek"*+$0$."%kVRUHkRZkRU?k'

bYDc' ;."L&"*'/C'["K1L&"*';C'["K1L&"*'`C'(.$>1.&"*'JC']^#"$%&"*'JC';0)+$5&"*';C')+'"%k'!%"01*1$7'N$L.".&'
T,.))*$*>'J)0)"%5'G")#2F).1%'"5'"'S1+)*+$"%';*+$0$."%';>)*+';>"$*5+';F.$,"*'T=$*)'!)0).'3$.45k'!.1*+'-$,.1L$1%'
VRVUQUVgDWZDHRk'E++25gff71$k1.>fURkWWHPfF#$,LkVRVUkDWZDHRk'



91 
 

 

bYHc' 6E)*'8C'T1*>'qC'6E"*>'[C'(41'8C'_)$'qC'T4*'8C')+'"%k':$E&7.1#&.$,)+$*'$*E$L$+5';F.$,"*'5=$*)'F)0).'
0$.45' .)2%$,"+$1*' L&' 71=*.)>4%"+$*>' +1%%A%$K)' .),)2+1.' ?A7)2)*7)*+' 2&.12+15$5' $*' 0$+.1k' 3)+' J)5' VRVWQY?gYHk'
E++25gff71$k1.>fURkUUHZf5UWYZDARVWARUUH?AHk'

bYPc' 6E)*'8C' (41'8C'T1*>'qC'6E"*>' [C'G4"*>'XC'qE)*>'qC' )+' "%k'N4+)1%$*' .)5+.$,+5';T!3' .)2%$,"+$1*'L&'
.)>4%"+$*>' +E)' 9!AmOfT ;̀̀ Wf;̀ !Z' 5$>*"%$*>' 2"+E="&k' 3)+' -$,.1L$1%' VRVVQVDWgURPYVDk'
E++25gff71$k1.>fURkURUZfek0)+#$,kVRVVkURPYVDk'

bZRc' ["K1L&"*';C';."L&"*'/C'G1+5$*&"*';C'G"."%&"*'qC'T"E"K&"*'[C';."K)%10'3C')+'"%k']*E$L$+$1*'1F';F.$,"*'
5=$*)' F)0).' 0$.45' $*F),+$1*' L&' >)*K="*$*k' ;*+$0$."%' J)5' VRUPQUZDgDHr HVk'
E++25gff71$k1.>fURkURUZfek"*+$0$."%kVRUPkR?kRRHk'

bZUc' M1'TC'G$#'TC'TE$*' :[C'G$#' -ATk' ]*E$L$+$1*'1F';F.$,"*'5=$*)'F)0).'0$.45'2.1+)"5)'L&'#&.$,)+$*' "*7'
#&.$,$+.$*k'M'/*^&#)']*E$L'-)7'6E)#'VRVRQWYgUR?Yr Pk'E++25gff71$k1.>fURkURHRfU?DYZWZZkVRVRkUDY?HUWk'

bZVc' S"*7"."*>>"' SC' T$#".#"+"' 8`J-JC' N$4' ;O[C' [".&"+$' :;!k' ]*' 5$%$,1' 5$#4%"+$1*' 1F' E&2).15$7)C'
$51\4).,)+$*C'\4).,)+$*C'"*7'\4).,$+.$*'"5'21+)*+$"%'"*+$0$."%5'">"$*5+'+E)'29SHZHJ'2.1+)$*'1F';F.$,"*'5=$*)'F)0).'
0$.45k'3)+'_1.%7'VRV?gUDUr Hk'E++25gff71$k1.>fURkU?VRVf0)+=1.%7kVRV?kUDUAUDHk'

bZWc' N$'8C'8"*>' :C'M$"'8C' [)'NC'N$'MC'84'6C' )+' "%k'J)5)".,E'91+)g';*+$A$*F%"##"+1.&' )FF),+5' "*7' "*+$0$."%'
",+$0$+$)5'1F'L"$,"%)$*'"*7',E%1.1>)*$,'",$7'">"$*5+'$*F),+$145'L4.5"%'7$5)"5)'0$.45'$*')#L.&1*$,')>>5k'S14%+'T,$'
VRVUQURRgURRPHDk'E++25gff71$k1.>fURkURUZfek25ekVRVUkRUkRURk'

bZ?c' T)1':MC'M)1*'TOC'iE'[C'N))'OA[C'N))'T A8C'iE'T[C')+'"%k'61#2".$51*'1F'+E)'"*+$0$."%'",+$0$+&'1F'F%"01*1$75'
">"$*5+' #4.$*)' *1.10$.45' "*7' F)%$*)' ,"%$,$0$.45k' !117' 61*+.1%' VRUZQZRgVYr WRk'
E++25gff71$k1.>fURkURUZfekF117,1*+kVRUYkRDkRVWk'

bZYc' N$'MC'T1*>':C'_"*>'TC':"$'8C'qE14'MC'(4'Mk';*+$0$."%'/FF),+'1F'/2$>"%%1,"+),E$*'("%%"+)'0$"']#2"$.$*>'
S1.,$*)' 6$.,10$.45' `&2)' V' ;++",E#)*+' +1' [15+' 6)%%' J),)2+1.k' 3$.45)5' VRVRQUVgUDZk'
E++25gff71$k1.>fURkWWPRf0UVRVRUDZk'

bZZc' 3$,)*+)' MC' O)*)7)++$' -C' -".+)%%$+$' SC'3u^\4)^' NC' ()*+$%$*$' -3C' S){"."*7"' !$>4).)71' !;C' )+' "%k' `E)'
!%"01*1$7'6&"*$7$*'TE1=5']##4*1#174%"+1.&'"*7'O.1"7AT2),+.4#';*+$0$."%'S.12).+$)5C']*,%47$*>'T;JTA613A
Vk'3$.45)5'VRVWQUYgPHPk'E++25gff71$k1.>fURkWWPRf0UYR?RPHPk'

bZDc' 6"1' qC' -"' 9C' TE"*' -C'_"*>' TC' :4' MC' 6E)*>' MC' )+' "%k' O"$,"%$*' ]*E$L$+5' !]S3' ]*F),+$1*' ]*'3$+.1' L&'
-174%"+$*>' +E)' S]WGA;G`' S"+E="&' "*7' ;212+15$5' S"+E="&k' ]*+' M' -1%' T,$' VRV?QVYgPPWRk'
E++25gff71$k1.>fURkWWPRf$e#5VYUHPPWRk'

bZHc' 8$'NC'_"*>'8C'_"*>'MC'6E)*'8C'[4"*>'_C'N$"1'8C')+'"%k' "̀.>)+$*>'E15+'$*+)>."+)7'5+.)55'.)521*5)g'%)"7'
7$5,10).&' 1F' F%"01*1$7' ,1#214*75' ",+$0)' ">"$*5+' ,1.1*"0$.45)5' S/:3' "*7' S:613k' JT6' -)7' 6E)#'
VRVYQUZgUUWUr ?Rk'E++25gff71$k1.>fURkURWPf:?-:RRH?Z:k'

bZPc' T""7E'-MC'M"L).'Tk';2$>)*$*']*E$L$+5']*F),+$145'O.1*,E$+$5'3$.45'J)2%$,"+$1*']*101k'TTJ9'/%),+.1*'M'
VRVVk'E++25gff71$k1.>fURkVUWPf55.*k?RVVUUUk'

bDRc' !)*>'[C'qE"*>'GC'qE"*>'GC'(41'qC'N$4'XC'_"*>'NC')+'"%k';*+$0$."%'",+$0$+&'"*7'4*7).%&$*>'#),E"*$5#5'
1F' L"$,"%$*' ">"$*5+' "0$"*' $*F),+$145' L.1*,E$+$5' 0$.45''$* &'/(%k' ;0$"*' S"+E1%' VRVVQYUgYD?r HPk'
E++25gff71$k1.>fURkURHRfRWRDP?YDkVRVVkVURP?YWk'

bDUc' !)*>' [C'qE"*>'MC'_"*>'hC'(41'qC'_"*>'NC'qE"*>'GC')+' "%k'O"$,"%$*'S.1+),+5'O.1$%).5' ">"$*5+';0$"*'
61.1*"0$.45']*F),+$1*'0$"'J)>4%"+$*>'J)52$."+1.&'`.",+'-$,.1L$1+"'"*7';#$*1';,$7'-)+"L1%$5#k']*+'M'-1%'T,$'
VRV?QVYgVURPk'E++25gff71$k1.>fURkWWPRf$e#5VYR?VURPk'

bDVc' X$'XC'N$'8C' :$*>' -C' [4"*>'6C' i#".'T-C'TE$'8C' )+' "%k'_1>1*$*' ]*E$L$+5';212+15$5' "*7'9),.12+15$5'
]*74,)7'L&'9)2E.12"+E1>)*$,']*F),+$145'O.1*,E$+$5'3$.45'$*'6E$,K)*'J)*"%'`4L4%".'/2$+E)%$"%'6)%%5k']*+'M'-1%'
T,$'VRV?QVYgHUP?k'E++25gff71$k1.>fURkWWPRf$e#5VYUYHUP?k'



92 
 

 

bDWc' N$'qC'qE4'NC'_"*>'NC'[4"*>'8C'qE"*>'8C'qE"1':C')+'"%k']7)*+$F$,"+$1*'1F'+=1'F%"01*1$75'"*+$0$."%'$*E$L$+1.5'
+".>)+$*>' W6A%$K)' 2.1+)"5)' 1F' 21.,$*)' )2$7)#$,' 7$"..E)"' 0$.45k' !.1*+' -$,.1L$1%' VRV?QUYgUWYD?DRk'
E++25gff71$k1.>fURkWWHPfF#$,LkVRV?kUWYD?DRk'

bD?c' N$"*>'MC'h4'_C'(14'!C'X$*'NC'8"*>'[C'h$"1'MC')+'"%k';*+$0$."%'",+$0$+&'1F'F%"01*1%'">"$*5+'21.,$*)')2$7)#$,'
7$"..E)"'0$.45k'3$.1%1>&'VRV?QYPDgUURUVHk'E++25gff71$k1.>fURkURUZfek0$.1%kVRV?kUURUVHk'

bDYc' _"*>'MC'q)*>'hC'(14'MC'qE4'hC'8$*':C'8$*'NC')+'"%k';*+$0$."%'",+$0$+&'1F'%4+)1%$*'">"$*5+'21.,$*)')2$7)#$,'
7$"..E)"'0$.45'$*'5$%$,1'"*7'$*'0$+.1k'O-6'3)+'J)5'VRV?QVRgVHHk'E++25gff71$k1.>fURkUUHZf5UVPUDARV?AR?RYWA?k'

bDZc' 6E4+$=$+11*,E"$'9C';KK"."=1*>5"2"+'JC'6E"*+"=".$*'TC'M$".2$*$+*4*'6C'N$=*".))'OC'̀ ))."0),E&"*'TC')+'
"%k';*+$0$."%' )FF),+' 1F' 2$*15+.1L$*C' "' L$1",+$0)' ,1*5+$+4)*+' 1F' O1)5)*L).>$"' .1+4*7"C' ">"$*5+' 21.,$*)' )2$7)#$,'
7$"..E)"'0$.45k';*+$0$."%'J)5'VRVYQVW?gURZRDWk'E++25gff71$k1.>fURkURUZfek"*+$0$."%kVRV?kURZRDWk'

bDDc' 6E1$' [AMC'G$#'MA[C'N))'6 A[C';E*'8 AMC'T1*>'MA[C'O")K'TA[C' )+' "%k';*+$0$."%' ",+$0$+&'1F' \4).,)+$*'DA
.E"#*15$7)' ">"$*5+' 21.,$*)' )2$7)#$,' 7$"..E)"' 0$.45k' ;*+$0$."%' J)5' VRRPQHUgDDr HUk'
E++25gff71$k1.>fURkURUZfek"*+$0$."%kVRRHkURkRRVk'

bDHc' T1*>'M[C'TE$#'MGC'6E1$'[Mk'X4).,)+$*'DA.E"#*15$7)'.)74,)5'21.,$*)')2$7)#$,'7$"..E)"'0$.45'.)2%$,"+$1*'
0$"' $*7)2)*7)*+' 2"+E="&' 1F' 0$."%' $*74,)7' .)",+$0)' 1<&>)*' 52),$)5k' 3$.1%' M' VRUUQHg?ZRk'
E++25gff71$k1.>fURkUUHZfUD?WA?VVhAHA?ZRk'

bDPc' N$'qC'6"1'[C'6E)*>'8C'qE"*>'hC'q)*>'_C'T4*'8C')+'"%k']*E$L$+$1*'1F'S1.,$*)'/2$7)#$,':$"..E)"'3$.45'
J)2%$,"+$1*' "*7' 3$."%' W6AN$K)' S.1+)"5)' L&' X4).,)+$*k' ]*+' M' -1%' T,$' VRVRQVUgHRPYk'
E++25gff71$k1.>fURkWWPRf$e#5VUVUHRPYk'

bHRc' (1*>'̀ C'_4':C'!)*>'8C'N$4'hC'("1'XC'qE)*>'hC')+'"%k']*E$L$+1.&')FF),+5'1F'\4).,)+$*'1*'21.,$*)')2$7)#$,'
7$"..E)"'0$.45'$*'0$+.1'"*7'$*'0$01k'3$.1%1>&'VRV?QYHPgURPPVWk'E++25gff71$k1.>fURkURUZfek0$.1%kVRVWkURPPVWk'

bHUc' _"*>'MC'q)*>'hC'8$*':C'8$*'NC'TE)*'hC'h4'!C')+'"%k']*'5$%$,1'"*7'$*'0$+.1')0"%4"+$1*'1F'"*+$0$."%'",+$0$+&'
1F' =1>1*$*' ">"$*5+' #"$*' 2.1+)"5)' 1F' 21.,$*)' )2$7)#$,' 7$"..E)"' 0$.45k' !.1*+' 6)%%' ]*F),+' -$,.1L$1%'
VRVWQUWgUUVWZYRk'E++25gff71$k1.>fURkWWHPfF,$#LkVRVWkUUVWZYRk'

bHVc' _4'-C'qE"*>'XC'8$':C'_4'`C'6E)*'[C'(41'TC')+'"%k'X4"*+$+"+$0)'S.1+)1#$,';*"%&5$5'J)0)"%5';*+$0$."%'
"*7' ;*+$ A$*F%"##"+1.&' /FF),+5' 1F' S4).".$*' $*' S$>%)+5' ]*F),+)7' _$+E' S1.,$*)' /2$7)#$,' :$"..E)"' 3$.45k' !.1*+'
]##4*1%'VRVRQUUgUZPk'E++25gff71$k1.>fURkWWHPfF$##4kVRVRkRRUZPk'

bHWc' N),1+' TC' O)%14^".7' TC' :4L4$551*' MC' J14$%%t'8k' O10$*)' 3$."%' :$"..E)"' 3$.45' /*+.&' ]5' :)2)*7)*+' 1*'
6%"+E.$*A-)7$"+)7'/*71,&+15$5k'M'3$.1%'VRRYQDPgURHVZr Pk'E++25gff71$k1.>fURkUUVHfM3]kDPkUZkURHVZAURHVPkVRRYk'

bH?c' 6E)*'9C'N$4'8C'O"$'`C'6E)*'MC'qE"1'qC'N$'MC')+'"%k'X4).,)+$*']*E$L$+5'[52DR'O%1,K$*>'1F'O10$*)'3$."%'
:$"..E)"' 3$.45' ]*F),+$1*' "*7' J)2%$,"+$1*' $*' +E)' /".%&' T+">)' 1F' 3$.45' ]*F),+$1*k' 3$.45)5' VRVVQU?gVWZYk'
E++25gff71$k1.>fURkWWPRf0U?UUVWZYk'

bHYc' qE4'8C'(4'hC'qE"*>'-C'N0'hC'qE"*>'6C'N$'MC')+'"%k'/2$>"%%1,"+),E$*AWA>"%%"+)')<E$L$+5'"*+$0$."%')FF),+5'
">"$*5+' +E)' 74,K' )̀#L454' 0$.45' 0$"' L%1,K$*>' 0$.45' )*+.&' "*7' 42.)>4%"+$*>' +&2)' ]' $*+).F).1*5k' S14%+' T,$'
VRVUQURRgURRPHPk'E++25gff71$k1.>fURkURUZfek25ekVRVUkRUkRUVk'

bHZc' _4'NC'8"*>'hC'[4"*>'qC'N$4'[C'_4'(k']*'0$01'"*7'$*'0$+.1'"*+$0$."%'",+$0$+&'1F'E&2).15$7)')<+.",+)7'F.1#'
;L)%#15,E45' #"*$E1+' @NB' #)7$Kk' ;,+"' SE".#",1%' T$*' VRRDQVHg?R?r Pk' E++25gff71$k1.>fURkUUUUfekUD?YA
DVY?kVRRDkRRYURk<k'

bHDc' ;K4%"'T-C' [4.%)&' :MC'_$<1*'JNC'_"*>'6C'6E"5)'66Nk' /FF),+'1F'>)*$5+)$*'1*' .)2%$,"+$1*'1F'L10$*)'
E).2)50$.45'+&2)'Uk';#'M'3)+'J)5'VRRVQZWgUUV?r Hk'E++25gff71$k1.>fURkV?ZRf"e0.kVRRVkZWkUUV?k'

bHHc' qE4'NC'_"*>'SC'84"*'_C'qE4'(k'G")#2F).1%'$*E$L$+)7'L10$*)'E).2)50$.45'U'.)2%$,"+$1*'"*7'NSTA$*74,)7'
$*F%"##"+1.&'.)521*5)k';,+"'3$.1%'VRUHQZVgVVRr Yk'E++25gff71$k1.>fURk?U?Pf"0|VRUH|VRZk'



93 
 

 

bHPc' N$'6C'qE"1'qC'84"*'hC'_"*>'hC'_"*>'[C'!"*'MC')+'"%k'N4+)1%$*'$*E$L$+5'O[3AU'.)2%$,"+$1*'"*7'"%%)0$"+)5'
0$.45A$*74,)7' $*F%"##"+1.&' .)521*5)5' L&' .)>4%"+$*>' S]WGf;G`' 2"+E="&k' -$,.1L' S"+E1>' VRVYQUPPgURDVYHk'
E++25gff71$k1.>fURkURUZfek#$,2"+EkVRV?kURDVYHk'

bPRc' -)*'hC'N$'TC'6"$'hC'!4'NC'TE"1'8C'qE4'8k';*+$0$."%';,+$0$+&'1F'N4+)1%$*'">"$*5+'S5)471."L$)5'3$.45']*'
3$+.1'"*7']*'3$01k';*$#"%5'VRVWQUWgDZUk'E++25gff71$k1.>fURkWWPRf"*$UWR?RDZUk'

bPUc' N$' NC' _"*>' JC' [4' [C' 6E)*' hC'8$*' qC' N$"*>' hC' )+' "%k' `E)' "*+$0$."%' ",+$0$+&' 1F' K")#2F).1%' ">"$*5+'
25)471."L$)5'0$.45'$*'#$,)k'O-6'3)+'J)5'VRVUQUDgV?Dk'E++25gff71$k1.>fURkUUHZf5UVPUDARVUARVPYWAWk'

bPVc' [4'[C'[4'qC'qE"*>'8C'_"*'[C'8$*'qC'N$'NC')+'"%k'-&.$,)+$*'$*E$L$+5'25)471."L$)5'0$.45'$*F),+$1*'+E.14>E'
7$.),+' $*",+$0"+$1*' "*7' ",+$0"+$*>' E15+' "*+$0$."%' 7)F)*5)k' !.1*+' -$,.1L$1%' VRVVQUWgPHYURHk'
E++25gff71$k1.>fURkWWHPfF#$,LkVRVVkPHYURHk'

bPWc' T4*'8C'N$'6C'N$'qC'TE"*>>4"*';C'M$"*>'MC'q)*>'_C' )+' "%k'X4).,)+$*' "5' "*' "*+$0$."%' ">)*+'$*E$L$+5'+E)'
S5)471."L$)5' 0$.45' $*' 0$+.1' "*7' $*' 0$01k' 3$.45' J)5' VRVUQWRYgUPHYYZk'
E++25gff71$k1.>fURkURUZfek0$.45.)5kVRVUkUPHYYZk'

bP?c' 9$4'XC'qE14'6C'N$'JC'(41'MC'X$"1'TC'6E)*'hC')+'"%k'S.1+)1#$,'"*"%&5$5'.)0)"%5'+E)'"*+$0$."%')FF),+5'1F'
L"$,"%$*' 1*' 25)471."L$)5' 0$.45k' ]*+' M' O$1%' -",.1#1%' VRV?QVDDgUW?U?Pk'
E++25gff71$k1.>fURkURUZfek$eL$1#",kVRV?kUW?U?Pk'

bPYc' !)..)$."'6(`C'6"#215'-(C'!)%$<':-C'T"*+15'-JC'6".0"%E1'i3:C':$"^'-;9C')+'"%k'/0"%4"+$1*'1F'+E)'
"*+$0$."%'",+$0$+$)5'1F'O",E".$5'7.",4*,4%$F1%$"'"*7'\4).,)+$*'1*'/\4$7'E).2)50$.45'U'$*'"'#4.$*)'#17)%k'J)5'3)+'
T,$'VRUHQUVRgDRr Dk'E++25gff71$k1.>fURkURUZfek.05,kVRUHkRPkRRUk'

bPZc' (."0$*"'[:C' "̀F4.$'9!C'T$%0"'M}*$1.';C'!$)++1'MNJC'i%$0)$."'``C':$"^'-;9C')+'"%k']*'0$+.1'"55)55#)*+'1F'
+E)' "*+$0$."%' 21+)*+$"%' 1F' +."*5A,$**"#$,' ",$7C' \4).,)+$*' "*7' #1.$*' ">"$*5+' )\4$7' E).2)50$.45' Uk' J)5' 3)+' T,$'
VRUUQPUg)UYHr ZVk'E++25gff71$k1.>fURkURUZfek.05,kVRURkUUkRURk'

bPDc' 8"*>'!C'!)*>'6C'8"1'8C'X$*';C'TE"1'[C'X$"*'Gk';*+$0$."%')FF),+'1F'L"$,"%$*'1*'-".)K~5'7$5)"5)'0$.45'$*'
6/!',)%%5k'O-6'3)+'J)5'VRVRQUZgWDUk'E++25gff71$k1.>fURkUUHZf5UVPUDARVRARVYPYA<k'

bPHc' T4*'qC'6E)*'6C'h4'!C'N$'OC'TE)*'MC'_"*>'`C')+'"%k'/0"%4"+$1*'1F'+E)'"*+$0$."%'",+$0$+&'1F'*".$*>)*$*C'"'
#"e1.',1*5+$+4)*+'1F'E:-,)*)$J0./'1%+')' C'">"$*5+'=E$+)'521+'5&*7.1#)'0$.45'$*',."&F$5E'<(%4)8>)(0.*4+)(K''k'M'
!$5E':$5'VRVUQ??gUYRWr UWk'E++25gff71$k1.>fURkUUUUfeF7kUW?DVk'

bPPc' qE14'MANC'N$4'hC'N$4'XAhC'N$4'̀AXC'N$4'̀ C'N$'SA!C')+'"%k'N4+)1%$*AL1.*)1%',1#2%)<C'"'*10)%'2E".#",)4+$,"%'
2.)2"."+$1*' F1.' "\4",4%+4.)' ">"$*5+' 993' $*F),+$1*k' ;\4",4%+4.)' VRVYQYPYgD?UZZHk'
E++25gff71$k1.>fURkURUZfek"\4",4%+4.)kVRV?kD?UZZHk'

bURRc' T$+E$5".*'SC'-$,E")%$5'-C'T,E4L).+Aq5$%"0),^'-C'6$*"+%'Mk':$FF).)*+$"%'"*+$0$."%'"*7'"*+$A$*F%"##"+1.&'
#),E"*$5#5'1F'+E)'F%"01*1$75'L$1,E"*$*';'"*7'L"$,"%)$*'$*'[Y9U'$*F%4)*^"';'0$.45A$*F),+)7',)%%5k';*+$0$."%'J)5'
VRUWQPDg?Ur Hk'E++25gff71$k1.>fURkURUZfek"*+$0$."%kVRUVkURkRR?k'

bURUc' 3"%)*^4)%"'OC'J17.•>4)^'!/C'-17"K'OC']#"."$'-k';%2$*1*)')<E$L$+)7'$##4*1#174%"+1.&'"*7'"*+$0$."%'
",+$0$+$)5'$*';+%"*+$,'5"%#1*k'!$5E'TE)%%F$5E']##4*1%'VRUHQD?gDZr HWk'E++25gff71$k1.>fURkURUZfekF5$kVRUDkUVkR?Wk'

bURVc' 6E)*'qC'_"*>'_C'q)*>'GC'qE4'MC'_"*>'hC'[4"*>'_k'S1+)*+$"%'"*+$0$."%'",+$0$+&'1F'.E"#*1,$+.$*'">"$*5+'
$*F%4)*^"' 0$.45' [W9V' L&' $*E$L$+$*>' ,(;TfT`]9(' 2"+E="&' $*' 0$+.1k' T,$' J)2' VRV?QU?gVHVHDk'
E++25gff71$k1.>fURkURWHf5?UYPHARV?ADPDHHÂk'
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2.2 Artigo 2 
 
 
 
 
 
 
 

Antiviral, virucidal, and immunomodulatory effects of Mimosa Bimucronata, 
Luehea Divaricata and Schinus terebinthifolius extracts and major phenolic 

components against Bovine Herpesvirus type 1 and Bovine Viral Diarrhea Virus 

Renata Nobre da Fonseca, Darling de Andrade Lourenço, Giovana Paula Zandoná, 
Cristiani Folharini Bortolatto, César Augusto Brüning, Frederico Schmitt Kremer, Ingryd 
Merchioratto, Mayara Fernanda Maggioli, Renata Pierobom Gressler, Rogério Antonio 
Freitag, Tácia Katiane Hall, Fernando Vicosa Bauermann, Silvia de Oliveira Hubner!
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Antiviral, virucidal and immunomodulatory effects of 6-(*>%! P-(J8&*)%'%, HJ#0#%!
"-=%&-8%'%!and ;80-)J>!'#&#1-)'0-+*2-J>!extracts and major phenolic components against Bovine 
Herpesvirus type 1 and Bovine Viral Diarrhea Virus 

Renata Nobre da Fonseca0!1; Darling de Andrade Lourenço2; Giovana Paula Zandoná3; Cristiani 
Folharini Bortolatto4; César Augusto Brüning4; Frederico Schmitt Kremer2; Ingryd 
Merchioratto0; Mayara Fernanda Maggioli0; Renata Pierobom Gressler1; Rogério Antonio 
Freitag5; Tácia Katiane Hall4; Fernando Vicosa Bauermann0; Silvia de Oliveira Hubner1%

! "#$%&'(#)' ! *+! ,#'#&-)%&.! /%'0*1-*2*3.4! 5*22#3#! *+! ,#'#&-)%&.! 6#7-8-)#4! 9:2%0*(%! ;'%'#!
<)-=#&>-'.!?9;<@4!;'-22A%'#&4!9B!CDECF4!<;G!

$#9(-Z2%14 [#80)*2*3-8%2!"#=#2*$(#)'!5#)'#&, K#7#&%2!<)-=#&>-'.!*+!/#2*'%>!?<K/#2@4!/#2*'%>4!
L;!MNONEEEE4!P&%Q-2!

%X(1&%$%! 52-(%! [#($#&%7*4!X>'%\]*! XZ$#&-(#)'%2! [#&&%>! P%-Z%>4! /#2*'%>4! L;4!MNEOEMCO4!
P&%Q-2!

&H%1*&%'*&.! *+! P-*80#(->'&.! %)7! 6*2#8J2%&! ^#J&*$0%&(%8*2*3.4! 5#)'#&! +*&! 50#(-8%24!
/0%&(%8#J'-8%2! %)7! K**7! ;8-#)8#>4! K#7#&%2! <)-=#&>-'.! *+! /#2*'%>! ?<K/#2@4! /#2*'%>4! L;!
MNONEEEE4!P&%Q-2!

' H%1*&%'*&.! *+! ,-&*2*3.! %)7! I((J)*2*3.4! "#$%&'(#)'! *+! /&#=#)'-=#! ,#'#&-)%&.! 6#7-8-)#4!
K#7#&%2!<)-=#&>-'.!*+!/#2*'%>!?<K/#2@4!/#2*'%>4!L;!MNONEEEE4!P&%Q-2!
(50#(->'&.! 2%1*&%'*&.4! 5#)'#&! +*&! 50#(-8%24! /0%&(%8#J'-8%2! %)7! K**7! ;8-#)8#>4! K#7#&%2!
<)-=#&>-'.!*+!/#2*'%>!?<K/#2@4!/#2*'%>4!L;!MNONEEEE4!P&%Q-2!

Abstract 

The antiviral and immunomodulatory properties of extracts from three plants of the Brazilian 
Pampa biome (6-(*>%!1-(J8&*)%'%, HJ#0#%!7-=%&-8%'%, and ;80-)J>!'#&#1-)'0-+*2-J>) and their 
major flavonoid components were investigated against Bovine Herpesvirus type 1 (BoHV-1) 
and Bovine Viral Diarrhea Virus (BVDV) as well as their antioxidant properties. The 
hydroalcoholic and ethanolic extracts demonstrated significant virucidal activity against both 
viruses, with five of six extracts completely inhibiting viral cytopathic effects. LC-MS analysis 
identified 17 phenolic compounds in the extracts, of which quercetin, kaempferol, and tiliroside 
exhibiting antiviral activities. Quercetin showed both virucidal and antiviral effects against 
BVDV and strong antiviral activity against BoHV-1, while kaempferol demonstrated 
significant antiviral properties against both viruses. Tiliroside displayed selective virucidal 
activity against BVDV. Gene expression analysis revealed that these flavonoids effectively 
counteracted viral immunosuppressive effects by modulating interferon responses, particularly 
upregulating IFNα, IFN!  and ISG15 expression. Molecular docking studies identified potential 
binding interactions between the flavonoids and viral proteins, suggesting mechanisms for their 
antiviral effects. All tested extracts reduced lipid peroxidation levels, scavenged the synthetic 
radicals ABTS and DPPH, and exhibited ferric ion reducing capacity (FRAP), thereby 
highlighting their antioxidant properties, which could contribute to their antiviral efficacy. 
These findings highlight the potential of Pampa biome plants as sources of novel antivirals for 
addressing economically significant bovine viral diseases and potentially human viral 
infections. 

Keywords: flavonoid; kaempferol; quercetin; tiliroside; antioxidant 
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3 Considerações finais 

 

Este estudo reforça o potencial terapêutico de extratos de Mimosa bimucronata, 

Luehea divaricata e Schinus terebinthifolius, plantas do bioma Pampa, contra o BoHV-

1 e o BVDV. Os principais compostos fenólicos identificados, especialmente 

quercetina, kaempferol e tilirosídeo, demonstraram efeitos antivirais expressivos, 

incluindo atividade virucida direta, inibição da replicação viral e modulação da resposta 

imune do hospedeiro, com aumento na expressão de IFNα, IFN!  e ISG15. Estudos 

de docking molecular sugerem que esses efeitos podem estar relacionados à 

interação direta entre flavonoides e proteínas virais, enquanto a atividade antioxidante 

dos extratos pode contribuir sinergicamente para a eficácia antiviral ao reduzir o 

estresse oxidativo induzido pela infecção. 

A revisão de literatura realizada complementa esses achados ao evidenciar 

que, embora flavonoides como quercetina, baicalina e kaempferol tenham sido 

amplamente estudados contra vírus de importância veterinária, a maioria dos estudos 

ainda se limita a modelos in vitro, e muitos carecem de análises estatísticas rigorosas 

e padronização metodológica, dificultando a comparação entre resultados. Além 

disso, observou-se uma recorrente associação entre atividade antiviral e efeitos 

imunomoduladores, embora nem sempre essas ações estejam diretamente 

correlacionadas. 

Portanto, este trabalho contribui com evidências experimentais e teóricas 

relevantes para o desenvolvimento de terapias antivirais de origem natural voltadas à 

medicina veterinária. Avanços futuros devem priorizar a validação in vivo dos 

compostos mais promissores, o aprofundamento na elucidação dos mecanismos 

celulares envolvidos e a adoção de protocolos padronizados, a fim de viabilizar a 

aplicação prática dos flavonoides no controle de infecções virais em animais.
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