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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 fendlicos. 2025. 210f.
Tese (Doutorado em Ciéncias) — Programa de Pos-Graduagao em Veterinaria,
Faculdade de Veterinaria, Universidade Federal de Pelotas, Pelotas, 2025.

Os flavonoides sao metabdlitos secundarios produzidos por plantas e reconhecidos
por suas propriedades antioxidantes, anti-inflamatérias, antitumorais, e antivirais.
Dentre os mecanismos de acdo antiviral propostos, destacam-se a inibicado da
replicagao viral, o bloqueio da entrada do virus na célula hospedeira e a modulagao
da resposta imune. O presente estudo experimental é pioneiro na avaliagao dos
efeitos antivirais e imunomoduladores de extratos etandlicos e hidroalcoodlicos de trés
plantas do bioma Pampa: Mimosa bimucronata, Luehea divaricata e Schinus
terebinthifolius, contra o herpesvirus bovino tipo 1 (BoHV-1) e o virus da diarreia viral
bovina (BVDV). Cinco dos seis extratos testados inibiram completamente os efeitos
citopaticos virais, enquanto o extrato etanolico de Schinus terebinthifolius promoveu
inibicdo parcial. A analise por LC-MS identificou 17 compostos fendlicos: acido 3-
feruloilquinico, glucosideo de ascorbila, catequina, procyanidina B2, galocatequina,
epicatequina, procyanidina C1, rutina, procyanidina B1, apigetrina, quercetina 3,7-
diglucosideo, miricetina 3-O-glucosideo, isoquercetina, nictoflorina, tilirosideo,
quercetina e kaempferol, dentre os quais os flavonoides quercetina, kaempferol e
tilirosideo 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 virus, enquanto o tilirosideo apresentou
acao virucida seletiva contra o BVDV. A analise da expressédo génica por PCR em
tempo real teve o objetivo de avaliar se atividade antiviral dos flavonoides estava
associada a imunomodulacéo. Os resultados de demonstraram que os flavonoides
foram capazes de reverter significativamente a expressao de IFNa, IFNy e ISG15, a
qual havia sido reduzida pela infeccdo com o BoHV-1 e BVDV. Essas citocinas
desempenham papéis fundamentais na resposta antiviral do hospedeiro. Além disso,
analises in silico por meio de docking molecular revelaram fortes interagdes entre a
quercetina, o kaempferol e o tilirosideo com proteinas virais do BoHV-1 e do BVDYV,
essenciais para o estabelecimento da infecgdo viral, sugerindo diferentes mecanismos
de acao antiviral mediados por interagdes especificas com essas proteinas. Ademais,
todos os extratos exibiram notavel atividade antioxidante, incluindo a redugao da
peroxidacgao lipidica, a eliminagao de radicais ABTS e DPPH e a capacidade redutora
de ions férricos (FRAP). Com base em todas evidéncias reunidas, € possivel sugerir
uma agao antiviral multifacetada da quercetina, do kaempferol e do tilirosideo,
ressaltando que seus efeitos antivirais decorrem de multiplos mecanismos de acao
atuando de forma sinérgica. Estudos futuros s&o necessarios para analisar com maior



especificidade a atividade dessses compostos frente a cada virus, de modo a
subsidiar o desenvolvimento de terapias antivirais.

Palavras-chave: Flavonoides; Kaempferol; Quercetina; Tilirosideo; Antioxidante.



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 Pés-Graduagédo em Veterinaria,
Faculdade de Veterinaria, 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 IFNa, IFNy, 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 Introducgao

Ao longo da historia, diversas plantas com propriedades bioativas tém sido
reconhecidas e utilizadas na medicina, destacando-se os flavonoides como uma das
classes de metabdlitos secundarios de origem vegetal mais estudadas, com cerca de
10.000 compostos distintos (DIXON et al., 2010; ZAKARYAN et al., 2017). Os
flavonoides s&o comumente encontrados em flores, folhas e sementes, e
desempenham papeis essenciais na defesa contra patdogenos, insetos e estressores
ambientais como a luz UV (LATTANZIO et al., 2013; ZHANG et al., 2013), além de
apresentarem um amplo espectro de atividades bioldgicas, incluindo propriedades
anti-inflamatdrias, antioxidantes, antibacterianas, antivirais, anticancerigenas 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 virus da influenza Aem ovos embrionados (CHANTRILL et al., 1952),
o interesse cientifico 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
virus que infectam animais, a maior parte das revisbes disponiveis na literatura
cientifica concentra-se em virus de relevancia para a saude humana. Essa lacuna
evidencia a necessidade de avaliagbes mais abrangentes sobre o potencial antiviral
dos flavonoides frente a virus de importancia veterinaria.

Entre os virus de maior importancia econémica na medicina veterinaria,
destacam-se o virus da diarreia viral bovina (BVDV) e o herpesvirus bovino tipo 1
(BoHV-1), ambos responsaveis por expressivas perdas produtivas e financeiras em
nivel global, principalmente em decorréncia de doengas respiratérias e falhas
reprodutivas (BROCK et al., 2020; FAROOQ et al., 2019; GOMEZ-ROMERO et al.,
2021; HASHEMI et al., 2022; ORTIZ-GONZALEZ et al., 2022; SILVA et al., 2021; SU
et al., 2023). O BVDV, pertencente ao género Pestivirus da familia Flaviviridae, pode



14

gerar prejuizos econdmicos de até US$ 687,8 por animal afetado. J& o BoHV-1
integrante da subfamilia Alphaherpesvirinae, esta 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 virus
humanos e veterinarios 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 decisbes de tratamento em rebanhos bovinos s&o, em geral,
orientadas por critérios econémicos. Diferentemente do que ocorre com seres
humanos e animais de companhia, nos quais prevalecem consideragdes ligadas ao
bem-estar. Esse cenario reforca a importancia do desenvolvimento de alternativas
terapéuticas eficazes e financeiramente viaveis para uso na produg¢ao animal.

Nesse contexto, os produtos naturais constituem uma fonte promissora para a
descoberta de novos medicamentos, sendo responsaveis 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 produgdo de uma ampla
variedade de metabdlitos secundarios, que atuam por multiplos 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 a analise
fitoquimica e apenas 6% tenham sido avaliadas quanto ao seu potencial
farmacoldgico, indicando um vasto campo ainda inexplorado (FABRICANT &
FARNSWORTH, 2001; NEWMAN et al., 2020; VERPOORTE, 1998; OLIVEIRA et al.,
2012).

O Brasil, reconhecido como um pais megadiverso, abriga mais de 40 mil
espéecies de plantas distintas distribuidas entre seus seis biomas continentais
(OLIVEIRA et al., 2021). Apesar dessa extraordinaria biodiversidade, o
desenvolvimento de medicamentos a base de plantas nativas brasileiras ainda é
limitado (CALIXTO, 2019). O bioma Pampa, que ocupa cerca de 176.496 km? do
territério nacional, abriga mais de 3 mil espécies vegetais, entre elas Luehea
divaricata, Mimosa bimucronata e Schinus terebinthifolius, plantas do bioma Pampa
conhecidas regionalmente como Acoita-cavalo, Marica 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 utilizagao de plantas como fonte para a descoberta de
compostos antivirais voltados a medicina veterinaria € um desafio que exige esforgos
coordenados para consolidar o conhecimento existente e avangar em novas
abordagens experimentais. Com esse proposito, este trabalho teve como objetivo,
primeiramente, realizar uma revisdo de literatura abrangente sobre os estudos
cientificos disponiveis que investigaram a atividade antiviral de flavonoides contra
virus 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 fendlicos frente

ao BVDV e ao BoHV-1, por meio de abordagens in silico e in vitro.
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Antiviral effects of flavonoids on animal viruses
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=" E$#3-=-4(DiDIS6 (# (3+-1S283#-HBL) * ($+"*PS#2" L(DEOI*<-""-4-324303 . SHHUIHO " *3HF* L4=""+3. 3" (k

!

!
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VEVA, 456 (# (3+. 45308 S (HI-1< < SUD" $ha - ASH-+0)3(- LHHE" 3L

JSB(H(H-E ¥ A Sh BS-H 2% (<AL (D -A".3BCTHE AUSHI U (H+SFLE ="U8) (43K
(E$*$.4m9CH ) 1e$E . (== (# bZcbUchZk . $¥) (- 1" HE " 1h$*"8 ) * (S+414 . S 2 (H3C+ 38 (6
DISE (#(U-/DASE (#" - DSOS (4"~ S . E3-RSHIE (. LSHI+H-1+3E 1+ (IS (# (4-/i3- (DIS6 (4"~ iSH+
CESH. (4 i A SH U (HE U (F I+ 18 (H4" 6" S H+H1-<) ~I<IB (HASH A (EIE" Y™ (. 1.8 47324
LUTHERHE"=""§-+< . h<*SUE$HIBH3 (H-4-+" DA IHE"PRAE 1-3(4(23. S (4"~ SH+E3H S . W3 (#-E BUEFHAISHL
-1 =i HHBIEL P SR =<43 ™ (45)AL/DISE (-G SHHIDISE (F (4-4-+300" 1) LIHEBA="-"# . "L (OIS
E1+* (F14 2* (<AL $H HE"4 UPA(-313 (#/k BE3. EA 3-4 $)-"#410 3444 DASO (- LYWNGR 17" "#3 .4%--303. $H3 (#-1L
"= AES-3C"HE "B 2 S (HL(DI2" H (3. ISHHI=""8)) (131" 1A% (D3RH2/L HESH . HOUE" t<t+ - ISH+ 3424 OL
Dt W3 (HUAI6"* - LISHDISE (R (3 AS--""-LYVIY_NEK5<) -H3h<Ha CHOASHE *#-fh-< . E4S~GE 1+* (F LU (1
201 . (-LASI3(HE ="NELASHI(HHIE SH+k . 1ASH3(AHIE ~3244303. SHALE SOD™ 50 HE™'8 )3(4(23. Sk A (A3~ (4
DISE (H(3+-k LYU/YTIGE O (*" (6™ *". 485 *="$* | EL ES-4 3+ #5803 +4 -A" 3034 1$#-  *3AR(# DS H(*-4
36 (46" + 3 < 2<ISh(*1h ASIEBS L4 HESH +3+"" MALE . () <H L H(LE" ="k -H+< bt Ad b 83h-b S+ UE" T4
-<)-"I<" )3 (S 1363 LALY YNGE

HE"8)3(-1HE".4* (<88 (DR DISE (#(3+- (*323H$H" -4 D* (=L UE "L AE"#LIA* (ASH (3+4 ASIEBS L/
BE"*") AE"#LUSISHIH" 3-4 . (#6™4™+ (L A?. (<=$* (17D (K 63$L HE"L $. 13 (#-1 (O AE"#LASASHIH"
$==(#350 41$-"4 LNK AN .34$=3.4 $. 3+, TIEL+*(FL$-"4 LD T/ S+ T2, (<=$*$4"1k b (K& 432$-"k
LTI ANGHES-G38="+3$4"3-0E"#4h. (#+""#-"HBIEI=S$4 (#1472 (KE) 18 ESA . (#"i- LHHES-"ILb S5l (&
AX(+< TS HE M ESL . (S . SUAR . <*- (ALY ZVGPHISI LR HS 2 3 S ) "L (#6™4+
3 (LCHE " IDASO$H (4" -IE* (<2EBE"1$ . 13 (H (DIDISESH (WU L+ (FL$-"IL , UeBI(D4$6$# (4" U/ Ye?
E1++(FLI$-"0 L, UsYeSIEL 5<)-"J<"#4 1/t DISE(#"L ~1#IES-"4 L, ™ SlIl W$#-D(*=-4 DISESH(H#"-4 3 (L
DISE (4"-6k P AS*SU" 4k 3- (DISE (#" ~LAHES-"E LP, SIE +3+"" .-k $k ACHI3(H (Dk DISBSH(H"-4 3t (4 HE™S
3- (DI$6 (41 )3(- LAHE™5. § ASEBS L K++ 33 (AU HIEL+* (US6 (H(U-4LOB , -k $*"L A (+<. "+ D* (=h
DISESH (" -L6ISUE"E. SIS L. 43 . KB LLODIDISESH (H IUPEL+*(F14$-"1L , UBIASHHIE"-"108 , -4-"*6"}
$-b. "HIFSIAR . <*- (F-ID(HIE" - LAME"-3-L (DIDISE (2 (4-MSHHE (. LSHI+3H-NSH-+DISOSH (4-ALY [/Y NIk

D<A LI="1$) (434" #2320 (OIDASE ( (HASIEBSL-IES-12$34" +i-324303 . SHISH 4413 (44
$-UA-HSH 2 LU HESH . "IHE"TS . . <=<ISH(HE (OB-A" . 03 4DISB (H(3H . (SA(<H+-Gh 3 LI=$HIAISIHS
SHHA 2SI LA2" IS HHISH- AR (DS . (- 13H6 (46" +BHIE" - "ASIE BS1-/I3H3-8A ()" B (b
(6. (="4*$H"U3=33420 - A~ 34 6$¥3(<-L AIBHE -A" 3 =B LYTNGE , (*6 "F$=AI"/ -1#E"3.4)3(4(2 Lk
AUSID (*=-4<-3424=3. ¥ () ISUE (H-IES6 1< . ."--D<ULE" . (H-K<h" +HDISE (#(3+0) I(- LHHE"-3-HE* (<2EL
E (4(2(<-4 "FA*"--3(# (Ok D85/ D8P/ ,UB/ $#+ , = 5/k SU(B3H24 D(H HE"E H+<-113847- . $470
A*(+< 3 (HL(OE)I(S. 196" IDAS6 (# (3+-ILZWIZVINGE
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V6 NES*=$. (13", -I$H+k. 1343 SUHSH- 4B (HL(OIDIS6 (#(3+-

HE"1. 4343 SUSAAL . SH3(HH (DUDASE (1 (3+-B-EH+"+0) LHE"3-<) (AB=SHAES*=$. (134534
A(A™R =Ml 3t 4<+320 A $)-(CAB(HI 6$3$)4"L +3-13)<B(HI *$ATH ="1$) (B-=/ B=3"+]
M (S HHA (IS (F3. S UABES. EL-E (Bi. (#-3+"$) 1" 16$ IS (#1S . * (~-1+30D"* " #4DIS6 (# 3+
AS--"-LZ_IAGE WHGHK = (H28E" 41" LIS . H(*-BHDI<" . SH2HE" D) ($6$US) U LISH-+. E"=3. SU-$) 1314
3-4 HE"0 DB (3, .E"=3. S < hx 3h-"DGE PHEL ASHI3. <Mk -A" . 3034 ~<) <K (H-6 (R YE™E . ("
DISE (#(3+i- 1 "0 B (HIAISLESE . *<. 334 (3= (+<ISIRH2UETHS) - CFAB(HA ="1$) (13-=/i$H+13--<"}
F3-149) <HICH LZUIZTUGL , (46 -0 . HE" " 30 +") $h"% (61 BE"SE" 1 HE""% 241 . (-14$8"+4 D(*=-4 (0Ot
DIS6 (#(3+-/k BE3. A4S IHE "L = (4 . (== (LM ASI< A S L= ("4 "0D3.3"#M L $) - (%) "+ YESHLNE "3
$201. (#"L . (<HHASH-L LZY/ZZIG PHE 2"#"SUk DISB(H(H+ ="1$) (3-=t W6(46"-k YB(k =$H4
- (SASH=""#4-00 HE"% DY*- 4 38 A<+""-§ HE""§ 43614 -S40 A" -N3H" b S+ 13+ 1/ BE™"L §E", 343084
 (FF <2$H(HIAES-"1 (. . <*-GHE"1-". (#+h. (SASH="#H3-IE"¢ . (L(H/ABE. Ek. (#3) <i"-4H(AD<HE"
="4$) (B-=/b A$*3. <U$*414 $EX(<2EL =3.* ()34 $.1063H10k , S6(#(3+h $241. (4”4 $*"L "FH"#-36"111
(G <28+ LU HCL=""-1r <*H2USH+HEDI"XIS) - (AR HID (F=342024< . <+ (H+ SN +i="YE (FLASH"+/iSHt+4
- H=""4$) (434" -SUHE3-IER2EL+" 2% (DR) 3 (1 $H-D (*=$B (FHh-<22" H-BESHHE 1) 3 (4(23. $4$.. 136341
OOIDIS6 (# (G +-B-4= (U3 1 ALI+<"B(HE"-"1="1$) (L3 -F*SHE" BESHUE" D" 1$201 . (" LCBI-B(323H S
201 . (-LUSH"HD(*=ELZZIZ[IEHE"E . (# <2813 (A (. "--JASH . IS LIDCHIDISE (#(G+-U31 b $H" . E3H-k
3-GHE (<2EHH(E) " 2HHSHINE I3 OHSAE. " U-0) LAS++ BB . < (HI+"I2* (AU ™*b. (4 <2$13 (HIHE"S
= (4" <EE) LN SE) <= IS -LSA-A (™ (AHE 1436 G PHLYE R 436 ™ AD<HE b = (+303. 1 (£
(. <) LU S++320 ="ELU (H-<IDSH"E 2 (<A-/E (1) (EG HE"-"0 i$#-D (= $H3 (#-L E"4AL A* (A (H24HE"k
A* - g (O DB (H(3H-6 3 3% . <USHO(HE $H+H $¥8) "3 6" H K <. "E ACH A0S H(F3.L "DD" b1 ) 1
A(BH2ME" T =3I (LZZIZNIGE 1™ . <3 -4 = (- S+ IESHISHE <=$H-1J <" . "(HS -+
IS =AD" (S 124< . <* (A3 SHHOHE"UIE /1" +< . JH2WE T SAS. HLM (. * (--L. "U<IPH="=) *$#"-¢
SHHH S B IEMS*2"MA* (4" H-1LZ]/ [Nk

S(B"6" " -"$* . EWHIEAES =S (134113 -L(0DIS6 (# (3+-BHIB N S+ Li-A" 3" -84 . $+. "
Bi<H3"-0 38 + (2-/ DA SH-USH. L ESE™ S+ = (H-HSH -+ HESHE <™ . "3 241 . (-3+"'-4 "FE3) 31 6$+3$) 4"
$)- (AR CHLASH *f-4 +" A" +320 (HUIE" P4 B =3, S -1< <" /A BIES I<"* . "3 $241 . (#"4-E (B3#24
YU -1-H=3.0 SESUS)MUMLE . (SASHHE BE F-b 201 (3436 . (<HIEASHI-E LVIGE S3=H$HLE HEE
AES*=$. (138" -6 (Dk. 3*<-IDISOSH (" -I3H0) " $24" 16" $4" +HFSAIHS) - (AR (#) <HA=34"+{AS-=$!
ESID2D" fi3H+3 . SHAHDME" " . - B LA (U A"+ (=320 (= (FIB™ 724" $-" D (= <SR (H-IL[_NGiP#i
b= (F L 6 2SI (AL 3. 3 ~E (B HL -1 b AESF=$ . (13"13.4 ) "ES6ICHE I $HI=$4-4
L (SASF"H H(E E<=$#-/i EI2EB2ENHL HE"E #+L D(HL -A".3"-2-A" 3034 +(-3#24 -$H23 -4 L[UNGL
O (*" (6™ h#<$ . <13 $4-1-< . E4$-UNEL. (FF/ABES. Ei . (FSHDIS6 (#(G+7. B "FI$ . b-RES6 iS4 (8
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)" OSI<SH"H 3 +( 2/ HE(<2EL J<SHIDLIH2L 3H+I63+<SU DISB(H(H ="1$) (BH"-k * =33 $i
B2 < BB 18" =3, 0. (#. SR (=L [TV

HOE$+++"--LHE FAES =S, (134" LB=HSH (-t (QUDISB(H(H-/"-"$* . E™*-LES6"4 "FAI(-"H
SO "HA" 136" L4 14" =-1-<. EIS-#$# (D (= <USH (H-BA (- (=M. $+3"*- it H="1$Ld.. (=AL"F"'k
H(L3=A* (6" 1HE" 34 - (4<) MHL/E -48) LA SH+E U2 -A" 303 SWLALYZ/ [Y/[ 20k = """ HE" 4"~ [+ -3
M (FS23H2L-)! =-'&A S AR U3 SUDIHIH2-JRHE" L L343 $AL bR SH- S (A (DR DISE (H# (+-4 =33
ESU" #23H2RHER-B- It <"B(1-<) (AB=SUAES =S (13413 /i3 . (H-3-1"#4"DD3. $.. LS= (H20H30D" " #4
ACA<ISI (H-/iSHHSIS . 1ROI-1SH+$*+3C " HD (*=<ISH (#-0h

2. Methodology

i Ki-1-5" =$1. ISAA*($. EIBS-1"=AI(L"+I(E . (#+< . H$h. (SA*"E"#-36" 13 <"1+ 63" B (#
HE"LSHI637340 D" . -4 (DUDISE (# (3+-L$2$34-H SI=$4 63*<-" -/ <KBBC3H2L ) (HEIN<) O™ +i$#+(5 . (A<~
FSH)$-"-GHE" T "$* . E4BS-4. $+ -+ (<H<AB KA AW Y/i" #-<*3H2UE"13# . 1<-3 (FL(OME 1= (-

MR H2UEBIE) S-S B - OIS - KL<+ i FIS L U H - LANE - I+ SIS
SHHAR" " HIHOUE" 1 - <Y S+ . <--3(H

HE"§-"§% . EL-HSH" 218 BS-i-H< I+ $* (<HHIE"E 1" 1B (*+-LgDIS6 (# (0 S+ g #1363+ g/t
BE3. EIB"™*"f. (=) 3" H<-3H28E"1 5 (4" $HI(A™$H(IgK ™ Ogl (¢ D3 HE "I <" * LD (131" -1$) -1+$ . -/t
(4 1B (/4 DC=$H+, $-4 D(U(B-Gk LS#1363*$4 hH3M"TK) -8 .4 J 1B (*+-Klk K = Ok LDAS6 (#(3+
hHS"TK) -44$ 4 J 1B (*+-KIGHE3-LI <" LIBS-1"F" . <i+3#0) (HEL+$H$) $- "~ IBHE (<O - (*+""%4
O SAK ) * (SHSHHIH . I<-36" 1 $#2" T (Di-I<+3" Gk

HE" (¥ 432U H-""0" W3 (HIA* ("'~ (H-3-1"HI(OR. $*" DU LE" BSU<SHIH2IS) 15 b-L 24"+
D (= HHE" 3HIRGA - $ . EG*""- <Uh-GAPH . A<-3 (AL . XN 380+ I <3 +IUESH-H<+3" 346" 28K G (" (= (*"
3H+363+<SUDISE (# (3+h. (SA(<H+-D(UETISHIOTSUS . 13O LIS 2$3H-HB3<-"-4$0D" . {3 2USHI=$!-GiPH
(S L 4<-3 (I ISEB A AAL "+ (h-h<+3" -LUESHLINIHE " ~1325H"+, (HALID<U" P . h-4L 62618
"HESH (43 MEL+*($4. (E (3. A$I<" (<-WE"6" HIADME (-1 FIS. -t (RS +DIS6 (# (+-ACHLIMD (. <-""+
(L= =< (= (RIS LR D" B-IBIE (<MS--"—-3H 203"  HSHI6TSUS . 16310

t HE" -+ ShSL S K (HSHH- LHHE" -3-4B "+ A" D (*="+{) LUE (* (<2E411*" 63" BH20"$ . EIASA™L
(*2$HICH2ADH+H2-E) LI-A" 3" -IBT<~[i$HH. (SA(HH AS--SUHE "1 - <B-4SH+b+3- . <--3(#-" B (H-
OBE3-IB (* 1B "™*"§- < _h<* H$* (<HHIE A" "SR G (OBE"4() -6 +(<h. (="-/D (U (B"+{) Li$#i
SHEIL-3-ISH . (SASH- (DD H2-1$ . * (~-1+ 300" Al 43" G0k

!
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3. Results and discussion

! HE (343364 -"$* . EL(FAN<) O™ HSHHS . (A<-4+$S)$- "4+~ <B +i3 [ TZASHH_[Z\Ye" -<h-1a
RN 6 LGN =""13 . <A(<-418" FS= I 1 - <GS F L A<+ B 203 -ESHA+ S+ (="
HE" L3 d<-3CH I IS [UL-IH3" L B4 -"4 § 4L, 32 G VB = (H20HE"-" [ TZA B4 4§+ 4 (4
B6"-H(. 1 SHI=$4 63<-""-/L VYL (A $63BH 63+<-""- /i Zih (4 . (SASHI(H SHI=$h 63<-""- /i S+, Z4  (4D3-Ek
B3 <" HE" 1"$*0 (DLA<)43. $H3(HE (DRUE™L-""4" "+ ~h<+3"~ 653"~ D* (=0 _WMMEH(E W YR HS)4"E Vi
<= =0 - IE SIS O NS 28+ ASI=BU-A" 3" 163 <"~ IS +HDISE (# (G+-BHE "S- . 3"#41303.4
A$--303. S CHOBE"163-<-"~IB$-8) $-"+H(HHE 1= (" . "H<A+SH L DHE" " PHI SR (HSUb (==3"""
(HHSF (#(=L14(0k - 3*<-"~LPDH = NEWA-Gii3. 16524 ) $Ailltd

4

Identification via databases

N\ %)
(flavonoid|[Title/Abstract])
AND (antiviral[Title/
- Abstract])
o \_ J
=
S
5 Records |de£1t|ﬁed Duplicate records between PubMed and
S PubMed (n= 746) Scopus databases (n= 489)
Scopus (n=2,685)
J

Abstracts excluded (n= 2,869)

- viruses that do not infect animals
- whole plant extract

- reviews

- immunomodulatory only

Abstracts screened
(n=2,942)

\ 4

[ Studies included (n= 73) J

(Inclusion) (" Screening ) (

,32< VR4 76" 63" " BL(DIE "8+ -""$* . EG. *3" *3$aSH+i-""4" W (HA* (. "6, 32<*" G ¥ S +i<-3H24
3 3CMHHHLERA-0IIBBB0) 3" #+"0. (=iMGkI&

!
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DSUSHE L>D/MIE I N3G +$3+C3E DI-""H3HIE )$3. $A"SHIE 1" =AD" (Ufk )3(. ESH#3# K/t *3)$6343#/
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A CHIG-IL, PNWASIDSISA-1-4"=3 . 143-"$-"HESHH+"6" 4 (A-UBE"#D" 38" ¢ #5™3. 4. (*(#$63*<-IL, >b = I
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BIEL VWG ="+35# 13--<"1 . <M<l 30" 43(<-4 +(-"t LHDPO gk K=(#24 YE"L "4 $2""#4-/i 036"
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K# (HE" <+ LABD" "+ " U-U BRERD O = LSH+HI"$HHIE" =t BRELI<"™ . "K34L_SYap2i=dllt
A=) L TWE i =l (S 382 3L TWE L 2i =CNHB (G=""4E (+-LB"*"l<-"+ (4 "6 $I<SH"IHE"]
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B$-4-324#303. $#HULLEI2E" 4 BHEMIIE"12* (<ALBE™*LHE"E . "M-L B4 3= <U$#" (<-LLL3HD" K" +H $H+i
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P 3241 A< . "B $-4-E (BHH(L"+< . "BE 1O = 16 $MHH LVUZIVU ) <H+3+i# (K
£ S HETIDO - i IAR (=1 T KEFAR -3 (HLVUZIRHE-i-<22" §-BHESHI<" . "3 =S 1I3#E3) 3Kk
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32403 ST HS-"13 ) (HERBI QU HSHHHOX = kA (13 AR -3 (HH 5I=HSH"-<lh-{ B
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L VTIGO (*" (6" . "#H8Y ™ VE(<K)*"$ 1 -I3#XE5H+$3+ 1i. SHU"IESE 1 83-"+4. (. " #-1$) (<M. *(--?
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=3 (4. (=3 ("6 O SULL_ KIS 18" 4-<- . " AR ASH+HIE"EBI<-4-A*"$+ -1 $ATH1]
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" (K9) A1) * (A S +HBIES ) $3. SIHALTYWE =2i 1 20 7 alG384+3# 1 3424 B D (*i [1+$1-4
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C3OHY SHULEF < " TP S T IR A. SIS =""F-<*"+1) 10 J<$HD3. $13(#E (DL 6B . (ALi#<=)"%
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3.2 DNA viruses
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-S2HSBH2AASE B/ " S+ 20 (134 . X" $-""+" FA*" -3 (1 (DPAV | i$H-+IPANGUKH-+HESHHE "13#ET) 3 (4 (Ok
HE3-GASHEBSLA<-3#2ME L™ , { |ISHEI) (A s KRVWIDW\_E*"-<di " +i3#" +< . "+IK5 , = 4" Al3. SH3 (#SH+



64
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(-1 3 A<H3H20 3" (<0 (B L EHH(HS. E"I0-0LP 5 WA . (# <H.136318-/k 6<16 (6$234#313-/i
VSt (AHER-/"+<. " H= 3 NA* (+<. (RIS HS) (13 (H-BHIA 244 (B-IL_YT/_YY/_YZUGikal "1
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(<" (0) "BHE = (K DD 136 - HR B 216D (4. (4 (U3H24 1 (K8 = V78— (38K H+3-"$-"0L_YUNGG
< 1/kD" B $H363$H . (SA(<H+-1 S L $6SUS) 4" 4 = (“HLESH SH 34 . %" $-"+L . (4D (L86"-4( . 1k
A<t HOIE D (R (H2 (24 - . EGl
HE"E SHI6T6M AX(A™3" =4 (04 2"#3-1"HH (#1 ¥E"E -)! =-'&% *"AL. B (OF 5 (8 27Vi $#+
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-1+ (="1LNO ™ SINE2*$H <t (=SH(<-"H - A CH A - AFSH(FLIH3-" =" A% (+< . 136 IDSU<*"
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I"5"5$/()238()*+,-, $
UG_6_6VEO<. LEE"ABH33-E ; 863*<-1LO8 ; Z Ik

O<. 1§ E"ASIM-t ;6 63*<-4 LO8; - Mk BS-& 3#MBMLEL +3-. (6" +& 3 N" I13#6 +<.1-/t BE3.EL
"EE3) 30+ (4. 4343 . $A-324-LDIE " ASHII-G (A= (HSIHLEL \YIRSHHES-4-38. "0) """ . +{3#H6$*3 (<-4
- (<H-IL \ZVGPHE . (A $-H (= (*E-""6" " UBSH D (BUA3-"$-"-443 1 "I$OISHIBH< HCS/L ™ "B . $-14"0
+3-"S-"[ASHHA< . HBTSUHI M I-RO8 ; Z 42" # SULE" -<Mh-B3HH =3+ (HS-1=Ah(=Sh3. 8340 . W3 (#-13#h
SH<lh+<_ 1-/6 (D8 H#E =SHD" -H3#26 45 . <8 CRA™*-3-4" #1340 W3 (#-4L_ \ZNEHE"8 63*<-43-0 A*3=$*3 14
e SHE-—=3H""+4 643 SA4L/k SH+E AT*-3-" AN 3D I3 (H-4 #2536 1414 3I=AS . W ESh.ES)AUNLh $#+L EH+"M
+<. 14320476 " (A="#HL_\ [IRO <"t (A-02"#"13 . A$t+" AL3 . $136 " 1-3=3US* L UE<=SHE " ASKIB-1 ; &
63*<-"-08 ; = i$4-(4-"*6"-4$-1$16$4<$) 4" h= (+"UD (h-H<+ 1 3H20E " ASHIN3-4 ; (3HIE<=S#-GL\\VGk

HE"& $#£4363+340 A (K #4354k (OF ELA™*(-3+"1 $2$3t-1 O8 5 =4 B$-& "6$I<$H"+ -)! =-=*ILW ISk
O<. 13#2-4 B4 3t (. <ISH"H3#*$6 " # (<-4 L BIELOS 3 =4LWE_{ =di$#I=SM/ESH+HE LA™ (-3+"1 BS-L
$+=33-4" "+ SULEB3 . IS+ S LD CAVWEHSL-ELWOW /AWGWY /ES#H+NGVE21 | 2M6-HS*H3H 6B+ $14-""6"#IA (-?
ESUMH2 HHE 4" < =44"6" -0 (D08 7 =B+ K ) L+ (HEL) *3+ICSH(HUHE"L . (. "SI (#-L
(DEWCWY & SH+EWEVE 21 | 26-324303 . $HMLE*"+< . "HIE™ OB ; Zi-"*<=44"6"4-t . (=AS*"+HH(LHE"LA(-3K36""¢
. (A CALWGWYS2i 1 26(DMS=36<+3#" IO (*" (6" */BE"IA* (¥ .136"8"'DD" . Ke(DIE LA™ (-3+"UB$-4. (#D3*="+
) LUE3-H(ASHE (4(23. S F$=-GHE" " B$-I$HI=A* (6" ="#HHUE "LE"ASH( . "MU<I$H$* . B3 . h<*"1$H+
< BRI > (3-USH+H6S . < (USBCHLW]IGE

&
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, (BUSBIS+"#(63<-k. (#-3-1-4 (DDIB"E-A" "L CSMSAHY i . (2430 +-"* (H1A"-4L_\] et
PUg3-4 " -AGH-3) " EDCRIEX ™ =3 (RA(KUFLE +3-"$-"-03# . 4<-3(#) (+ 10 E"ASI3R-4 P ; SILE"ASHIR-?
EL+*(A™3. $+3<=h -1+ (=" LB BB $#-+4 $+"# (63734 23CCH+4 "% (-3 (# LKA L_TWNGE P 5 84 3-8
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A= ULASID™ K )* (" 3. 1" #-/0 ) <HASL R SHH )+ $* U - (U-<- . AR A"BHE" 1" . (#(=3.4
3=AS K= S L < B (" +< . "H2* (BIEISHHA* (+< 16 A D (*=$#. " 2§ . . B =$H-BE"™E
A=$F14-HSH 21D (A DD K36 4-+3-"1 "k (A (UL T VIlGkd

HE"} $#863$4k "00" -4 Ok >N >ADk S+ >N $283#-4 K+ 24 -"*(H1A"E Ts B™*"
36" 32BN H< -3 20 7" (1. "U-ASHH) * (M. B3 1-IL [ [NGPHIRSH- <+ ) = & A6 U HBESHE> N D/
SAD/ASHH>DNSHY WMOI=diBHED) I+, K+ = BHUZONE \OVISH#+H_ YO[IN /A" -A" 136" 4150)1=-=/3
Y* (3 ES. 1-0B ™R3 H+E BRERVI-/%%=)*1 (430" 13( <-4+ (-"EYWNEL>POsglll , K+ = i$#+B™"
UG, BIELHE"EHE""0 DISE (34~ LUW/EL ZW/E S+ W =2i=cllik (*$416 344+ 13420 BSH™6k 4 HE"d
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GH= "= A* (6" HIE" - <*BIBSUSH"L. (SASH+HU(HE"L. (4 (WISH+HSI- (BE" 143136 " L(*2$HIB " 12EN
L[

U6_G_GURO$*" 16-4+3-"$-"163*<-1LOO - I

O$" 1(-4+3-"$-"463*<-4LOO = i3-4$1 EI2EAL4 . (1$23(<-SASHE (2" A3 A(<UFLINESH . $<-"-1
= (SO -] VGPAISA L #3) + BV WIS -SSP IS+ (H+ I (R
Y3+-4L JUIRHE"+3-""$-"4ES-1 "6 (46™+4 (6™ 4HE"E_WHES . "#<*10 388 (4 $UD$H = (k4" SESLD(*=/2 BHES
= CHGILEASH -1 F .+ 2L WINAHA<HES . | JHSH +ES. 1"#-4L_TTURHE"tb = PT\\46$. . #IES-1 (220
) = (DD 6D - IS 28O0 Z L] NS (B6" g+ (-G (AR 6" D" 3 (L (M
- =3--3 (FHSH-+3-0 (O HA3H DD . 136" S 253H- 1" ="+ 2324 63<L" Hik-1*$3-1431 "166A00 = ($#+8 =7
OO0 ziL_TY/_JZU6 HE"-"L$E*"$-4 E32EA2EM HE"L <*2"#4 #"" -+ DA FI2" 4 S0 (#4 65 . . 3" -4 $#+
U6 BHE SA" <A ARG 23" -6

- $3. SIHBHED) W HOO = I63$h=1 ™ K/A* (§"3#4" 6" 4- S+~ 38> , §. "U-1LVUWIGD> , &
CU-EBFRARE S, GESARCIH(E3HD” . 13 (A BIERW/AV/ (L WEM2i=ClRHE"#/ . "U-L B 3D

BYEL OO = $#+ 3. <)$"+i D T 26 EG HE"% ¥ "$H=""#4 BIEL )$3. $43#4 L_Wa m2i=cllk -324303. Sl Lt

Mg MHIEEISI6 I FAR -3 (IO JISHH 5 =1 ™ KISH-HIE 163 SN Gl b (A" ) A (324
RGUSA LU HESH )$3. SUHL < HHETE FAR -3 (# (DR 2  RA* (N SHE HI="2 (D7 ++ I (# SHHL63< .3+ 84
$--$14 B L A™DCH="+ ) LA . (2 (4 ACH"SI3H2L . "HA-8 BIREL)$3. SB#EL_We m2i=dllk (*4 )14
3. <)$IH26 OO0 24 L WWa AD<UE BIEL WE m2i=cli (04 )$3. $13#4 D VOYE Ek Sh+4 VE#4 W "$I3828 " d-14
AT 6K . .+ (RE RI3=""2 (D2 ++3B (#$--$ /8 ) $3. $43Hh (HLLAES+i-324303. SHHUBHER) M3 (H
OLO" JI$H+H2 1= ™ KI*"ISH6" 1" FA*"- -3 (U BE" #I3HBS-4$++"HSIH 63 <-4$+- (AR (HLVAZAV i
$H#+L_TIEIRO (*" (6" THIIND ¥ iSH#+HAISI<"1$--$ 10" -<-1-E (B" +HHESHIE"IA*"%3# . <) $1 (H (DUE"E
B <-IBHEHE"DIS6 (H(HH-3241D3. SHULE +< "+ I AR -3 (HISHHEI <-4 AL 1 (FHi-<22"- K324
HESHIES-1DAS6 (#(H=S LIES6I$I63< . 3+$4$ . 136 LIS2$H-ROO = LVUWIEL

i

I"5"1$9),:$;)*+,-, $

U6_CUGVEDES#H#" 4 . $D3-E463*<-ILbb - !

DESHH" 4 . $103-E4 63<-4LDD = Ik . $<-"-4 SDSISUE" = (ES23. 4 +3-"$-"1 380 <6 #3" . ESHA" M
 SUD3-E/"$+34 20 (=323 S . (#(=3. M(--"-BHIE"I$I<$ . << B+<-1LiL_ T [IRHE"D*"I<"#. 1k
OU(E) " S -UES-G38 . *"S-""+{3H0" . "L " $ - MUS*2" 414+ <" (RES2E 2+ H- 34 LIDS=3420A%$ . 13. 4L T\IGY
KUE (<2Ei- (="1-4<+3"-UES6"I-E (BHIESHO = KISHHBHS . 136K +H63*<-16$. . 3#"-I=$14E"4AL. (F* (&
bl =il TIUHE"-"4=""3-<*"-{ES6" IA* (6" #I3#-<DD3. 3" HHl+ < 20-"6"*"L(<)*"$ | -Gl ++ I (HSULBE"S



75

E32E4 . (-4 (Dk 6%. .3#"-% 13=3-& HE"3 D"$-3) 31k D(*E BI+"-A"$+k <-"§ 3 1$*2"% A(AISH(H-1 (0
B S) 4" <6 D3-Ek LUWWNGE <0178 HE™"'¢ $*"4 13 #(4 00" . 136" SHII6TSH 1" Sh=""1i-4
$6$U$) 4L T\t

JS=AD" (U-E (B HSIA (H(<H. " HIHED) HCLE D" M$2$34-Hbb = 1-)1=-'&*L[\IDES##" 4

$H03-E4(6$* LILDD 7M. "M-iB"*" (340" .} HIBHELDD = ID(IVAEISHHIE HUE"S. "U-1B"" 1" $h" +iBHEL
OYRY/BYAVAY. GY/ASHHVYiM2i=cli (DL 1$"=AD"* (S4HE L. "M-L B4 . (44" H"+4$#+1-<) " " +ib
VHRIND ViS#+Ha -4 ) A (HOH2USHSIL-3- 481 TISHHUZIEAIK b~ (JHE"1-<AHSISHUSHH.. "UA" 4"k
B (U K HSH, T&$#+&UZ&EA38%(& 'BSI<SH HE"BHFS . "U<ISHSHHEIFS . " U<ISHBI S S+ "-<di-d
KGNS L HESH 1S =AD" (4 H "1 -324303. SHMLE +7 FUS-"HLHE"E = 1 7 KB 476" -4 S+ A% (N
(BB Obb 117 1 ,&U]&$#+&7 LIYTISH TISH#+HUZIEAUSSIL. (#. "H S (H-0UF $"=AD"* (4
LYEHQAVYAm2i=cNi$d- (3-324303. SHMLIH" . *"S-"+IHE" 31" - 43H0 . "MABA" " -4t +i- <A™ HSISHISH_TISH+
UZAEARL\IGE

HE"$#3=""2(D?$++313 (#H$--SLI3# . d<+"+$k. (A (462* (<AILDD 78, "U-§38D" . §" +iBHELD D = DL
V&EM@$#+&T&2*(<A—&%* b HBIEN YIm2i =Cli(DU $" =AD" (SIHE "%, "M~B " IA*" W $K"+D (*4_IEE)"D(*"k
D" K3 (HSEBT* <~ SH=""HD ("L &E&) D(* 1)U+ (. "U-SUBI <13 <USRI S SH=""10
3=<Ui$H" (<- 41&D(*&V&ES&$#+&A( """ HRBE™ " "M-1B" "l S HSHV/_UTANAV._/i$#+t_TIEL
A" RCHHE" . (" $i=" /n&(D&bb?& U-DSU "S- "IETSUT T, -UISHHY =1 T Kk
16" 4G UEU"LHE"E 63+<- 2" Sh="#44k Stt+4 A(-HPH"$h="" 1324303 SHULL < +< . " HIE" bb Tt =1 " K&
L[\

K# (HE" 4 FA™3=""440" 6 SA<H" +H63*<- 4SS . E=""#40) LLA*"2. ( (43420 . "U-ISH TADID (RUWE =344
SHHIE" " SI3424 . "U-E BIEL 1" =AD"* (ULVYim2i=cINGi b " U-4 B "JHE"#i3# . <) $KH2UBHEL Db : 1Sk
TabID CAVIE (IS (BISHS . E="#HSH+IA" 6" IO SUM HSRCHIB(HH ™ "FHA. "U-1B"*"IB$-E" +i$H+
. <)$HH S \abE D(HE _TEGL HE"E THPIND ¥4 **-<di-f -E(B"+ JESH "FA(-<*"t (& 1$"=AD"*(4
“32H303. SHHULLF"+< . " HOTSUSHS . E="#USHHIM HSRCIB(H) 1= (" BESHYWN/A+" . *"$-3#24) (VL
71, iY]iUYE= 1 " KiSt+ibb = 34 [\Iek

i

U6_6US_taER " t-A(H- 14+ (="163*<-La55 = Il

AW -A Q-1+ (="163<-ILa55 - IB-HE"L. $<-$136 152" #H(DIBE " -A (H+3-"$-"ILa 5 Ol
SHEI2EALEL SESUSHH" . (#(=3. SULE+"6S-ISIH20 D" B (FUIESHES-1-"6""1113=A$ . }"HIE" 424 O $4
CEXI=AL D$F=428 W+<-H1E DO (6™ HB (& +.$+"-& LUWV/UW_JUWUIG 250k $00™ -4 $448 K1A" ¢ (0L

<. "SHIDSF =2 1B = -ISHHIG. < HILE. (H-3+HSIASH =3 ) "I 2UI-H +HIS-IS (103 4"
3-"$-"0) LE7P>ILUNTIHO" -3 8 FH #-36"1""-"$* . EBHI(I6S. . 3" 1+"6"d(A="HUBE"*"1$*"1-U=$" (*4
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CESU" 2" IESHH A<+ HHE"L . (AL FILE OIE"E-EX=AI==<#"t-1-1"=REIELA* (+< 13 (# . -k
SHHIE"US . 1OIA*S. 13. SUIS+2"7- . $4" 1" 136" Li=""HE (+- 1S I<$ . <Uh<"1-"Hi3H2-LUNY Gk

" SR AR - HADS - A (LSRRG (- AT R S - 32403 SHHLE
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w1 lf-f-E (B HIESHSUHS 2" B3 . (1. " H I3 (H-L-324303. SHULISHED) " Ha55 - 1$H_TUEGK- (/6
SR B LYWE =2 1 2 -328303. SHHLEHED) I+ 55 = § BE " HS++"+i$-L A% CRA (10" $h=""#8464
| <HHE"= (R YE"E SHIRHIS==S$H(*1/k SHB(F3+SH/L $H+E SACAY(-3-L "DD" .4k (Dk HS*3H2" H3#k B
"BSI<SH+) 1k THOIND ¥ i34 . *$103-E4 . ESU#2" "+ BIEL 55 -6 HE"E "FA*"--3(# (0l &55 7§ 2"#"-1
LO ™ KA VESH+: = N_\IRB"™*"1-324303. S L1+ (BHY"2<USH"+0) LIS  #3LYWA=2i | 20634 TIEG
O (*" (6™IE"E"FA*"--3(#U"6"4-LDUE IS (F3+$H#UL . O#5 7 Oli=O#5 7 Ol KHIS#+NSHI" 41
B 324303 SHI1E <AT"2<USH G PHL . (FFS-WAKE"E 2 G "FA" -3 (4 (D4 HDIS==Sh(* 14 ="+3$H (*4
LAC(F12"H#8-"- L 7 ONISHHD 7 O?_Ik-324303. SHIULL+" . *"$-"" -k BHEIE" B 342" H3H"$h=""2414
PHIS++ I (HIE" B SH="H< A" 2" HIE " A" -3 (#U(OBE"ISA (AR (-3-7+"48H+D$ . h(*4 3 SFABEX"S
HE"" FA*" -3 (#L(Dk 5 PIVAB$ -+ (BH#?*" 2<4$8+LVUVIIGY
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Proposed effects on viral cycle
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S<AAL"="#S LIHE) A EVEAX"-"#-18h . (=A*"E"#-36"1(6"+63" Bl (DIE"I$HI36 754 . 19634 L4 (08
DISE (#(3+-ES25H-HSHI=$M635<-""- /i . (=AU HD* (Sh-I<+1"-4<IICH2AS$#2"8 (Dh="HE (+ (4(23. $H4
SAA*($. E"-/i 3. A<+3#24 > D/t PDysft 5P/t S8+ HOPOsgiN , X7)$-"+ $--$1-8 S EU"LHEI-E . (" . (4
<HH - (K -BE"E) S HHEL (DU FA =" S-S 23" - 3K (UEI2EM2E k. (#-3+"$) 4 "16$41$) 1134
) (HEG-H+ Lt -32HSHH(<h. (=0 ACHH2UPHASH . <USHi-"6"*SU3H6" 13281 (#-1<-H2AHDPOsi$-
$h=""$-<*"{ D (4 $H36T54 "DD3. 5. 14" ACHHL HSH-3. SIB+300" "4 "0 ) "B AL =" St . (R (U
2% (<A-IBHE (<HA* (B3+3H20I<SHINSHI6 1" +< . K3 (H- 13O SHU *-SUHEI-AE""* (2" #" HLIH" A (H138 24
m$#+$*+&A(- g ESMUH L DO AT ML L (SASFHEL * <o $ . (- <AL S B=4-1 YE™L
H AR S ) UILL(DES) - (A< IS A6 T+$4 DD . b-54
HE"* = (< IE" 8O 7 PRESI<" <" HH FA™ =" 4$* "IEI2E L34 . (H-3-1" " 6" HIS= (#24
A3 " BRA<SIH2UHE " -$ =" 63*<- U6 (A (3. . (=) HSIB(H-GAPHL-"6"* M .$-"- /L O TPLESI<" 1§+
1. 13H204%$3-3420 . (. "H-4$) (<K A* (+<. 3 UILUSH+H="IE (+ (1(23. SUI*SH-AS*"# . THEI-44$ . 1806
<HD(=314. (=AL. SI"-LHE 3 A= NS (4 (DUSHROISUA (K" # . LiSH+HIEI2EB2EN-GHE"E . *343. SUH#™"+4
DCH-HSHHSH+ICT+H A CHIH2UAYS. 1. "D (R HESH . "HE""L.. (=AS*S) U LISH-+*""135) UK L4 (DDIH+3H2-13#4
D4$6(#(3+?)$—"+&$#%363*$4&*"—"$*.EG&

$--$LE"-IB=SH-UE L. (4. "SRG+ (< BT SU=$* 1"*-0) LYW ABEX HE"1-"4" 363410
Y+ FILEPI+ DI +HS -0 D s> D (D el I(0D *-I$=""$-<*"1(DHE"*$A" <3 IB 3+ (BILUNZVEHE (< 2E¢
(6™ 3" S - 3006" [ D YWAGH-HISPIG - -4~ (28 H-+ A (-3 1 63 SUA* (1 M FA* -3 (#
CUHCL=$1. (5. O UIBE] . El=$ L (W3 MLE D" Hi"+< K3 (H-BHIBY SABHD" 1B LUCH" AL SH (4L
.$AS. 341

P . (H*$-HAHE " THDPO sgdb--$14 (DD"*-0 3= (*"iD<# I (HSUA™*-A" 136"0) L I<SHIDLIH2UHE"
FU<EICHE (DRBTF<-E*" I3+ (h . $<-"0 . LHCASHES. §"'DD" . 4434 YWk (DRE (-4 . "44-E LUW [NGEPHEA* (63+"'~k
344 B3+ (Dk 63 63$) 3L/ BE3.Eb >bugk . $# - (="13=""-1 (6"*"-B=$4"Gk b (#-"I<"#M Lk
A SIS D gl SHHBPI="1). -IBHEHD" HIEHLY)$-""+HS--$1-4431 "IHDPO o dBIH+ 414" 2%+ +i$-4
YU ARG 5. " 3 ST "BSI<SIB(H A EM"E > Dk SIHL =$Lh (6™ -H=$H"E 003 $. 14 Ik #(H?
D" K3(<-I63SUASH. 4"~ GA ™ *-3-HIHOPOedd$ . 1 -13HD (=S (HL (AL Lh(H(F. WAL CH-A" . 3. #3635
" E$H-=-GHE"} . (=) 3"+ <-"LOUE"-"} . (SAL"="#I$* 1US$--$1-1 "HESH . "-WE "1+ O <-H" -1 $#+H

A AR HS) U LE(OUBAIOB3 54 DD3 . . Lt BHSEL
SHE"HRD(* L H2UNE" L 6BI<"E (L SHAI 25 G+ "B LIS 2 LA . (=="H+"H
LUWNI=3#3=<=i$ . KB LIE*"~E (4+-/PD 64" ) "t (BIVWWim2i =D (1. *<+""FI*$ . §-i$#+1_YimOR
DO A L (SA(<H+-G HE"-"0 )" E=$F1 -4 -"+6" $-k A*$.13. S .3 *384 (4 +3-1342<3-Eb 2" f<3H"}
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$#1363* 4 $. 13631166 O (** (6" */E A4 4 . LH(H(F3. 1L A* (DA3H283-8 . *33. BAK (G "#-<*"RHESH () -""*6""+4
$H1363*$4" DD . H-0*" b4 (HAS DS . h-L (02" #" *$43C" +4. " M<4F*Eh(F3. 3268

K#(IE"*B3=A (*I$H#H43=Sh3 (H3-HESHIE"8=$ (*3H1(DE-H<+3"-03# . 4<+""+HFHUE"¢*"" 63" BIB"*"¢
C(BH<HTHUFLA<-36"114-) ) = &K= (H20HE "4 D" BEYESH 3 . CRACHSE ) =-=% "FA™I="#- /b = (- %
D <-"+(HHB63*<-"-{S0D" . h3H20SI<BH3 . L(HISOIFHE-A" 3" - [3 1 A Le+<""Th(HE "84 (23-43. S48 $-"W(DEE (<-3#28
HE"-"'8 $HI=4-4 <#+"*4 4$) (*SH(HLE . (B33 (#-6k B(B"6"/h HE3-¢ #$** (Bé -. (A"8 A*"-"#4-4 $& =3 (%
) (R DG 34 WrSH-ASI3 (A4 - Sr EG 1) =-'&% -1-4"=-/k BE3"L .*33.$4 Dt E32EME* (<2EA<H
- FUUHIHASHH =" _[ESH3-3. (3H-32EN-/ADSULH (4S. . (<HMD(CHME"L . (=AL"FIAEL-3(4(23. SUAM S W (#-4
HESHE +"4*=3#"t SHHI6I*S4 "DD3.$. 18 -)! =-=%h -<_E& $-4 AES*=S$. (13#"W3. -/ 3==<#"t = (+<4$W(#/t
="4$) (43. d*$#-D (=3 (H/eSH+U3--<"t+3-1*3) <h3 (HUK (S -<M/BE "¢ . $* . WLU(Db=F==F43$#¢-)1=-=%
h<+3"-0 L (H-UIN<E" -0 B . *343. $Ab 2SA/ B3=33H28 HE"'L $+OS# . ="} (DL DIS6 (H(3+-4 D* (=t A*(=3-3#2%
"FA"RI="H1SASHII63S-th (1638 ) 466" N IS LUE " *SA" <H3 . -Gd

O"-A"BE" -"U3=PH3 (H- /HE " (SHHI63* Sl PhSEr 63" B HE"*"{EI2EAI2ERKE "IA* (=3-3#24.* (--?
-A".3"-4""D03. $. 16(DE-""6""*$4D4$6 (# (3+-HhaaEN"HE3-6*" 63" B+ ("'-t# (HMA*=$*U LD (. <-4 (#+<B?E (-4
$H1363* 54 SAAL . S (H-4 - (=" . (SA(<H+-UESE" L +" = (#-1SH"+0 5. 1363418 $2$34#-1 ) (HELE<=$#i $#+i
6" HSFLEOTF<-" -/ D (* . SH2AME" U SH- AT (HSUA (K #13$46E , (K "FS=AL"[ASAI2" " #HHES-L-E(B#
"DD" . ¥36"WHED) M (H(DE=F (HE<=SHABIE (2" #-1-< . ES-GE<=$#3==<#(+"D3.3"#. 1463*<-4L8P - i/t
E"ABK33-¢ bi 63*<-4L8b Z W/ $#+E -"6"*"4 $. <8 *"-AFSH(C* L -1#+* (=" . (F(#$63*<-L LEK 152D (- Mk
LT\/UW]/UVWII/E BE34"§$4- (8" FE3) 313# 20 $H#1363*$40 S . 136N LES2$3# -1 1" 186"} IS+ 1463 <-" -4 3# . 4<+3#24
,O0 Z/AN>O z/iP ; Z/iK5, z/i$#+ ; NO =i \\/VW_/ MWWV TVIVTUNG

(A RAES =S, (4(23. U SH+E " . (H(=3.6A™-A" 436"/ DAS6 (# (3+-4 $4- (4 A*"*- "848 +3-Y3# . e
$+ESHIS2"-4 (6" . (HO6"H#I3(HBU SHIOI* 4 $2"#4-68 , (X4 "FS=AL"/L $.1.4(63* 3-8 (#"t (DRHE"E =(-%
(== (L <-"+ SHIB63 S +7<2- S $* (<HHUE"E B (4+LLUVVIR ) <4 31634 "FA#-36"4 S+ #$** (BALY
"D . 436" $2$H-Hh WHESH>=-&-TODHING PHE . (Fr+$-H/k DIS6 (#(3+-4 34 2"#"*$4 "FE) 3 )*($+"¢
$HIBI*SU-A" WS/ (B . Lh(h(F3. M/iS#+U (B *A* (+< . 13 (#h. (H-LVW/IUVUNRHE"-"($H*3) <h"-4=$ 1'%
DASE (H(3+-4""-A" . 3SULEOPA<S) A G " - (<*. 7. (H-WESH" + (14$*2"?- . $A"86" W *IHS* LE SAAL . SR (#-/4
BE"*"{$0D(*+$) UM L/4-A" W <=/iS#+E-$D" 4 L6F*""0. *33. k. (#-3+"*$h3 (#-Gid

PAIS++303 (Hh (HESHt=S$# 10(DUE""IDAS6 (# (3+-I+3- . <--"+BHME3-1*" 63" BL"" FE3) 3" +4A (4" #Hi+ <S4
$. 43634 1/8340 D" * 3 204 (W (HALIBHEHE 163 S48+ Ad3 . S (#. 1 .4"8) <hi$4- (ABHELN " 18, "M<dS*eA* (. ""--"-4
S+ I==<# (= (+<ISM(H/L S-4 U<-H*Sh""+43H4 , 32<*""-4 A SH+UGE , (FRIH-USH . /0) $3. S4 "D (K BY ™ Vi
LVUUNE) "*-3+"" -4 -3243D3 . SHMLE*""+< . 320 63* SN * - SA+HEIHEI) M 20 4" <*$=3#3+$-""1 $ . 13634 1/6 346 $4- (&
+' RS- 4766 (D L4786 +?_$-AS-"UL S+ HDIS==Fh(* 1 . LRCIH"-L <"+ ) 18 HE™E B3*S4?
3HD" W3 (HGR A <H" (43D CAN>O ZALVW\NEHED) 3-8 O& (iU d& P#C1=$13.4$ . 1363 1/4+3=3#3-E3# 20 63*$4
WAL SR St $- (0 +(BH2<UBH L WS- SABHSM 476"0-0 (OF SHMS==S$h(*1h . 14(134"-6h
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1D (% 20+ <SS (<" -0+ = (-1 RUESH 1§ =AD" (44 3HEI) H-GHE "k +3EL+*( (* (98-
+(=$3 (DHE" L DK OLA* (1L . $%) $= (L47AE (-AESH"E - THIE"$-"8_/i$-ASHSH 11*$H- . $)$=14$-"14
S+ HIEL+H(CH(IS-"IE LUVTIVG BEM" ) (HER 1" =AD" (dh $H+h J<"™* . "3 $.006SH"8 #< 4" DS h(*
MELHER (3L PUSH DS HCAL ™D IBLUVYNGE ™ *D_&. (348K -IHE i (FI+$HI" -A (#-"LASIEBS /8
=SS IS+ (FLE (=" (-1$-3-UHE* (<2EME"13t+< 134 (DU6$*3 (<-4 LH(A* (4" . 196" 02" 4" -1
LUVZIG53=<d$#"" (<-4 1D K Ol-<AA*"--"-3#IS==$H3 (#635L = 7O_IBHE3) LUV [Nk

HE3-4 = <D<t (434 ) "ESBI (1 3-LD<HE" 1 ~<AACH"+1 ) THHE" 3 ) * ($+7-A" . Ir< =1 $#136 7640
$. HIBILIS . * (~-1+36"*-"I63 SUDS=343"-/§3# . I<+3H2UK 20b=-=-& -TIOHE $#>=-&-TTOGHO* (. Z*=-&- TVt
|-8*8)Y=-&-T b+, 5+&*)Yo=-&-TURHI2<"E THEE J "1k . (SA(<H+-E-< . EL$-4 SA2" #3411 ) $3. $13#14
SADN" -4 HAS = AL (U< (U= (IS 2 S NSHHI< "™ . "BHIES6"1-E (BHBHED) (L0
$.HIBILIS2SH-H) (HELY = KISHHO = KIBI<-"-BE* (<2EI=<HD$. " H=". ESH3-=-0)



Order

Family Flavonoids

Amarillovirales

Flaviviridae {_EGCG, Genistein, Quercetin )

Articulavirales

Mononegavirales

Orthomyxoviridae——_ Baicalein, Biochanin A, Rhamnocitrin )

Birnaviridae ( Baicalein )

Paramyxovirida Baicalint Hesperidin, Kar§njin, Morin,
Naringenin, Quercetin, Rutin

Rhabdoviridae (Isoliquiritigenin, Quercetin )

Nidovirales —

Agathisflavone, Amentoflavone, Baicalein,
Arteriviridae Baicalin, EGCG, EGCG palmitate, Genistein,

Naringin dihydrochalcone, Quercetin

rhamnoside, Pinostrobin, Puerarin, Wogonin

Apigenin, Baicalein, Baicalin, Cyanidin,
Coronaviridae Flavonol, Luteolin, Quercetin, Quercetin-7-
1-B, 1-C

Nodamuvirales

Ortervirales

Nodaviridae (Luteolin )

Alpharetrovirus {_Baicalin, Genistein )

Picornavirales ——

P EGCG, Daidzein, Fisetin,
Caliciviridae Kaempferol, Theaflavin

Reovirales

Picornaviridae {_Apigenin, Baicalin )

Order

Reoviridae {EGCO)

Family Flavonoids

( DHM, Genistein, Genkwanin,
Herbacetin, Hyperoside, Isoquercetin,

Asfuvirales

Kaempferol, Luteolin, Morin, Myricetin,

Asfarviridae
L Myricitrin, Quercetin, Quercitrin

Blubervirales

Hepadnaviridae {Hyperoside)

Chitovirales

Poxviridae (_Apigenin, Genistein )

Cirlivirales

Circoviridae { EGCG )

Herpesvirales ——

- Baicalin, Genistein, Kaempferol,
Herpesviridae ( Luteolin, Morin, Myricetin, Quercetin)

Alloherpesviridae (Kaempferol)
Nimaviridae {(Naringenin)

Piccovirales

Parvoviridae ( Chyrisin, Galangin, Kaempferol )

Rowavirales

!

Adenoviridae (ECG, EGC, EGCG )

,32< (TINHSF (#(=3.+3-13) <B (L0 ™ KISHHO ™ KIB3*<-"-1$0D" . 4+{) LUD4$6 (# (3+-IBHEL
# A CHHSHIIBT S  JBIGE, 32<H8. " SHHI<- 320 S 3+ HLEMA- DT BB B #+%5. (=il
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4. Conclusion and future directions

56 (# (3 -IESE ISHFS . " Hi-<) ~HGHOSU GBI U< 2046 U (A=""H4lH <" B (HE" T
B3+ ISBSUS) UK LS SIS+ (BBH . 3+ # . "H(Oh-3+"1"DD" 4-GHES-"63" BIS3=""+u (B+" #4014
St +3- . <l -b< 3 HESH B SIS HHHE LSS D" . -t (DUDASE (#(3+-4 (#163+<-"~k (046" S+ Lk
I=ACHSH. "Mk St D(. <~k BESH 3-8 (OF"#E (6™((1"+i $-4 =(-H "F3-10420 *"63"B-4 . (H."H$H
AR (SIS LL(HIBT <" -4S0D" 13H2AE<=$HIE" SIES

KA (A (DB [UR-< 3" -EB "+ 63" B+ (6" 20T [i-+300"*"£HHD4S6 (£ 3+ -4 +i$2$34-HU Y
BI*<-"-/t BIHEL J<"*. W3 )$3. SIOH $H+L 1S =AD"F(U )24 YE"E =(-Hk DI<"HMLL SHSLLCH
(SA(<H+-GHE =3 (I (OUE"1-<+3"-ID( . <-"+HL(IBT<-"-4$00" . 13#20436" 4( . 14-A" .3"-/1-< . E$-L
K5, - 0S#HHN>O z/i<t+"- . (H2UME"L" . (F(=3.4-32303. $#. "4 (OUDH+34 204" BISHIOHSUS2" #h-13
HEISHI=SUE<-) $H+14-"  H(VABE3. E-I6HSM(HE"" . (#(=3"-4(Di<=""*(<-b. (<H*3" -

8(B"6" 1 = (-1 (DUHE" 143 $h<*" 4 "FS=3"+1* A CHH™HDISE (#(3-H."D03. $ . L1~ (44 L3 634 (/8
< (H2UE" - .3 L (DUSHEB36 (4-heH3-4H . - -$F AN (G . (HOT*=WIE"-"t . (=A(<H+-USHI6TS4
$. 13 (HIBHP"$17B (- "H3H2- Gk, <HE™*= (*" IHE"ISHSAL-3- (00"~ <Uh- LA " - IS +-+ I3 (HSU. ESU" 2" -6
OSHLI-H<H3"-US . 1" +H#32 (* (<-1-4$13-13 . SUSHSAL -3-/i$-UEI2ER2EN"+HIE* (< 2E (<HHE3-1*"63" BILBE3. EX
B=3-LUE"L " 138 3Lk (DR HE"344 D3+ 3H2-h K ++ 3B (S -324303. Stk =""E (+ (4(23. S 6$ IS (H-L 3
"BSI<SIHASHIIOTSUS  OHLLS. *(~-k-h<+3"-=$ 1 "3H+30D3. <UH(E. (SAS"TH"-<Bh-d+3 10k, <k
sk Ef E(<bH AR (IICTE HSHHSHHICH ="E (+-4 $H+HL -HSH3-13. SUh GSA+SIB(H (L I=A* (6" HE"
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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 Lourengo, Giovana Paula Zandona,
Cristiani Folharini Bortolatto, César Augusto Bruning, Frederico Schmitt Kremer, Ingryd
Merchioratto, Mayara Fernanda Maggioli, Renata Pierobom Gressler, Rogério Antonio
Freitag, Tacia Katiane Hall, Fernando Vicosa Bauermann, Silvia de Oliveira Hubner'

Sera submetido a revista Virology Journal
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3 Consideragoes finais

Este estudo reforga o potencial terapéutico de extratos de Mimosa bimucronata,
Luehea divaricata e Schinus terebinthifolius, plantas do bioma Pampa, contra o BoHV-
1 e o BVDV. Os principais compostos fendlicos identificados, especialmente
quercetina, kaempferol e tilirosideo, demonstraram efeitos antivirais expressivos,
incluindo atividade virucida direta, inibicdo da replicagao viral e modulagao da resposta
imune do hospedeiro, com aumento na expressao de IFNa, IFN! e ISG15. Estudos
de docking molecular sugerem que esses efeitos podem estar relacionados a
interacao direta entre flavonoides e proteinas virais, enquanto a atividade antioxidante
dos extratos pode contribuir sinergicamente para a eficacia antiviral ao reduzir o
estresse oxidativo induzido pela infecgao.

A revisdo de literatura realizada complementa esses achados ao evidenciar
que, embora flavonoides como quercetina, baicalina e kaempferol tenham sido
amplamente estudados contra virus de importancia veterinaria, a maioria dos estudos
ainda se limita a modelos in vitro, e muitos carecem de analises estatisticas rigorosas
e padronizagdo metodoldgica, dificultando a comparagdo entre resultados. Além
disso, observou-se uma recorrente associagao entre atividade antiviral e efeitos
imunomoduladores, embora nem sempre essas agdes estejam diretamente
correlacionadas.

Portanto, este trabalho contribui com evidéncias experimentais e tedricas
relevantes para o desenvolvimento de terapias antivirais de origem natural voltadas a
medicina veterinaria. Avancos futuros devem priorizar a validagdo in vivo dos
compostos mais promissores, o aprofundamento na elucidacdo dos mecanismos
celulares envolvidos e a adogao de protocolos padronizados, a fim de viabilizar a

aplicacao pratica dos flavonoides no controle de infec¢des virais em animais.
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BVDV NI Genistein 50 - 100 MDBK 550% - - . - Lecot et al. (2005)
20.25. 50 and Significant reduction in viral
NI, MOI=1 Quercetin P . MDBK - - - titers, although no raw data are Chen et al. (2022)
100 umol'L i
available.
FMDV
5.10.15.20 Significant reduction in viral
NI'MOI=0.1 Apigenin : ’25 T BHK-21 - 3143 8.339° - titers, although no raw data are Qian et al. (2013)
available.
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X X Flavonoid - SI
. Infection viral . - Cell CC30 EC50! -
‘irus ) Flavonoid Concentration _ i s ) Revyiif (CC30/EC30 TCID30/PFU Reference
titer/MOI (ug/mL) line/organism Inhibition rate (%) (ug/mL) IC50%(ug/mL) or IC50)
PEDV é_}j;gg; ‘?1”)’_, Significant reduction in viral
NI'MOI =0.001 Quercetin 1.56 to 50 uM CCL-8 - am >100 titers, although no raw data are Lietal (2020)
2.56 uM = 0.62 uM ilahle
(DR13 strain)’ -
Significant reduction in viral
NIMOI = 0.01 Wogonin 12.5 - 100 uM Vero 4753 uM 58.872 8.07 titers, although no raw data are  Wang et al. (2023)
available.
NI ?““Ce:: ;e' 10 Vero ; ; ; ; Song et al. (2011)
Qrmme:;;_ >100 0.014° >7142.86 -
NI m:‘m.‘f‘ 10 Vero 35;‘)2 ‘ 3317434 i Choi et al. (2009)
Luteolin 6.7 e 327 -
Catechin >100 >9 _
0-10 uM Vero %!6’15\1::31 ';_1 “l\,l >30 Significant reduction in viral
NI'MOI=0.001 Baicalin 11534 i" 42‘”)\{ titers, although no raw data are
(Dlzl—?a s;x;inp)_: available.
3.28=0.24 uM >100 Lietal. (2024)
L (YN13 strain)® 1.65
Baicalein £0.16 uM
(DR13 strain)’
NI/MOI = 0.01 6.25— 50 uM Vero 511.8 uM 23.87 uM? 21.44 Significant reduction in viral ~ Wang et al. (2024)
NIMOI = 0.1 Luteolin 25— 100 uM IPEC-I2 238.6 uM 68.5 UM 3.48 titers, although no raw data are
available.
NIMOI = 0.01 . - Vero - - - - Wa et al. (2020)
10 TCID./pig Enscin 0.5 mg/ke Piglets ] - - ]
NI'MOI = . . . > 500 - - . Chutiwitoonchat
0.00016 Pinostrobin 80 uM Vero oM 271 =0.12 uM > 18455 - et al. (2025)
1B >:§f° 1119493 |\ >8937 ;
NIMOI = 1 30 uM Vero 5927 = Yietal. (2025)
1-C 275 uM 1.83 = 0.70 uM! 3239 -
MOI=0.1 Fravonol (3 Vero 430&_ 12.75 umolL? 33.78 Significant reduction in viral
o G- ,  0-souM (‘fﬁg . ) fiters, although no raw dataare  Liang et al. (2024)
MOI=1 ycroxyliavone. IPEC-I2 (ommolL) 20.37 umol/L? 22.77 available.
PRRSV Significant reduction in viral
NI'MOI=0.1 Quercetin 50 uM PAM= - - - titers, although no raw data are Gao et al. (2014)
available.
. 02 4 ! Significant reduction in viral
NI MOI =0.002 MARC-13 >2000 lfo rll'i:'9=138..t)62u111\2\1‘1 titers, although no raw data are
EGCG 0-250 uM M -8 available. Ge et al. (2018)
NI/ MOI =0.08 PAMSs PIT: 63.09 uM

PolIT: 52.76 uM
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L Flavonoid - SI
. Infection viral . . Cell CC30 EC50! ; iy
Virus titer MOI Flavonoid Concefm'atxon inelomanicn Inhibition rate (%) (ug/ml) 1C50*(ug/mL) (CC5 0-1:2050 TCID30/PFU Reference
(ug/mL) or IC50)
PIT: PIT:
10 TCID«;: 8.53 10 TCID::
2359.71 uM! 276.62
NI/ 10 and 100 P } uM 100 TCID«: 60.25 100 TCID«:
TCID,, EGCG 0-5432.75 uM MARC-145 - Y 3916 )
Zhao et al. (2014)
PIT: PIT:
12 10 TCID«: 0.48 10 TCIDs;;:
Eaco 0-1148.80 yM - s uM: 892.29
N € 100 TCIDsy: 53.53 100 TCID.:
uM! 77.96
NI'MOI=0.1 Baicalin 0-70 MARC-145 - 42.89 - - Significant reduction in viral Chang et al
PAM: } 4025 ) } titers, althou{z,l; no raw data are (2024)
available.
Significant reduction in viral
NI/'100 TCIDs, Baicalein 1.56 -100 MARC-145 - 84.76 10.2! - titers, although no raw data are
available. Wu et al. (2023)
10° TCID«w/ .
ml (2 mL) 24 mgkg Piglets - - - -
FRCa¥ NIMOI =1 1-B 30 uM LLC-PK1 - = ;3?0 68.30 = 4.05 M’ >14.70 ;
7703 = Yietal (2023)
. - PR 72=0. : . -
1-C 6.86 uM 13.72=0.87 uM 5.61
VSV NIMOI=1 Quercetin - 2fTGH - - 19.9 ulM* - -
10° pu'e 30 and 60 C3 7BLv"6 ) ) ) ) ) Lietal (2024)
mg/ks mice
ALV NI'MOI=1 Genistein 100 uM DF-1 - - - - - Qian et al. (2014)
28.96%=0.5 (5
ug/mL), 39.94% = Significant reduction in viral
NI'MOI=1 Baicalin 5, 10 and 20 DF-1 0.7 (10 pg-"mL), and - - - tjtefs’ almough no raw data are Qxan etal (2018)
59.35%=0.3 (20 available.
ug/ml)
DHAV-1 NL'30 TCIDs, Baicalin 3125 DEHs - - - - -
NL20 LDy 1mg/mL Ducklings - - - - -
NI'50 TCIDs, BAPC 3.9- 1000 DEHs - - - - - Chion et al. (2015)
NL20 LDy 1mg/mL Ducklings - - = - -
™UV Significant reduction in viral
NIMOI=0.1 EGCG 10-100 ug BHK-21 - - - - titers, although no raw data are
available. Zhu et al. (2021)
NI 300 and 600 Ducklings } ) ) )

meg/kg




N Flavonoid < SI
- Infection viral - A Cell CCs0 EC50' <n s,
Virus titer MOI Flavonoid Concefn:ratxon fine/organism Inhibition rate (%) (ug/ml) 1C50%(ug/mL) (CC50/EC30 TCID30/PFU Reference
(ug/mL) or IC50)
H5N1 4001 = Significant reduction in viral
NI/ MOI=0.01 Biochanin A A549 - 1 1'4 ul:i 892 =187 ulM* 5.60 titers, although no raw data are
. available.
e 109.41 = ) s
Baicalein 10-100 uM 435 uM 18.8=1.17 uM 5.82 Sxthxsam"et al.
Apigen $035= " 5012433 253 @
Apigenin 327 uM 01=433u) .
. 63.57= - N
Luteolin 3.12 uM 20.07=11.83 3.17
IBDV < A/ Chicken
23x 10 Yml Baicalein 108 agd 216 embryonic - - 7.2 (CEF cellsy - - Lietal. (2021)
ELD50 uglegg eges
BV 10°# TCIDsy/0.1 . 50, 100 and .
L/ 100 TCID., Baicalin 200 Vero - - - - - Feng et al. (2022)
5. 787 |
10 . EID;/0.1 Baicalin 75, 100 and CEK
mL/ 100 EIDs 125 Feng et al. (2024)
10* EIDy, (0.3 450 mg/kg Broiler ) ) ) R )
ml /bird) & chickens
10° EID«w/mL (0.1 P ; Embryonated At 2 ug/egg of apigenin there was Saadh et al.
ml egs) Apigenin 035vgleee " picken ege . . . . 9.4 log,EIDw/mL IBV decrease (2022)
NIBV Primary
P ) chicken renal ]
- Wogonin 0-7.5 uM/mL ubular - - - - - Qietal (2024)
epithelial cells
NDV 100 TCIDs, Baicalin 0"2;1%25 CEFs 90.12 - 103.7 %" - - - - Jia etal. (2016)
MOI=0.01 Karanjin 6.25 to 25 uM BHK-21 - - 83.23 uM® - - Singh et al. (2024)
GCRV A Zhang et al.
NI MOI=0.001 ECG 0-80 CIK - - - - - 2020)
ISAV 7.5%10° .
PFU/mL/MOI = Alpinone 5 SHK-1/ASK - - - - - V"‘l"”zz“emlg etal
01 (2018)
SVCV 100 Significant reduction in viral
TCID.,/0.1 mL Isoliquiritigenin 6.25 - 100 EPC - - - - titers, although no raw data are
W available. Qiu et al. (2024)
10¢ TCIDs/0.1 _
ml (50 ul) Sand 10 Juvenile carp - - - -
NNV X , . 3.49-2745 CC20: !
10° TCIDsw/mL Luteolin oM GF-1 - 42,37 uM 9.87 uM - -
30.03 mg/kg
10° TCID4,/0.1 Luteolin- (bomeql A Tuvenile Zhou et al. (2025)
mL (10 ul) borneol complex) + 30 - - - - -
complex mg'kg Rroupers

(luteolin)
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/irus

Infection viral
titer MOI

Flavonoid

Flavonoid
Concentration
(ug/mL)

Cell
line/organism

Inhibition rate (%)

CC350
(ug/mL)

EC50!
IC50%(ug/mL)

SI
(CCS0/EC50
or IC50)

TCID30/PFU

Reference

ORFV

ASFV

BoHV-1

BPXV

PCV2

PPV

105
TCID;y/wel/MOI
=1

0.5 TCIDsw/cell

0.2 TCIDsu/cell

NIMOI =1

NI'MOI=1

5x10° TCIDw/
well

0.2 TCID«/cell

NI'MOI=0.5

NIMOI=1

NI'MOI =0.03

NI'MOI=0.1

NIMOI =1

NI'MOI=1

Genistein

Genistein

Kaempferol

DHM

Luteolin

Apigenin

Genkwanin

Genistein

Kaempferol

Luteolin

Apigenin

EGCG

Chrysin
Kaempferol

3.12-1000
uM

12.5-200 uM

25-20

25-100uM

20-240 uM

31.25-500
uM

12.5-200 uM

25 and 50 uM

25,50 and 100
uML

0.125-16

20-2500
ng/mL

3.125-100
uM

50 uM

OFTu

Vero

Vero

PAMs

Vero

Vero

MDEBK

MDBK

BT

Vero

PK-15

PK-15

377.9uM

268.7uM

532.1uM

79.11 uM

9.89 uM!

13 uM?

2.2

20.06 uM*

448 uM!

2.9 uM?

51.7=3 4 ng/mL'

37.79 = 1.64 uM'

23

423

26.53

17.66

2052

1949

At 100 uM concentration, the
viral titer in the untreated control
(6.12 = 0.12 log TCIDsw/'mL) was

reduced to 3.5=0.17
TCID,w"mL;

At 100 uM post-treatment, the
viral titer was significantly
reduced by 2.01 log
At 50 uM concentration reduced
the viral yield from 6.2 = 0.05 log
TCIDsymL to 4.6 0.4
TCIDsymL
At 20 ug/mL reduced the viral
vield from 5.14 = 0.19 log
TCID;sy/mL to 3.98 = 0.19 log
TCIDwmL
At 100 uM reduced the viral
vields from 7.38 to 2.69 log,

v
At 20 uM reduced 7.3
log«HAD:wmL in progeny virus
titers
At 50 uM reduced the viral titer
from 5.5 log TCIDsy/mL to 2.2
log TCIDsw/mL
At 40 uM reduced viral titer from
6.35=0.1t104.75=025 log
TCID/mL
At 50 uM reduced viral titer from
10 TCID«w/mL to 10**
TCID«w/ml
At 25 and 50 uMUI'L reduced the

viral titer by ~ 1.1 log and 3.6

log, respectively

Significant reduction in viral

titers, although no raw data are

available.

Significant reduction in viral
titers, although no raw data are
available.

Significant reduction in viral
titers, although no raw data are
available.

Lv et al. (2024)

Arabyan et al.
(2018)

Arabyan et al.
(2021)

Chen et al. (2023)

Chen et al. (2022)

Geetal. (2018)

Hakobyan et al.
(2019)

Alula et al.
(2002)

Zhu et al. (2018)

Lietal. (2025)

Khandelwal et al.
(2020)

Lietal. (2020)

Ma et al. (2022)




142

L Flavonoid - SI
. Infection viral - - Cell CC30 EC50' ; -
Virus titer MOI Flavonoid Concefm'anon fine/organism Inhibition rate (%) (ug/ml) 1C50°(ug/mL) (CC5S0/EC30 TCID30/PFU Reference
(ug/mL) or IC50)
Galangal - - - - - Ma et al. (2022)
SHVEL 100 TCIDs, Luteolin 0-175uM PK-15 86.3 (at T0uM)* 1“1’; ‘11;1 26242001 uM  5.640.04 ; Men et al. (2023)
10* TCID«w/'mL 80, 160 and - .
(0.1 mL) Kaempferol 240 me/ke KM mice - - - - - Lietal (2021)
%2324 = Significant reduction in viral
100 TCIDs; Myricetin 0-1000 uM PK-15 63.2 (at 500 uM)* >1,000 42,69 =0.33 ulM* 0 '49 titers, although no raw data are Hu et al. (2022)
. available.
10"*TCIDsumL/ 2 2 9/ &
100 TCID., - PK-15 - >1,000 42.69 uM 23.24 - Song et al. (2023)
NI'MOI=0.01 Quercetin 0-600 uM Vero - - 2.618 =0.673 uM’ >229 - Sun et al. (2021)
10LD«w 15ug BALB-c mice - - - - -
62.5 and 125 Significant reduction in viral
NI'MOI=0.1 Baicalin . oM PK-15 - - - - titers, although no raw data are Niu et al. (2024)
available.
BV 5.i0tem, Quercetin %0mgks  CSBLIG mice - - - - - it
7 — Significant reduction in viral
TC!I?[;, lu0 L Quercetin 15 :2:5 60 Vero - - - - titers, althou_.gl_x no raw data are Gravina ef al.
available. 2011
Moxin 30, 60 204 90 ) ) ) ) ) )
ug/mL
DEBY - Hyperoside O'Og’lo':;gm Ducklings - - - - - Wu et al. (2007)
FAdV " . 59.56 - Al L
10° PFU EGCG 0-120 Vero oML 207.12 uM/mL 0.28
70.88 Y 2 Aslam et al.
EGC oM/mL 241.7 uM/mL 0.32 (2014)
39.93 a T
ECG - oML 392.8 uM/mL 0.089 -
MDV Significant reduction in viral
200 PFU Baicalin 0-40 CEF - - - - titers, although no raw data are Yang et al. (2020)
available.
CCV Significant reduction in viral
10* TCIDsw/'mL Kaempferol 25-15 CcCo - - - - titers, although no raw data are Hao et al. (2023)
available.
WSSV 6.9 x10° . .
copiesiul Naringenin 50-200 mg/kg Crayfish - - - - - Sun et al. (2021)

A =Inhibition rate (%) =[1 - (plaque number of the treatment group/mean plaque number of the H3N2 control group)] * 100%.; NI =Not informed: " = immunofluorescence; PIT = Pre-infection treatment;
PoIT = Post-infection treatment; © = the quantity of virus was determined using the TCID, assay, and the inhibition rate is shown as a percentage of the control group.; ” = Virus inhibitory rate=(the highest
A570 value of baicalin group —A570 value of the virus control group)/ (A570 value of the cell control group —A570 value of the virus control group)*100% ; EIDy, = Egg infection dose 50% ; TCIDy, =
Tissue Culture Infectious Dose 30% ; LDy - Lethal Dose 50%; MOI = Multiplicity of infection; CC30 = Cytotoxic concentration 50%; EC50 = Effective concentration 30%; IC20 = Inhibitory concentration
20%; SI = Selectivity Index; PFU = plaque forming unit; HAD;/mL = Hemagglutination Dose 50%; " = CCK8 method; '-" = Studies that did not report antiviral results using ECzo, ICzo, SI, or TCID 4.



