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Anti-Viral Hemorrhagic Septicemia Virus (VHSYV) Activity of 3-Methyl
Catechol
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Viral hemorrhagic septicemia virus (VHSV) is a fish pathogen responsible for causing enormous economic loss to the
aquaculture industry not only in Korea but worldwide. Thus, it is necessary to identify natural compounds that can be
used to control the spread of VHSV. In this study, the anti-VHSV activities of five catechol derivatives, i.e., catechol,
pyrogallol, 3-methyl catechol, veratrole, and 3-methyl veratrole-extracted from green tea-were assessed. The antivi-
ral activities of these derivatives were found to be dependent on their structure, i.e., the hydroxyl or methoxyl group
and their substituent groups-on the benzene ring. Catechol, pyrogallol, and 3-methyl catechol exhibited relatively
high 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activities than veratrole, and 3-methyl veratrole.
Moreover, 3-methyl catechol harboring a methyl substituent group increased the viability of the virus-infected cells
and resulted in a 2.86 log reduction in the gene copies of VHSV N (per mL) in real-time PCR analysis. In conclu-
sion, the catechol derivatives harboring hydroxyl groups in their benzene ring exhibited higher antioxidant activities
than those harboring the methoxyl groups. However, catechol derivatives with a methyl group at the 3’-position of
the benzene ring exhibited higher antiviral activity than those harboring a hydroxyl group. To our knowledge, this is
the first study to evaluate the relationship between the structure and the anti-VHSV activity of catechol derivatives.

Keywords: Viral hemorrhagic septicemia virus, 3-methyl catechol, Antioxidant, Antiviral activity, Structure-activity
relationship (SAR)

M B g} dfjAtofo] o] 27]7}A] ¥ = ch(Basurco and Benmansour,
1995; Cano etal., 2016). 92 }2+2] 745, G 2] G210 A A]
270 VHSV7}F g sto] A1 2 w)go) vy, 7+ &8 59
S SHReE A SESTAE Holm 40-90% theFH A7k

Viral hemorrhagic septicemia virus (VHSV )+ nucleoprotein
(N), phosphoprotein (P), matrix protein (M), glycoprotein (G),

=73
nonstructural protein (NV) @ RNA-dependent RNA poly- HRAlsl= 7o 2 H 1 E vF QIth(Kim et al., 2009). o|23F &
merase (L)E ¢33}oh= AR HAJ=o] 9len, Rhab- AHE sl Ast7] 21l VHSVE Aol 4= 9l A7F A543
doviridae®}, Novirhabdovirus®] 43l 4 @ 715 RNA 2 o] Fo] A AU catechin A A5 & 5lut¢] catecholZt

Hlo]2] A& #0(Oncorhynchus masou), ¢10}(Oncorhynchus Fo HALAE Z83E VHSV Alo] = AR 7hA] ujn|st
keta) Y ‘@ X|(Paralichthys olivaceus) 52| &

o
K=
grof it o t}. Catechin2 dihydropyran heterocyclic ring (C-ring)of] 12
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VHSV 7-¢30]] th&t 3-methyl catechol] o] 2] A B4 645

= 7o) s 12)(A- 2 Bering) 2 T4 0] Boring®] 42
471 74} C-ring®] 351 9] %] of] A2 gallic acid -7l @t
2} epigallocatechin (EGC), gallocatechin (GC), catechin (C),
epigallocatechin gallate (EGCG)L.2 4-E % th(Braicu et al.,
2013; Lorenzo and Munekata, 2016). Catechin 222} 311 9
2o At gallic acid®} B-ring 51 $]%] 2] 4247 = radical
2759 71998} (Rice-Evans et al., 1996; Heim et al., 2002;
Chobot et al., 2009), catechin®] -2 EA]o| u}2} vpo]a] A
o A|azuto] AghS Whafsto] vpo]g| X SRS FA15 oA}
= 7o BT Qltk(Saha et al., 2010; Xu et al., 2017).
Catechol2- catechin B-ring®] 3’3} 4'H Q| x]of] Z}2F 4=417]
7t Ao e HmddERA WS 1YY 479
oF W7ol wet 27} ui9- theFshm (Robbins, 2003; Giil-
¢in, 2011; Giilgin, 2012; Giilgin and Beydemir, 2013), o] 3}
a2 o, FES, A A Futoles T oheket AR
AL T3skctar & 4 A 2ITk(Sun et al., 2000). Encephalo-
myocarditis virus (EMCV)2] 74§, 5= 1120 we 7] 7} 9l
+ catechol 5= 4|9 gufo|e| X 242 | EA7|7E ol
=29 ghfolg A EAdo] Erkal R m(Li et al., 2018a),
rabies virus®] 39, 5241719] Aol whel gujolel s 2ol
O 5 UgE = oA A7 E ZH gt ether group] o
ol e} ghjol el BAo] FFL ]AE Ao wug v}
ATHChavez et al., 2006). =3}, catechol®] gHiks} EHA] S tf
o A} o5 (single electron transfer, SET) ¥ =2~ A} o]
(hydrogen-atom transfer, HAT)¥} 72 oFE-RA}Lx0] 7|91
SkaL Q17] wiizol catechol2- o|oFE A4te] HHA| = ARE-E]
o Al AR ol A vhd Rl -2 g o Aol i fls)
A AEE= AlE 88 wofoll A gt SRR HalE Al §)
TH(Shirai, 1986; Srinivasan, 2014). £3|, o= 3-methyl
catechol2} 4-methyl catechola} 22 catechol =48] A=
shal 2hol that Bhe @77k 1%E|T QlrkCallizot et al,
2001; Hiisken et al., 2002; Kauffiman et al., 2003).
vfolA7F HE A, s W oo 244k F(reac-
tive oxygen species, ROS) AL G r5lo] A L] 7]15-S A]
SHAIZ] o Blol] A7) BA 9 FAE o] AEA o= AlZAL
B fEghrhal B aEan QJek(Kim, 2009; Kim and Chong,
2018). = Hiol2|A HHOR Qlsf &5 Al W BH=siA| A
/3%l ROS7} Af|szute] G-/ /d &2l A& (lipidye Hiteh(per-
oxidation)gh HuF oftj e} AAhS ARSIA|A A|2Lo] 715 A5t
£ F=8th(Perlemuter et al., 2003). E-& Al £+ glutathione
(GSH) T2 & 4kehdo] 2485 &3l 44 E ROSE A A5}
U, L 7]50] AstE, vhol 2|2 BAof f-2et e ¢l pH7}
wopglof whef vl A7F BAE AL FA =T, o] = <l A
= Al = AFESHA| Flohar 88 2] 32 9l eK(Ciriolo et al., 1997).
2-iodoxybenzoic acidol] 2Jall4] coumarin AF3}E F38f Aolzl
catechol ¥ pyrogallol =4 $+Lo]| 4+ DPPH radical 47|

5ol 3t H=3ghEo] influenza A virus (TAV)©]] Tt 3¢
dho] g 20) A =& SHYS 1 GITHBizzari et al., 2017). o=
AR} o] =2 HlESkgtEel thellAl Futold A S
7 & 4 9l Aoz ARHTh. 1L, 6-nitro-1,2,4-
triazolozinesZ -] HAH HE31HE A7toA+= catechol
% pyrogallol 77| 7} 229k FHdskghEoll A 7HE 2 dtst
Y& EAIRHIAV (HINT)of| it ghafo]ef 2 2Hd ko] A
DAL e Aoz 1 TE|QthUlomskiy et al., 2020). ]
o} 7ol catechol 5= A|of] thsto] H/d &= W W HeEE 1
o] o] whet Ak g4 9 3uto] e A g o o] ob]
7R s P ok gle] o B Aot B ashe, oS
o] VHSV&} #2i5}o] catechol -5-=4| 9] aHAksL 24 @ gh}
o|& 2 B o] Tt structure-activity relationship (SAR)ol| T
gk A= vjulsiet.

e, 2 A= VHSV Zhgdof] w2 oA ol 7o s A
Ak flsto] ksl &/do] 93t catechol f+=A1E2
VHSV 54] oA o2& 7814t £3], 3-methyl catechol
2 =3k ROS A A5} 37 VHSV 4ol whE A|2ZAPE
2 oIRo = Frlolel kS AT ol o]
FollAl VHSV & Alojshr] SRt Abr 7| = 282 A
o7 ARE

m\lr

ik
J

= Ao A ARE-gF catechol, pyrogallol, 3-methyl catechol,
veratrole, 3-methyl veratrole, alpha-tocopherol, DCFH-DA
(2,7"-dichlorofluorescin  diacetate), DPPH (2,2-diphenyl-
1-picrylhydrazyl), DMSO (dimethyl sulfoxide) ¥ PBS (Phos-
phate-buffered saline)> Sigma (St. Louis, MO, USA)=Z 5 ¥
TS, 559] BelsisA g2 DMSO §oo] o
1 M9 stock solution® 2 A% &, A3 * 2] A] DMSO 3+-&
eo] HEH 0 2 0.1%7} HES vjxof 34J5ko] AL,
MIZ S HRO[2HA HHQS

o5& A|3£2] FHM (fathead minnow)2 10%2] fetal bovine
serum (FBS; Gibco BRL, San Francisco, CA, USA), penicil-
lin G (100 U/mL), streptomycin (100 U/mL)®] *#§He Leibo-
vitz's L-15 (L-15,) HjA[o]4] 20°C =& f-A]ste] CO, &
= glo] ALk (MIR-153; SANYO, Osaka, Japan)oi] 3%
nitk A vieFsto] Al &S Aol ARg-SGIT. Hiol2 A
A& A= vho| 2] 2 (viral hemorrhagic septicemia virus,
VHSV)= genogroup IVa (KCTC13845BP)& AM&-511.0m,
10%% TCID, /mLg] v}o| A5 A 2% 744] -80°Cell B.ats}
et

Catechol SE=H|9| &trtat

JH
I
oA
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Fig. 1. Basic structure of flavonoids in polyphenols (with B-ring,
A), catechol (B), pyrogallol (C), 3-methyl catechol (D), veratrole
(E) and 3-methyl veratrole (F).

Catechol =4 =22 catechin®] B-ring®] HlAl 112]o 4=
A7) 5 9 3 QR]of W r] [l whet 5Eo R ER5t
S th(Fig. 1). DPPH radical scavenging assay= A A|5}1¢] cat-
echol -F-5=A4| 9] 22 S0 w2 4k} /& HESHIH
(Bortolomeazzi et al., 2007).

5%9] catechol =4 ¥ Azt 02 AE3t alpha-to-
copherol2 HEFZo] =0 10 uM == A|xs}% . DPPH
radical €02 02 mM =2 W0 o] 108 5o o
wrstol ARgalRlon, SAtEEe AdE 4l vEkE 100
WL LBt ekl 59l 650] AR S-S 717
100 uL} 0.2 mM DPPH 150 uLE black 96-well plate (SPL,
Pocheon, Korea) wellol] 2¢15}o] 25°C vjoF7] o) 30571 vk-g-
3}t SYNERGYHT microplate spectrophotometers 0|8
stof 517 nmol|l A SF=7E S45F3IT Catechol -4 €]
DPPH radical 2452 F8E3ks o-85ko] ofeff A& A
gto] radical 27E&3 ALISEITH A = SRS S35
e, A2 AT 58 =4kE oF ¢ DPPH radical scav-
enging activity A|tk4 o]l 2-8-3tef ]l Z435}9iet.

ﬁ;;ﬁLxloo

0

DPPH radical scavenging activity (%)=

Catechol SE=HQ] MM

o
VHSV 7+gof tigt Al 28-S BH7H= ohaat 22 A4
2] WS 485kt 10% FBS7F 7He L-158|(L-15, )
o} 37| 24A17F Bt =0 & wjoFE FHM A Zo] zHzh 5%
9] catechol FEA|S 100 uM FEZ 4417 59k 2 2]s}gich
M Bl FH & A AL, PBSE A2 E A 3] 0.2 multiplicity

=g H}

A9 - 4%

o

of infection (moi) 5%=2] VHSVE FE351o] 2A17F 52t 744
AlZAet. o] - v A] Hollg A Ak 2% FBS7F 371 L-154)
A|(L-15,)% ngksto] 20°Cofl A 42417t vl s} Gict. Al A&
4 H7PH-E Tominaga et al. (1999)] w2} Cell Counting
Kit-8 (CCK-8; Dojindo Molecular Technologies, Inc., Kyoto,
Japan) A|2F2- 20°Cof| 4] 8A]7F B9t A8 & SYNERGYHT
microplate spectrophotometerS ©]-8-5}+0] 450 nmof| 4| 481
o FEES MEE(%)2 Aol Al Ea-s F7lskoinh
ROSHY Xslls =l

Black 96-well plate (SPL)o] FHM A|22E- 1.0 X 10° cells/mL
9] FE 2 24417 vkt 2, 100 uM 2] 3-methyl catechol2 4
2]3}o] 304 52 H-S-513 T 0.2 moi ‘=2 34" VHSVE
Azl A8kl 2417 & A A A AT, o] &, FEA L-15
HIR|(L-15,) 100 uLE o|-§-sto] A|3E A2 s}aL, phenol red
7b ZFHEA] ok FEA L-158§%|(L-15,) (Welgene, Kyeon-
san, Korea)Z 3]4% 10 uyMe] DCFH-DAE A% A3z o]
100 uLA skl 304 52 ¥E&-5H%itt. SYNERGYHT
microplate spectrofluorometers ©]-8-5}¢] emission 530 nm,
excitation 480 nm Ao A H3FA T & =75f0] Aj32Y] ROS
A A 35S g5kl th(Dikalov and Harrison, 2014).

Real-time PCRS 0|88t VHSVe| 2X| Xaf &0l

FHM AJ3ZE 2.1 X 10° cells/mLY] 5= =2 48-well plateof| Hj
¥t & 3-methyl catechol 50, 100, 150, 200 UM< A 2]3}aL
12717t 52t v oFat i et Al szl Al AstaL, PBSE A4
H A2 0.2 moi =2 VHSVE 24|17F B¢t HE31ch
o 3wz HMZ A|ASL 2% FBS7} H7Fe L-1581 (L~
15 )& wgksto] 20°Col| 4] 42417 vigFstolet. vy S5 &
7} s AR 2318} real-time PCR £41-2 =351
t}. RNA+= RNAiso Plus (Takara, Kusatsu, Japan)S AM3-5}
o] SJAtof| A Al g5z W of] whe RNAE 5613t 54
RNA= MMLYV Reverse Transcriptase cDNA Synthesis Kit
(Beams Biotechnology, Seongnam, Korea)E ©]-8-5}¢] ran-
dom 6-mer (Takara) 3 2}o] ™, ANTPs, RNase inhibitorE- X g}
gk 20 uL RH3-H 0.2 37°Cof| 4] 60 53 cDNAE $Hd5k3
th. o4 ¥ cDNAE 5% 2 uL2t VHSV 2] N-gene®] 50l 4%l
sz2bo]u N_F (5-ATC GAA GCC GGAATC CTTATG C-3)
2k N R (5-CCT TGA CGA TGT CCA TGA GGT TG-3") &
TB green® Premix Ex Taq™ (Takara)o| 3¢H%l 20 uL 5Hg-
oz AlxselTh AARE FAASE v 271 95°C 30
2(13)), 95°C 5%, 60°C 10, 72°C 202(453]) ©] v Thermal
Cycler Dice® Real Time System IIT (TP950; Takara) ©]-8-5}
o] HEAT B4 ATl vlolzl A olr1E oS 4
Y5} tH(Nguyen et al., 2016).

Selectivity index (SI) 7}




VHSV 7+ o] )3t 3-methyl catechol2] aHa}o]e] A 24 647

2 AFolA = BlolB A A RAIE AT f arE= SI gt
& Zgelo] TR o] izt FutolelaAe] 1 8
715} th(Pefia-Moran et al., 2016). 50% cytotoxic concen-
tration (CC, )%t 50% effective concentration (EC, ) S = 1t
o A S43} gutolaiz B4 Alo]o] SIGES AHERIS
o, o] 245 maAoln] QHiel TR S Y oHEE
BB AIEEA ] A} EE CC, 2 ZH5] 9Jstol,
96-well plateo] FHM A3 1.0 X 10° cells/mL 2] 5= = v st
3 3-methyl catechol 50, 100, 200, 500, 800 UM 2.2 *{2]
sto] 4817 52 20°Cel 4 HaaI AT, S A £ 0.2 0.1%
DMSOE A2/5}o] 52t 2712 FHM Al S st ek
HISE ES B7HE $1510] 10 uL] COK-8 AoFS: A o] &
Thstel 20°ColH 8217 52k 27} iegatai. ubgo] SR
96-well plate= SYNERGYHT microplate spectrophotometer
£ olgafo] 450 nmol A FHES ZATATL, FHES vt
& (W)= Bteto] Zh w8 Al EZ 542 plottingdte] CC&
Fateich

3-methyl catechol®] EC, & 5735}7] 915}01, 96-well plate
o T ulj = A o] 3-methyl catechol2 50, 100, 200, 500,
800 uMS A 2|5to] 4A17F Fb v FatGiet. o] %, HiokA L
ol 0.1 moi 5%=2] VHSVE HF5tof 2417 591 vl et th=
Al AHE A AT L-1581 A 2 wEksto] 20°CoflA] 424
7t ksl A 2O & 3-methyl catechol thAl 0.1%
DMSOE Agste] 22 2708 VHSV 78-S 3319
th Al AEE H71E Y5to] CCK-8 A2k 10 ul 3713}
o] 20°Cof| A 8A17F S<F st & SYNERGYHT microplate
spectrophotometers- 0|83} 450 nmol A SFEE =45}
AL, FHEE WEE(%) 2 SHAste] F 2 vlol 2| A 7ol
o3t Al £ AEE- plotting 5ko] EC, & 7613t
SAXzZ

= BAAIE GraphPad Prism Z213H(Ver. 5.01; Cary,
NC, USA)E o §3fe] 3} EE A e ole. Al 7+
9] F-9]44-2 one-way ANOVAS} AR 4 (Tukey ¥ Dunnet
multiple range test)= AA|3}30.H, P<0.05 =520 A 724
& B7isieh
Zot o o
Catechol REAQ| it &Y

Catechol 5= 4|9] 7-322] £/ of| b2 hikel /& H7ts)
7] $15}to] DPPH radical scavenging A1 3-8 5=345}%ic}. 71 2
I, WAl e 4247171 F2F 3-methyl catechol, catechol
1 pyrogallol ZF2}79.0%, 79.1% ! 79.6% DPPH radical 2
A= UEhd vhd, v SA47] 71 21 veratrole R 3-methyl
veratrol-> 0% ©]3}, 6.1%2] W2 radical £~7]%-2 ¢t} o
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>
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Fig. 2. Antioxidant activity measurement using DPPH radical-
scavenging assay. 0.2 mM of DPPH and 10 uM of each phenolic
compound dissolved in methanol were mixed. The mixture reacted
for 30 min and the absorbance at 517 nm using a spectrophotom-
eter. Alpha-tocopherol (a-Toc) used as a standard reference. Dif-
ferent letters in a column are significantly different (P<0.05).

2791 a-tocophenol2 69.6%2] DPPH radical 4755
Eljo] 3-methyl catechol, catechol 2 pyrogallolo] =%t
DPPH radical 2452 A|d A& &Q1e 4= AAthFig. 2).
Bortolomeazzi et al. (2007)°] €]}, dihydroxybenzens>2,6-
dimethoxyphenols>2-methoxyphenols <=4 2 3H41s} G4 o]
L5k o, o]= radical 227 A A] phenoxyl radical 2]
HgSFE 918l para 920l A T olF AT AT TS
B 13}%t}. Xie and Schaich (2014)¢] E.118F DPPH radical
WS- A] propyl gallate@} 3-methyl catechol ¥ catecholo] <
Sk T1Fol| A ol w251 284 9] radical A7 RS- LFE]
ek E Ao A AR&3t catechol, 3-methyl catechol @ py-
rogallol2 dihydroxybenzensof| £3l= 31gH=2 2-methoxy-
phenols <;31+= veratrol ¥ 3-methyl veratrol 2t} -2 DPPF
radical 2275 8442 LER it

Catechol F=A2| HiO[2{A ZH| CHEE MZMES
ot

FAI22Q] FHM Alj2E520] DMSOS A 2|3t th2-1-9} cat-
echol X EAE A e|sle] VHSV 7ol ek Mzgz2eL
eIkt Fig. 3o yehd viel o] A& 100%2] 77+
GHDMSO+mock infection)?} B} wff P
(DMSO+VHSYV infection)= 60%2] A|ZA =8-S LER o]



643 241D - U -

120
—_— c
X 100}
>\'—J
"] b
28 sof ab
S a
=9 a - a
33 60— =~
g 4
Q O
x e
o 20t
—
)
*60 \(\0 \\O s) o\ O\
N < 4 OO
P S @ &

i) '

Fig. 3. Evaluation of cell viability against VHSV infection in FHM
cells treated with 100 pM of 5 catechol derivatives using CCK-8
assay. 0.1% of DMSO used as a control. Bars with different lower-
case letters (a, b, and c) refer to significant differences (one-way
ANOVA, Tukey’s multiple comparison test, P<0.05) among the
treatments, where the same letter indicates no significant differ-
ence.

VHSV Z-¢del &fsf| AlZAbds feshes A -IA]’OLQ T3
Qitt Su|EA| &=, 3—methy1 catechol % 2|2} g7
Lol A 100%4 O M ZAYELLS VER A, pyrogalllolg
78.8% A AEAYEE-S B T} Catechol, 3-methyl veratrole 2
veratrole At =7-eF F-21 421 2o 7} §i%iTt. VHSV 7+
& oll thgt Al sz AYEol| thgt catechol -F-5= 4| 9] -2 2] A o) A]
HA 2= AT >HEAY], 287 = HE >4 A
2 128 BT AEsts Aos Solugn). wkE
A arejol Q= el A7 9] = 7 ek g to| e A 2o
=83t 93hg sk= 2 S & cinnamic acid 3-EA4| 2] gHlo]
2 AFE FolA O E KL et al., 2018a). EMCV 7+ <]
2 A ZAYEE 7oA A FE A9 2|27 EA 7]
Ho} g7 oA =& ol A TS A= AoR Bl
Eolou wE7] 8] 5 52 %= EMCV Hio|2| 2 A7} 57}
SHA] oke 710 2 B E AT Chiang et al., 2002). 98+ &
AGE S8l VHSV Hiolg| A S oA|517] 913t catechol
Aol A WaFE arejo R2RE f2] 4] 9] f5ef x|
7)) 27} apifoleis Sol Ala ARRS VAL AL A
A¥slsit). ®3h DPPH radical A7 5-0] %8 catechol 5% 4|
%349l 3-methyl catecholo] VHSV o A &2 52 A 32A]
£88 ehjo] ahksh el AAE Fulolels B4 2

oy,
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o
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Fig. 4. DCFH-DA assay for detection of intracellular ROS pro-
duced in response to VHSV infection in FHM cell line. Cells were
pre-treated with 100 uM of 3-methyl catechol (3-MC) and then
infected with VHSV for 2 h. White bars refer to DMSO-treated
cells as a control. Values are expressed as fluorescence intensity
compared with a Mock-infected cell with non-treated 3-methyl
catechol. Asterisk (*) indicates a significant value as determined
by Dunnett’s multiple comparison test (P<0.01).

= A oR goE gl

VHSV 20| 2I$t MIZ L Reactive Oxygen Species
(ROS) Mo Ax| =t

VHSV ol tfgt 3-methyl catechol®] A|ZAYEE-2 3F

3
AN 7)1= 7)A o] vlo]#H A ZFEA] WA E = N SAARA
*(ROS) Aol Bedol U=AE 85| flste] DCFH-
£ AR&5to] ROSE SA45k3lH,. o7 Al FHMA|Z

Oﬂ 3-methyl catechol2 A4 3+ & VHSVE #aA7 &
o DCFH-DAE ARg-5to] A2 ol 2k ROS9}F HH-A]
A FF=E SAIGITh 1 Ay}, VHSV 44 Al ZoA=
A=t iH] 17412 ROSA /o] F7H=| 2l AL, o ufl, 3-methyl
catechol #] 2] A] ROS A4 0] 0.658] 2 3-2]u|s1A| Za= T
(Fig. 4). HSV-1 H}o] 2] AL U937 A £20] 7441 E 24| ROS
7} E7Fk= Ao 2 B 1% Q)31 (Marino-Merlo et al., 2019), =
2684 Ao 2] 2 (porcine epidemic diarrhea virus, PEDV)
= Vero | ZF0| A 74 3 2A]7HLE] ROS AAko] Z71E o
6417t ROSE = A/dst= 2 o= Hask3IthSong et
al, 2011). 2 AT A= VHSV Z7]7r ¢l 24]7k0] 2k =
Al AlEW HAAERES 24510 DCF-DA §34137}F %71
Sk A FRIsklaL, Al of BRole| A Zre o2 ls) A4
% ROSE 3-methyl catecholo]] 2]3] DCF-DA &3415 7} 7
251 AL BrolLAT} Hlo| A 7HA] A E SHYARA

=
F AR 8] AlZAYEET} Wlo] 98- ThA] 3 Shelsk

E
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Fig. 5. Absolute viral (VHSV N gene) copy numbers were deter-
mined by RT-qPCR. The 3-methyl catechol (3-MC) was pretreated
for 12 h prior to viral infection. The FHM cells were infected with
VHSV at on MOI of 0.2 for 42 h. 0.1% of DMSO used as a control.
Bars with different lower-case letters (a, b, and c) refer to signifi-
cant differences (one-way ANOVA, Tukey’s multiple comparison
test, P<0.05) among the treatments, where the same letter indicates
no significant difference.

2= glelth. |HH, Li et al. (2018b)& 1929 A0 A] 3-methyl
catechol¥} Z+2 catechol S-EAS A HHL wff ROS AJAl0]
7 k= o] WHE Y=, o= catechol F-=A4|9] AFE4t
S} Qlaf Fufole] A 2ol a3t HE-s ok HAAA &
d& =8k NF-«B 28-S 718l Haushelct o]ef
o] catechol =42 ghutole| A Aol tfgk ROS| %t
et & 7] SHE S o 3 ¢ g At e g e
= el

3-methyl catechol?| &Ht0|2{A 24 HIt

3-methyl catechol®] VHSV EA4| A a7}5 &<1s}7] ¢
of AT S HAEE7) S Fgelo] vlol s BARE 245}
St o} F Al3£9l FHMA) 320 3-methyl catecholS F=E =
A 2] gF & VHSVE A HAIX 3 424170 At AF2-oi2: 3
4=5ko] VHSV N-gene®] A5 S4skth 71 23 0.1%
DMSO# 2|2} §7 VHSVE et gt 2ol A4 8.31 log
copies/mLE SHEROH, wEoEX 02 VHSV N-gene
FARe] EA 7} A o] 200 pM 2] 3-methyl catechol #] 2]
ol A= 2.86 log copies/mL W 7H43}o] 5.45 log copies/
mLE S = I hFig. 5). B 2ol wE EMCV 44 A
3f] &4dof| A catechol, 3-methyl catechol, 4-methyl catechol,
4 4-ethyl catecholofl A gHlole] A aukE YeRf9lal, E3]

[

-

0]E catechol FEAE Ao A Aglala vlo|gAE 7+
P& o ute]y 2 Ayt gt Ao ® B Erh(Lietal,
2018b). VHSV Lol A %= 3-methyl catechol A1 2]+= Hfo]
22 AR A4S Asfste] Hiolg A S ol Ao m
e QAek

3—-methyl catechol?| selectivity index 7t

3-methyl catechol®] selectivity index (SDHE &Isl7] ¢
ofl, Alsz=/d %7t VHSV ol tigh Al AEs F7HE
Ryslleh Al =49 A7) Eli= CC, & 886.02 uM©.
2 sRlsigla, B0 gutolels BA AWIF H EC,E
25.05 uM .2 golxo] VHSVO| tfgt 3-methyl catechol®]
Sk= 35.37%& 2HeIstirk(Table 1). 2 Ao A &3
80% MeOH #2815, n-Hexane 25, 9 CHCIL, #2501 A
VHSVO]| tigt SIgto] 22+ 19.1, 6.7 2 31,7082 K= ¢ct
(Kang et al., 2012). E=3t, H2A41E12] VHSVO] digt SIgk>
9.96 o]4+0.2 1118 vz} QthChoi, 2014). 7]E0] HiH
gtol 2 F2 tjH] VHSV] thgt 3-methyl catechol 2] QF
A4 0 ERA] S BAUL ABIh T, ok 7|
wF 2] o] oA azof A EMCVe] tf g 3-methyl catechol €]
CC, = 0.33 mg/mL (26.5 mM)°| 5, EMCV] tat vpo] 2 A
A 50% AlskE F=(1C, )= 0.41 mg/mL (3.3 mM) v]
ko & 1 %9l 31(Li et al,, 2018b), EMCVo] th3t 3-methyl
catechol?] SIZ-2 8.03.2. 2 SIZto] 35.37¢1 VHSV Xt} v
T H| I FAE ]I o= Al 9l vio] 2| A Fof whet
3-methyl catechol 4 &-&o| t}27 HHE 4= S A4}
Stk 2 A A= 5 E, 3-methyl catechol-2 7|0 H11
o2 slbEo] Hlsl =/4do] ¥al, VHSV S4l& anpilo s
A 4= e St Fabel Y A EA U ST 4 ATk
o=, VHSV Y o2 QIgt nlole]X FA 3} A sZAPES of
o Qe A ' B-go] 7heshH, Aol AFR Y A7 =
AR 2 7HA]7F A A o= AR ET

Al AL

Table 1. Cytotoxicity and protective effect of 3-methyl catechol
against VHSV

Compound

CC (M)  ECP(uM) S

3-methyl catechol ~ 886.02+39.56 25.05¢1.97  35.37
*CC,,, The CC, represents the concentration of compound required
to reduce cell viability by 50% relative to the control well without

test compound. "EC,, The EC, represents the concentration of

50°
compound required to reduce virus infectivity by 50% relative to
the control well without test compound. °SI, Selectivity index (SI)
is the ratio of CC, to EC, . The concentrations are average value
of triplicate determinations and are expressed as mean+tstandard

deviations.
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