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Study for Antiviral Activity of Methanol Extracts in Indigenous Plants by MTT assay
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Abstracts

The methanol extracts from seven indigenous plants in Busan were tested for antiviral activities against echovirus serotype
30 (ECV 30) and influenza virus type A by MTT (3-(4,5-dimethy-thiazol-2-yl)-2,5-diphenyl tetrazolium bromide) assay
in vero and MDCK cells, respectively. Cytotoxicity in vero and MDCK cells was shown under 50% cytotoxic dose by

extracts concentration of Zea mays (corn silk) and Equisefum arvense at 1,000 ug/mL. The inhibition rates of Zea mays
(corn silk) and Equisefim arvense at 10,000 ug/mL on ECV 30 were 89.5% and 17.7%, respectively. The inhibition rates
of Zea mays (corn silk) at 5,000 ug/mL on Influenza virus A/HINI 2009 and Influenza virus A/H3N2 were 93.4% and
93.9%. The inhibition rates of Equisefum arvense at 2,500 ug/mL on Influenza virus A/HIN1 2009 and Influenza virus
A/H3N2 were 37.7% and 44.0%. From this study, Zea mays (corn silk) could be used as the candidate materials for

antivirus drug with in vitro further research.
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protein GAAE 7FL=E amantadine, rimantadine
WAarkolE A E8E S7IE AR AIRE da Ten,
neuramindase AAA|Q] oseltamivir, zanamivire]
slol= W dho] HuEQT”, =5 @A Futols
X BA 2 A Z9l acyclovir (anti—herpes simplex

virus), zidovudine (anti—humam immunodeficiency
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virus), ribavirin (anti—respiratory syncytial virus)
Sol thet YA Raww oy’ wat 7, R
T 59 Hlute]BAgl dlE| 2o 2y ofbu Al
o) g EHHe ARA} ALEA ool EaHo
Amsin glesl, wE 5 ANEON  AEEHE
pleconaril®= F2-8-9] 927} o} S A= A
ZAbo]l ggsto] Abgala e, o]gE =8 Fulo|z
A el Bage AsHoR aE gtk
gHbolg A 52 HMSH= in vitro A A (screening
system) 2= 43 AlEE 0|83 Al AT cytopathic
effect, CPE) @M%, HRol2 mhard AEAE, o
A YA Z FA A8

influenza virus, mumps virus
oF Zro] 3345 0] Q= HiolH A0 A g A
(HDA&H, serum pharmacological assay'’, RIAS
o] g3t Yk AEH, 2L B4} nlAZ 0]83F southern
blotting, PCR, 3—(4,5—dimethythiazol-2—yl)—2,5—
diphenyl tetrazolium bromide (MTT) assay'” o] I},
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Z20lx o] 2o ths) Futol 2 FAo] el &
Gaad § TR ANABE o Hees 20
of 7} 250 tjsto] MIT assayS AAs}o] A EEA
2 gutoles B Aol ek AR o|F AFol
g et 9 A eske] Barael vole & B etstol
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&S 4%- T2 A=xskelch li
AzE AIZE 20,000 ug/mL7} E]E
0] Ft2 S 2 pore size 0.22um Bt THE S
A zAIBI o, 2AE AlRe AR AHE
4ToAA YR SFAT

JHJ

HiO|2{A HHF

7y &9 FgHloleis S éxéé} | $18) AH&-H
Hio|2j e -ejubeto|A wid F3f&
serotype 30 (ECV 30)%} 20099 AAZ o534
Influenza A/Califonia/7/2009 (H1N1) ¢} Influenza
A/Brisbane/10/2007 (H3N2)2 A3}t ECV 302
vfetn HYAuto] A28 (http://www. kbpv.co, kr)
o RHE, dEFAA oA AR £
oF "FeF o African green monkey kidney (vero) Al
29} Madin—Darby canine kidney (MDCK) A|Z= 2
W 2R 25y fofdtol ARE-sloiTt,

Vero AXEE= 5% (FBS)z}
penicillin / streptomycing A7}t Dulbecco's modified
Eagle's medium (DMEM)< ©]-&3}o] 84| AthstsH o
W, HEE HiXE 2% FBS(+) DMEMS ARESH AL,
MDCK A|3E2] §-A] vjok& HjA|= 10% FBS (GIBCO
BRL, USA)9} penicillin / streptomycine / nystatine2
247 1% 8= minimum essential medium (MEM,
GIBCO BRL, USA)Z AMEsldon, HEE wix:=
solution,
serum—free MEM<

=0

3T

echovirus

fetal bovine serum

D—glucose, trypsing -3t

ARgHet,

vitamin

ME=4d AR

FEE gt QEEAL MTT assayz AL
], 7]&0 AESEO0] Q= MTT cell viability assay
kit (Biotium, Inc, USA)E AME-3HIT} 96 well plated]
welld AlZ(MDCK: 3.6x 10" cells, vero: 4.3x10°
cells)g HE3to] 5% COz, 37TONA 24A1ZF vijFa}e]
., phosphate buffered saline (PBS)
, HiSFY 100 uLé} NlZH58 wiA =



AL E FE5E2 MTT assay=

8|43t 225 1,000 ug/mLE 100 ul/well® ZZE3}o]
5% COq, 37T BiF71oNA 48A1ZF v et Al 1

L5 SRRIgh & vyl 100 ulA AARL &, MIT &
10 uLA& 7} wellol| 7kste] 5% COq, 37°C w7l A
4N 7r ZoF AX skt MTT §H-S A 3] A A 3ko] uf
o plateE AZR3F ¥ 200 uL dimethyl sulfoxide
(DMSO, Sigma—Aldrich, USA)Z AZ o] FAH
formazan ZAARAE &3ste] ELISA plate reader
(BioTec Ex800, USA)Z 570 nmo|A TZ==E =431
o}, AEEAdue AL AlESEES A2t Y

HleR Ao w2t Aibstoict,

HlOlZA E4] ofxls B4

S

of sufo] e Ao} QlEFAA Loy Aof gt 7F &=
o] vlolg A F4] A5 vero AEZL MDCK AlZE
MNESGAE wjop Z2 207 ujekst &, 7]&9] ul
FHE AAstL 72 FEF2ES $=(100, 250, 500,
1,000, 5,000, 10,000 ug/mL)¥ =2 100 uL/well & H
Zotqlct.

o B QEZFAR} Hlo]H AL 75 em” tissue culture
flask (Corning, USA)o||A] vljo¥ste] CPE7| dojut &k
H HNZEo] oA W freezing—thawings 2% HHE3k
%, 1,500 x gol|A] 587 H4lEe] 5k¢let. Cell debris=
A AL BRo]HAE HF-81AL Sl A5 cryogenic
vial (Nalgene, USA)9| &8 & —80T o B AFL315
ot AEE dolg A9 FHY7M= Reed—Muench
method'?E ©]43}o] 50% tissue culture infective
dose (TCIDso)E AMYSte], ofaivtolgj A= TCIDso
(3.6x10"/mL)E <QZEAAlo]g AL 100 TCIDso
(A/HIN1 2009 3.1x10%/mL,  A/H3N2:
4.3%10"/mL) 100 uL/well X-& H&Esto] 5% COy, 3
7C HiF7IoNA 48AIZE HiGFSFR oW, AlREEdAIA L 5
A MTT assay= 7} vpol# 2o tfgt F4] A5 &4
= AASHAT

ZF A2 vlolHqAE A2 shA] 9 FAAIE oY
FE(A), AEFEET A 9 FE=(B), Hold
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2009 FAFA] S o4k gl ek of] AFAYS)H
B 125% 134719 d52290 o
WHATAYP e vlo]ly A AR50l ERIE S d
[Zea mays (corn silk)], &=7|(Equisefum arvense,

A &),

T
2
=

olF}A|oH Robinia pseudoacacia, &), A%
(Rhododendron
(Rumex crispus, X%, Z(Persicaria tinctoria, A
A 9 RS Hibiscus syriacus, $9) &2 #lghE
FZ50 ate] MTT assay= 1,000 ug/mL &Eol A
NEZ54S ERlskTt.

Vero AlXZo thelXes SFead 48.6%, X7
19.6%9.0H, F33t 59, &, A&, oA o 9 &%
o] 2EE| M2 2+ 59.4%, 75.9%, 84.5%,
95.4% 4 96.1%AcHE 1). MDCK A2Z9] tjsiA= =
SEED 14.3%, 2E7] 5.8% B FFHFY) 49.9%=
Uetgton, & AHZE oppA|o} 9 ARAo] FEEL
86.3%, 94.8%, 94.9% X 70.7%2] MNE=4E LY
ATHEE 1), Bl YAlE E4oll= 1,000 ug/mL &
ZoJA vero @ MDCK A2 tfsfl 50% cytotoxic
dose (CDso) PIRFO. 2 SR1E S 9 E7] 25

=ofl sl T=EE AlxsA 8o vfolg s F4 AAlsE

schlippenbachii, %), A&FA0|

HyFEdE AHESto] Al 548 YehA] o= 2
o 3|4ulj<=(MNTD) FollA AlZFzg oz 2l A
Z=AAFH digk 20099 9] A+ZAIHTable 1)9}F v
3 & uf cha zpo|7} Ql9ith, o) ARES EY &
7} AeFstE|A] Batar, HabE AEege] G5 whdo] 4l
FAre] Seto] ol&she A wWAof 7]QlekE AoR,
Alzuef & du|F 2] HAol gt NZH2 JrRs A
EEG AE wyo] offrial AlREHTEH
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Table 1, Cytotoxicity results by methanol and aqueous extracts of indigenous plants against vero and MDCK cells

Botanical name MTT assaya)(%) Cell attachment test”
Vero cell MDCK cell Vero cell MDCK cell
Equisefum arvense (aerial part) 19.6 5.8 +1 +4
Hibiscus syriacus (plant gall) 59.4 49.9 +1 +1
Persicaria tinctoria (aerial part) 75.9 86.3 +1 +4
Rhododendron schlippenbachii (flower) 84.5 94.8 +1 +2
Robinia pseudoacacia (flower) 95.4 94.9 +1 +1
Rumex crispus (aerial part) 96.1 70.7 +4 +1
Jea mays (corn silk) 48.6 14.3 +1 +1

IMTT assay; Cytotoxicity(%) of methanol extracts concentration at 1,000 ug/ml)
YCell attachment test: Cytotoxicity score of 2—fold dilution factor for aqueous extracts showing (—) cytotoxicity at the

maximum non—toxic dose (MNTD)

Table 2. Cytotoxicity and Inhibition rates of methanol extracts on ECV 30 in vero cells by MTT assay

Extracts Jea mays (corn silk) FEquisefum arvense
(3271%1) Cytotoxicity(%) Inhibition rate(%) Cytotoxicity Inhibition rate(%)
100 15.6 2.9 9.1 2.2
500 449 33.8 11.6 2.3
1,000 48.6 42.1 19.6 -
2,500 46.8 63.2 21.5 -
5,000 49.7 63.9 34.7 2.2
10,000 48.9 89.5 51.4 17.9
— . non inhibitory effect
oA oo AR E e Alxsy 75 ug/mLof A= =2
st7loll= MTT assayZt At A8]7F 24 £3 A9 LERR Lo, Amﬂ % 100~5,000 ug/mLoﬂ 1
Wijo] WAl ghdst, Aopgle Al ol FA4E 7 o] gutolz]s &rgo] UrE‘rHLZl &2¥aL, 10,000 ug/mL
fomazan®| $EE SHC2 AE254Y 79 A4 & oA 17.9%9] volg| A2l AAlso] 2l 2), o
o] Zbsstng el autolels B4 B WAl Suloles B4 o S4add Rl Ay £

MTT assay”’} Zgsictar AL =T},

Echo virus 3001 CHet SAAls A

Vero A|3Eof tisl] z} &52] 5%=¥(100, 500, 1,000,
5,000, 10,000 ug/mL) MEZEAL 2=l 2200
100 ug/mLelA 15.6%2}F 500, 1,000, 5,000 2 10,000
ug/mLol| A 44.9%, 48.6%, 46.8%, 49.7% 2 48 9%=
Hepfolon, Hmr] 2552 Ae ZF 5204 9.1%,
11.6%, 19.6%, 21.5%, 34.7% 2 51.4%2] NE=AS
Uetgo] 225 %9 7o) teh AlEsgE Eoko,
100~5,000 ug/mLoA = H=7] FE5E0] Lpppd
ZEHT} vero Ao st EAJo] WUTHE 2).

"ol AF4l QA5 Seepd FEES 2,500

=
ug/mL 2} 5,000 ug/mLoIA 63%2] AA5<, 10,000

ZEuT S5shqn,

Influenza virus type AO|| CHst Axls EM
7+

MDCK Ao dijsf 7} F=&&59 %= (250, 500,
1,000, 5,000, 10,000 ug/mL) A|ZEAL 254244
F25L2 250~500 ug/mLAlA 7% vlRke] A|EZEAdo]
shelEglon, 1,000~10,000 ug/mLoAA%E 13% ~
32.8%°] AlxZ=/do] Q% o] vero AEZHTH= Ak
A AE7 Ik, Hxy] 2552 250~5,000 ug/mL
A= 8.2%~14.6%2] AEZEAS, 10,000 ug/mLej
A= 30%9] MAEEAdE YEtd o] MDCKAEZ] tigh Al
x5 Ars SeEeed ZoFTHEE 3).

Hol g AF4 AR 52 Sl FE2EY F¥ 2

2
239 A/HIN1 20099+ 1,000 ug/mL ©]3}o) A=

=

‘I‘EEJ’]— H]
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Table 3. Cytotoxicity and Inhibition rates of methanol extracts of Zea mays (corn silk) and Equisefum arvense
on Influenza virus type A in MDCK cells by MTT assay

Cytotoxicity(%) Inhibition rate(%)

Extracts Influenza virus Influenza virus
cone. | Zea mays | Equisefum A/HINT 2009 A/H3N2

(ug/mL) | (corn silk) arvense Jea mays Equisefum Jea mays FEquisefum

(corn silk) arvense (corn silk) arvense

250 4.7 8.2 - 11.3 - 16.6
500 6.9 7.7 - 25.3 - 40.3
1,000 14.3 5.8 2.0 37.3 22.7 32.7
2,500 17.1 11.8 29.2 37.7 82.3 44.0
5,000 21.0 14.6 93.4 19.3 93.9 -
10,000 32.8 30.0 - - - -

— ! non inhibitory effect

vfolgj A oA|go] Ao IEA] ghgtem, 5,000 o] deEE2 HARHY Akl A (PEDV)C

ug/mLo Al 93.4%2] vRolaiA ojAFo] El= et 2l
ZFlAF A/H3N2¢| tiajA= 250~500 ug/mLof A=
upolg| 2 oAl 5ol FRIEA] AFgkort, 2,500 ug/mLt
5,000 ug/mLolA 2+ 82.3%%2} 93.9%2] Hlo|E A=
A oA 5o] gelEo] A/HINT 20095t} tha We =
oA HiolH A oA Fo] ERIECHEE 3), HE7] S

Z5-2 2,500 ug/mLofA Q1&F4AF A/HINT 2009+
37.7%%F QAZZAA} A/HIN2E= 44, 0%= Z119] 94
5ol FRlEe], QJIZEFNA} vlo]HAFA] JA| sk &

=

Trd FEE0] 4*45‘571 FEEET S 3).
AE =2 =1

AdlApHfo] 2 2o Tt gufole A
avto] Bt o)A OH_ Lsa} o @] & uf Park 5
mylel A7t d2EE % 390 ug/mL ¢ 195
mg/mLofl A IEFAMAEFo| A AF o] tfsto] ZFalA
Fulolg|2 w7} Yot HUEHIL, Mariam 57
ofgl e ulo} F8AE Fuclea schimperi (Ebenaceae,
AUF) FEE°] 6.22 ug/mLoflA influenza virus
type Aol sl &JAlso] Jlokal Histo] & Ao &
T FFE0] 5,000 ug/mLojA &2 FHtolg A
aip7F vepd Ad de] EE 58 sholA IEF
SR LIS e i o g Rl

Rym 57 b aau Al 484 E20] 104 ug/mL
o| A vesicular stomatitis virus (VSV)o] o3t &ufo]g]
2 ZA) 7P E=Qitka Huskelal, Kwon S0 AE
ORgAE T UV, AR, SR I
2% 1,000 ug/mLollA =HA Aol A (TGEV)
90% o1/Fe] Hiolg| A AA|RIE, 2R, 7R,

tjsto] 50% ol4Fe] Htolg|A auks yepdohal Hast
ATt ESF herpes simplex virus (HSV)oll th3dt gtuto]
g2 g2 G5 A1 Lee 592 flavonoid 32
2 naringenin®] 7.6 ug/mLolA] & HSV—1, hesperetin
o] 22.2 ug/mLo|A & HSV-20f tfgt gufolej~ a3t
7} Qlehar Bl Lee 178 A&ol(4lve arborescens)

== T

ZZ50] HSV—1, measles virus, hantaan virus, VSV
sfof gupolel 2 ETL ok wasled, 4y W By
HE k= HSV-1, 20 tigh ulolegjA a3 By
A AT gol Budm gk,

179 B Fatele s A AN A Hilo= &4
shal upolH A BA = A AEStel dEet dle BA
Wt ol= in vitrooll A M|2EujSFE o] &3t ubol
A% AN AFo] HRALY Thebat AZMF Ba
Qlo] AgAdnitt o231, in vivo ¥4 AFolA AlEZW
A7) AL Hiol2] 0] [ A W] A &FA|29}
o QA W7k S 8910w Qlste] Aol Hol7t 9)
7] wiZolet AbRE L, Ol= in vitro®] A|EBjgelA o
wolelzs makE bl fagRo) 2580 B, 2

1> ok é
oY

=1
=

o
)

ok

S9H 5ol Wk in viveolA= /0] YErEA] &
4 Qltks w o)A FrobE 42 9lr),
deZafo]g Al Bulo] o) o9 7 AR 5
2 7oA et e Az EAshy ' v‘i—tﬁ
7 ARE Eato] Aol Auapx|o], A} 7Hedof
A 77, fETFE 5 ohoket 2ARS e Rk 2724

glol s 8o A&l s dAolt. ol &
AFolA Seeaed megE FE=°] 10,000 ug/mLej
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A vero AlEof WjEf A=A 48.9%C| AT, T
ECV30 vfoleiAof gt aapr) 89 5%= v|w A =A v}
e} o Q| Z=Hlol A A5 A| S 9t SHREAR
Ao At ZER7F lokal AbRE

3} Snook 57 £4:424:¢40 maysinol2hs A
30| corn earthworm® A¥8-& AA|gchal B}
i, & AR S e FEE] dEF
A=A} wRole| A Aol thgt ol A avHE U
¥ Speeq HehE 22559 oz

o

=

& 34 dABS dehls faAE
!

i
Ml

T
<
©

FAk| A o] AL E 759 Hehg FEEEHE MIT
assay® vero ¥ MDCK A|EZE ARE-3lo] o Zulo]g|A
9} QIEFAR| Htol g Aof gt Mz E Fufolg| A
B5S AMsEY. 7F9 AAE YHEE FEE

1,000 ug/mL s=oA Seeed ) 2] 2580

50% cytotoxic dose "|WFe] AZEEAS YEMAG &
Hpol A Fab= of Hlolg Ao tisiA] 7o F&E
% 10,000 ug/mLojA L2 89.5%, 4T7]
£ 17.9%2] "ol 234 AA|5o] &= et IEF
AdAfutolH 2o heljAs Lpeed FEEC] 5,000
ug/mLollA] QIZ2elzt A/HIN1(2009)] 93.4%, Q1=
Fellzt A/H3N20I| 93.9% vRoles oAl 5 Ue 3l

on, Amy] 2EZEL 2,500 ug/mLofA QA&FdA};
A/HIN1(2009)ol  37.7%, <QAZFx  A/H3N29|

44.0%9] vrolelz oA5L YER 9T
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