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Screening of Antiviral Substance from Natural Plants Resources

against Feline Calicivirus

Kyoung Lan Kim

Department of Microbiology, The Graduate School,

Pukyong National University

Abstract

Noroviruses, which are cause gastroenteritis illness in people, is
one of important food-borne pathogens of noroviruses over
world-wide.  Nevertheless, there are not ~many commercial
disinfectants effective against .norovirus because which cannot be
grown In tissue culture; Therefore 'disinfection efficacy ! and
inactivation studies have been performed using closely related viruses
such as feline calicivirus (FCV).

In an effort to" discover an antiviral substance against norovirus,
extracts from several “plants  including spices ~and. herbs were
evaluated for its antiviral~activity against FCV7as a surrogate for
norovirus. Among them, the methanolic extract of green tea (Camellia
sinensis L.) exhibited significant antiviral activity against FCV, that
was 0.13 mg/mL of 50% effective concentration (ECs) and 2.47 mg/mL

of 50% cytotoxicity concentration (CCsy). Its selectivity index (SI)



was 1857. After the treatment of Camellia sinensis L. extract (3.13
mg/mL) for 1 hr, FCV was completely inactivated. The antiviral
activity of Camellia sinensis L. extracts against FCV was determined
to be dose- and time- dependent.

To perform more detailed investigation on antiviral activity, the
Camellia sinensis L. extract was further fractioned with organic
solvents. Among them, the ethyl acetate fraction showed the
strongest anti-FCV activity. In order to identify an anti-FCV
substance from the ethyl acetate fractions of Camellia sinensis L., a
high performance liquid chromatography (HPLC) and LC-MS/MS
were performed. The epigallogatechin gallate (EGCG) isolated from
Camellia sinensis L. exhibited the antiviral acitivity against FCV
surrogated NV. The .SI of EGCG were determined to 26.67.

The results obtained in this study suggested that the.green tea will

be effective in the prevention of food-borne disease caused by NV.
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wZufol Y A 58 Caliciviridae familyol 3t ©d7kdo]
RNAE Zt= virus®, M= ¢ete] &2¥ 59 vhol 2] ~(small round
structured virus, SRSV)Z E# 7% 3ttt < w2Zufolg A8 F2

W o A% vlolglzolth Ao AAAHCR wrulolHs AFE

f

of gk A7 ®ol R glom ww AWy E - (Centers for
Disease Control and Prevention, CDC) ZA}lel 2oJstH G0 o=

AAstzte] 70% o]Ato] wZulol#]xd] 9% HAow RuFHT Q)
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ro
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(Bull et al, 2006, Fankhauser et al., 2002; Lopman et al., 2004,
Widdowson et al., 2005).
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wmEAfolel A= 60T e 7HE, WA - Je 2ol E AESHH, ether,
S pH, dReA aSAldE AEart ZA @ daFE 100
0~5000 ppmell = AEsE= Aoz e« 9t (Doultree et al., 1999;
Duizer et al., 2004b; Malik et al., 2006; Jimenez and Chiang, 2006).
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Caliciviridae family ° <3t wd7bche] RNAS AYx f484,
Aslstx | B gtstA el 540 FAFS feline calicivirusE =2 wHlo]e 2

o] gAIRER o] &3ty Astal AtHGehrke et al, 2004; Kampf,



2005; Steinmann, 2004)
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1. 48A=

1.1. &F A X2 Virus

B Ao AFE-3E feline calicivirus (FCV, ATCC VR-782)¢} FCV <
A 2l Crandell-reese Feiline Kidney cell (CrFK, ATCC CCL-94)
+ American Type Culture Collection (ATCC, USA)ol| A ool A}

=

H]

HN

1.2. A EAY H FE=

A

FCVel thg amrtolaix Agdol AMSHE HAN AL FHE 3F

(b, 4%, 22, ACE) 2B(@ =R SR 3P0 AR | Hel
A 6F(AF, T34, SN, AR, B9, DI 5 1159 222 Ao
A THTable\ 1), 1'% FAss 4% Sujold Qukdos A

11 9t AL AHgsden, 1 9o A8 20084 49 BAab

b sk 33 HbESlo] wwk FES AL, o]l& o#g & 60T FEAFA
rotary evaporatorz ¢} - FF3IATh 7 FEES 250 mg/mlLe] FEE
dimethyl sulfoxide (DMSO; Kanto, Japan)el =¢ ©2 045 pum

millipore filter® o] %3 AL 2 Fo] A3}



Table 1. Natural medicinal plants used in this study

Commercial
Scientific name Materials  Utilization
name
Allium scorodorpasum
garlic root
var. viviparum Regel
Zingiber officinale Rosc. ginger root spice
Capsicum annuum L. red pepper fruit
Rosemary dfficinalis L. rosemary leaf herb
Camellia sinensis L. green tea leaf tea
Cnidium dfficinale Makino cnidil rhizoma root
Carthamus tinctorius, L. safflower seed
Hovenia dulcis var. o
raisin tree stem
koreana 3
medical
trifoliolate rind of font
Poncirus trifoliata Raf. P
orange fruit
Angelica gigas Nakai danggwi root
Citrus aurantium L. rind of
tangerine peel
subsp fruit




1.3. A1 ¢

A 9 ovlo]l s v g AFg¥ 8]X]Q] Dulbecco modified eagle
medium (DMEM), fetal bovine serum (FBS), Dulbecco’s phosphate
buffered saline (PBS) ¢} 0.05% trypsin EDTA, 100 U/mL penicillin -
100 pg/mL streptomycin< Gibco-Invitrogen Co. (Grand Island, N.Y.
USA) A= AH&3sEA T

MEZEA A do] AE&3F  3-(4, 5-dimethyl-thiazol)-2,
5-diphenyltetrazoliumbromide (MTT)et 7}H 71 9 3 5 A k<l
(-)-epicatechin (EC), (-)-epicatechin gallate (ECG), (-)-epigallocatechin
(EGC), (-)-epigallocatechin gallate (EGCG) ‘&< Sigma-Aldrich Co.
(Louis, MO, USA) Al#F&-AHE stden, 1 ¢ -3 AAE 9T

+718 = HPLCE 55 grade A of& ARS8t



2. 489

1. A Euj

CrKF A ¥+ 75 cor tissue culture falsk (TC flask, Corning, USA)el

2 10% FBS, 100 U/mL penicillin® 100 pg/mL streptomycin®] 3t
growth medium (DMEM + 10% FBS)E A}-&39th. CrFK A& A

i

syl s = 75 o TC falskel monolayer® A3 AEE Ix
PBS (pH 74)2.2 &3 t}2 0.05% trypsin EDTAE H7}sldt) o=
2% EQF HESAIZ H, MAEE flask vtH o ZHE FEAIA 1,500x goll A
3% AR @ g, 17 9 &R BF8 5% CO; 2ol A uld
ste] 37T, 5% CO: incubatoroll Al v ¥stA o™, Al E7F 80-90% ©] %
monolayers FAdstH 24 s A A vjgsto] AR&skATH(Fig. 1,
Bidawid et al., 2003).

2.2. vtol¥ 2 7 21354

Hlolg 2 Y AL A7 fal ==dpolg 2z dARdE ALgd
FCVi+= monolayer2 &4 9 -CrFK Al ¥ 2] growth.medium= #| 73 5,
FCV ®jeFalS 0.1 M.OJI (multiplication -of ‘infection)”’} ¥ =% H= 3t
5, 37T, 5% CO2 Ao 90% &<t widfsto] wpo]le =7} Ao &2
HEE At 22417 F, maintenance medium (DMEM + 2% FBS)
S 10 mL #H7Fste] 37T, 5% CO, 7oA wigstd o, 16~24 A|3H
S AW g F(cytopathic effects; CPE, Fig. 1)7} €ojy 2w A E



Fig. 1. Inverted microscopic photograph' of normal
Crandell-reese feline kidney (CrFK) CCL-94
cells (A) and CrFK cells infected by feline

calicivirus after 24 hr (B).



So] "@ox FCV7F #9¥ flaskE freezing-thawing S 2

i

=

T, 1,800x gollAl 158 YA stdh. Cell-debris= Al #skal A
Azl & wlolgl2E dfFetal e A HES  cryogenic vial
(Nalgene, USA)el 0.5 mL &F3ste] A& of 74#] -70TCe| X st

(Bidawid et al., 2003).



2.3. HlolH & AF

ol 25 Aeksly] ¢33 WO 2 end point dilution assay W

[40

50% tissue culture infectious dose (TCIDs) o= nHiolf 2~ ZHAME =
Atk ol AT AlEujFdo] 50%E A= ot v
ojg]x 3| A4S YEtll= Aol

M2 96 well plate] CrFK cellS 1.0 x 10" cells/well ¥ =2 233
5 37T, 5% CO, ZHdoA 484 %7F vjoksle] monolayers AUt &5

-

M 37} monolayer® @4 % 96 well plated] growth medium< aspirate

il

o] g3t A A% F, wiel#|~ A NS maintenance mediumel 10
Aoz A% A8kt A violel~E 25 py 4719 welldl H
F3tal 37T, 5% CO29] incubator 90+ &<t W x| 3to]-FCVE 7t well
of 4% celll FHAIZIAL, ol& TAl 343 H2F welldl 100 ule]
maintenance meditm= 3 7}8}o.37C, 5% CO2°] incubatorel] Wi %3}
thowlolel 2 el ¥ 3-49% vid dAvw|dE S8l CPE 34 +F &
sl o diolg 2o o8 lysis® AEES 34% formaldehyde$ Y
o7 MAEE 1AAANZ T 0.1% crystal violet Ao g 58 FM3to] 7}
Algtst Tt vhol el A 7FE 50% o] CPEZF YEhd well®] 3 A4 &
AE Reed-Muench method® 4F4 3} log TCIDs¢/mLE %A 3FSTH

X

s

(Mahy and Kangro., 1996; G. Kampf et. al., 2005).
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2.4, AIESAHAHAL(MTT assay)

Ji

FZ59 CrFK celld] 3t A EE5ALS AE AT TAZE

3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl

o
] 3
(MTT)¢ g&do s 3FAEE formazan crystal
MTT assayell ue}
96well platecll £F3ki 37°C, 5% CO, Fz1oIA] 4841wl &ato]
AAsRAT. HaL 2.50
5 250, 1.25, 0.63, 0.32, 0.16, 0.08 mg/mL°] & %=7}
13t 100 plLA

tetrazolium bromide

!
AN &8egr. WA CrFK cell (1.0 x 10" cells/well)

%

Fl(‘

Oll

O T3
E'E'JE)L

==

J[Nv

g

[e)

=

o] o

monolayer< @& F, growth medium<

S
AA3L 2 mg/mLe] MTTE

B3k 24X 7 o wjed
T, FEE
o] 2 37T, 5% COz incubatorol A 4A]7+ uj
AARE o5& AWl
ELISA reader (Molecular Decives, Co.,

=

=,
Sunnyvale, USA)=Z 540 nmollA &
o
FHE7F 50% AAEFHE T

4 ssiet.

O

5] A 9. formazan

kel

R4

crystals DMSOZ £
Bx

Al maintenance medium%k F 7FA 71 A

=
=

50% cytotoxic concentration (CCsp) o=

_11_



2.5. gulolg] & EAFH I}
2.5.1. Plaque reduction assay

wZuto]ly & tiAgk feline calicivirusel]l tigh &njfolel 2~ g 3=
plaque reduction assayel wa A @Atk CrFK  celld0 x 10°
cells/mL)E 6 well plated] #=F3ta 37C, 5% CO, Z71o| A 48A17F Hj
%3te] monolayers AJAT. AETEZFS PBSE Al oF 20-200
pfu/well2 843 vlolej §HS HFEL F 902 &< 37T, 5% CO,
incubatoroll A 90 ®x]3te] FCV7F CrFK celld]l %3 4+ x5 3
Atk violH ~7F F2EE F<QF 1000, 500, 250, 125, 125, 6.25 3.13
pg/mLe =2 A 7 FEHES 2x MEMe| H7Me v, 15%
agar®} 1112 &35} agarZ} ¥4 %% 45C water batholl B3}
thodpolef s FEol AR HW, thA] HlolH A5 3kl vl Al 2w
FEES 73 2x MEM-15% agars 2 wellol 4 mlL 2 #5391
oF. wpolel 2 Zedel| ofsto] ‘plaque’t |42 w7+ 37T, 5% CO, =
A 48A1ZF w8t od, plaqueZt @A =W agar overlay mediumS |
oL 34% formaldehyde= AEXE T AAIZ £ 0.1% crystal violet
fAo g HAAMsto] plaqueTE METH | HIWSATE vlolH A FAS
1715 FEE9 B&5E 50% effective concentration (ECso) =
Aot FEE] AXd AT FAE A(CCoh= Fntol e~ 7 F
(ECsp) 2.2 Yo # selectivity index (SDE At=3dto] 3dhujolg|~ &
= AA s8R

ol

o)
o
o
o
12
2
>

CC, (50 % cytotoxic concentration)
EC,(50% effective concentration)

SI (selectivity index) =

_12_



2.5.2. Virucidal effect

&)
2

A ezt tHate] FCVe AAEA =S gletr] 913 dnfol =
AL FCV A dS AT FE553 A7 & CrFK celldlA =
d¥ TCIDy o= wolx ZIY7HE FAste] 235 AAeut
(Doultree et al., 1999; Gehrke et al., 2004).

M2 96 well plated] CrFK celle] 6.3 x 10° cell/well 5 EZ 33t
% 37T, 5% CO; 7oA 484 7F ¥l 3o monolayer= 4=t 2 +

ZE9 gufolgl A AL ok 50 TCIDsymLE 3|Ad%E FCVE &4 &
3 srdE 12 E3sle] AL A 1, 3 24 AZFER Ao w
SA AT WS F8 F =4 virusE maintenance mediumeol] 10 W

o7 A3l CrFK celle] ~monolayer® FAE. 96 well plateol
growth medium< aspirate® ©]&35fe] A ASI. o= s|Ad uf
olH 25 25 WA 47Re] wellel HEF3ta 37C, 5% CO22l incubator 90
9 WA st FCVE CrEK celldl #ZAAIZIar, zF wellol 100 02

maintenance mediumS A 7Fst Al vlol# ol 7Y 3-49 & CPE

M

02 o

T= shelslar, 0.1% crystal violet &2 ZFAISF Alzl & wlojgl~ 7
7 SAsP oy ERFoRE FEE5E Al maintenance medium=

CEERUBEP R

tt
off
o
32
)

_13_



2.6. ZAFEEZFE Anti-FCV A&9 &3 2 A

& 23 AN B FER AP FREE sl @

B, dichloromethane (CH:Cp), ethyl acetate (EtOAc), n-buthanol
(n-BuOH), and water (H:0) A2 x4 o2 o] &dto] & IS
shlvt. WA =52k mEs F SHTS TEeR ¥
a, 2 g9 ¥ FE8me 3ol YR =S WA Y. n-hexanes

& BAZUE o gtol Relsti de oldd pe WHoR Yo

ftlo
a

dichloromethane % 93 o ™ o]% ethyl acetate, n-buthanol¥}
Fo=E H7tete] AHUE E AT (Fig. 2,

Eom et al, 2008). Ao F=F oAAEL 60C FTEAlA rotary

waters HF& o Ry =

(

Ni

evaporator® A4} - ¥H3A oW, 74 FEFES 250 mg/mLe &
dimethyl sulfoxide®. (DMSO; Kanto, Japan)el =< ©2 045 um

millipore filter® o] ¥}3k Z1& 23 o] A}-83} )

_14_



Cameillia sinensis L.(20 o)

Extracted with methanol (2 L)

Methanol extract

Suspended in H,0 (2 L) Residue

n-hexang: H,0 (1:1)
1
| |

n-Hexnae layer Atueous layer (2 L)
n-Hexnae fraction Dichloromethane : H,0 (1:1)
| |
Dichloromethane layar Agqueous layer (2 L)
Dichloromethane fraction Ethyl 3ceiﬂile : H;0 (1:1)
[ 1
Ethyl acetate layer Atlueous layer (2L)
Ethyl acetate fraction n-Butanol : H,0 (1:1)
| |
n-Butanol layer Adqueous laver
n=Butanol fraction Adqueous fraction

Fig. 2. Scheme of extraction and liquid-liquid solvent fraction from

Camellia sinensis L..

_15_



2.6.2. HPLCOl €3t gulolg]x FAHEZR 7

=2k #2290 ethylacetate &7 £ =2 FH Fupoles A4S
UelgE  E4S 2Esr] 98kl high  performance  liquid
chromatography (HPLC, Agilent Tech, USA)& #X& 3t 48 7
He Ao r A7I7F 5 mel Cis reverse-phase colum (Eclipse

XDB, 4.6 x 150 mm, Agilent Tech, USA)E A}&3&att 2 Al89 F¢

o

e 20l ola, ol Ao REE 01% acetic acid 7} ESHHE water
acetonitrile, ethylacetateZ 87:10:3 (v/v)e] wH|&= 3lo, F#=#H2 08
mL/min, UV detector® #H&3%& 280 nm= AU THRow and
Yinzhe, 2006).

2.6.3. LC-MS/MS¢l| 93 Fulolgjx BHEH £

1 r;r;]

w3 go) FE EHo FCV @ v e\ 22

<= dotr7] fste] LC-MS/MSE ©] &3] 4= A8tk Mass

_H
)
S
[
gt
o,
ftlo
N
N
=

spectrometer+ ' Thermo  Finnigan [TSQ  Quantum  discovery
triple-quadrupole mass spectrometer (San Jose, CA, USA)e} &g &
$3 HPLCY¥ Thermo. Finnigan  MS Pump plus system- (San Jose,
CA, USA)S AFE3tdt. #2418 columns Luna Cis (5 mm, 50 x 2
mm, Phenomenex, Torrance, CA)S AF-&3FAth MSe] spray voltaget®=
3.5 kV, capillary temperature™= 250C %1 3l, negative ion electrospray
mode® A3t A8 FUHEHL 20 WAL, o] FHORE AR

water (0.1% formic acid)®} B& N2 acetonitrile (0.1% formic acid)&

_16_



AL8-3Fe] acetonitrile®] H]&o] FX A O 7 E=olX| = gradient program=
ARSI A 939 B 895 955059 H&= A|gEte] 63 wHel B
EAES 100% 7HA] & F, 9

ZF column®] B3t AIZHS 7HA =S DA HTable 2). F%52 06
mL/min$ o™, zZzte] 13 fragment ionES 2137 95}

100-600 m/z= full scand}$th(Mata-Bilbao. et al., 2007).

_17_



Table 2. The gradient mobile phase of LC-MS/MS for analysis of

catechins

Time A : water B : acetonitrile
(min) (0.1% formic acid) (0.1% formic acid)

0 95.5 0.5

3 75 15

6 0 100

9 0 100

10 95.5 0.5

15 95.5 0.5

_18_
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Table 3. Cytotoxicity effects of various methanolic extracts on CrKF
cell by MTT assay

Natural o CCso”
Scientific name
plants (mg/mL)
Allium scorodorpasum var.
.. 11.75
viviparum Regel
Spice Zingiber dfficinale Rosc. 3.97
Capsicum annuum L. 11.62
Rosemary officinalis L. 2.14
Tea
Camellia sinensis L. 2.47
Cnidium dfficinale Makino 2.98
Carthamus tinctorius L. 0.95
Medical Hovenia dulcis var. koreana 2.34
plant Poncirus trifoliata Raf. 0.80
Angelica gigas Nakail 0.75
Citrus aurantium L. subsp 127

" CCs (50% cytotoxic concentration) is the concentration of the 50%

cytotoxic effect.
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2. AAEZY FCV tig Futo|g & &4
2.1. Plaque reduction assay®l| w& &ulolzix &3

HAANEAY wee FEHE9 FCVel thgk dulolg]x a395 =4
3171 $13ke plaque reduction assay©l Wz} Algste] 50% w®iol# s~ 5
A& A A7l FEQ ECsos ZAFSEA AL, o]o thgk dufol X~ &

= CCx¥ ECslZH-E Alake selectivity index (SD#to 2 LERHA
=t

AA FAER ol AHEHAL Qo FdAgS 7= Aow o

F FEE(Kim et al, 2000)2] FCVel that &

Hlolel 2~ A8 FALSE AE Fig. 39 Table 40 YeERf AT &A=

FEES EfeA 2S dxa ) vwskds W, vk CCx%t ECsel
1

1.75 mg/mL, 467 mg/mL®E %<& FTE4 plaqueE 50% & A A

11
2 4 Qome Sigre] 2522 WA v et A7 nRpEe
SI #kol Z+zb 053, 1.97=2 FAlze Fulele] = T wl$ w kst A

ARt o g 23| 8 U= FHAek 2=t o] FCVell tieh &t
olgl2 A S Fig. 49} Table 4] el H2ke) 45 013
mg/mLe] FXZA plaqueE-50% #Ha2E T Adern=2 ECs7F 0.13
mg/mLE UEFow SIghe 1852 HAXEAY T 7H =& go=
ZAE A 22ukE 9] ECs¢t CCso= ZH7E 0.34 mg/ml, 2.14 mg/mL
o] FEE SIFte] 6298 =HAH U= Fvlolel s Farh vHA vEut
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Table 4. Antiviral activity of methanolic extracts from national plants

against feline calicivirus by plaque reduction assay

Natural CCs0" ECs)”
Scientific name SI°
plants (mg/mL)  (mg/mL)
Allium scorodorpasum var.
11.75 4.67 2.52
viviparum Regel
Spice  Zingiber officinale Rosc. 3.97 752 0.53
Capsicum annuum L. 11.62 591 1.97
Herb Rosemary officinalis L. 2.14 0.34 6.29
tea Camellia sinensis L. 2.47 0.13 18.57
Cnidium dfficinale Makino 2.98 2.51 1.19
Carthamus tinctorius L. 0.95 0.27 3.52
Hovenia dulcis var. A " 199
Medical koreana ' ' '
plants Poncirus trifoliata Raf. 0.80 0.49 1.63
Angelica gigas Nakai 0.75 0.26 2.88
Citrus aurantium L. subsp 1.27 0.54 2.35

* 50% cytotoxic concentration (CCsp)—is—theconcentration of the 50%

cytotoxic effect.

P 50% effective concentration (ECs) is the concentration of the
sample required to reduce plaque formation of virus by 50%.

¢ Selectivity Index (SI) = CCso/ECso,
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Spices (ECso)

100 ®

(% of control)
[ee]
o

—&— Allium corodorpasum

plague forming unit

—®&— Jingiber officinale Rosc.

—&— Capsicum annuum L.

60 \ \ \ \ \
0 02 04 06 08 1 12

Concentration (mg/mL)

Fig. 3. Antiviral activity of spices on plaque- formation. Six-well
plates containing monolayers of CrEK cells were washed and
infected with equal volume of virus suspension (200 pfu/mL).
The overlay medium, mixed with 1.5% agar and 2x MEM,
containing each on 0.2 mg/mL to 1 mg/mL with each spice.
Results are expressed as percent with respect to. virus
control with*out.'spices. This experiment was performed as

triplicate. Each value is:zthe result of mean * S:E.
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Herb teas (ECso)

120

—&— Rosemarinus L.

100 —8— Camellia sinensis L.

80

60

plague forming unit
(% of control)

20

0 \ \
0 01 02 03 04 05 06

Concentration (mg/mL)

Fig. 4. Antiviral activity of herb teas on plaque formation. Six-well
plates containing monolayers of CrEK ecells were washed. and
infected 'with ‘equal volume of 'wvirus suspension (200
pfu/mL). The overlay medium, mixed with 1.5% agar and 2x
MEM, containing each on 0.1 mg/mL to 0.5 mg/mL with
each herb tea. This experiment was performed as triplicate.

Each value is the result of mean * S.E.
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SFEAER AN HE AEA kAl FCVel digh &utol 2~ &4y
< Fig. 59 Table 4] etuuidlvh. A=/ ekl Fel = 19 SI
frol 3.74= 7HE =A dEtwew, SNl 49 0.27 mg/mLe] v
EXo A plaqueE FsHAl A s o, CCxhztel 0.95 mg/mLZ A3
o dalAE E& 548 vEhilo Slghe] 3522 HlwA A S4HA
o U A FEE4AS SIgke] 30]at® FCVell gk dutole s~ &/ o]
A LER sk

ole] Az Hol HAAEAY FolA Ik SIgke] 1857= 7}
e 29E vediden slExR F85 s Hxke mxvky] F

o] FCVY plaquedA S A 7=t g3 Hoz 285= 3oz

=
sheke o,

e

[_£
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120

100

plague forming unit

20 F —— Poncirus trifoliata Raf.

Fig. b5.

(% of control)
(o)) [00)
(@) (@)

N
o

Medical plants (ECsg)

—e— Cnidium officinale Makino
—&— Carthamus tinctorius L
—&— Hovenia dulcis var. koreana

—il— Angelica gigas Nakai

—O— Citrus aurantium L. subsp

0 \ . . X \
0 0.1 02 03 04 05 06

Concentration (mg/mL)

Antiviral - activity jof medical plants on plaque formation.
Six-well plates containing monolayers of CrFK cells were
washed and infected with equal volume of virus suspension
(200 pfu/mL). The overlay medium, mixed with 1.5% agar
and 2x MEM, containing “each on_0.1-mg/mL to 0.5 mg/mL
with each medical plants:~This experiment was performed as

triplicate. Each value is the result of mean + S.E.
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2.2. A EZE9 FCVel W3 virucidal activity

7t FEE dste]l AP ow wolHxs BIGI A

TEE SAH37] Y3te] virucidal activityE TCIDsy/mLe] ®WH o2 n}

s

[e3]
2R

ny
N

olelx FATE SASAT

2

CrFK celle] FCVol 7" A% AxXu¥H g (CPE)7F dojy F%
H AEESo] HoAAA Hrh o]F o]§ste] wlolg|x A= FCVE
AN Axel 59 wiF F, 50% ©] CPEZF UERd welle] 34w
AE log TCIDsy/mL o= % A3}

AT o] FCVel thal virucidal activityES &olr 7] 98te], 2+ %

T2 $EEE FCV 393 wrgAl7la CrFK celldl ZAAIZL F

&
o] Yetux] &skow, Wy 7t 288 B¢= vhe FEEH
37 A 2 gukol s G2 VERLEA] kT
=2ke] FCVell g8k virucidal activity =S
zuteg] F&E9 A$ 625 mg/mlel A 3A17F 58 5 1 log7t #4589
o, o1 o]8te] Fro e Fntole A Edo] U] gt = =w)
T O FA Tl dstol-ddgA ol AdgalwaEa 2l oy (Chung
et al, 2001), FCVoll w3l virucidal activity: W 2F3F Ao 2 el
=2 FE=e 49 313 mg/mLel sXolA 3A3t o] FCVel wh3-A
71 ¥ CrFK cellold  wholelx Zhelo] uyehbx] ¥kom, 156
mg/mLe] o= 24413 W3- A1 A wlole] 2 ZH o] YER A

i
A\
o
ot
iR
_\3
fr
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ggol nlol ~7F e B3 HJonE E FEE HlE A
Ao 7 Holu virucidal activityS YEFU I tH(Table 5).
Bellamy(1995)o] w2 nlo]2] 2~ log TCIDsy/mL%ke] 4 log ©]4 7

aeS A5 kel s AU v AoR AddH sAFEE9
7% 313 mg/mLelA TCIDspgkol 5 log °l4 #Hastgormz wojyt

FCVell & virucidal activity S ZAFskeich 1 A, A, 37, @A
g7 2 9] A5 log TCIDsymLgkol #HAsts 43S YehlA &
of Futoly 2~ AEE w4 mopgk zlow {AHITH(Table 5). Lt
T3 e AFF 125 mg/mLelA thxa 3t vlustels W 3A7ke] 4 W
S ANAS 4§ TCIDspakeol-4 log °)4F #AskA i, 625 mg/mLe 5%
A& SAIRE o] WEGAIZL Aol 4 log ©ld &SR] tE AEA
ek Bt Hold virucidal activityS 7FRlal Qe Ao=E vheRyt
(Table 5). L&}, 156 mg/mLe AFEoAdE 347 wHEA1Zl H$- 1
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Table 5. Virucidal activity of various methanolic extracts from natural

plants against feline calicivirus

Conc. log TCIDsy/mL
Natural plants
(mg/mL) 0 time 3 hr 5 hr 24 hr
25.00 5.00 4.67 417 4.17
Allium 12.50 5.00 453 458 3.87
corodorpasum 6.25 5.00 4.67 4.67 4.00
var. viviparum Regel 313 5.00 4.67 417 4.00
156 5.00 473 450 4.00
6.25 5.00 5.00 450 417
Zingiber officinale 4 4 5.00 5.00 4.34 417
Rosc.

156 5.00 4.83 417 3.00
25.00 5.00 5.45 5.00 4.83
_ 12:50 5.00 456 4:24 417
afl‘r‘iz;””ﬁ 6.25 5.00 4.00 400 417
3.13 5.00 4.83 467 4.34
156 5.00 5.00 4.33 4.17
6.25 5.00 4.00 4.00 3,50
Rosemarinus L. 3.13 5.00 417 417 4,00
156 5.00 4.34 417 4.00
_ 6.25 5.00 neg’ neg neg
sinCZ’:sei{shCIi. 3413 5.00 neg neg neg
156 5:00 3.50 3.00 neg
125 5.00 5.00 5.00 3.00
Cnidium 6.25 5.00 5.17 4.83 3.73
dofficinale Makino 3.13 5.00 517 550 4.00
156 5.00 4.83 4.83 4.33
Control - 5.00 5.00 5.00 4.00
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Table 5. Continued

Conc. log TCIDsy/mL

Medicinal plants  (mg/mL)  ( gme 3 hr 5 hr 24 hr

12.50 5.00 neg neg neg
Carthanmus 6.25 5.00 2.17 neg neg
tinctorius L. 3.13 5.00 350 2.17 neg
1.56 5.00 4.50 4.00 3.33
6.25 5.00 5.00 4.67 neg
Hovenia dulcis
3.13 5.00 4.67 4.33 neg
var. koreana
1.56 5.00 5.00 5.00 3.00
6.25 5.00 4:34 4.33 3.00
Poncirus
trifoliata Rat. 313 5.00 4.67 3.50 3.17
1.56 5.00 4.83 4.50 3.17
6.25 5.00 5.50 5.17 4.00
Angelica’ 3.13 5.00 5.00 5.34 4,00
gigas Nakal
1.56 5.00 4.83 450 450
25.00 5.00 450 4.00 3.00
. 12.50 5.00 4.49 3.71 3.00
Citrus
aurantium L. 6.25 5.00 4.83 4.67 3.56
b
Sub Sp 313 5.00 450 434 3.83
1.56 5.00 5.17 4.90 4.33
Control - 5.00 5.00 5.00 4.00
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2.3. 52 2 B3 K FEE9 virucidal activity

JF

HAA AEAY 1159 virucidal activityell tidte] €3 Ayl =z
FEEY T3H FEFEo] FCVI W3t virucidal activity?} ®Hojd Ao
2 ZAFEAtH(Table 5). ¥AFEE9 A9 625 mg/mLollA 3A17F o]

& WbE A AF FCV7E ¢hds] =843t Hloen, S34 =259
47 6.25 mg/mLollA 5A13F o] whEg-AIZl 3% FCV7E &3] =24
st ¥= Aeow yey v AZrS @5eke] vES AlZkdo] mE dulol
Ha GAdE =AM THTable 6).

52 FEE 49, 313 mg/mLe] FXolA 30 ®rell TCIDs %kl
15 log #Aa¥dow, vEg 1AZF Qtdll nmpojej~7p B3t H= Ao
= yeutth 28y 1.56 mg/mLe] FEolA = jEE ARto]l A Itsto] =

ok 1 log A% A3k e FLo A= virucidal activity7b-m] ¢Fgk A

TN FEE A5, 625 mg/mLe FEoA WS 5A]ZE ®hol| u}
olg 2~ & YERNA @gkoi(Table :5), AlZHS @3 Ay 125
mg/mLe FZ=ANAE 30 el 2 log HE7F #FAS A3, HESA O
743 gkell virucidal, activity 7} A2k 71kl 3A17F o] AEr A
FCV7} 5843 ¥ AQ R 2AE AT 625 mg/mLe] s%=a 3
Al Zko] Athok 2 Jog ool AdkE AR HEY HxH e duto
o] FalANt TE B wEEAZke] frojHo g FFufoly ~ Ay

S YegdE Aoz #&E A Table 6).

2
s

2 [ESR Y

O_u
>
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Table 6. Virucidal activity of methanolic extracts of Camellia sinensis

L. and Carthamus tinctorius L. against feline calicivirus

Medicinal Concentation log TCIDsy/mL
plants (mg/mL) 0 time 30 min 1 hr 3 hr
6.25 5.00 2.17 neg’ neg
C. sinensis L. 3.13 5.00 3.50 neg neg
1.56 5.00 4.00 4.00 3.50
12.5 5.00 3.17 4.00 neg
6.25 5.00 4.50 4.00 217

C tinctorius L.

3.13 5.00 4.50 4.17 3.50
1.56 5.00 4.50 ANy 4.50
Control % 5.00 5.00 5.00 5.00

TCIDso, 50% tissue culture infectious dose; neg, feline calicivirus are

inactivated.
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3. =29 EWMEH i FupolH = EA

FCVel tiste] dnufolefx axprp 7Hd Heoljd Aoz AT

2 &%= Aol= o]83o] n-hexane (C¢Hu), dichloromethane
(CH2Cp), ethyl acetate (EtOAc), n-buthanol (n-BuOH) 1#]3 water
H0) =M=z 4oz & s &g wE& FCV
virucidal activity® 43 4A3E Table 7] YEFH ST

2 A3 EtOAc fractionolA 3.13 mg/mLe] FEA+= 147 1.56
mg/mLe] FEol| X+ 3AI%E R ECVE #3ds] EZ43 A7l AL
2 Yewt. n-BuOH fractionol A= 3.13 mg/mLe T x4 EtOAc
fraction®?} PFH7FA| 2 1A REo] &€ 8 Al o1} 1.56 mg/mLe] &
Lo 5AIZE] T AHEooF FCVE =243t Al 4+ o=z
EtOAc fractionol A 71 -3 S S 7M1= o= tEr oo o
g & 85 o] &3ke] HPLCS LC-MS/MS=E #Alsko] ahnto] 2 ~

F4e e BAe Teskslth

[
il
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Table 7. Virucidal activity of the solvent soluble fractions from

Camellia sinensis L. against feline calicivirus

Camellias log TCIDso/mL
inensisL. Conc.
fraction (mg/mL) Ohr 1hr 3hr Shr
6.25 550 neg’ neg neg
n-Hexane 3.13 5.50 2.83 neg neg
1.56 5.50 3.50 2.83 2.17
6.25 5.50 neg neg neg
CH:Cl» 3.13 5.50 2.00 neg neg
1.56 5.50 5.00 4.83 3.17
6.25 5.50 neg neg neg
EtOAc 3.13 5.50 neg neg neg
1.56 5.50 2.50 neg neg
6.25 5.50 neg neg neg
n-BuOH 3:13 5.50 neg neg neg
.56 5.90 3.83 y & neg
6.25 5.50 4.00 2.17 neg
Water 3.13 5:50 4.50 347 neg
1.56 5.50 4.50 3.50 2.17

TCIDsy, 50% tissue culture infectious dose; neg, feline calicivirus are

inactivated.
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4. 219 FFutolg 2~ EZEE E A

4.1. HPLC

25 w3 3 Ay EtOAc fractionol A 7Hd 53 &4 & 7}
A= Ao 7 YehY, o2 HPLCE B43lo] 3ulolgl 2~ A4S 7R =

epigallocatechin (EGC), epicatechin (EC), epigallocatechin gallate
(EGCQ), epicaechin gallate (ECQ) &-(Fig. 6), &4tst 9 &3 g3}
olelol WAAA #A3} ZFHUxHE &7 TS 7HA L JEtil Byt g

ATHKim and Row, 2001). webA] o]t 71e|] 3lskEE0] o]

Ha FAHS VIR E BEAR Ao 01% acetic acid7t *EEE  water,

_‘ e o
ol
O~

rol

acetonitrile, ethylacetateE 87:10:3 (v/v)e] H| &= o]|&4 &ujE 24
U, WA eetAl AAE 7R sEY %S HPLCE 2233
oW (Fig. 7), EtOAc fractions HPLCE &gt Zye} vwsigict. 1
A3}, EtOAc fraction®] A% ¢ 6 719 pickZ ++7 HAow, EGCY
retention time< ¢F 21Fo=& uEly i, EC, EGCG, .ECGS 717} 35,
51, 10.1%¢ #& retention timeS & F @ & o} 47F# 7€ 71 3}gHE o]
% 2950 glden, aFdME EGCG7E 7Hd ol dfrHo] e
Aoz ZAE A (Fig. 8).

N =

il
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OH HO 1,
H ]

! o u'nk =

OH 'OH
QOH
{-)-Epicatechin (EC) {-)-Epicatechin gallate (ECG)
oH
H

OH

(-)-Epigallocatechin (EGC) (-)—Epigallocatechin gallate (EGCG)

Fig. 6. Structures of catechins isolated from Camellia sinensis L.
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Fig. 7. HPLC elution -profile of standard catechins. Catechins were

isolated and analyzed by HPLC as described in Materials and

Methods: A, epigallocatechin; B, epicatechin; C, epigallocatechin

gallate;/ D, epicaechin gallate.
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Fig. 8. HPLC elution profile of the ethyl acetate soluble fraction of
Camellia sinensis L. That was isolated and analyzed by HPLC
as described in Materials and Methods. A, epigallocatechin; B,

epicatechin; C, epigallocatechin gallate; D, epicaechin gallate.
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4.2. LC-MS/MS

=2 EtOAcE 2 ¢ FCVel tigh nfol) 2 g4 S 7 =459
=4 A4S fste] LC-MS/MSE o] &3 #45 AAsAH. ols4d
Sl == 0.1% formic acid’b 23% wateret acetonitriles ©] 83}
Luna Cigs column®e® #4391, Quadrupole type® mass
spectrometer®l 4] m/z 100-6005 full scan +43}to] 313+ fragment
iong& gl 1 23, ECGx 5.2+, EGCGE 4
o] peakEs #<ld 4= AN L(Fig. 9), EtOAc # &S Z+E54d 7}
upZ 7 A 2 full scantA st S ®, ECGeF EGCG 5
spectras 4 & Aoy EGCY spectrax &2 & 4 AvH(Fig.

10).

gl
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Fig. 9. LC-MS/MS chromatograms (total ion current) of a mixture of
standard catechins and fragment ion chromatograms. A,

epicaechin gallate; B, epigallocatechin gallate; C, epigallocatechin.
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Fig. 10. LC-MS/MS

chromategrams —(total

ion current) of ethyl

acetate soluble fraction of ~Camellia—sinensis L. and fragment

ion chromatograms. A, epicaechin gallate; B, epigallocatechin

gallate.
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4.3. Catechin® FCVe| o dulolgx &4

=2 EtOAc 3 ES HPLCZ #83 A & dlE A<l catechin 33
B2 o4#3x EGC, EC, EGCG, EGCE 3]43}e], plaque reduction
assay WHO R gulolyx A4S Hrek AIE Table 89 YEYS
. 7 % EGCGE CCagtel 320 ug/ml, ECx@kel 12 pg/mL= SI7}
2667=4 FCVel tiate] 7Hd %2 dutelejx A4S dehdilon,
ECGel ECs¢t CCso= 27 357 pg/ml, 18 pg/mLe] §X== SIFko]
198302 g3l njol 2 2AE ST

=2ke] AT e B9 w2 7R ggE T b AEd &
S 7= 2d4e BEGCGEA FitstAlz de o] &1 9l WE E
wo} 268, HER CEY_100¥] O &sol it deid dom, et
a3 Bk opyzt Fatay, Fvpojy s, S AL T B2 VI
T4 A7 AGgVE Ada Hasa 9 S(Kang et al, 1999 Park,
2000). o]l Z& ol Haw Biek o] EGCGZF thE catechin 3}¢=
BT}k FCVoll thshe] &npoldf2: & et 33ts Uetidew, o
A EGCGE o] 83ohd ol st A gA AR ofveh HA=4
24 w=zatold g Azst AA TS AkaLel i 5ok e &
Aoz 7lg ek
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Table &. Antiviral activity of catechins from Camellia sinensis L.

against feline calicivirus by plaque reduction assay

CCx" ECs
Catechins SI°
(#g/mL) (ug/mlL)
Epigallocatechin 237 153 1.55
Epicatechin 857 124 6.91
Epigallocatechin gallate 320 12 26.67
Epicatechin gallate 357 18 19.83

* 50% cytotoxic concentration (CCsy) iS the concentration of the 50%
cytotoxic effect.

b 50% effective concentration (ECs) is the concentration of the
sample required to reduce plaque formation of virus by 50%.

¢ Selectivity Index (SI) = CCsy/ECso.
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dichloromethane, ethyl acetate, n-buthanol, water)<S 2 A&t} o] =
ethyl acetate fraction oA 7F4 S 342l gnulolg]~ A4S YERA
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