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4 bstract

dot=Bo rotavirus CPTRY  activity of hol water extracts from Srecis redandlme (SE ) wag examined, SE mhibied
the rephcation ol all four serotvpes of HRY o vitro. This inlubitory effect of SE was nol reduced on the prior
exposure of SE o FICT for 20 mom al pH 20 Busding assay with radielnbeled purified viruses indicated thay the
mhibitory mechanism of 5E 15 the blockade of virus nding, The SE inhibnead the binding of ant-VP7 moenoclonal
antibody 1o HRVamlected MALDY cells, The inhibitory components of SE were found o be heterogencous anionic
polysaccharides with dulferent 1won charges. The compenent analvses suggestad that the purtfied fracion named as
Stevian with the heghest inhibitory activity consists of the anionic polysaccharide with molecular weight of 9800, and
contaims Ser and Ala as amino acds. Analyses of sugar ressdues suggest uronic acdis) as sugar components. 10 did
not contain amine and neutral sugars und sulfate restdues. These findings suggest that SE mayv bind te 37 kI3 VPT
andd mterfere with the indimg of VP7 o the cellular receptors by steric hindrance, which results in the blockade of
the virus attachment to cells, © 2000 Elsevier Science BV, All nights reserved,

Kevwords! Sternn refowdioma: Polvsaccharude, Anti-rotaviros activity. Yirus hinding, VP?

1. lntroduction

Rotavirus, a member of the Reoviridae, is a

non-enveloped virus which has a segmented. dou-

_ ) ble-stranded RNA genome surrounded by three

* Comresponding author, Tael: ¢ BL-22-23R2101 ext 211G oncentric protein lavers,  Hum: otaviruses
fixe o §1.04.548807% concentric protein layers. Human  rotaviruses
Fomail adideess: ketakiifme acop (K. Takahashi) CHRN Y are the mwor euologic agents of severe
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dehvdrating  gastreenteritis an children world-
wide (Kapikian, 1996). They cause more than
K50 000 deaths per vear in the develeping coun-
tries 1Glass et al., 1994). To prevent the rotavirus
infection, several vaccine candidates have been
developed and subjected to extensive chnical
trials, Among them, an oral tetravalent rhesus-
human reassortant rotavirus vacome was first
licensed by the Food and Drug Admunistrae-
tion. However, alter adnumstraten of 1.5 million
doses of the vaccine, it was withdrawn Trom
the market because of rare but severe compl-
cations  of intussusception {Abramson et al.,
M

For the treatment of rotavirus gastroenterits,
imtriavenous Muid administration has been used
suceessiully for dehydration from diarrhes. How-
ever, in the case of severe inpatients and immuno-
compromised  hoests who  are sutfering  from
prolonged diarrhea and lever, virus-specific treat-
ment will be necessary i possible. Several com-
pounds, biomaterinds, and  plant extracts have
heen found o be inhibitery for rotaviruses of
some species i vitre (Yolken et al,, 19920 Kaelel
et al., 1996; Koketsu ¢t al, 1997, Clars et al.,
19981 Some of them have prevented HRV-in-
duced diarrhes in suckhing mice (Ebmna ¢t al.
99 Yolken et al, 19926 but none of them has
vet been in clinical use

Stevia rehaiediang s a0 fumily member  of
chrvsanthemum, onginating from Paraguay in
South America, and has been used as 4 medicinal
plam for a long time, Recently, Tomna ¢t al
119973 reported thut the hotewater extract of 8
rehaudicna (we reler this extract as SE) has a
unique bactencidul elfect against enterchemor-
rhagic  Fschoriclia coli and  other food-horne
pathogenie bacterin, but not aguinst non-patho-
genw  Bifidobacieria and  Lactebaciffi,. We have
found that the SE had inhibitory aetivity against
the rephcation of HRV, In the present study we
descrnibe (1 in vitro anti-HRY activity of SE; i2)
mechantsm of anti-HRYV  actuvity of SE; 00
biogssay-directed Mractionation and purihication of
the active component and 4) chemical nature of
the purified ant-HRY component.

2, Materials and methods
o Cedls and viviises

MATOD cells (African rhesus monkey Kidney
cellsi were cultured n Eagle's mimmal essenual
medivm IMEM) supplemented with 1090 Tetal call
serum (FCS) Human rotavirus strains Wa (Gl
82, DS-NG2, MO (G2, Hochit G, und o rhesus
rotavirus,  SALL strain, were  propagated  in
MAING cells i the presence of trypsin (0.5 pg
mlr. and harvested after two freeze —thaw oveles.
Virus titer was determined by a plague assay.

2.2 Preparation of extract from S, rebaidion
Berioni

Dried stems and leaves 11 kg) of 5. rebaidian
Bertoni was extracted with 11 1 of hot water al
93°C Tor | h, The extract was then concentrated
ta 21 by heating at 95°C, and naturally fermented
at room temperature ftor [oyear. The Ssevia ex-
tract (SE) was centrifuged ot 10 000 =< g for 1O
min and stenilized by tfiltration (pore size, 045
pn before use,

23 Anvivival assavs

The inhibitory effect of Stevid extract on the
replication of rotavirus was determined by the
inhibition of virusanduced eyviotaxicity in MATDS
cells, A contluent monolaver culture of MATDS
cells wis mfected with Wa strain of rotavirus (100
plu per welll with various concentrations of 3E in
U 9-well microplate and cultured for 3 days, The
number of viable cells was indirectly determined
colorimetrically by Jad Sadimethvithiazol-2-vi-
2A5-dipheavltetrazohum bromude (MTTy as de-
seribed earlier (Tukahashe et al., 1997, The 500
eftective concentration (EC.0 was defined as the
reciprocal of dilution of SE required 1o prevemt
HRV-induced eytolvas by S0 Cell oviotaxianty
af SE or purificd component of SE was defined as
the 0% evtotoxie concentration {CC,,) expressed
as the reciprocal of dilunon of 8E or the concen-
tratien of purified component of SE that reduced
the absorbance of mock-imfected cells by SO0 af
that of the contral twithout SE or purified com-
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ponent). Sclectivity ndex was expressed as the
ratio of CCq EC,,.

24, Plaguie assar

Rotavirus strams were treated with trypsin (10
pemly at 270 for 20 min and inoculated into
confluent monolavers off MATOS cells in G-well
nlates. Following adsorption of the virus at 37°C
for 1 h, the inocuium was removed and cells were
washed with MEM. overlaid with 2 ml of MEM
contaning 0.7 agarose (Seakem) and 0.5 ugml
trvpsim and incubated for 3 davs at 37°C. The
wells were overlaid with T ml of .77 agarose in
phosphate-bulfered saline (PBS) contaming 1,337
neutral red and pligues were enumerated ufter 2-h
mevhanon.  For adsorpuion  inhibition assay
viruses were adsorbed 1o MATG cells in seral
dilutions af test materials for 1 h and thereatter
the cells were treated as deseribed above, The S0
effective concentration (EC,,) was defined as the
reciprocal of dilution of SE or the concentrution
of purttied component of SE required to reduce
the number of plaques hy 50,

.

250 Viris hindline assay

Virus binding assay was performed with radio-
labeled  purilied Wa stramn, Wao strainenfected
MAT cells were radiolabeled with 100 pCt S-
methionine for 12 h until massive CPE was ob-
served, The rudiolabeled virus was purtfied wih
CsCl gradient by ultracentrilfugation as described
earlier (Chen and Ramig, 19920 For a binding
assav, @ conlluent monolaver of MANK cells 1 a
dhewell mucreplite was meubated with the radio-
kibeled wirus (2 < 0% ¢cpm) in the presence of
absence of SE for 1T hoon we, after which cells
were washed free of medium and excess laheled
virus. The eells were lvsed with lyvsme solution
0 Tritons A 00Ls MO NaCL T0omM Tris O,
and bound virus wos counted ina ligud semila-
non counter (Alokar The percentoge of bound
virvses was calenlsied as (epm of membrane-
bound virusepm of watal mput Wa strain in
medivm} = 1000

26, Imnnmoffvorescence

MALDD cells 1in the B-chamber shide were n-
fected with Wa stram at meod of | and cultured
for 24 hoat 37°C, The cells were washed with PBS,
fixed in acetone for 5 min, and reactad with
YO2C2 anti-VP4 (Taniguchi et al,, 1987y or KU-
4 anti-VP7 (Tamguchi et al. 1988) monoeclonal
antibody diluted at 10 % in PBS containing 0.0
bavine serum albunun (BSA) for 3 min at room
temperature (BT Alter washing three times with
PBS. Nuorescent isothiccvanate-labeled  rubbit
anti-mouse TpGowas apphed and incubuted for 3
min at BT, Aler washing as described above, the
slide was exomimed by Quorescent microscopy.

27 Preparation of polvsaccharide of SE

Polvsacchurides of SE were precipitited with
two volumes of ethanol, dissolved in distilled wa-
ter and further purified by precipitation o 1%
cetvitrimethyvlammonium  bromude. The precp-
tuted  polysaccharide was redissolved in 4 M
NuCl dialyzed  against  disulled  water.  and
lvaphilized,

28 Mafeawlar sicve and don exchange cofien
chromatoeraphy of polvsaccharides of SE

Polvsaccharide of SE was fractionated by Sep-
hacrvl 8200 (Pharmacia-LKBE column chro-
matography.  Each  fraction  wias  lested  for
anti-rotavirus activity by the MTT assay. In-
hibitory (ractions were collected, dialyveed against
(.01 M phosphate bufter (PBy. pH 7.4, and ap-
plicd on a DE32-cellulose column, Aller washing
with 0.01 M PB, the polvsaccharides were step-
wise eluted with different concentrations of NaCl
CL20 0, oo, 008 T and 2 Mouan 0.0 M PR and
finally eluted with 1 M NaOH. Each fracnon was
dialvzed aguinst distilled water, Ivoplilized and
used for testing antiviral activity and biochenucal
anilvsis,

29 Bicfieniical ahefvsis

Biochemival  analvsis  of  polysacehande  of
Srevig o extragt owas  performed  as o previously
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described i Matsuda ev al., 19990 In briel, elec-
trophoresis wus performed on cellulose acetate
strips (Sartorivs 11 200, 57 = 145 mm) in 0.2 M
caleium acetate buffer (pH 750 or in 003 M
sodinm borate bulter (pH 9.4y Polvsaccharide
and monosaccharide bands were visualized with
0150 aleian blue in 100 acetic actd or alkuline
silver nitrate reagent, respectively.

Paper chromatography (PO was carsied oul by
the descending method on Whatman No, 1 paper
with ethyl acetate/acetic acid formic acid water
(18:3:0:d) as the solvent. Sugars were detected
with alkaline silver nitrate, p-ansidine hvdrochlo-
nde, or minhyvdrn reagents.

Sugars were also analyzed by gh-performance
quid chromategraphy (HPLC) with a Hitach
635 HPLC equipped with a refractive index detec-
tor onoa Wakopak WET 130 E column (Wako
Pure Chemicals, 7.8 » 300 mmb using witter as a
maobile phase at 60°C and at a flow rate of 0.3
mil min.

The molecular weight of the purified polvsac-
charide was deternined by a Hitaclhy 655 HPLOC
cquipped with a refractive index detector on an
Asahipak GFA 7 M column (Asaln Chemicals,
Thow 500 mm). To nunimize the assoction effect
ol the polvsuccharide solution, agueous 0.1 M
NaCl soluuon was used as a mobile phase ar 40°C
and at @ tow rate of 0.6 mlmin, The molecular
weight was catlibrivted with pullulans of various
maleculur  sizes  (Shodex Standard  Kit P82,
Showa Denko, Japani

For the component analvses of neutrul sugurs.
the polyvsicchande was hyvdrolvzed with 2 M -
voroacetic actd (TFA)Y Tor 12 hoat 100°C i a
sealed glass tube. Alter the acid was removed Ia
several evaporations under reduced pressure with
witter, the hydrolysates were analvzed by PCL
clectropharesis, and HPLC

For the analvses of amine acid and amine
sugitrs, the pelvsaccharide was hvdrolveed with 4
N HCH for 12 hoat 100°C, followed by a concen-
tration Lo dryiess over PaOy and NuOH in vacuo
The residue was analvzed by PC. electrophoresis,
and an amine acd analyzer,

Sullste content was determined with a Shi-
madzu HIC-6A HPLC equipped with a Slimpack
IC-AT column (4.6 = 100 mm) and a conductivity

detector wsing 2.5 mM phthalic aod contiining
24 mb] tnsthvdroxvmetinly aminomethane (pH
4,00 as a mobile phase ut 40°C after hydrolysis of
the sample.

3 Results

A Infiibivory offecr of SE o the HRI
eplication and pivas adsorpiion

Inhibitory effect of SE on the HRV rephcation
wits examined by MTT assav. SE showed the
inhibitary activity against Wa strain with an EC,,
of 220-fold dilution of the onginal SE solubon,
However. since the SE was relatuvely cytotoxic o
MA N cells under this condition (CC,, 112-lold
dilution, selectivity index. 21, the exact antiviral
activity of SE was unclear, Theretore, o plaque
assay was used o confirm the inhibitory activity
of SE 1o HRV. First, we have examined whether
or not SE might inlabit virus adsorption, because
many plant extracts contain various  Kinds of
polvsaccharides, some of which have an inhibitory
Activity to virus adsorption, As shown in Table 1.
the additon of SE during anly the adsorption
period inhibited the plague formation of strain
Wa (EC.,. LI8-fold dilutien), Cytotoxicity of SE
was determined by an MTT assay an the MATDY
cell culture which was exposed 1o SE fer 1 h
fudsorption period i and ineubated Tor 3 davs, The
CCo of SE was 32-told dilution iselectivity index,
41 and evtotaxicny at T00-fold dilution was 570 of
the control, These findings suggest that anti-HRV
activity of 8E s not due o evtotoxcty of 5E 1w
MATO4 cells. For the strategy to be of value m a
climecal application, 1t wis necessiry o deternne
whether expasure of SE 1o hyvdrochloride (pH 2)
mity lase activity or not. This mhibitory etfect of
SE was not reduced on the prior exposure ol S5E
b FECT Tor 300 min at pl 20 To examine the virus
specificity of SE we further twsted whether SE
miay indibit the Tour serotvpes of HRY and w
rhesus rotavirus (SALL striind or not. Interest-
mgly, the SE mhibited the plague Formation of all
taur serotvpes of HRY with similar EC., among
the serotyvpes but not that of SALL strin (Table
s, Furthermore, 5 did oot inhibie the plagque
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Table |

Inhilitory effect of SE ugamst ronavizuses on plague formaton

Seralype Straie B felilunon
W | 1%
[21apH Zi
2 351 137
w1 153
T A I 138
A [z hit A
Rhesus rotevirus SA101 = A1

Selecrvity ey

S J4
3 4
£, 4

" Il
32 4
32 +
32 m

CEC., was exprossed ws the mean value from tnphcate experiments of plague assays,

FOC. evtotosieny of SE was determined by an MTT assav

the MAIDE cell culture which was exposed 1o SE for 1 h

adsorption period) and incebated for 3 davs, CC., was expressed as the reciprocal of dilutios al' SE that reduved the absarbunce

of contrel cells fwithout SE; by 30
el Wor dezermned,

formation of herpes simplex vires 1 IKOS straing
and influenza virus (Ishikawa swrain) (data not
showny, In addivon, the pretreatment of MATOJ
cells with SE ror X maun ar 10-200-fold dilution
did not decrease the aumber of plaques i a
plitgue assay (data not shown).

220 Eftecr of SE on the hinding of W steain fo

MA TG celfs

To further examine whether SE inhihits virus
bindimg or not, the binding of radiolabeled
purified W st 1o MATO4 cells was tested, SE
thibited the binding of the virus to the cells in a
dose-dependent manmer (Fig, 1 I the presence
of Si-fold dilution of SE, the bound virus reduced
W approsimately 200 of control bound virus in
the absence of SE.

A4 Effecis of SE on e binding of anii-1P7
Medl o HRU<infected Mo TO4 cofis

Smee it has been shown that both virgd
protems, VP4 and VP77, which constitute the outer
baver of mature virions, play o role in the cellular
entry of HRY 1Ludert et al.. 1996; Gilbert and
Greenberg, 19975 we examined whether the SE
might inhibit the binding of anti-VP42 MoAb (YO-
202 and or that ol anti=VP7 MoAbiKL-4) 1o
Wa strain-infected MATO4 cells. As shown in Fig.
2. the SE considerably inhibited the binding of
anti-VP7 MoAb o the infected cells (Fig. 221 In

contrast, 1t did net obviously mhibit the bindimg
of anti-VP4 MoAb (Fig. 2bi

S Isofation of the alibiory component of SE
weaist MRV

To wentfy the mbibitory component of SE
dgamst HRY, we thought polvsacchandes of SE
might be the component because some  plant
polvsaccharides have been reportad o be an ad-
sorption mhibitor of a virus (Tabba et wl, [9849)

— el

oo N R

HH

% HRV binding

§ =
H é
Fig. 1. Effect af SE on binding of the Wa stran 1o MAI0S
cells. Teiplicate cultures o MALOS cells were ncubated with
PRdakeled Wao ostrain ino varieus concentrations of 8E or

Stevian, Datn represent mean pereentages o= 5,100 ol men.
Arine-bownd virns

none
SEx 50
SE x200



W atrmim-iniecned MALOS cells were fxed and reactad with ant-VE Ga, by ¢ or anu-YET Gl e O MeAb o the absence 1, dr or

g2 E et of ST oor Stevian on Bindime o ant=%YP7 NMoAb o IR Y inleeted MATOE cells as visualized By oimmunalluors scence

presence (b er ol SE 530=fold dilutiond angd in the presence of Stovean to, 1, 300 ggrale Binding of these MoAbs was visualieed by

FITCcomjugatsd rabbin antenuouss [pds antibodizs

Therefore, according o the punficution protoco!
shown in Fizo 30 polysaccharides of SE were first
precipitated with ethanol and fractionated by Sep-
byl S5-200 column chromatography, The in-
libitory acuivily 1o HRY of each fraction was
examined by the MTT assav {Ig. 4). There were
two major peaks of inloboery acovity. Highe
inhibitory activity was found in Fractions 48-61
thigher molecular weight (MW and secondar
mhibiory activity was tound 1 fractions 71 - 76
Hower MW We Purther collected Iraction 48 61
and puntied 1t by DES2 jon-exchange column
chromatography. Each fractuon eluted with vani-
ous concentrations of NaCl solution was dialyzed
against witer, voplilized, and tested Tor anti-
HEW activiey v a MTT assay (Fig, 5. Anu-HRV
activity was found at 300 pgml in all fractions
eluted with 0.2-2 b NaCland | M NaOH. with
the 20 A MNaCl fraction
Remarkable cvtotoxicity was not observed in each
Iraction

the highest activity

AT | CEC T EL TR amatfvaes of e frocren it

i |'I|r.'I|' -'| 1.}' '\,.:.. I:--' 'Ill

To wlenuty the compaonent of inhibitory frac-
von, the 26 ONaCl fracton with the highest

activity was subjected to brochemical analyvsis as

follows. Purily of the fruction was evaluated by a
cellulose-acetate membrane electrophoresis and
gel hiltration, The Traction showed one sharp ho-
maogeneaus band in the electrophoresis and one
penk i the gel iltraton on an Asalupok GEA T
Mocolumn on g Hiaehln 655 HPLOC {data not
shown), The molecular weight of the Fruction was
determined 1o be Y800, Therefore, this fraction
wis Tound o be pure, and we referred o this
purified fraction as "Stevian’. Amine acid content
of the fraction was determined by an amino acid
analvzer, and it owas revealed that two amino
acids, Ser and Al were contained n the fraction
Topmolimg fraction, respectively,
Meutral and amine sugars were analveed byoa
paper  chromatography, cellulosg-acetate mem-
brane electrophoresis, and HPLC No neutral and
antino sugars were detected n the frucuon by
these methods watn not shown) Sulfale content
wis analvzed by HPLC (Shompak 1C-Al) and no
sultate residue was recopnmized (dita not shawn),
Sugar component of this fraction was analveed by
cellulose-acetnte  membrane  electropharesis  Lo-
cether with glucose and glucuronic acd. Although
enough color development wits not observed by
the carbazole-sulfune acwd method 1Tundavaniy
et al.. 19899, a uronie sad-hke band was obsgrved

at 54 and 3

i electrophoretie analvsts (data not shown).
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36, Inhibitory acrivite of Stevian

To clarity whether Stevian represents the in-
hibitory actvity of SE agamst HRY, we re-exam-
med the ahibitory activity of Stevian on plague
tormation, for binding of Wa strain 1o MATDY
cells and for hinding of anti-VP7 MoAb o Wa
strain-infected MA104 cells. As shown in Table 2.
the Stevian inhibited the plaque Tormation of all
four serotvpes of HRY with EC,, of 4314492
agml OO, af Stevian was over [O00 pg ml {se-
lectivity index. =21 Since the eytotoxcnty at
100D pgml was 449 of the contrel, 1t s unhikely
that the anti-HRV activiry of Stevian 15 due 1o the

Stevia extract (200ml)

Ethanol precipitation

'
ch"pitate

Supt:matant

Sephacryl 5-200 column
MTT assay
| inhibitory fractions

Mil*ﬂr fractions
( Fr. 71-76 )

Major fractions
{ Fr. 48-61 )

DES2 ion-exchange column
Elute with NaCl solution

NaCl solution ( M )

0.2

0.4

0.6

0.8

1.0

2.0 — Component analysis
M NaOH

Fraction

-—d T O B LD b e

MTT assay

Fig & Purfwation protocel for anle BY polysaccborade
rrom Bk
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Fraclion numbsr

Fig 4 Anu=FERNY goiviey of Dactons of SE Som Sephacey|
8200 column, Polvsaccharides of SE were gel filtered by
Saphacry] 5200 column chrometography, Each lraciion was
expmined Tor inhibitory actvity w HEV baoan MTT assay
Fractions whiclh do net show the porcent inhibilion {ie. no

finel was evietoxie to MATOD cells,

cytotoxicity of Stevian to MATD4 cells. Further-
maore, the Stevian indeed inhbited bindimg of
purified Wa strain o NMATO4 cells iFig, 1 and
also mhibied the binding of ant-YP7 MoAb, bul
not of anti-VP4 MoAb to Wa strimn-infected
MALTOD cells (Fig, 20 and <) These experiments
confirmed that Stevian represents the anbi-HRY
Fractien of SE.

it o ®n X @ W owrp % & E ¥ W
% rhkition eylanchy

Fig = AmiFRY ooty of fractons of 38 fronn [3ES2

allimety column, Sapor mismitory riciwons of Sk polyvascche-

rides from Sephuors ] 5200 were collected and fracmoniled by
LEL: column ehromategraphy. Each fraction was eluted by
WaCl s=olunon with stepwise inergrsing conceniration and
fested For anbi=HREY activary at S g ml By oan MTT assan

[nkebmary activitics are expressed s percant mhibowon
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Tahle 2

Inhtrory effecl of Stevim pgainst rolavirasss on plague Sommaton

Serotvpe Blritn EC,, fug/'mly
I W R T
2 135-1 452
hi 431
MO divh
4 Hoch: 462

iRriivad Rescavell ¥ FHIMN Y (524

CO el Selectivily index

.||'l:|I| -u:'
e I 2
R =2
< L .
= [0 =

“EC,, was expressed as mean value from mnplicase expeniments of plague assays.
PO, evtotasiciy of Stevian was determined by an MTT assay i the MATGE cell culiure which was exposed o Stevian for |
b {adserption perwod) and incubated for 3 davs, OO, was expressed as the concentration of Sievian that reduced the absoerbance

of control cells taithout Stevians by 500
4. Discussion

In the present study, we have demonstrated
that extract [rom Srevie rebaridiona has an anu-
HRY actvity in vitro, and one of the anti-HRV
components (Stevian) s an amonic polysaccha-
ride as revealed by the results of the DESZ an-
wn-exchange  column  chromutogruphy  and
component analvsis. Although we have not 1den-
titied other anu-HRY components eluted with
2-1 M NaCl and 1 M NaOH in DES2
column chromatography (Fig. 51, we presume
that these companents also represent anionic
polvsaccharides with  different negative charges
Mromn the fraction eluted with 2 M NaCl solu-
tion, because these components were eluted with
different concentrations of Nall soluvon, We
also have not idenufied the munor inhibitory
peak in Sephacryl 52000 column chromatogra-
phy kg 41 These components may be palysac-
chandes with moleculur weights of less than
[0 oo, Besides these [ractions in the Sephacryl
S200 column chromatography, there were sev-
eral fracuons with dilferent inhibitory activites,
These lindings indicate that the anti-HRV com-
ponents of SE consist of heteregencous anionie
polvsacchardes

The finding that the addmon of SE during
HRV adsorption to MAIGS cells resulted inom-
hibivon of plague Tormation indwcates that the
inthibitary mechanism of SE 15 the adsorplion
mhibition. In addition, binding mlabion experi-
ments showed that SE and Stevian blocked the
virus binding o MANM cells in concentrations

which are consistent with the result of a plague
assay (Table 1), Furthermore, the tact thut Sk
and  Stevian  inhibited  binding  of  ann-VP7
MoAb but not that of anti-VP4 MoAb to Wa-
infected cells suggests that the SE and Stevian
Bind 1o at least the VPT outer-layer glveo-
protein, although this finding  does not com-
pletely exclude the possibility that they may also
hind 1o VP4 protein

The outer-laver of rotavirus consists of trimers
of the 37 kD VP7 surface and 60 spikes of the
S8 kD VPL dimers), which interact with VP7
(Prasud et al, 1988, Yeager et al, [990, 1994,
VP4 s an important factor moreceptor binding
and cell penetration (Ludert et al, 1996) and
VPT also plavs a role in cell attuchment (Sabara
et al, 193570 and may associate 1o receptor-bind-
ing spectlicity inomtersction with VP4 iMendez
et al, 19961 In terms of cell receptors, Hewish
et al (2000) clearly demonstrated that integrins
4200 and =«4fl are cell receptors for the simian
rotavirns SATL They have also indicated that
VPSS of most human and woimal rotaviruses has
the amine acid sequence DGE at aa 308 310,
which acts as a ligand of type [ collagen for the
20 integrin iStaatz et al, 19910 VPT of many
retaviruses has the sequence LDV at aa 257
229, which is the mimmal essential sequence for
adhesion of fbronectin to the «4p1 and «4p7
imtegrins (Komorva e al, 19900 In addinon,
VPT ool all mammalian rotaviruses also has the
sequence GPR o at aa 253255 which s a ligand
ol tibrinogen Tor the aafil integrin. Furthermore,
peptides LVDT and GPRIP have been found 1o
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Block rotavirus infection in vitro, suggesting that
the binding of VP7 1o integrins on cell surface is
the important first step of virus entry 1o cells
tCoulson et al,, 19975 Therefore, SE and Stevian
with MW of 9800 hound 10 37 kI VPT are hikely
te interfere with the binding of VP7 to inlegrins

By steric hindrance, which results in blocking of

the wirus attachment to cells, Although 1t 15 nol
clear whether SE may also bind 1o 88 KD VP4 or
nol, SE bound 10 VP7 may alse inhibit the hind-
g of VP4 to intepring by steric hindrance.

The binding mechaniam of Stevian to VP7 15
speculative. Tras Likely that anionmic 1ons [probably
carboxy residues) of Stevian may play an impor-
tant role on the binding to VP7, because sul-
ations  and  carboxy  groups  of  aniomic
polysaccharides have been shown to be Key deter-
minants for the inhibition of virus adsorption 1o
host cells (Herald et al., 19961 Analvsas ol three-
dimensional structures of VP7 may be required 1o
understand the binding mechamsm between Ste-
vian and VP,

Among ant=HRY agents  previously invest-
gated in vitra, agents origmating [rem plants in-
cluded  PolySaccharide-Kureha  1PSK), o
protein-bound polysaccharnde prepared from the
extract of the myeeha of Coriodus versicodor of
Basidiomyeetes (Ebina et al, 1990) and tea ex-
tracts (Clark et al,, 19981 The inhibitory compo-
nent of PSK owas found 1w he a protein
{25 phound p-p-glucan, which s duferent rom
Stevian., In g mouse diarrhea madel, the PSK.
human ol mucin and a prowease mhibitor are
the agents which prevented the development of
HEV-induced diarrhea besides animal anu-HRY
lgA and egg volk anti-HRY immunogiobulins
[Ebina and Tsukada, 991 Ebina et al., 9%
Yolken et al,, 1992), However, none of them has
vel been approved in chnical use, Since SE his
been approved as o safe health toad and has been
commercilly available for these 8 vears in Japan,
SE s expected as o candidate Tor climcal tnals for
treatment ol rotavirus inlection. Further studies
are needed to evaluate whether SE muy prevent
the development of HRV-induced diarrhea or not,
and whether SE mav reduce the duration and
severity of diarrhes in o mouse model,
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