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Abstract The inhb itory effectof glyeyrrhizin (GI)) on porine respiratory coronavirus ( PRCV) replicaton was investi
gated i vito n ST ce]ls using RT-PCR and W estem | Jot techn ques GL. effective]y suppressed PRCV rep Jicaton w ith-

out causing apparent ce]] cyotxicity in ST cells The inh biory effectof GLL on PRCV was in a dose d ePenden tmanner
The expression levels of hothmRNA and protejin of the PRCV nucleocapsid Protein in ST cells were mpeded bY the in
creasing add ition of GI, suggesting it is a potentia] effective antivim] canponent against PRCV i vitro
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Introduction

Since the antvim] effct of glyeyrihizin (GL)[ 208 -
carhoxy]- 11 - 0X0_3( - nowlean_19 - en_38 - Yl-
2-0 B - D - glucopyranuronosy| - 4 - D - glucopyr
anosiduron ¢ ac iq was reportedl”, many studies have
ndicated hatGL, i1s active aganst a variey of vimuses
ncluding€ human jmmunaode ficiency vimus (Hl\/)m’
hepatitis A v iruls31’ hepatitis B vimk“l’ influenza virus
A hepatitisC viru® 7 and even the recently denti
fied severe acute respiratory syndmme ( SARS) corona
vimuk®  Though the inhibitonmechanisn ofGl. on dif
ferent types of vimus seans 10 he different and same of
them sti]] rmain unclea’r 1ts e fectiveness suggests that
GL may aso be aPP|rcah ke t0 ania] viruses
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Porcine respjratory coronavimus ( PRCV) amemper of
the fanily of Coronavimse’s belongng to He orxder of
the N idov ira lqs 1S an enveloped virus contanmng Posy
tive_stranded RNA genane It i a Pathogen causpng re
spiraoy tact jjness jn pRlets while nomuch research
has been done on this virus Recent]y the expression of
PRCV nucleocapsid Protein was perfomed jn our [aha
oy’ T the Present study we investigaed the anti
vira] effect of GL. on PRCV

M aterjals and M ethods

Cell virus and glycYyrrhizin

Swine testis ( SI) cells were cujured at3y °C n 5y

() in Eaf smiinun essentia] med im ( MEM)

contanmng 10% feta] bovine serun ( FBS) 2 mmo) 1,
L-8lutaminge 100 IU/mL of Penicillin and 100 ¢+ &mL
of streptanycin Cel]l vabili¥ was detemned by trypan
blue exc 1us'p(1 Porc ne respratory coronaviruswas sQ
lated fran a Pt fam jn Fujan Province The vims
was passaged on ST cells forzg tines as vius stock
and the titer of the virus was detm jned as 107, 50

tissue culture infectve doses (TC]QO ) berm],
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GIyeynhzin ( GL) was purchased fran TokYo Kasei
Koo Japan with the purity ofgg g, GL was dis
sofed n PhosPhate buffered saline ( PBS P 7, 4)
and adjused © PH7, 2 With] N sodium hydmoxide be-
fore use The polycjona] antihody of GSI- fused PRCV
nucleocapsid pProten was pPrepared in ¢h cken n our o
poratory using GST affinity column purifed Protein as
antigen
V rrus titraton
The viwus tier was detemined by CPE analysis Brief
]y virus infced ce]] supematantswere hawested72 h
Post infection The suPernaants were 1(- f0ld seria] di
luted and added 10902 confluent ST cells ingg -well
culture phtes and incupated at3y °C for farthergg hL
The infection effracy was checked by cytoPathic effect
(CPE) and the 50% tisue culture
(’[C]QO ) were calculate
CYwotoxicity assay
CYytooxicity was assessed by detemmning ce]] viability
and medija lactate dehYdrogenase (] DH) actvity Cell
viahility was assessed using the trypan hlue exclusion
techn que while the cytoplasn ¢ enzine Jactate dehy-
drogenase ( [DH) was assaYed using a cyotoxicity de-
tection kit ( Pramega USA) accoding © the manufac_
turer s pstuction
Reverse transcrip tion PCR ( RT-PCR)
Tota] cellubr RNA was extracted fran mock infected or
PRCV infcted cells Post mfection usin€ an RNA extrac
tion reagent TRID] ( Life technology USA) accordng 1o
the manufacurer’s nstruction Twop g of RNA was conse
quently reverse transcrihed © HONA usig€ an AVIV re
verse transcrption RT kit (Roche Gemany)y and Olig0
(dI)15 Priner A Pair of Priners correspond ng 10 PRCV
N-pPotein f1]l [en8h (1149 bP) was used for (CR ampli
fication using the RT Product Foward 5" ATGGOCAAC-
CAGGGACAACGIR;  rvers 5" TIAGTTUGTTAC-
CIOGTCAATCAR ' ( GerBark - accession NO'- 224675 )
The Priners forB -actin of ST ce[ls ( Partia] sequence 37
bPy were pwvard 5'GAGOGGGAGATIFTGAGGGACAS,
revere 5" GATCTIGATCTTCATAGTGCTG ' ( GenBank
accessin No 41198), RI-PCR deteced the expresspn
ofB —actin as an ntema] reference The PCR cYc[ing pra
fik wasgq °C for3 mip 94 °C forgy s55 °C forgs s
72°C for3g § forzp cycks folloved by7 C pryg
min The RCR Productswere mun on aj, 204 agamose ge|
Each band was quantiated usng a densjtaneter (V iber
1ourna,t France) and the ratp of N Protein mRNA 03-
acth mRNA was cajcupted using te Biog D sofware

mfectve doses

W estem b [ot

Mock infected or PRCV mnfected ST cells in the Pres
ence or ahsence of (3], were hawested and washed with
PBS wice prior © e addition of S PAGE bu fler in
the Presence 0f5% 2 -mercaptoethano] and hoilng

DS PAGE was carried out on ajoyg polyactylan e
ge| and was consequently transferred to a njtroce]ujose
memhprane The menhrane was h bcked with 504 hon
fatmilk mPBS con@anngq 05y, Tweenpg ( PBSD)

fory h and then reacted with anti PRCV nuc]eocapsid
Potein polycpna] anthody forp h Afier washng he
menhrane was alpwed to reactw jth horseradish P eroxi
dase Jabeled rabbit antichicken jmmunogjobulin {or |

h Folbwing extensjve Washin.g the Protejn was detec
ted bY an enhanced chemijuminescent develoPing kit
(Prreg UA),

Results

Cytoox ity of GL

To study he antivira] effect of GI. on PRCY we firste
valuated the noncytooxg concentrations of (G, for ST
cells Cells were cultured in the Presence of varpus
concentrations ofGL. foryp h cell viabiity and the c¥
toPJasn ic enzime [actate dehydogenase ([DH) activi
vy was detemined As [DH is a stable cytoPlasnic en
zine Present in al] cells and s released nto the cel]
cu ture supematant once the Plasma memprane was
damaged We adoPted this convenjent and reliable
methad 10 analyze cytotoxicity The result shoved that
there was no much difference in cel] viability heween
untreated cells and celfs treated with GL. at the concen.
tration as high as3 oo + &mL for7p L Only a s]ight
decrease mn ce]] vabhility was dentifed when G[, con
centratpn reached4 000 ¢+ &mL (Fig 1),
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ST cells (1 x 10° cellyml) were culurd wih different fina]
concen trations of GL. pr7p h and he cyotxicity caused by GL
was detemined bhY the release of e cytd asnic enzyme Jactate
dehydrogenase (I DH) activi®y Results are means 4 < fran §
samp fes
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Inhibition o f PRCV repPlcation by GL

The antivim] effect of G on PRCV mfectivity n ST
cells was first nvestig8ated bY CPE inhibitpon assay
PRCV vims was added © ST cells atmultiPlicity of in-
fection (MOD) ofy, o After ncubation atz7 °C  foryp
h the cellswere ohserved underm jcroscope or used {or
RNA extractpn or proten detection As shown i
Fi89p canpared wih ocont] PRCV infection caused
obvpus CPE (Fig 2 b), Additon of GL. at Jower con
centration (0 and 100 # &mL) (Fig2candy d) dd
showmuch effect in the nhibition of CPE However
when he G concentration reached 500 andL 000
p &m], the occurrence of CPE was campPlete]ly nhibt
ted and the ce]l moPhology was sinilar © contro] cells
thatw thout PRCV vius pnfction This result was fur
ther confimed bY RT-PCR andW esem hlot Canpared
with the Positive contio] ofg —actin with the increasing
addition of GL. 10 the ST cels the expression of vira]
nucleocapsid Protein mRNA was gradua]ly suppressed
W hen the GL concentratpn reached 100 ¢ g&m], no Vi
ra] DNA band could be detecte] suesting the repli
cation of PRCV vims was canplete]y nhibited (Fig
3A), Sinijlar resu]t was a]Jso shovn n W estem blO,t
where the expression of nucleocapsid Protein (42 kDa)
was inh bited With the increasing addition of GL. and
canplete mh b ition could be identified at the G con
centration of5( and 100 ¢+ &mL ( Fig 3B), Obvpusly
RT_RCR ismore sensitive thanW estem hlot in the de
tection of PRCV replication as at (G, concentratjon of
500 ¢+ &ml,
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Fig2 EffectofGL on PRCV i ST cells
a Mock infected cells b Infected cells without additon of GI,
¢ Infected ce]ls in the Presence of GL (20 1 g/mL); d Infected
cells in the Presence of GL (100 g/mL)y e Infected cells n
the Presence of GL. (500 & g/mL); [ Infected cells in the Pres
ence of GL (1 000 ¢+ & mL),

W estem plotd d not show any proten hand while RT-
FCR still revealed a weak Positive hand Most inpor
mntly both mehods gave consisent resu]ts ndicatng
the antivim] effect of GL © PRCV is in a dose dePend.

entm anner

| +~Nucleocapsid
7 protein

(c)

Fig3 DosedePendent inhibiton of the replication of PRCV bY GL
a RT.PCR © detect the expression of nuclocapsid ProteinmRNA w ith the exPresspn OfB_actin as an intema] Ieferenc? L Each band in
A was quantjated by a densjten eter (Viber Joumat France) and the ratjo of N-protein mRNA o8- actin mRNA was calcu jated using
the Bia1D sof'war? ¢ W estem blot © detect the syntesis of nucjeocapsid Protein [Lane | mock infected ()e]Ls lanep_g PRCV infected
cells n the Presence of d ifferent an cunts ofGL(Q 20 100 500 andl 000~ &mlL) espectively The size ofmojecularmarkerwas Ja
beled on he left
Ths is he firstdemonstraton that GI. has he antivira]

D 1scusson , , o
effect on porcine virus The antivira] effect of GL. a

In te Present study we found thatGL, 1S an effective
antjvira] canpound aganst PRCV in ST cells and the
effctive concentration is pwer than the cytooxic leve]

ganstPRCV # dose dependent
In order 10 nvestBate the antjvira] effectofGI, a can
bination of RI-RCR and W estem ot was admitted 10
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studY the nucleocapsid Protein mRNA exPression and
protemn synhesis OQur results hoved that RT-PCR 18
more sensjtive thanW estem h pt and hoth results were
consistentwhike W esem hlot €ave the direct evidence
of the fomation of matire vimus

To dat,e many studies have heen carregd out on the an
tivira] effect of GL on different vimses such asHM? ,
Hebatitis A Viru&ﬁl’ Hepatitis B Viruk“l, nfluenz vi
rul’l  and SARS comnav ik Themechanigms ofGL
n mhiiting the replicatpn of these vimses have ajso
been nvestigated The mhbitoy effect of GL. on HIV
was Postulated as suppresspng the Potemn kinase C
( IKC) activity as the ce]lularC[y receptor of H V-1
partices needs © he PhosPhowlated by PKC'® | The
suppression of nfluenza vimus hy G, was supposed bY
enhancing the jmmuno response of he host ( mouse)
bY inducing the production of intereony a cyokine
that is effective agapnst vimus mnvasion’  Whik the
efectaganstHepatitis A vius® was presumed as af
fecting the vius penetration 10 the host ce]] The exact
mechangn of GL. against other vimses howeve’r re.
mams unc 1ea'r

GL 1’ a Chinese medicine canmonly used as an antp
inflmmatory supsance thas heen clincally used as a
treament for chonjc hepatitis formore thanpp Years in
Japan” Themore recent report ahout the effectiveness
OofGL on he treament of SARS sugBested the inpor
tance of GI, mn the therpPeutic use aganst human vuw
ses Hovever the hBh rik of SARS in exPerinent
greatly affcted the study of this vius On the oter
hand as a coronaviru’s PRCV $ sinjar ;m virjon stuc
ture and even jn stiuctura] Proten canposition 0 SARS
and furbhemore PRCV is safe in Jahoratory handling
Thus itmay be an gdea]lway t0 use PRCV as a mode]
vius jn the screening of antivira]| canponents and i

the sudy of the antyviralmechanisn of(3[, to coronavir
uses n the future
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