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甘草酸对猪呼吸道冠状病毒的抗病毒作用
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摘　要:利用 ST细胞研究了甘草酸对猪呼吸道冠状病毒(PRCV)体外复制过程中的抑制作用。通过 RT-PCR和

Westernblot检测发现甘草酸能有效抑制 PRCV的体外复制而对 ST细胞不引起明显细胞毒作用。抑制效果与

甘草酸的剂量成正比关系。 PRCV病毒核衣壳蛋白的表达无论在 mRNA水平还是在蛋白质水平均随着甘草酸

添加量的增加而降低 ,提示甘草酸是一种有效的抗 PRCV药物。
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AntiviralEffectofGlycyrrhizinonPorcineRespiratoryCoronavirus(PRCV)
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Abstract:Theinhibitoryeffectofglycyrrhizin(GL)onporcinerespiratorycoronavirus(PRCV)replicationwasinvesti-

gatedinvitroinSTcellsusingRT-PCRandWesternblottechniques.GLeffectivelysuppressedPRCVreplicationwith-

outcausingapparentcellcytotoxicityinSTcells.TheinhibitoryeffectofGLonPRCVwasinadose-dependentmanner.

TheexpressionlevelsofbothmRNAandproteinofthePRCVnucleocapsidproteininSTcellswereimpededbythein-

creasingadditionofGL, suggestingitisapotentialeffectiveantiviralcomponentagainstPRCVinvitro.

Keywords:glycyrrhizin;nucleocapsidprotein;porcinerespiratorycoronavirus(PRCV)

Introduction

Sincetheantiviraleffectofglycyrrhizin(GL)[ 20β -
carboxyl-11 -oxo-30 -norolean-12 -en-3β -yl-
2 -O-β -D-glucopyranuronosyl-α-D-glucopyr-
anosiduronicacid] wasreported

[ 1]
, manystudieshave

indicatedthatGLisactiveagainstavarietyofviruses
includinghumanimmunodeficiencyvirus(HIV)

[ 2]
,

hepatitisAvirus
[ 3]
, hepatitisBvirus

[ 4]
, influenzavirus

A
[ 5]
, hepatitisCvirus

[ 6, 7]
andeventherecentlyidenti-

fiedsevereacuterespiratorysyndrome(SARS)corona-
virus

[ 8]
.ThoughtheinhibitionmechanismofGLondif-

ferenttypesofvirusseemstobedifferentandsomeof
themstillremainunclear, itseffectivenesssuggeststhat
GLmayalsobeapplicabletoanimalviruses.

Porcinerespiratorycoronavirus(PRCV), amemberof
thefamilyofcoronaviruses, belongingtotheorderof
theNidovirales, isanenvelopedviruscontainingposi-
tive-strandedRNAgenome.Itisapathogencausingre-
spiratorytractillnessinpigletswhilenomuchresearch
hasbeendoneonthisvirus.Recently, theexpressionof
PRCVnucleocapsidproteinwasperformedinourlabo-
ratory

[ 9]
.Inthepresentstudy, weinvestigatedtheanti-

viraleffectofGLonPRCV.

MaterialsandMethods
Cell, virusandglycyrrhizin
Swinetestis(ST)cellswereculturedat37 ℃ in5%
CO2 inEagle' sminimumessentialmedium(MEM)
containing10% fetalbovineserum(FBS), 2 mmol/L
L-glutamine, 100 IU/mLofpenicillinand100 μg/mL
ofstreptomycin.Cellviabilitywasdeterminedbytrypan
blueexclusion.Porcinerespiratorycoronaviruswasiso-
latedfromapigletfarminFujianProvince.Thevirus
waspassagedonSTcellsfor35 timesasvirusstock
andthetiteroftheviruswasdeterminedas10

7
, 50%

tissuecultureinfectivedoses(TCID50)permL.



Glycyrrhizin(GL)waspurchasedfromTokyoKasei
Kogyo, Japanwiththepurityof99.6%.GLwasdis-
solvedinphosphate-bufferedsaline(PBS, pH 7.4)
andadjustedtopH7.2with1Nsodiumhydroxidebe-
foreuse.ThepolyclonalantibodyofGST-fusedPRCV
nucleocapsidproteinwaspreparedinchickeninourla-
boratoryusingGST-affinitycolumnpurifiedproteinas
antigen.
Virustitration
ThevirustiterwasdeterminedbyCPEanalysis.Brief-
ly, virusinfectedcellsupernatantswereharvested72h
post-infection.Thesupernatantswere10-foldserialdi-
lutedandaddedto90% confluentSTcellsin96-well
cultureplatesandincubatedat37℃ forfurther96h.
Theinfectionefficacywascheckedbycytopathiceffect

(CPE)andthe50% tissuecultureinfectivedoses
(TCID50)werecalculated.
Cytotoxicityassay
Cytotoxicitywasassessedbydeterminingcellviability
andmedialactatedehydrogenase(LDH)activity.Cell
viabilitywasassessedusingthetrypanblueexclusion
techniquewhilethecytoplasmicenzymelactatedehy-
drogenase(LDH)wasassayedusingacytotoxicityde-
tectionkit(Promega, USA)accordingtothemanufac-
turer' sinstruction.
ReversetranscriptionPCR(RT-PCR)
TotalcellularRNAwasextractedfrommockinfectedor
PRCVinfectedcellspostinfectionusinganRNAextrac-
tionreagentTRIzol(Lifetechnology, USA)accordingto
themanufacturersinstruction.TwoμgofRNAwasconse-
quentlyreversetranscribedtocDNAusinganAMVre-
versetranscriptionRTkit(Roche, Germany)andOligo
(dT)15primer.ApairofprimerscorrespondingtoPRCV
N-proteinfull-length(1149bp)wasusedforPCRampli-
ficationusingtheRTproduct.Forward:5′ATGGCCAAC-
CAGGGACAACGTG3′;reverse: 5′TTAGTTCGTTAC-

CTCGTCAATCAT3′(GenBankaccessionNo.Z24675).
Theprimersforβ-actinofSTcells(partialsequence:372
bp)wereforward:5′GAGCGGGAGATCGTGCGGGACA3′;
reverse:5′GATCTTGATCTTCATCGTGCTG3′(GenBank
accessionNo.Z81198).RT-PCRdetectedtheexpression
ofβ-actinasaninternalreference.ThePCRcyclingpro-
filewas94℃for3min, [ 94℃for30s, 55 ℃for45s,
72℃ for30 s] for30cycles, followedby72 ℃ for10
min.ThePCRproductswererunona1.2%agarosegel.
Eachbandwasquantitatedusingadensitometer(Vilber
lourmat, France)andtheratioofN-proteinmRNAtoβ-
actinmRNAwascalculatedusingtheBio-1Dsoftware.

Westernblot
MockinfectedorPRCVinfectedSTcellsinthepres-
enceorabsenceofGLwereharvestedandwashedwith
PBStwicepriortotheadditionofSDS-PAGEbufferin
thepresenceof5% 2-mercaptoethanolandboiling.
SDS-PAGEwascarriedoutona12% polyacrylamide
gelandwasconsequentlytransferredtoanitrocellulose
membrane.Themembranewasblockedwith5% non-
fatmilkinPBScontaining0.05% Tween20 (PBST)
for1 handthenreactedwithanti-PRCVnucleocapsid
proteinpolyclonalantibodyfor2 h.Afterwashing, the
membranewasallowedtoreactwithhorseradishperoxi-
daselabeledrabbitanti-chickenimmunoglobulinfor1
h.Followingextensivewashing, theproteinwasdetec-
tedbyanenhancedchemiluminescentdevelopingkit
(Pierce, USA).

Results
CytotoxicityofGL
TostudytheantiviraleffectofGLonPRCV, wefirste-
valuatedthenoncytotoxicconcentrationsofGLforST
cells.Cellswereculturedinthepresenceofvarious
concentrationsofGLfor72h, cellviabilityandthecy-
toplasmicenzymelactatedehydrogenase(LDH)activi-
tywasdetermined.AsLDHisastablecytoplasmicen-
zymepresentinallcellsandisreleasedintothecell
culturesupernatantoncetheplasmamembranewas
damaged.Weadoptedthisconvenientandreliable
methodtoanalyzecytotoxicity.Theresultshowedthat
therewasnomuchdifferenceincellviabilitybetween
untreatedcellsandcellstreatedwithGLattheconcen-
trationashighas3, 000μg/mLfor72h.Onlyaslight
decreaseincellviabilitywasidentifiedwhenGLcon-
centrationreached4, 000 μg/mL(Fig.1).

Fig.1　Cytotoxicityanalysis

STcells(1 ×105 cells/mL)wereculturedwithdifferentfinal

concentrationsofGLfor72 handthecytotoxicitycausedbyGL
wasdeterminedbythereleaseofthecytoplasmicenzymelactate

dehydrogenase(LDH)activity.Resultsaremeans±SEfrom 5

samples.
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InhibitionofPRCVreplicationbyGL
TheantiviraleffectofGLonPRCVinfectivityinST
cellswasfirstinvestigatedbyCPEinhibitionassay.
PRCVviruswasaddedtoSTcellsatmultiplicityofin-
fection(MOI)of1.0.Afterincubationat37℃ for72
h, thecellswereobservedundermicroscopeorusedfor
RNAextractionorproteindetection.Asshownin
Fig.2, comparedwithcontrol, PRCVinfectioncaused
obviousCPE(Fig.2b).AdditionofGLatlowercon-
centration(20and100μg/mL)(Fig.2cand2d)did
showmucheffectintheinhibitionofCPE.However,
whentheGLconcentrationreached500 and1, 000
μg/mL, theoccurrenceofCPEwascompletelyinhibi-
tedandthecellmorphologywassimilartocontrolcells
thatwithoutPRCVvirusinfection.Thisresultwasfur-
therconfirmedbyRT-PCRandWesternblot.Compared
withthepositivecontrolofβ-actin, withtheincreasing
additionofGLtotheSTcells, theexpressionofviral
nucleocapsidproteinmRNAwasgraduallysuppressed.
WhentheGLconcentrationreached100μg/mL, novi-
ralDNAbandcouldbedetected, suggestingtherepli-
cationofPRCVviruswascompletelyinhibited(Fig.
3A).SimilarresultwasalsoshowninWesternblot,
wheretheexpressionofnucleocapsidprotein(42kDa)
wasinhibitedwiththeincreasingadditionofGLand
completeinhibitioncouldbeidentifiedattheGLcon-
centrationof50and100μg/mL(Fig.3B).Obviously,
RT-PCRismoresensitivethanWesternblotinthede-
tectionofPRCVreplicationasatGLconcentrationof
500μg/mL.

Fig.2　EffectofGLonPRCVinSTcells

a.Mockinfectedcells;b.InfectedcellswithoutadditionofGL;
c.InfectedcellsinthepresenceofGL(20 μg/mL);d.Infected

cellsinthepresenceofGL(100 μg/mL);e.Infectedcellsin
thepresenceofGL(500 μg/mL);f.Infectedcellsinthepres-

enceofGL(1, 000 μg/mL).

WesternblotdidnotshowanyproteinbandwhileRT-
PCRstillrevealedaweakpositiveband.Mostimpor-
tantly, bothmethodsgaveconsistentresults, indicating
theantiviraleffectofGLtoPRCVisinadose-depend-
entmanner.

Fig.3　Dose-dependentinhibitionofthereplicationofPRCVbyGL

a.RT-PCRtodetecttheexpressionofnuclocapsidproteinmRNAwiththeexpressionofβ-actinasaninternalreference;b.Eachbandin
Awasquantitatedbyadensitometer(Vilberlourmat, France)andtheratioofN-proteinmRNAtoβ-actinmRNAwascalculatedusing

theBio-1Dsoftware;c.Westernblottodetectthesynthesisofnucleocapsidprotein.Lane1, mockinfectedcells;lane2-6, PRCVinfected
cellsinthepresenceofdifferentamountsofGL(0, 20, 100, 500and1, 000μg/mL), respectively.Thesizeofmolecularmarkerwasla-

beledontheleft.

Discussion

Inthepresentstudy, wefoundthatGLisaneffective
antiviralcompoundagainstPRCVinSTcellsandthe
effectiveconcentrationislowerthanthecytotoxiclevel.

ThisisthefirstdemonstrationthatGLhastheantiviral
effectonporcinevirus.TheantiviraleffectofGLa-
gainstPRCVisdose-dependent.
InordertoinvestigatetheantiviraleffectofGL, acom-
binationofRT-PCRandWesternblotwasadmittedto
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studythenucleocapsidproteinmRNAexpressionand
proteinsynthesis.OurresultsshowedthatRT-PCRis
moresensitivethanWesternblotandbothresultswere
consistentwhileWesternblotgavethedirectevidence
oftheformationofmaturevirus.
Todate, manystudieshavebeencarriedoutonthean-
tiviraleffectofGLondifferentviruses, suchasHIV

[ 2]
,

HepatitisAvirus
[ 3]
, HepatitisBvirus

[ 4]
, influenzavi-

rus
[ 5]
andSARScoronavirus

[ 8]
.ThemechanismsofGL

ininhibitingthereplicationoftheseviruseshavealso
beeninvestigated.TheinhibitoryeffectofGLonHIV
waspostulatedassuppressingtheproteinkinaseC
(PKC)activityasthecellularCD4 receptorofHIV-1
particlesneedstobephosphorylatedbyPKC

[ 10]
.The

suppressionofinfluenzavirusbyGLwassupposedby
enhancingtheimmuno-responseofthehost(mouse)
byinducingtheproductionofinterferon-γ, acytokine
thatiseffectiveagainstvirusinvasion

[ 5]
.Whilethe

effectagainstHepatitisAvirus
[ 3]
waspresumedasaf-

fectingtheviruspenetrationtothehostcell.Theexact
mechanismofGLagainstotherviruses, however, re-
mainsunclear.
GLisaChinesemedicinecommonlyusedasananti-
inflammatorysubstance.Ithasbeenclinicallyusedasa
treatmentforchronichepatitisformorethan20yearsin
Japan

[ 7]
.Themorerecentreportabouttheeffectiveness

ofGLonthetreatmentofSARSsuggestedtheimpor-
tanceofGLinthetherapeuticuseagainsthumanviru-
ses.However, thehighriskofSARSinexperiment
greatlyaffectedthestudyofthisvirus.Ontheother
hand, asacoronavirus, PRCVissimilarinvirionstruc-
tureandeveninstructuralproteincompositiontoSARS
andfurthermore, PRCVissafeinlaboratoryhandling.
Thus, itmaybeanidealwaytousePRCVasamodel
virusinthescreeningofantiviralcomponentsandin

thestudyoftheantiviralmechanismofGLtocoronavir-
usesinthefuture.
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