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BACKGROUND: Hepatitis C virus但CV)is among the major causative ag<阻包ofchronic

hepatitis， liver cirrhosis組 dhepatoω11叫紅 carcinoma.A variety of s蜘 dard仕切回.ent

regim飽sh鎚 beenadopted with ∞<nsidぽablesuccess. However， th釘'estill rem剖nc1iniωlly

important unsolved i凶ues，suchω 也eemぽg回関ofdrug-resistant virus姐 d也e∞stof也e

企ugs.Th釘efore，development of complementary and/or a1ternative drugs for仕切回四tof 

HCV infection is still much n鎚dOO.

Glycyrrhiza uralensis and G. Glabra have been commonly used泊 both甘aditional

and modem medicine. Glycyrrhizic acid， also known as glyc抑制zin，consider<吋 as也e

principal component in Glycyrrhiza spp. AntiviTal acti吋tiesof glyc戸rhiz泊組d0也ぽ

compounds isolated企omGlycyrrhiza species against a v，副etyof viruses， including human 

immunodeficiency virus， herpes simplex virus， influenza v加18，SARS coronavirus， hepati由

討ruses組 d四tぽoviruses，have beeit reported. For hepatitis吋ruses，glyc戸Thiz担 hasb閃 n

usOO for the佐伺出血.tof livぽ diseases，including chronic hepatitis B or C. Glycyrrhizin 

low釘'00serum al組担eamino回 nsfiぽeaselevels也HCV-泊fectedpatients， but thぽ'ewas no 

significant rOOuction血HCVRNA level. Rec阻 tly，組6・HCVactivity of glyc戸T悩zinin vitro 

wωreported. However， c1伺revidence for it still app伺お tobe lacking. In也isstudy， we 

examined ex'回砲 ofG. uralensis roots岨d也eir∞mpon阻，tsfor anti-HCV activities using 

the HCV cell culture system. 

MATERlALS AND島IE'I宜ODS:The sub-fractionation組 dpurification of G. uralensお

root ex回 ctwere ∞nducted wi血 high-pぽformanceliquid chromatographyσIPLC).O也ぽ

bioactive∞nsti知阻Itof Glycyrrhiza species were purchぉed∞<mm釘'Cia11y.τ'he組，ti・HCV

activities of samples were examinOO with cell culture system. Huh7.5 cells infectOO with 

HCV genotype 2a仰眉HI-P4ηw間住儲ItOOwI'血 S細 pleex'回出 orcompounds. The 

infectious吋rusproduction titers were det釘minOOwith immunofluoresc田 ceassay. To 

Anti-hepatitis C virus compounds obtained from Glycyrrhiza uralensis 

and other Glycyrrhiza species 

? '7 /v;!J ~'/? lk V{t!!O);!JYY? J!,~~7J:' G IE *O)m c ~Hf 
~?-1 /vA11::~~ 

~p*~*~~~~~~~~~.~ 

~1:=.~~ 

Myrna Adianti 

BACKGROUND: Hepatitis C virus (HCV) is among the major causative agents of chronic 

hepatitis, liver cirrhosis and hepatocellular carcinoma. A variety of standard treatment 

regimens has been adopted with considerable success. However, there still remain clinically 

important unsolved issues, such as the emergence of drug-resistant virus and the cost of the 

drugs. Therefore, development of complementary and/or alternative drugs for treatment of 

HCV infection is still much needed. 

Glycyrrhiza uralensis and G. Glabra have been commonly used in both traditional 

and modem medicine. Glycyrrhizic acid, also known as glycyrrhizin, considered as the 

principal component in Glycyrrhiza spp. Antiviral activities of glycyrrhizin and other 

compounds isolated from Glycyrrhiza species against a variety of viruses, including human 

immunodeficiency virus, herpes simplex virus, influenza virus, SARS coronavirus, hepatitis 

viruses and enteroviruses, have been reported. For hepatitis viruses, glycyrrhizin has been 

used for the treatment of liver diseases, including chronic hepatitis B or C. Glycyrrhizin 

lowered serum alanine aminotransferease levels in HCY-infected patients, but there was no 

significant reduction in HCY RNA level. Recently, anti-HCY activity of glycyrrhizin in vitro 

was reported. However, clear evidence for it still appears to be lacking. In this study, we 

examined extracts of G. uralensis roots and their components for anti-HCY activities using 

the HCY cell culture system. 

MATERIALS AND METHODS: The sub-fractionation and purification of G. uralensis 

root extract were conducted with high-performance liquid chromatography (HPLC). Other 

bioactive constituent of Glycyrrkiza species were purchased commercially. The anti-HCY 

activities of samples were examined with cell culture system. Huh7.5 cells infected with 

HCY genotype 2a (J6/JFHI-P47) were treated with sample extracts or compounds. The 

infectious virus production titers were determined with immunofluorescence assay. To 



白rthぽ confinnanti-HCV activities of血.esamples， we also obsぽved也eHCV protein 

expression level with immunoblotting and HCV RNA replication wi也 real・timequantitative 

RT-PCR. 

RESULTS: First， we examined a crude methanol 位協.ctof G. uralensis rootsおr組 .ti-HCV

activities. The ICso阻 dCCso values of the crude methanol ex仕actwぽe20.0 and 300μg1ml， 

respectively， with the selectivity index凶 (81:CCsolICso) being 15. From tl1e fu地er

p釘titionedof也.emetl1anol 位協.ct，we found也at也ea凶・HCVactivities were concen仕ated

into a chloroform partition， witl1 ICso and CCso were 8.0姐 d93μg1m1， respectively， witl1 the 

81 being 11.6. Next， we sub-企'actionatedtl1e chloroform partition b.y using recycling HPLC 

and examined tl1e sub-frac討onsfor組.ti・HCVactivities.τbe r釘ultrevealed也atsignificant 

担任HCVactivities were obsぽ V吋 w油企耳ctions6ω10， wi血ICsoranging betw偲n2.9組 d

4.9μg1:凶.We furtl1er purifシamajor component(s)泊tl1efractions 6 to 10 by using recycling 

HPLC and glycy∞，uma出， glyc戸加， glycyrol組dliquiritigenin were iden凶 edby NMR 

spec佐umanalysis. 

Bioactive cons蜘回包 ofGlycyrrhiza species c組 beclassified泊ItO住it旬開oids

(glycyrrhizic acid， etc.)， ∞'um宿泊s(glycycoumarin， glyc戸泊， glycyrol， et包c仏.よ flavon巴郎s 

(似liq伊uiri伽， liquiritig阻 in，etcふchalcones(isoliquiritig出 n，licochalcon-A， etc.)， isoflava且S

(glabridin， etc)， stilb四 oidsand 0也ぽ miscellaneouscompounds. For也isexp出mentwe 

purchased glycyrrhizic acid， glycyrrhizic acid mono佃 lmoniumsalt n-Hydrate， glycyrrhe出ic

acid， glycyrrhetic acid 3・0・glucuronide， liquiritin， liquiritigenin， licochalωue A， 

isoliquiritigenin， glabridin， licoric争saponinsG2 and H2. 

Anti-HCV activities of G. uralensis-derived purified∞mpounds and related chernical 

compounds obtained企omofuぽ GかのP庁hizaspecies examined.τbe rωults revealed也at

glycyrrhizin姐 dglycyrrhizic acid monoammonium， possessed only marginal levels of anti-

HCV acti吋ties，with ICso values being 180 and 320μgl凶， respectively. Compare with 

previously report吋 exper也.ents，some reported that glycyrrhizin did inhibit HCV infω:tion泊

Huh7 cells， but thぽealso some ∞ntrovぽsialobsぽvationsreported in cliniω1 settings were 

glycyrrhizin did not show岨.ysi伊ificanteffect on HCV RNA levels while it low釘edal組担e

amino岡田fぽaselevels血 HCV叩 fectedpatients.τ'his might be explained by a membrane-

瑚Miz泊geffect of glycyrrhizin and the clear evidence for也.epossibility of glycyrrh包泊 as

m 阻 ti吋ra1was s仙llacking.

Liquiritin組 dglycyrrhetinic acid， showed more si伊ificant組 .ti-HCVactivity than 

伽 .tofglyc抑制zin，wi也ICsobeing 75 and 40μgl凶.However，血isr，四曲s凶1sig凶fic姐 tly

W伺 ker也組也ecoumarins， such as glycycoumarin， glycyrin and glycyrol， obtained from也e

G. uralensis ex回 ct，with ICso being 4.6 to 8.8μg1ml. Liquiritigenin， a flavanone ob旬ined

金omG. uralensis ex回.ctalso shown to possess pot，田tanti・HCVacti吋ty，al也oughstill 

slightly weaker comp釘'edto the coumar泊s.

Glycyrrhetic acid 3・0・glucuronide，licorice-saponins G2 and 1ロdidnot show 

si伊ific制佃ti-HCVactivities. Isoliquiritigen， licω:halcone A組 dglabridin e油ibit吋 pot，四t

組 6・HCVactivities wi也ICsobeing 3.7， 2.5 and 6.2μg1ml， respectively. But licochalcone A 

and glabridin wぽ'er，句ぽtedωasped骨 spec泊ccompon田 tof G. inflata and G. glabra， 

respectively，姐drepo此edto be missing in G. uralensis. 

To detぽminewhe也ぽ也ean.品HCVeffiω包of血巴compoundsof Glycyrrhiza speci偲

紅eexerted on勘佃町orposトm町御ge，wepぽform吋 time-of-additionexpぽ出血.ts.τbe-

results obta泊edshowed也atall the Glycyrrhiza species-d，ぽivedcompounds and the 

chloroform par出onof也.eG. uralensis ex仕actexぽtedth館組.ti拍車leffec包 a食釘白e吋rus

inoculation.τbeser，回曲suggestedthat all the anti-HCV compounds of Gly伊 .，.hizaspecies 

tested泊也isstudy， i.e.， glycycoumarin， glyc戸in，glycyrol， liqu廿itigen血， isoliquiritigenin， 

licochalcone A姐 dglabridinぉ well俗世lechloroform ex'仕act，act primarily at the post-entry 

further confinn anti-HCV activities of the samples, we also observed the Hev protein 

expression level with immunoblotting and HCV RNA replication with real-time quantitative 

RT-PCR. 

RESULTS: First, we examined a crude methanol extract of G. uralensis roots for anti-HCV 

activities. The ICso and CCso values of the crude methanol extract were 20.0 and 300 J.1g/ml, 

respectively, with the selectivity indexes (81: CCsolICso) being 15. From the further 

partitioned of the methanol extract, we found that the anti-HCV activities were concentrated 

into a chloroform partition, with ICso and CCso were 8.0 and 93 J.Lg/ml, respectively, with the 

81 being 11.6. Next, we sub-fractionated the chloroform partition by using recycling HPLC 

and examined the sub-fractions for anti-HCV activities. The result revealed that significant 

anti-HCV activities were observed with fractions 6 to 10, with ICso ranging between 2.9 and 

4.9 J.1g/ml. We further purify a major component(s) in the fractions 6 to 10 by using recycling 

HPLC and glycycoumarin, glycyrin, glycyrol and liquiritigenin were identified by NMR 

spectrum analysis. 

Bioactive constituents of Glycyrrhiza species can be classified into triterpenoids 

(glycyrrhizic acid, etc.), coumarins (glycycoumarin, glycyrin, glycyrol, etc.), flavones 

(liquiritin, liquiritigenin, etc.), chalcones (isoliquiritigenin, licochalcon- A, etc.), isoflavans 

(glabridin, etc), stilbenoids and other miscellaneous compounds. For this experiment we 

purchased glycyrrhizic acid, glycyrrhizic acid monoammonium salt n-Hydnite, glycyrrhetinic 

acid, glycyrrhetic acid 3-0-glucuronide, liquiritin, liquiritigenin, licochalcone A, 

isoliquiritigenin, glabridin, licorice-saponins G2 and H2. 

Anti-HCV activities of G. uralensis-derived purified compounds and related chemical 

compounds obtained from other Glycyrrhiza species examined. The results revealed that 

glycyrrhizin and glycyrrhizic acid monoammonium, possessed only marginal levels of anti-

HCV activities, with ICso values being 180 and 320 J.1g/ml, respectively. Compare with 

previously reported experiments, some reported that glycyrrhizin did inhibit HCV infection in 

Huh7 cells, but there also some controversial observations reported in clinical settings were 

glycyrrhizin did not show any significant effect on Hev RNA levels while it lowered alanine 

aminotransferase levels in Hev-infected patients. This might be explained by a membrane­

stabilizing effect of glycyrrhizin and the clear evidence for the possibility of glycyrrhizin as 

an antiviral was still lacking. 

Liquiritin and glycyrrhetinic acid, showed more significant anti-HCV activity than 

that of glycyrrhizin, with ICso being 75 and 40 J.1g/ml. However, this results still significantly 

weaker than the coumarins, such as glycycoumarin, glycyrin and glycyrol, obtained from the 

G. uralensis extract, with ICso being 4.6 to 8.8 J.1g/ml. Liquiritigenin, a flavanone obtained 

from G. uralensis extract also shown to possess potent anti-HCV activity, although still 

slightly weaker compared to the coumarins. 

Glycyrrhetic acid 3-0-g1ucuronide, licorice-saponins G2 and H2 did not show 

significant anti-HCV activities. Isoliquiritigen, licochalcone A and glabridin exhibited potent 

anti-HCV activities with ICso being 3.7, 2.5 and 6.2 J.1g/ml, respectively. But licochalcone A 

and glabridin were reported as a species-specific component of G. inflata and G. glabra, 

respectively, and reported to be missing in G. uralensis. 

To determine whether the anti-Hev effects of the compounds of Glycyrrhiza species 

are exerted on the entry or post-entry stage, we performed time-of-addition experiments. The­

results obtained showed that all the Glycyrrhiza species-derived compounds and the 

chloroform partition of the G. uralensis extract exerted their antiviral effects after the virus 

inoculation. These results suggested that all the anti-HCV compounds of Glycyrrhiza species 

tested in this study, i.e., glycycoumarin, glycyrin, glycyrol, liquiritigenin, isoliquiritigenin, 

licochalcone A and glabridin as well as the chloroform extract, act primarily at the post-entry 



step. Consistent with our obsぽvations，0也.erres伺rchersalso reportedぬattwo flavonoids， 

isoliquiritigenin組 dglycycoumarin，血hibitedreplication of姐 HCVsubgenomic RNA 

replicon in vitro， with ICso being 6.2 and 15.5μg/ml， .respectively. 

To fur也ぽ confirm也atG. uraたnsis-d出vedcompounds ex出血eiranti-HCV 

activities at the post-entry step， Huh7.5 cells were inoculated wi也HCVfor 2 hours， followed 

by trea回 entwith each of∞mpounds for 1 to 2 days.τne r，岱ultsob匂血edcle紅ly

demons回 ted血atglycycoum紅白， glycyrin組 dglycyrol suppressed HCV RNA replication， 

resulting in the inhibition ofHCV protein synthesis鎚 demons回.tedby real-time qu紐 titative

RT-PCR and immunoblotting analyses. We also confirmed that production ofHCV infectious 

pぽticleswas inhibited by glycycoumarin， glyc戸血姐dglycyrol at 1 and 2 days post-

infection. 

To the best of our knowledge，也釘eis no report so far regarding anti-HCV activities 

of glyc戸泊 andglycyrol. It was reported白atglycyr泊 possessperoxisome proliferator-

activated receptor-y ligand binding activiザ姐.dshowed初討bact剖alactivity. While glycyrol 

reported to exert組組.ti・infla血matoryeffec包.However， the possible antimicrobial activity of 

glycyrol has not be田 reported.Fur也ぽ託udyis needed to elucidate也edetailed mech組 ism

of anti-HCV activities of glyc戸in岨.dglycyrol， and also possible antiviral activities against 

o血ぽV註usesthan HCV. 

CONCLUSION: From our present resu1ts， we could suggest血atglycycoum訂泊， glycyrin， 

glycyrol and liquiritiger血 isolated企omG. uralensisぉ well鎚 isoliquiritigenin，licochalcone 

A and glabridin would be good candidates for seed ∞mpounds to develop antivirals against 

HCV. 

step. Consistent with our observations, other researchers also reported that two flavonoids, 

isoliquiritigenin and glycycoumarin, inhibited replication of an HCV subgenomic RNA 

replicon in vitro, with ICso being 6.2 and 15.5I1g/ml,.respectively. 

To further confirm that G. uralensis-derived compounds exert their anti-HCV 

activities at the post-entry step, Huh7.5 cells were inoculated with HCV for 2 hours, followed 

by treatment with each of compounds for 1 to 2 days. The results obtained clearly 

demonstrated that glycycoumarin, glycyrin and glycyrol suppressed HCV RNA replication, 

resulting in the inhibition ofHCV protein synthesis as demonstrated by real-time quantitative 

RT-PCR and immunoblotting analyses. We also confirmed that production ofHCV infectious 

particles was inhibited by glycycoumarin, glycyrin and glycyrol at 1 and 2 days post­

infection. 

To the best of 0ll! knowledge, there is no report so far regarding anti-HCV activities 

of glycyrin and glycyrol. It was reported that glycyrin possess peroxisome proliferator­

activated receptor-y ligand binding activity and showed antibacterial activity. While glycyrol 

reported to exert an anti-inflammatory effects. However, the possible antimicrobial activity of 

glycyrol has not been reported. Further study is needed to elucidate the detailed mechanism 

of anti-HCV activities of glycyrin and glycyrol, and also possible antiviral activities against· 

other viruses than HCV. 

CONCLUSION: From our present results, we could suggest that glycycoumarin, glycyrin, 

glycyrol and liquiritigenin isolated from G. uralensis as well as isoliquiritigenin, licochalcone 

A and glabridin would be good candidates for seed compounds to develop antivirals against 

HCV. 
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BACKGROUND: Hepatitis C virus (HCV) is among the major causative agents of 

chronic hepatitis， liver cirrhosis and hepatocellular carcinoma. A variety of standard 

treatment regimens has been adopted with considerable success. However， there still 

remain clinically important unsolved issues， such as the emergence of drug'resistant 

virus and the cost of the drugs. Therefore， development of complementary and/or 

alternative drugs for treatment of HCV infection is st出 muchneeded. 

GlyτJ沼崎wzauraJensis and G. Glabra have been commonly used in both traditional and 

modern medicine. Glycyrrhizic acid， also known as glycyrrhizin， considered as the 

principal component in G杭yrrhi泊 spp.Antiviral ac討.vitiesof glycyrrhizin and other 

compounds isolated企omGlycyrrhiza species against a variety of viruses， including 

human immunodeficiency virus， herpes simplex virus， in宜uenzavirus， SARS 

coronavirus， hepatitis viruses and enteroviruses， have been reported. For hepatitis 

吋ruses，glycyrrhizin has been used for the treatment of liver diseases， including 

chronic hepatitis B or C. Glycyrrhizin lowered serum alanine aminotransferease levels 

in HCV-infected patients， but there was no significant reduction in HCV RNA level. 

Recently， anti-HCV activity of gly句rrhizinin vitro was reported. However， clear 

evidence for it stillappe紅 sto be lacking. In this study， we examined extracts of G. 

uraJensis roots and their components for anti-HCV activities using the HCV cell 

culture system. 

MATERIALS AND ME'四 ODS:The sub企actionationand purification of G. uraJensis 

root extract were conducted with high-performance liquid chromatography (HPLC). 

Other bioactive constitlient of Gかの'ZThizaspecies were purchased commercially. The 
anti-HCVactivities of samples were examined with cell culture system. Huh7.5 cells 

infected with HCV genotype 2a (J6/JFHI-P47) were treated with sample extracts or 

compounds. The infectious virus production ti旬rs were determined with 

immunof1uorescence assay. To further confirm anti-HCV activities of the samples， we 

also observed the HCV protein expression level with immunoblotting and HCV RNA 

replication with real-time quantitative R'予PCR.
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BACKGROUND: Hepatitis C virus (HCV) is among the major causative agents of 

chronic hepatitis, liver cirrhosis and hepatocellular carcinoma. A variety of standard 

treatment regimens has been adopted with considerable success. However, there still 

remain clinically important unsolved issues, such as the emergence of drug· resistant 

virus and the cost of the drugs. Therefore, development of complementary and/or 

alternative drugs for treatment of HCV infection is still much needed. 

Glycyrrhiza uraiensis and G. Glabra have been commonly used in both traditional and 

modern medicine. Glycyrrhizic acid, also known as glycyrrhizin, considered as the 

principal component in Glycyrrhiza spp. Antiviral activities of glycyrrhizin and other 

compounds isolated from Glycyrrhiza species against a variety of viruses, including 

human immunodeficiency virus, herpes simplex virus, influenza virus, SARS 

coronavirus, hepatitis viruses and enteroviruses, have been reported. For hepatitis 
viruses, glycyrrhizin has been used for the treatment of liver diseases, including 

chronic hepatitis B or C. Glycyrrhizin lowered serum alanine aminotransferease levels 

in HCV-infected patients, but there was no significant reduction in HCV RNA level. 

Recently, anti-HCV activity of glycyrrhizin in vitro was reported. However, clear 

evidence for it still appears to be lacking. In this study, we examined extracts of G. 

uraiensis roots and their components for anti-HCV activities using the HCV cell 
culture system. 

MATERIALS AND METHODS: The sub-fractionation and purification of G. uraiensis 
root extract were conducted with high-performance liquid chromatography (HPLC). 

Other bioactive constituent of Glycyrrhiza species were purchased commercially. The 

anti-HCVactivities of samples were examined with cell culture system. Huh7.5 cells 

infected with HCV genotype 2a (J6/JFHI-P47) were treated with sample extracts or 

compounds. The infectious virus production titers were determined with 

immunofluorescence assay. To further confirm anti-HCV activities of the samples, we 

also observed the HCV protein expression level with immunoblotting and HCV RNA 
replication with real-time quantitative R1'-PCR. 



RE8ULT8: First， we examined a crude methano.l extract o.f G. uralensis ro.o.ts fo.r 

anti-HCV activities. The IC50 and CC50 values o.f the crude methano.l extract were 

20.0 and 300 p.g/ml， respectively， with the selectivity indexes (81: CC501lC50) being 15_ 

Fro.m the further partitio.ned o.f the methanol extract， we found that the anti-HCV 

activities were concentrated into a chlo.ro.form partitio.n， with IC50 and CC50 were 8.0 

and 93μg/ml， respectively， with the 81 being 11.6. Next， we sub企actio.natedthe 

chlorofo.rm partition by using recycling HPLC and examined the sub企actionsfor 

anti-HCV activities. The result revealed that significant anti-HCV activities were 

o.bse四 edwith企actio.ns6 to 10， with IC50 ranging between' 2.9 and 4.9 p.g/ml. We 

further purify a m可o.rco.mponent(s) in the企actio.ns6ω10 by using recycling HPLC 

and glycyco.umarin， glycyrin， glycyro.l and liquiritigenin were identified by NMR 

spectrum analysis. 

Bioactive co.nstituents o.f Glycyrrhiza species can be classified into. triterpeno.ids 

(glycyrrhizic acid.， etc.)， co.umarins (glycyco.umarin， glycyrin， glycyro.l， etc.)， flavo.nes 

(liq凶ritin，liquiritigenin， etc.)， chalco.nes (iso.liquiritigenin， licochalco.n A， etc.)， 

iso.flavans (glabridin， etc)， stilbenoids and o.ther miscellaneo.us co.mpo.unds. Fo.r this 

experiment we purchased glycyrrhizic acid， glycyrrhizic acid mono.ammo.nium salt 

n-Hydrate， glycyrrhetinic acid， glycyrrhetic acid 3・0・glucuro.nide， liquiritin， 

liquiritigenin， lico.chalco.ne A， iso.liquiritigenin， glabridin， lico.rice-sapo.nins G2 and H2_ 

Anti-HCVacti吋tieso.f G. uralensis-derived purified compo.unds and related chemical 

compounds o.btained 金o.mo.ther Glycyrrhiza species examined. The results revealed 

that glycyrrhizin and glycyrrhizic acid mo.no.ammo.nium， po.ssessed o.nly marginal 

levels o.f anti-HCV activities， with IC50 values being 180 and 320μg/ml， respectivèl~λ 

Co.mpare with previo.usly repo.rted experiments， some repo.rted that glycyrrhizin did 

inhibit HCV infectio.n in Huh7 cells， but there also. so.me co.n位o.versialo.bservatio.ns 

repo.rted in clinical settings were glycyrrhizin did no.t sho.w any signi五.cante島 cto.n 

HCV RNA levels while it lo.wered alanine amino.transferase levels in HCV-infected 

patients. This might be explained by a.membrane叫 abilizingeffect of glycyrrhizin and 

the clear evidence fo.r the po.ssibility o.f glycyrrhizin as an antiviral was stilllacking. 

Liquiritin and glycyrrhetinic acid， sho.wed mo.re significant anti-H 

significant anti-HCV activities. Iso.liq凶ritigen，lico.chalco.ne A and glabridin exhibited 

po.tent anti-HCV activities with IC50 being 3.7， 2.5 and 6.2 p.g/ml， respectively. But 

lico.chalco.ne A and glabridin were reported as a species-specific co.mpo.nent of G. inflata 

and G. glabra， respectively， and repo.rted to be missing in G. uralensis. 

To determine whether the anti-HCV effects o.f the co.mpo.unds o.f Glycyrrhiza species 

are exerted o.n the entry or po.st-entry stage， we perfo.rmed timeもf-additio.n

experiments.. The results obtained sho.wed that all the Glycyrrhiza species-derived 

compo.unds and the chlorofo.rm partitio.n o.f the G. uralensis extract exerted their 

antiviral effects after the virus ino.culatio.n. These results suggested that all the 

anti-HCV co.mpo.unds o.f Glycyrrhiza species tested in this study， i.e.， glycyco.umarin， 

glycyrin， glycyro.l， liquiritigenin， iso.liquiritigenin， lico.chalco.ne A and glabridin as well 

as the chlo.rofo.rm extract， act primarily at the po.st-entry step. Co.nsistent with o.ur 

o.bservatio.ns， o.ther researchers alSo. repo.rted that two. flavo.no.ids， iso.liquiritigenin and 

glycyco.umarin， inhibited replicatio.n o.f an HCV subgeno.mic RNA replico.n in vitro， with 

IC50 being 6.2 and 15.5μg/ml， respectively. 

To. further co.nfirm that G. uralensis-derived co.mpo.unds exert their anti-HCV activities 

at the po.st-entry step， Huh7.5 cells were ino.culated with HCV fo.r 2 ho.urs， fo.llo.wed by 

treatment with each o.f compo.unds fo.r 1 to 2 days. The results o.btained clearly 

demo.nstrated that glycycoumarin， glycyrin and glycyro.l suppressed HCV RNA 

replicatio.n， resulting in the inhibition o.f HCV pro.tein synthesis as demo.nstrated by 

real-time quantitative RT-PCR and immuno.blo.tting analyses. We alSo. con査rmedthat 

pro.ductio.n o.f HCV infectious particles was inhibited byglycyco.umarin， glycyrin and 

glycyro.l at 1 and 2 days po.st-infectio.n. 

To the best o.f o.ur kno.wledge，.there is no. repo此 so.far regarding anti-HCV acti吋tieso.f 

glycyrin and glycyrol. It was reported that glycyrin po.ssess pero.xiso.me 

pro.liferato.r-activated receptor-y ligand binding activity and sho.wed antibacterial 

activity. While glycyro.l repo.rted to exert an anti-inflammatory effects. Ho.wever， the 

po.ssible antimicro.bial activity o.f glycyrol has not been repo.rted. Further study is 

needed to. elucidate the deta辺edmechanism o.f anti-HCV activities o.f glycyrin and 

glycyro.l， and alSo. po.ssible antiviral acti吋.tiesagainst o.ther viruses 

RESULTS: First, we examined a crude methanol extract of G. uralensis roots for 

anti-HCV activities. The IC50 and CC50 values of the crude methanol extract were 

20.0 and 300 p.g/ml, respectively, with the selectivity indexes (SI: CC501lC50) being 15. 

From the further partitioned of the methanol extract, we found that the anti-HCV 

activities were concentrated into a chloroform partition, with IC50 and CC50 were B.O 

and 93 Ilg/ml, respectively, with the SI being 11.6. Next, we sub-fractionated the 

chloroform partition by using recycling HPLC and examined the sub-fractions for 

anti-HCV activities. The result revealed that significant anti-HCV activities were 

observed with fractions 6 to 10, with iC50 ranging between' 2.9 and 4.9 Ilg/ml. We 

further purify a major component(s) in the fractions 6 to 10 by using recycling HPLC 
and glycycoumarin, glycyrin, glycyrol and liquiritigenin were identified by NMR 
spectrum analysis. 

Bioactive constituents of Glycyrrhiza species can be classified into triterpenoids 

(glycyrrhizic acid, etc.), coumarins (glycycoumarin, glycyrin, glycyrol, etc.), flavones 
(liquiritin, liquiritigenin, etc.), chalcones (isoliquiritigenin, licochalcon A, etc.), 

isoflavans (glabridin, etc), stilbenoids and other miscellaneous compounds. For this 

experiment we purchased glycyrrhizic acid, glycyrrhizic acid monoammonium salt 

n-Hydrate, glycyrrhetinic acid, glycyrrhetic acid 3-0'glucuronide, liquiritin, 

liquiritigenin, licochalcone A, isoliquiritigenin, glabridin, licorice-saponins G2 and H2. 

Anti-HCV activities of G. uralensis-derived purified compounds and related chemical 

compounds obtained from other Glycyrrhiza species examined. The results revealed 
that glycyrrhizin and glycyrrhizic acid monoammonium, possessed only marginal 

levels of anti-HCV activities, with IC50 values being iBO and 320 Ilg/ml, respectively. 
Compare with previolisly reported experiments, some reported that glycyrrhizin did 

inhibit HCV infection in HUh7 cells, but there also some controversial observations 
reported in clinical settings were glycyrrhizin did not show any significant effect on 

HCV RNA levels while it lowered alanine aminotransferase levels in HCV·infected 

patients. This might be explained by a,membrane-stabilizing effect of glycyrrhizin and 

the clear evidence for the possibility of glycyrrhizin B;s an antiviral was still lacking. 

Liquiritin and glycyrrhetinic acid, showed more significant anti-HCV activity than 

that of glycyrrhizin, with IC50 being 75 and 40 p.g/ml. However, this results still 

significantly weaker than the coumarins, such as glycycoumarin, glycyrin and glycyrol, 

obtained from'the G. uralensis extract, with IC50 being 4.6 to B.Bllg/ml. Liquiritigenin, 

a flavanone obtained from G. uralensis extract also shown to possess potent anti-HCV 

activity, although still slightly weaker compared to the coumarins. 

Glycyrrhetic acid 3-0-glucuronide, licorice-saponins G2 a~d H2 did not show 

significant anti-HCV activities. Isoliquiritigen, licochalcone A and glabridin exhibited 

potent anti-HCV activities with IC50 being 3.7, 2.5 and 6.2 p.g/ml, respectively. But 

licochalcone A and glabridin were reported as a species-specific component of G. inflata 

and G. glabra, respectively, and reported to be missing in G. uralensis. 

To determine whether the anti-HCV effects of the compounds of Glycyrrhiza species 

are exerted on the entry or post-entry stage, we performed time-of-addition 

experiments.· The results obtained showed that all the Glycyrrhiza species-derived 

compounds and the chloroform partition of the G. uralensis extract exerted their 

antiviral effects after the virus inoculation. These results suggested that all the 
anti-HCV compounds of Glycyrrhiza species tested in this study, i.e., glycycoumarin, 

glycyrin, glycyrol, liquiritigenin, isoliquiritigenin, licochalcone A and glabridin as well 

as the chloroform extract, act primarily at the post-entry step. Consistent with our 

observations, other researchers also reported that two flavonoids, isoliquiritigenin and 

glycycoumarin, inhibited replication of an HCV sub genomic RNA replicon in vitro, with 
IC50 being 6.2 and 15.5Ilg/ml, respectively. 

To further confirm that G. uralensis-derived compounds exert their anti·HCV activities 

at the post-entry step, Huh7.5 cells were inoculated with HCV for 2 hours, followed by 

treatment with each of compounds for 1 to 2 days. The results obtained clearly 

demonstrated that glycycoumarin, glycyrin and glycyrol suppressed HCV RNA 

replication, resulting in the inhibition of HCV protein synthesis as demonstrated by 

real-time quantitative RT-PCR and immunoblotting analyses. We also confirmed that 
production of HCV infectious particles was inhibited byglycycoumarin, glycyrin and 
glycyrol at 1 and 2 days post-infection. 

To the best of our knowledge,there is no report so far regarding anti-HCV activities of 

glycyrin and glycyrol. It was reported that glycyrin possess peroxisome 

proliferator-activated receptor-y ligand binding activity and showed antibacterial 

activity. While glycyrol reported to exert an anti-inflammatory effects. However, the 

possible antimicrobial activity of glycyrol has not been reported. Further study is 

needed to elucidate the detailed mechanism of anti'HCV activities of glycyrin and 

glycyrol, and also possible antiviral activities against other viruses than HCV. 




