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Inhibition of HBV Replication by the Extract of Phyllanthus ussuriensis
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Abstract — Phyllanthus ussuriensis which belongs to Euphorbiaccae has been used as a component of Korean
traditional remedy against hepatitis and jaundice. Aqueous methanolic extract of P. ussuriensis was tested for
antiviral activity of hepatitis B virus (HBV) in HepG2 2.2.15 cells which were derived through transfection of
cloned HBV DNA into HepG2 human hepatoblastoma cells. P. ussuriensis extract decreased the levels of
extracellular HBV virion DNA and inhibited HBV replication at concentrations ranging from 50 to 500 ug/ml.
Partitioning of water suspension of the extract revealed that the activity mainly resides in the FtOAc fraction.
Consecutive purification of the FtOAc fraction by silica-gel column chromatography resulted in the two active
anti-HBV fractions. Southern blot analysis shows that the action mechanisms or active site of the two
fractions seems to be different in terms of their inhibition of HBV replication steps.
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o d Al =2 P amarus Schum & Thonn”} hepatitis BS},
AH 5Z virusel| D30 in vive L in virodll 4] )3+ 2=
7} 9lvh= Apdo] W 31w 4] (Venkateswaren =, 1987) o]
Ao et Fulr)l mEET dTol] whALE sskA =Y
t}h. P. amarust IEFF retrovirus®] reverse transcriptasee]]
3l in vitro activityZ} Qlv}kw ¥ 7 FHglow o FAHAAE
& polyphenolic compounds®] %J%¢] repandusinic acidZ
=4 ¥ 3 Fgiti(Ogata 5, 1992). P. amarust= & 34 =
Sxtgo g pHEHekE deoy|= E2 & ¥4l angiotensin
& AAsH=d]| Fo]3l= angiotensin converting enzyme-S-
Al el &= = 7FA] phenolic compoundZ& §F3stz 9l= A
L2 953 ev(Ueno 5, 1988) e Fafel|AlA E3]
glolakse]] Fodd)e 2 o2 dedAl aldose reductase A 5]
zhgo] ole ¥ /M FEE 285 Yok (Shimizu F,
1989). o|=2{ g} c}efgl Ae| @A o] Al &Ee] shsla sl
Zle 2 oted=] alkaloids, lignans(Somanab- an-
dhu =, 1993; Singh =, 1989), triterpenes(Tanaka =, 1993)
Z2 £ 2 lignanF-Z 9] A5l phenolic compoundel] |5t #] o
2 AARA L g} o] vhekat P amarus®] A28 71
o 74 W BAS T gler dE] AT o] o] A
E2o] FZ&999] hepatitis B virusE E§gE BE virusol of
g A=z A o]t}

19873 Venkateswaran 5] P. amarus(ZL FA= P
niruriZ B2]8]2)¢] 3 FEF°] 7F] hepatitis B 2
Woodchuck hepatitis virus®] DNA polymerase& A8l 5=
o] qlti= 7L 9Hel o] 2 (Venkateswaran S-, 1987)
in vivool|l M= o] &5 37} &el=l9cH(Thyagarajan
£, 1988). 11} ]2 &k in vivo activity= t] Zlo] QA=
ojo} & A2 ol o)At HAY7IA Y in viroA R A}
= o] AlEo] F - 5hA hepatitis B2 X g 8318 713 35t
A s 7 e Alxbska giot T o] A
retrovirus2] reverse transcriptase #]#jj=<4-2 7}2 &
= Rk vk AM 2 Al 1 A B F oHEE
= T4 dY ZHF(AIDS) A 84 gl g 7}
A& A|AS ik Heolw whepa] 7helelut AIDS &
virusA A&He] X F A N PAoEA o] AEL o] H
Ve 4 lodw A} g P amarus®t ¥ £ {AL
gl ol A X in vitro activity= @2] ¥ 5o glo = F o]
< A]E-o) g} anti-hepatotoxic activity Z antiviral activity
screening2 & L g3k A0 2 AR
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Ao A5 o] - (P. ussuriensis, Euphorbiaceae)
R C P
W, AR BotmA SR odA) 8% Fio A ste] R
2l& AAY F 28k AFSsl o] 80% MeOH=E. 34]
Zb 9k 33 239} 2&310] MeOH A5 dgic). 0%
To)] A=A A 4] n-hexane, EtOAc, a-BuOH=R d<&& o =2
$9a @Y B4 ARG TYRAE LA
7V &4 2= BOAcEE & o154 CHCl,: MeOH :
H.02 Azjrid #3 zmarteaisE AAsle] oA
g7 o] ARE R vrqict o]« Wiste] EAJS 7 st
}(Fig. 1).

’ Phyllanthus ussuriensis ‘

Sonicated with 80% MeOH
Evaporated in vacuo

MeOH extract |

Suspended in H,O
Partitioned between n-Hexane and H,O
[ ]
| n-Hexane Ex. ‘ ' H,O layer ’
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EtOAc and H,O
[ l
| E0Ac Ex. || HO layer |
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n-BuOH and H,0O

|‘ n-BuOIIrI Ex.. | ‘ H,O Ilayer |

Fig. 1. Extraction and fractionation scheme of P. ussuriensis.
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MIZES 2R 3l Hjok
Alg ol AR Al EF= HepG2 2.2.150]9 o) ¢)7k9]
ZE4 A £ HepG2ell HBV AlE-S 3] (stable transfection)
5k} in vitrooll 4] HBVZ} B4, S5 o] & o]-g-qk g}
oja]z k& 74 Aade] sdE e} AT ANux}
ol =39] Georgetownt st o)} s} Korba W28 E] &
oftolonl A ZX] 3)%sle] 5mM HEPES, 5% fetal
bovine serum(FBS), 330 mg/mi penicillin, 100 pg/ml strep-
tomycino] &-8-5 RPMI-1640 wz|ol|A] mleksledct. A
=377, 5% CO, wiek7| oA wlokaigion 2A19 A2
trypsin £-4-& Az]s}e] Afslaic). F W) FA)3) Ay
€ A2 AxE PE8)R) (10% DMSO, 90% FBS)e)| 544
7 F Y58 vialel ol AAA LT BAsps o] o

5 A4 AH el A&t

HBV 78X &l

“adr’ ©}3 2] HBV 477} pBR322 vectordl] cloning®
PHBV315E- o|Sledxifska obaejst 778 msaye
opbol E. coli DH5all CaCl, B} (Sambrook %, 1989)
L2.& trapsformationd}e] plasmidS ZZ-5}3 Qiagen(Hilden,
Germany)®] plasmid purification kit o]-23}e) Fesle]
o} o) & A|F E4 BamH 122 Avks)T agarose geldl] A
714453 ¥ 3.2 kbe] HBV #3415 Qiagen?] gel extrac-
tion kitE A}43le] £2]5}o] Southern bolt £41 A8 o)) &
A (probe) 2.z A48} ch.
FE29 MK

M2F2 0% F 75 om’ flask wj}7) el 24, At
of & 343 R F vk vitdlM NxE Bals
Aotk AEejgfd o AEEEE 1.77x10° cellsmls &
gk oL 24 well A Zofekghel] 1 mliwell % BFEFhedc),

o1& 37T, 5% CO, WjofrlollA] A E7t F83] Ap2a7i=)

o & 7tA L 2 miA|E ZrolF 3 AT} confluentdt AFel 7}t
H o F-HBV B A AHg3igic). & HBV A57
Aol M A5 s Axeferdu] LDHS AR
EE FAs AEFA] ehla] b pwea Ags}
Ak AR RS2 | 4714 5
E5 Foja] 48 well Alzufokghel] 10 pliwell B 258 F
37CE <l dgh A LaloFd (2% FBS)E 1 m# Yrlsle] 2t
Healo] 10014 3A =] & Hx Fx7} 5, 50, 250,
500 pg/mi]l vjeFel-g- X 2] wl2 o) Fu)slaiv). w5 ok
A & <5<l dideoxycytidine(ddC, Sigma Chemical Co.,
US.AYE #F AA 5%} 10 4Mo] S| 25 mjofdo g 3
Aeted Axsledct. 2 Aol =3l Azl 1 mle
Az o) % 7&23.-—1 827k Aeishednh. ALY $F) A
B N e #X)= 26 52(duplicate) 2. 23] A A5l c).
AMEQ vmonOI =Z

A|82] A% virion DNAS] vl% X&5L

& A7)

Ad AZel] HA-L Hejgk FRRE §UAr} e el
M FErFell S 75k 5,000 pmef A 1027} A2 s
grh AFEeld 800 B A} tubeol] 2713, 200 2] 5x
PEG £-91[50% polyethyleneglycol(PEG) SOOO(W/V), 0.6 M
NaCl, 4C]& 7t tubedl] H7)}ale] vortex & % 4o £ &
28] 207 B¢ F4ch. o} F 4T, 14000 pmol4 302
J)J E,"%]- “Er, ALE_oﬂﬁ g_cﬂrﬁ:zﬁ /\]_.E.ﬁ].g:} 11]7-13]_
tubeZ ArA] A% "‘—0} 7‘)‘&1 PEG 4993 vpde] 22
A o] AA @A ALY A AAs] AAs A
o} o]F Z} tubed] 30 4] 1xlysis €[50 mM Tris-HCI
pH7.4, 5 mM EDTA, 1% lauryl sulfate(SDS), 1 mg/ml Pro-
teinase K} A7}l HAAES Ho)li, 42T heating
blockel] 24z} F<F wlaksled A2l HBV DNAE Ee]s}
At o] &2 6 ul9 6xXDNA loading £-%8-<9(Sambrook %,
1989ye Zd7tste] 418 vhe 7behe] A4l Reldled ol A
Heof| Al-4-5}gict.
Southern blot 2M

AlZejFde 2 Re] +3% HBV DNA £9-2 0.8%
agarose gelol|A] 15 gl/lane-g loadings}<] bromophenol blue
FYebo] gel Zeolo] 4/571A] o] & w7kA] A 7]dE354
ot A7) F5F geld Eo] A7) ok denaturation £
(0.5 M NaOH, 1.5 M NaClyel] 570} 3087} snkz))
A EE) F F FRTE geld A7 L k) neutra-
lization -&-9%(0.5 M Tris-HC}, 1.5M NaCl)e)) e 2027}
EZo F9ic}. ©]% capillary transfer ¥4 (Sambrook &,
1989)2- o]-&-s}le] gel 42| DNAE Hybond™-N+ nylon
membrane filter(AmershamA}, Buckinghamshire, UK.)Z &
ZHt}. ©] membrane filtery 5x SSC(20 X SSC=0,3M sodiun
citrate, 3M NaCl, pH 7.0)02 71| A7-F F7|EoA] &
2] 7 ultraviolet crosslinker & A}&-3ted 700 mJ/ecm’E UVE
FApste] DNAZS membrane filteref] w4 4| 7).

Membrane filter 42| HBV DNA 7&-& ECL direct™ la-
beling and detection system(Amersham)g- Al-&-3te] 73 &3}
W) =2 HBV DNAd =)&) .2 =2 horseradish peroxid-
ase(HRP) &4~Z ¥4 A7 membrane filter 442] HBV 5-3
A5} hybridization A] 713, HRP F 2089 2] AA =
= ¥& AmershamA}2] Hyperfilm ECL filmej] 7Fg-A15H A
o2 uhE HBVS] oFS ZAZaigir).

1‘°lf1=iri

Zn o nF

lme} eia SXleA mzkeker Zrgolt S o
AREEe] S P, amarus(Z3-2 niruriys in vitroo| 4] he-
padnavirus®] viral DNA polymerase#| ] &3}7} &el=lg]
2w (Unander &, 1990) ©]3 2hgo] ojmke 9IZkel|4] o]
N3¢ 9o Ak Aol B Ao A DY
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Phyllanthus- 2] 82 AAAZ R 14099F0] A48}
Ao oA glem P amarus 1o = 9F29 AFol
7¥RRAE 2 2 AET 9o 378 P amaruss} of
2712 2 virus2] DNA polymerase| 3] =gl 7]algt 7l
o2 walch el P. wrinaria®l P. ussuriensisS)
Z2 0] Phyllanthus < A1E-o| B35 gl P urinaria
£ AlFze} Beln] glzkdA] Sekelu} 2k X 2ol AMEH
Atz Sol A2 39 YAAT Aol 25 Wang
=, 1995) o] A E=2] extract® Foigt Ao A9 A F
HBV e-antigen®] 44 %= HBV e-antibody7} et 7,4_
$HE pelF glnh. olAdW 54 A5 Ee] HBVS]
o T3 el B ol 32} vz} wzkereld
T A} pho) A1 9)- Lol B8} P. ussuriensisol| o5
£ olwl 2579 A7 S99 w7} 99,
P. ussuriensis@| £&, 7%

A9 U 7 Eol7} 30 cmd el E3hat Bkl %
o 2EF 422 A 45 Az Foo] & gl = 515
2| Belgomw kAl 4Aste] o 3 ﬂ-/“ o] el 8%
Z o) %e] AAS AHgaGc) 285 2% MeOH
extractE ol @bzl £ 1 Ao wa} n-hexane, E-
tOAc, n-BuOH=Z 2 3]5}e] z}z}-2 HBV DNA EA o 7]=]
= ZHE AAsL vl BiOAc FE oA 71 QA as)
7} #9ten n-BuOH £ oA F2aez ZXlo] Hl
k. 243 297 =99 BtOAcY-E-E- silica-gel column
chromatographyste] 8M¢] LEEe R vrw 1 Z2hs
ok Z e Aejsted wigkdRo R fe|FEE viuse
DNAZ- #2]5}e] Southern blot.2. 2 EA s},

P. ussuriensis E22| HBV 2] A

%<k HBVel| oigt 2o o el B35l HBVY
narrow host range & -3} 4 2#), woodchuck %] 7tel]
Agr 225 4= 9)= Br o 9)3}e] woodchucke] v}e]

HAE 2197 A& FF nde) Ble|z| Al 4 AE
A EHA M) 225 9] 0w (Gerin, 1991; Popper, 1986),
o] wW Blfo] F7] W] YA} fE 79"“4%‘—“ A
#a}=) F3lch. v]=29] Georgetown tHEHe] Korba -2 &
Ha AAAR in vitro FIPY A2HLE E}‘?ﬁﬂ]’ﬂ} +
AE A7 Ash, HBY 948 Q7] 2t AT
HepG2ell =S)(stable transfection)s}e] 7Fd-S fehs
HBVZ} 4], A4r5)= HepG2 2.2.15 cell line-& 7|s},
o] ujekA|EelA HBVE] 4] (replication)ys E4 30 24
A EE e gt gulolelx kR E H4Y = 9= A
whek FEA A AAEE Agste] Bargk vl glek(Korbast
Milman, 1991; Korba®} Gerin, 1992). Jansen 52 3} HBV
8 24l 9Jol A HepG2 2.2.15 A|F52] 524 ol o+l
¥ w3bedr}t(Jansen 5, 1993). £ <]Fol41= HepG2 2.2.15
SepA S ol e A4 w AW e A A

o

& o) 85lo] P ussuriensis2] o &
Al 17 oG A gkl

Fig. 2¢] Al 8%9] A HE 204 PUE-29} PUE-79]
FTRoEH L E A AAFZelA HBV £4 AA2E-&
1A 2 9)&2 wedFa glon, PUE4, PUE-62] 739
T TEEe] 500 ug/micla] HBVE] ZA1 o7 &5s B
t} PUE-2= 5 pg/mle] SxolAe 24 Z4-2 Hds)x
RebAE 50 pgimisl kel FESIAE AZ WopAo D &

+EE°] HBV &

PUE-1 PUE-2
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Fig. 2. Effects of the exiracts of P. ussuriensis on anti-HBV
activities, The HepG2 2.2.15 cells were freated with the
extracts at 5 gg/ml (lane 1), 50 pug/ml (lane 2), 250 ug/ml
(lane 3), 500 pg/ml (lane 4) concentrations and 10 M dide-
oxycytidine(lane PC) as a positive control. Samples were
loaded in duplicate. Culture media were harvested at 8th day
after treatments, Virions were precipitated with PEG, Viral
DNA were extracted from PEG precipitates and analyzed on
Southern blot analysis (ECL direct). Lane C, not treated with
test samplc; M, size marker (A/Hind IIT); RC, relaxed circular
HBV DNA; SS, single-stranded HBV DNA.
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2] 5] relaxed circular HBV DNA2] k2 A3 7144
e & 4 9lo). =g PUE-79] ZA9-= 5 ug/mle] 5o
A %6 BA3) relaxed circular HBV DNAS] oF& 744
Az, 18}t F& dA L] F¥gl 50 pg/mle] A= kA
25l 10 uMe] ddCs} frAket 32 192 Sk o
2} single-strand HBV DNAE 78] ZrolE =7} 1A A=
AZ1& o 7 9 gleh. HepG2 2.2.15 v ofAl 2ol A ddCe
HBV 24 oAl &9 ECy} 6 uME .75 9301 (Korba
S} Gerin, 1992), E A&o|] A48t ddCe| FE 10 uM2
HBVe| 2212 gkAls] oA} AelE vishllz 9lch(Fig.
2, lane PC). f-2]& whgt A2 PUE-29] -9 wljofee
2 42 relaxed circular HBV DNA2] ZhA4r} 34§
g utsle] PUE-78 74-9-%= relaxed circular HBV DNA¥
o]} single-stranded HBV DNAZA = #A S| 7+4A17]
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47)Ho] ShAs] ThE 2% oAk MR oE HgEe] &
7+ viral DNA®] B4 5 A& 742 Jepdoky =4
3 4 )t} P. amarusi= HBVE] DNA polymerase-= in vi-
tro 9 in vivooll 4] X7 &re] ¥la]Z o v (Wang, 1995), HIV
2] reverse transcriptasee]] W&l 4% =2 A &<l repandusinie
AVb SOHE AR BYE hebgo] SUsdc 9
P. niruriZ2] niruriside= HIVE 2AE 93 Ao s
viral RNA®} viral ©hjal el REV=2}le] Zgh-s #X] a‘}-t i
FE 7172 glckw o3 oh(Qian-Cutrone £, 1996). 1]
oflella] B A Fd A5 AEo] npolz|2e] HA
of Hejsls IR oAt 7| oE AL R glerE
2 AT Y £E5EF 1A o|A4ke] 4] HBVS
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