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Abstract-In order to elucidate the relationship between anti-HIV-1 enzyme
activity and inhibition of HIV-1 replication by natural sources, extracts from some
plants using the foods and oriental medicines were tested for inhibitory effects on
the viral replication, reverse transcriptase (RT), protease and c-glucosidase. In
the anti-RT test, water extracts of Ficus carica (leaf), Houttuynia cordata (aerial
part) and Ixeris tamagawaensis (aerial part) showed more than 79% inhitibion at
a concentration of 100 pg/ml. The protease and o-glucosidase-inhibiting samples
in the screening were water extract of Syringa dilatata (leaf) and methanol extract
of Hibiscus syriacus (leaf and stem), which showed more than 40% inhibition at a
concentration of 100 ug/ml. In the primary anti-HIV-1 test, water extracts of
Equisetum arvense (aerial part), Hibiscus syriacus (leaf), Ixeris tamagawaensis
(aerial part) and Pueraira thunbergiana (leaf) showed the potent inhibition
against HIV-1 induced cytopathic effects.

Key words - anti-HIV-1; reverse transcriptase: protease: o-glucosidase: Citrus
Junos: Cucurbita moschata: Equisetum arvense; Ficus carica: Houttuynia cordata:
Hibiscus syriacus: Ixeris tamagawaensis: Pueraira thunbergiana; Syringa dilatata.
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Retrovirus®] g FolH ofo]=z(acquired im-
mune deficiency syndrome, AIDS)2] aetio-
logical agent?] HIV-1(human immunodefi-
ciency virus type D& RNAE #2414 2y = 3}
3 ok HIV-1€ surface proteingl glyco-
protein 120(gp120)¢] Helper T cell®] CD4"
receptor$t interactiondt ¥* RNAZ %3 A%
o 4432 reverse transcriptase(RT)”<l <]3]
viral DNAZ A= o] host chromosomest pro-
viral DNA @8 2 SRt} S3A| 2o A HE &
AA geneo| expressiong w RNA polymerase
o] 23} viral mRNAZ} A4t 21, protease(PR)<l
93l viral protein®l processing®] o]Fe1x]9 ¢
glucosidase(GL) %9 #&2=2 viral surface
glycoprotein®] @A"Y mature viriono 2
budding®d™}. ©|¥ % virus’} helper T cell &
of A4lel FAAE Addtn FEIE AX AAlS
replicationdh= #4494 host cell S Fa]3tn =z
A QZEe] W7ol Az Aol g fishE Ao
= <A St

& HIV-19] chemotherapy® suramin®”g Al
Zto g thepgh A |mopEe] /= glem RTe 9
AFEZ nucleoside analogues?! azidothy-
midine(AZT)."” didanosine(ddl) 2 zalcita-
bine(ddC) &% non-nucleosides analogues
¢l TIBO, nevirapine ¥ pyridinone %°] ¢4
oA ARG I ST SR AZTE A7) %] #AlE
17l myopathy9}"” oral mucosa pigmenta-
tion 59" F2go] glon ddiE AFES de
Ztka HaEe} ok o]# % AIDS A& oF&o]
Ao 2 QlFf ket A8 k& siwo] 27 E 3

Table 1. Plant materials
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= HAEE 0|83 AIDS A 54E /e
#4339 1 90w gossypold 1 A =AM
& HA dFlEe|=<l pyrido(4,3,2-mn)thiazolo
(5,4-blacridine.” tannin.” flavonoid” ¢ 3
HIV-1 dAl&Ae] Ensn, 3 AQEA 1]
FH 98 screeningol ™ A T & AA o},

B AP s 5459 H;0 2 MeOH 9425
o] &3l HIV-1 71998 &49 reverse trans-
criptase GAEdE ELOSA(Enzyme Linked
Oligonucleotide Sorbent Assay) WHOZ as-
say3l9 i, protease AAEAE 7|4 cleavage
& HPLCE A&ste Wie =, 183 a-gluco-
sidase®] A €42 pnitrophenyl-o-D-glu-
coside?] cleavageZ spectrophotometer® 2t
7} 2235t th A9 2] 3 HIV-1 BA A4
< MT4 A3l digk HIV-1 = MERALAAE
petEn 7 o 2 #Esih

W2 U
METE - A B2 A8 059 oFEAEe A
F84 2udA Al et ARt 4
2 BRodda B89 3 o4 AQee 258
ARE AHe8EcHTable D, ABE eAWw

Ak 717]-&mhe B 2 15 A9k ARSI
t}. Microplate washere Immunowash model
1250(Biorad, Nippon Biorad KK, Tokyo, Japan)
<, microplate readeri= Biorad 3550-UV(Biorad,
Nippon Biorad KK, Tokyo, Japan)E&, HPLC=

Sample No. Botanical Name Family Name Used Parts
1 Citrus junos Tanaka Rutaceae stem
2 Cucurbita moschata Duchesne Cucubitaceae leaf
3 Equisetum arvense L. Equisetineaee aerial part
4 Ficus carica L. Moraceae leaf
5 Hibiscus syriacus L. Malvaceae leaf
6 Hibiscus syriacus L. Malvaceae stem
7 Houttuynia cordata Thunb Saururaceae aerial part
8 Ixeris tamagawaensis Kitamura Compositae aerial part
9 Pueraira thunbergiana Benth Leguminosae leaf
10 Pueraira thunbergiana Benth Leguminosaen stem
11 Syringa dilatata Nakai Oleaceae leaf
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[System controller: Shimadzu SCL-6B, Pump:
Shimadzu LC-9A, Detector: Shimadzu SPD-6A
(UV spectrophotometric detector), Recorder &
integrator: Shimadzu C-R6A Chromatopac.)<
Z}z} o] B3It

A2 £E-AR 5g& Z7F H,O0(100ml) =
= MeOH(100 mD) & 3A17H8) E4= &3 & 2%t
F&3le MeOHS HFsT7 2%7)F 9 €A 5
2Rzt GHLPEY AER AHEET A EE
248N e BwEE ZFS DMSO 100 pg/
ml®] FEZ 343t AH&SGH

HIV-1 reverse transcriptase &4 X -RT
24 oA A¥e DupontAlzHE FU% RT-
Detect™ kit NEK-070A(Dupont medical pro-
ducts, Boston, MA, USA)E ©]-4-3F ELOSA %4
S.2 4T ofdtellA AASIHA] assay S A
AT EAE A Azl ofs) BAkE HIV-1
RT(10U/ul, 100 mM potassium phosphate,
pH7.1, 1mM dithiothreitol, 50% glycerol)Z&
FA2AZA (100 mM Tris-HCI, pH 8.0, 160 mM
KCl, 1mM EDTA, 3mM dithiothreitol, 0.3%
(v/v) Triton X-100, and 10%(v/v) glycerol)el
0.005 U/ul= 3)A43le] ALg-stda vh2E8HE (reac-
tion mixture)& primer7} 52 RNA template
¢} triphosphate-DNA nucleosidesZ g3
& 939 (reaction buffer: 200 mM Tris-HC],
pH 8.0, 40 mM MgClyel 3Aate] AR&-3lict.
AAHAL g4 YA = 10l WHSERE 95
o 20 ul ¥HSEFRE AUl AEFEE F2ul 54
4EAL 500 ul test tubel(ependorf)el ¥i
37Tl A 473 Mg = 54 0.8 WE 7l
37CoAA 1A Bt FHAMATI I 90TAIA 183
vhe-& A A ZTE ¥-8-= wh RNA template®
A7}e]-4H (5.62% potassium hydroxide, 94.38
% water) 22 37CA 16&7 bl &,
& (13.6% sodium phosphate, monobasic
monohydrate, 86.4% water)22 F33tH 0
ELOSA whg-& 93l F3A7 g 50 ulE
streptavidin-coated microplate welldl] #7111,
horseradish peroxidase(HRP)-labeled detec-
tor probe¢} biotin-labeled capture probe& X
gsh= ELOSA 89 50 ul AH7kstel 37TelA 24]
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ZrEor mjFatdth.” whe-& viX I microplate
welldl] F& Alefolut 7kl € RNAE A|A 5]
s A4 A (2-chloroacetamide §9 20X)< D.
W= 243l 33 Al sttt A3 2 microplate
o &3z %9 (3,3 .55 ~tetramethylbenzidine
substrate &) 100 plE 713te] Ao 14
Bt vkeAIZl & AR N(2.2% citric acid, 1.5
% HC, 1.5% sulfuric acid and 94.8% water)
100 pl& #Aristd whe-g FRAANADGY gL
spectrophotometer® 450 nmelA FE=E %

staom A& A thaat ol At

Inhibition(%) = (Activity enire ~ ACHVItY sampic)/
ACtiVityconf_ml X100

HIV-1 protease &4 A - 34 AxFeo=
k=l HIV-1 proteased]] 2138 7149 cleavage®
HPLCE 2335931 §49-& Kusumoto 59 W
W) o)s) FH|eit). & HIV-1 protease(PR) €]
DNAZ YehiE JM 105 Escherichia coliPl A A
4tE HIV-1 proteaseZ {(50 mM NaOAc(pH 5.0),
1mM EDTA-2Na, 2mM 2-Mercaptoethanol]:
Glycerol} =75:25 & 33t} ARSI,
714 & oligopeptide{His-Lys-Ala-Arg-Val-
Leu-(pNOy;Phe)-Glu-Ala-Nle-Ser-NH,(M.W.
1315} 9 HE A442(0Osaka, Japan) 25
B FYdsle] 2% (50 mM NaOAc, pH 5.0)¢l 2
mg/ml ¥E2 M3t AR ¥ HIV-1
protease ¥4 & 1 ul, 71d 1.0 ul, AEF
25 1w, §4289 2 ulE 7z} Jiste] A= 5ul
o] MgEFES AT 3TTAA 1A WA
71 F 90°collA 6023t 7HEstd B WS B
ANAG. HSEFES THT BulE IHT F
HPLC £4% 3sigen HPLC ¥4 =Ho=
column LiChrospher 100 RP-18(column size,
250%x 4 mm, Merck, Darmstadt, FRG)Z, &+
£ 0.1% TFAS} acetonitrile(20%~50% gra-
dient) & dl9ed, §&& 1.0 ml/minZ 3FA
UV 280 nmelAl 24514} (Fig. 1).

a-Glucosidase &4 2H| - a-glucosidase®l 2]
% p-nitrophenyl-o-D-glucoside®] cleavage
£ spectrophotometer2 £7g3le W< o|&
stath. Ay AMEF G29L Saccharomyces

AN
AN
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12.00

5.80

Absorbance(280 nm)

pNOz-Phe-Glu-Ala-Nie-Ser-NH;
I-Hs-Lys—Ala-Arg-Val-Leu(pNOz-Phe)-Glu-Ala-NIa-Ser-NHz

N

Fig. 1. HPLC profile of the reaction mixture of HIV-1
protease. The substrate and its hydrolysate were
detected at 280 nm and their referention times
were 12.00 and 5.80 min, respectively.

sp.olA 42 a-glucosidase(Toyobo Company,
Osaka, Japan)& €% (10 mM sodium pho-
sphate, pH 7.0, 20% glyceroll 0.5 U/ml7}
e E5to] AHESlH o, 7182 pnitrophenyl-
o-D-glucopyranoside(Nacalai Tesque Inc.,
Osaka, Japan)& it Z7/50] 10 mMe] H=
23] A3l 3 a-glucosidase ®HE- 9]
24L& 50l SFH(100mM  Sodium pho-
sphate, pH 7.0), 100 ul 712 &4} 20 pl A &5
EE2 stal 37CeAM 583t ouuiket F 30 ul
BAE 37Kt 37ToNA 1081 sfdatsith.
23 140 ul FA<4(0.2 M sodium carbonate). 2
2 ¥8-Z HXAIZ F microplate wellell &7
405 nmellA FFEE S8 AA & AL
Uh&-7 o] kit

Inhibition(%) = (Activity conro ~ ACHIVILY campie)/

Activity onior X 100

HIV-1 28 YW -HIV-1 BAGASA dd-
Otake 59 W™o) <3} Hste] g} A& A
434 Al X= HTLV-19] ZH9 € MTA cell line2 =2
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penicillin G 100 U/ml(Banyu Pharmaceuti-
cal. Tokyo. Japan)® streptomycin 100 pg/
ml(Meiji Seika, Tokyo, Japan) 2] 10%
fetal calf serum(FCS, Flow Laboratories,
North Ryde, Australia)o] A== RPMI-1640
WA (Flow Laboratories, Irvine, Scotland)<l
5% CO,% 37CE fAISHAA AEe AMgstTt.
Ble)# A% MOLT-4/HTLV-3lll Al Z2HE AL
HIV-1(strain HTLV-Illz)-& ©] &3t & HIV-1
g4 MT-4 AELE 50%-tissue culture in-
fective dose(TCIDg)olA  1412F &<+ HIV-1
(HTLV-IIp) ol #ZgA1Z ek, 2la RPMI-16404H
2| Al 1x10° cells/mlE A7) 1 e A
ZZ 200 ul/well® 96-well culture plateel] 2|
Boxe 3 Asla 57t dlgstch A8
298] MT-4A o] thEk HIV-1 5% A2¥H4(CPE,
cytopathic effect)& #43] dAete s=(C,
inhibitory concentration)& ¥3@v|Eo = &
sty om Al EEA(CC, cytotoxic concentra-
tion)& MT-4 Al £ &8 7tha 23 slsirt
22 HIV-10 AR A3} Al7)A] @2 Al
Fof ABAAE 9 Ga St HaoET
& AZTS} DS8000-5 242} o] &3ttt
o ¥ nFE

dolzo] ABATFE 3l MALAY HE& W
Aoz MYt anti-HIV-1 screening®} 2743}
guo) Be @ 4 So| oo Uk P &
Ao ofjo] 22 flQl Hiolz{ 2l HIV-1¢
8 A9 I vlelYaE oo R It HEE
A g%& A Egtrh
NEE ALY HBEL gdA A9, &8, +
o] AlgEE FAUR9 £7](Sample No. 1),
%97], 297159 54 ¢ (Sample No. 2), ©]
. Ad9] Hzy] A (Sample No. 3), F5+
 AAE, 59 ¥3}3 d(Sample No. 4), %
#=o] 238t U3 £71(Sample No. 5, 6), °lk,
29 B9l o2 A (Sample No. 7)., 199
Y2eut %45 (Sample No. 8), 31€, 559 3
943} Z7)(Sample No. 9, 10) & &I =7
(Sample No. 11)S zt7} o] €819 o™ olF FH},

R R ol

ol
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&é’:u].:ﬂ ;‘d_@ *‘%_O_EE

Hwr], Fai3t ojdx
o

ol 4% wzkeko zale] Ao Tkl o] 47}
A7t & HEEo|HTable ). %
RT &4 94l 2gdME= Fa3 o gz A4

B gl Yiegulg X A5e] H,0 27} 79.8%, 84%
2 79.8%9] 7 AAE 100 pug/mil F=ol A B
om f2F 27], Hwr) AR, T d 4 d d
9] H,O d2& 59.4%, 64.9%, 44.3% 2 50.8%
o] A& Bl FQtH(Fig. 2). PR Al E 2Hd
2o ¥ H0 29 50.5%9 AAE JehiAa
(Fig. 3) GL A= 735 A7 £719
MeOH =7} 42.2%9}F 48.5%2] <43 &8 1

T»}«‘:}(Flg 4).

HIV-1 EA AN e 39 o, dx7] A
AR, B3 A, g AR aEla F A
H,0 927k 50 pg/mlel A HIV-1 % 4
(CPE, cytopathic effect)S ¢#3] A3}
(Table ID).

HIV-1 A oAd #84& Bel AEdxE F

100 -
80 -
<
g 60
o
[
S
S 40 A
=
€
20 - |
g
04 .
Q. 7
%, % %
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Sample No 3, 82] H,O d»= RT A1 #4374
3 AR S BolFEEA HIV-1 84 AA47F RT
o oA 7113 A& FFH B F e,
Sample No. 5, 7, 99 H,0 9~% RT At
virus 24 A 2} @A o] o3 UA A HAT
¥ RT <Al Z& €248 22l Sample No.
4% virusEA 4HAAE A3 Holx ek,
PR#} GLo &4 & 29 Sample No. 119 H,O
ol 9} Sample No. 5, 69] MeOH ZzoA=
virus A A 9 #EAFE Zol B = T 2
23l A4 A ] &4& Ho|x] %2 Sample No.
2% 50 pg/ml A e virus EA G2
= B3t

olde] AFA 2t &5 MeOH “‘*E.‘ﬂr
H,0 d27F &49A4u vtolgl2 BAAA &
245 vl S & Ut ole A EF J_-rz}
g 4
%ol H,

Ea

]
ol

nnin, polysaccharide, protein
of T Aol glof Eant vt
o] Ajfo] Boltnr A &

¢l ta
25

O
FEER

M \Water extract(100 pg/mL)
3 Methanol extract(100 ug/mL)
ND, not determined

Fig. 2. Inhibition rates of Korean plants extracts on HIV-1 reverse transcriptase.
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Methanol extracts(100 ug/mL.)

H \Water extracts(100 pg/mL)
ND, not determined
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Fig. 3. [nhibition rates of Korean plants extracts on HIV-1 protease.
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Fig. 4. Inhibition rates of Korean plant extracts on o-glucosidase.
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Table IL Inhibitory effects of extracts of some Korean edible and medicinal plants against HIV-1 viral

replication
Sample . . IC cC
No. Botanical Name Family Name Used Parts Extracts (ug/mD  (ug/ml
1 Citrus junos Tanaka Rutaceae stem W NE 100
M NE »100
2 Cucurbita moschata Duchesne Cucubitaceae leaf W 50 »100
M NE 100
3 Equisetum arvense L. Equisetineaee aerial part W 50 >100
M NE 100
4 Ficus carica L. Moraceae leaf W NE 100
M NE 100
5 Hibiscus syriacus L. Malvaceae leaf W 50 100
M NE 100
6 Hibiscus syriacus L. Malvaceae stem W NE >100
M NE 100
7 Houttuynia cordata Thunb Saururaceae aerial part % 100 100
M NE »100
8 Ixeris tamagawaensis Kitamura Compositae aerial part W 50 »100
M NE »>100
9 Pueraira thunbergiana Benth Leguminosae  leaf W 50 »100
M NE »100
10 Pueraira thunbergiana Benth Leguminosaen stem A% 100 100
M NE »>100
11 Syringa dilatata Nakai Oleaceae leaf W NE >100
M NE >100
Positive AZT 0.00195 1
control  DS8000 0.97 1000

W, water extract: M, methanol extract, Water extracts are dissolved in distilled water, methanol extracts
are dissolved in DMSO or 10% DMSO in water. IC, the minimum concentration for complete inhibition of
HIV-1 induced CPE (cytopathic effect) in MT-4 cells by microscopic observation. CC, the minimum con-
centration for appearance of MT-4 cell toxicity by microscopic observation. NE, not effective

& Hole Ao 4% ¢ Y 1w
E d2Eo] proteasec] H2 FAE Hol= A
Ao AL AR A=ZE protease’} 138

amino acid monomer24] native HIV-1 pro-

fo 1 ox

tease(99 amino acid monomer)e 1¥H o}
2k prolineell 39719 amino acid’} fused ¢
em, Ki(for acetylpepstatin) E3F nativer}
0.04 uM, A3 protease= 40 UMZ =fo|7} &
o] gle-g HzF ok & Aotk P

Z} A& A 2E9] virus EA|GA 9 EAEA o
A A E AHE AN TAEY A g0
virus® EAGAQ] "4g8Rlo] o= ZAIA4E
=2 5 YA ol A E dA Yo vkt 5§
gl BEHO Qo] o|5o] x| Fah AA F
ot ol wlolgl 29 CD4" &3e] Welgs

29 . 30, . .
* lectin,® triterpene®™ S Zo] virus-

N

cell fusion €A, host cell genomeolA copy
DNA 34J9] integration 94|, Z<¢d AEZHE

virus B4t &4 Solx #olste Aoz
A zheo] 2t

o]g} o] ABEAle] Aoz 2lF virusY
host celldll &2 2E virus protein®] 34,
A<z @A} mature virion®Z buddingd o
A Aol Zlo] Aoddte o2 FHET.

HAAZ AAZE o] 83 g HIV-1 A LS AAl
gle] FEAEY o2 RE % AAGERA
o A7 HeAdE LAY § U, ol B4
EEd e SRS 2 g Pk glen,
GE A Z)E flavonoids$} triterpenocids &
9] 3}3ES Eelsle] NMR 5 2434 & %

3 1728 TH6L U
g2 B

&=tk 2]-8-2189] HIV-1 reverse transcriptase
(RT) 9A184 AglA 733t o, oz AH
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R RWZAARGR2 HO0 27t 79.8%, 84% 2
79.8% % 100 ug/ml ‘sl A e 248 Jelle
™, HIV-1 proteaseo] thalXdE gdedel 21 H,O
A2mk 50.5%9 QABHE HoFQa, a-glu-
cosidased] Waix= 3} A3} £719) MeOH
27}t 42.2% 9 48.5%2) 3 B L Hol v}
HIV-1 EAAAZME 58 9, o] 248
28k o, g AR ?43’— # ‘”4 H,O 9
27} 50 pg/mlel A HIV-1 =

Sk HIV-1 24 )] %;—% HQl Hg oig
F A7) AR, Y g RE RT oA 24
B 33 4B S BoFERA HIV-1 24 A7

RS elAlef 71208 R F38 & 4 e,

Ab AL

rie
rﬁ

TFE BT AL L ot a7
AR DA (2300-2451)9] <13+ Aot Fol7| &

$o] dABATARAGY QFoz $48 A3
o] Y3olm olo] Zhe] FAEGU,
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