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Inhibitory effect of Tibetan medicinal plants on viral polymerases
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Abstract

For the purpose of development of novel anti-virus agents from ethnical drugs, we examined 76 traditional Tibetan
medicines for inhibitory effect on two viral enzymes, reverse transcriptase (RTase) of HIV and RNA dependent RNA
polymerase (RdRp) of HCV. Although 28 methanol extracts inhibited RTase more than 70 % at a concentration of 100
ug/ml, only 3 samples, T42 (B & R, Terminalia chebula RETZ.), TA6 (FEHS, Areca catechu L.) and T61 (KLIEHE), were
found still inhibitory after eliminating the effect of tannins by addition of BSA in the enzyme reaction mixture. In the case
of the RdRp, 7 extracts with ICso values of less than 10 pg/ml contained less than 20 % tannins. The extract of Rhodiola
sacra, whose ICso for RTase was 25.9 pug/ml, was subject to phytochemical investigation. Out of 8 compounds isolated from
the extract, daucosterol was found effective for RTase.

Key words HIV, HCV, reverse transcriptase, RNA-dependent RNA polymerase, enzyme inhibitor, Tibetan medicine.
Abbreviations HIV, human immunodeficiency virus; HCV, hepatitis C virus; RTase, reverse transcriptase; RdRp,
RNA-dependent RNA polymerase; BSA, bovine serum albumin.

Introduction

HIV, human immunodeficiency virus, is a pathogen
of AIDS, one of the most serious epidemics of today.
Estimated death caused by AIDS during 2002 was 3.1
million worldwide.” The virus propagates itself by inte-
gration of its genome into that of a host. Genomic RNA
of the virus is reverse-transcribed to the complementary
DNA by a viral RNA dependent DNA polymerase, re-
verse transcriptase (RTase). The inhibitors of RTase are
the most effective medicines against AIDS, at this mo-
ment. Nucleotide analogues (azidothymidine: AZT, dida-
nosine: ddl, zalcitabine: ddC, stavudine: d4T, lamivudine:
3TC, abacavir: ABC) and non-nucleotide inhibitors
(nevirapine : NVP, efavirenz : EFV, delavirdine: DLV)
are approved by FDA for AIDS treatment. They are even
more effective in combination with HIV protease inhibi-
tors? (saquinavir: SQV, ritonavir: RTV, indinavir: IDV,
nelfinavir: NFV). This combined treatment (highly ac-

tive antiretroviral therapy, HAART)® has succeeded in
elongation of the life span of AIDS patients. However,
the appearance of mutated viruses which are resistant
against these RTase inhibitors is inevitable, thus, new
type of inhibitors must be constantly developed. Further-
more, about 9 % of individuals with HIV are coinfected
with HCV, hepatitis C virus.”” HCV has been identified
as a causative virus of non-A non-B hepatitis. More than
170 million individuals worldwide are infected with
HCV.» Besides the seriousness of a mass of carriers,
type C hepatitis progresses into more serious diseases
in high rate, such as cirrhosis and hepatocellular carci-
noma.” HCV is also a RNA virus whose genomic RNA
is served as mRNA for viral proteins and is also repli-
cated by a virus specific RNA-dependent RNA
polymerase (RdRp).® The newly synthesized RNA is
subjected to encapsulation into viral capsule as genomic
RNA of the virus of next generation. Although interferon
therapy is the only way found effective for hepatitis C to
some extent, more than 70 % of hepatitis C patients,
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especially these infected with a viral subgroup, Ib, which
is most common in Japanese carriers, respond to the ther-
apy very poorly.” Viral specific enzymes are thought to
be the most appropriate target for antiviral agents. In
many laboratories and pharmaceutical companies, seek-
ing for inhibitors of well-characterized viral enzymes,
RdRp and HCV protease, is currently progressing.®
Mostly, a huge mass of randomly collected compounds
and rationally synthesized substrate-related peptide de-
rivatives are the candidates for the screening.

We have focused on naturally occurring products,
especially, those which have been used as traditional
medicines, for new resources of antiviral agents. In this
paper, we report the result of inhibitory effect of tradi-
tional Tibetan medicines on two viral enzymes, RTase of
HIV and RdRp of HCV. Since the Tibetan medicines are
characterized by their original plants which grow in
harsh growing conditions such as low oxygen pressure,
intense ultraviolet rays and low temperature, they are ex-
pected to be a novel type natural resource with different
characters from lowland plants. Our goal is discovery of
crude drugs which have dual effect for both HIV and
HCV from ethnical medicines.

Materials and Methods

Instruments : Ultraviolet spectrometer: Shimadzu
UV-2200UV-VIS spectrophotometer. NMR @ Varian
Unity Plus 500 ('H, 500 MHz, *C, 125 MHz), JEOL J
NA - LAA 400 WB-FT (*H, 400 MHz, *C, 100 MHz),
Varian Gemint 300 (‘H, 300 MHz, ’C, 75 MHz).
Column chromatography : Fuji Silysia BW-820MH (sil-
ica gel), Pharmacia Sephadex LH-20, Organo Amberlite
MB-3, Fuji Silysia Chromatorex-ODS DM-1020T (ODS).
HPLC : Gilson HPLC system (pump: model 305 and
306, detector: 119UV/VIS detector). Preparative medium
pressure liquid column chromatography (MPLC):Merck,
Lichroprep Si 60 (size A). TLC: Merck precoated Silica
gel 60Fs4 (0.25 mm), Merck RP-18 FossS (0.25 mm)

Crude drugs : The Tibetan crude drugs used in this
report were collected in Qing-hai Province and Tibet
Autonomous Region of China during 2000 for the JSPS
Project of Overseas Survey on Ethnical Medicines.
These specimens are deposited in the Herbarium of
Materia Medica of Toyama Medical and Pharmaceutical
University.

Preparation of methanol extracts : The crude drugs
were dried and ground to a fine powder, and then ex-
tracted twice by refluxing in 100 ml methanol for 1.5 h.
The extracts were passed through cotton filter and dried
up under reduced pressure.

RTase assay : Recombinant HIV RTase was ob-
tained from the Research Foundation of Microbial
Disease of Osaka University. One unit is defined as the
amount of enzyme that catalyzes incorporation of 1 nmol
dTTP into acid-insoluble fraction within 10 min at 37
°C. The enzyme reaction was conducted at 37°C for 60
min in a reaction mixture which consisted of the follow-
ing components; 50 mM Tris HC1 (pH 8.3), 30 mM
NaCl, 10 mM MgCl;, 5 mM dithiothreitol, 1.25 pg/ml
poly(rA)-oligo(dT)i2.15, 250 nM dTTP, 100 nM [methyl-
SHIdTTP, and 0.05 unit/ml RTase. The extract dissolved
in DMSO was added to the reaction mixture or DMSO to
the control reaction at a concentration of 5 %. The reac-
tion was carried out with or without BSA at a concentra-
tion of 0.5 mg/ml. The enzyme reaction was stopped by
addition of 10 mM EDTA and the reaction mixture was
applied onto a DE-81 filter paper (Whatman). The filter
paper was rinsed 3 times with 5 % Na,HPOs solution,
once with water, once with ethanol and once ether, and
then dried. The radioactivity of the filter paper was
counted in a 3 ml of scintillation counter. Inhibition (%)
was calculated as follows;

Inhibition (%)={1-(dpm sample/dpm control)} x 100
Adriamycin was used as a positive control.

RdRp assay : Recombinant HCV RdRp was pre-
pared as reported.” The enzyme reaction was conducted
at 25°C for 60 min in a reaction mixture consisted of the
following components; 20 mM Tris HCI (pH 8.3), 5 mM
MgClz, 5 mM dithiothreitol, 1 mM EDTA, 1 ug/ml poly
(rA), 1 pg/ml oligo(U), 2 uCi ¥P-UTP, 10 uM UTP,
and 90 pg/ml enzyme. The extract dissolved in 50 %
DMSO was added to the reaction mixture or DMSO to
the control reaction at a concentration of 2.5 %. The en-
zyme reaction was stopped by chilling on ice and the re-
action mixture was applied onto a DE-81 filter paper.
The filter paper was rinsed in the same way as RTase.
The radioactivity of the filter paper was counted in a 3
ml of scintillation counter. Inhibition (%) was calculated
as follows;

Inhibition (%)= {1-(dpm sample/dpm control)} x 100
Adriamycin was used as a positive control.
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Measurement of tannin content!” : Methanol extract
(0.2 mg/mf) 2 mi was mixed with 0.2 M phosphate
buffer (pH7.0) 1 ml and 26 pg/ml methylene blue solu-
tion 2 ml. The mixture was left at room temperature for
30 min and centrifuged at 4000 rpm for 10 min. The
absorbance at 660 nm of the supernatant was measured.
The standard curve was obtained by using a solution of
tannic acid (Nacalai Tesque Co.Ltd., Kyoto). Tannin
content was calculated in terms of tannic acid.
Extraction and fractionation of Rhodiola sacra.:
Underground part of R. sacra (3.3 kg) was ground and
extracted with methanol (18 L, twice), and the solvent
was removed under reduced pressure to obtain solid resi-
due. The yield of the methanol extract was 447 g. The
extract was dissolved in 90% methanol (1 L), and ex-
tracted with n-hexane (1 L, three times). Water phase
was extracted with CHCl; (1 L, 3 times), and then ap-
plied onto Diaion HP 20 column (10X50 cm). The col-
umn was eluted stepwise with water, 50 %methanol and
methanol. After removal of solvent, yields of the frac-
tions were as follows: n-hexane fraction, 32.7 g, CHCl;
fraction, 61 g, water fraction, 215 g, 50 % methanol elute
114 g, methanol elute 23.8 g. One hundreds gram of 50
% methanol fraction was fractionated by sillica gel col-
umn chromatography (sillica gel, 500 g) by stepwise elu-
tion of methanol-CHCls solvent system (10:90 to 100:0)
to 5 fractions (Fr.1 : 0.021 g, Fr.2 : 16.46 g, Fr.3 : 39.0
g, Frd4 : 3976 g, Fr.5: 2.0 g). Fr.2 (10 g) was further
fractionated by ODS column chromatography eluted
with MeOH: H.O=1:1 to separate to 4 fractions (Fr. 2-1:
1.7 g, Fr.2-2: 5.82 g, Fr.2-3: 0.14 g, Fr.2-4: 0.8 g). Fr.2-1
was fractionated by ODS column chromatography with
MeOH: H,0=1:3, Sephadex LH-20 column chromatog-
raphy and preparative TLC, and 4 and 6 were isolated.
From Fr.2-2 (5.82 g), 7 and 8 were isolated by sillica gel
column chromatography [MeOH: CHCl: (1:5) ] and
preparative HPLC [ MeOH:H:0 (35:65)]. Fr.2-3 (0.14 g)
was subjected to sillica gel column chromatography and
MPLC (MeOH: CHCls=1:5), and 2 and 3 were isolated.
Fr.2-4 (0.8 g) was fractionated on sillica gel column
chromatography and MPLC, and 5 and 1 were obtained.
Characterization of isolated compounds:
Compound 1 : colorless amorphous powder. FAB-
MS m/z : 577 [M+H]J*, '"H-NMR (CsDsN, 500 MHz) §
0.64 (3H, s, 18-H), 0.84 (3H, d, J = 7.0 Hz, 26-H), 0.86
(3H, d, J = 7.0 Hz, 27-H), 0.87 (3H, t, /= 7.0 Hz, 29-H),

0.91 (3H, s, 19-H), 0.96 (3H, d, J = 7.0 Hz, 26-H), 4.29
(1H, m, 3p-H), 3.90-4.60 (sugar protons), 5.05 (1H, d, J
= 7.8 Hz, anomeric proton of glucose), 5.33 (1H, d, J =
5.1 Hz, 6-H). The other spectroscopic characteristics in-
cluding BC-NMR (CsDsN, 75 MHz) spectra were identi-
cal with those of authentic daucosterol.

Compound 2 : colorless amorphous powder. 'H-
NMR (CDs0OD, 500 MHz) :  2.93 (2H,t,J = 7.0 Hz, 7-
H), 3.75 (1H, dd, J = 10.0, 7.0 Hz, 8-H ), 4.04 (1H, dd,
J = 10.0, 7.0 Hz, 8-H ), 4.29, 430 (1H each, both d,
1"1"-H), 7.13 -7.26 (5H, Ph). The other spectroscopic
characteristics including PC-NMR (CsDsN, 75 MHz)
spectra were identical with those of 2-phenylethyl o-L-
arabinopyranosyl-(1—>6)-B-D-glucopyranoside.'

Compound 3 : colorless amorphous powder. 'H -
NMR (CD:0D, 300 MHz): aglycone moiety 6 2.93 (2H,
t, J = 7.0 Hz, 7-H), 3.74 (1H, dd, J = 10.0, 7.0 Hz, 8-H),
4.09 (1H, dd, J = 10.0, 7.0 Hz, 7-H), 7.14 -7.25 (5H, Ph),
sugar moiety 6 3.17 (1H, dd, J = 9.0, 7.0 Hz, 2™-H), 3.25-
3.35 (3H, overlapped, 3°,4,5-H), 3.66 (1H, dd, J = 12.0,
5.0 Hz, 6*-H), 3.87 (1H, dd, J = 12.0, 2.0 Hz, 6-H), 4.29
(1H, d, J = 7.0 Hz, 1™-H). The other spectroscopic char-
acteristics including *C-NMR (CsDsN, 75 MHz) spectra
were identical with those of 2-phenylethyl B-D-glucopy-
ranoside.'?

Compound 4 : colorless amorphous powder. ‘H-
NMR (CDs;OD, 300 MHz): § 7.04 (2H, s, H-2, 6). The
other spectroscopic characteristics including *C-NMR
(CsDsN, 75 MHz) spectra were identical with those of
authentic gallic acid.

Compound 5 : pale yellow powder. "H-NMR (CDs
OD, 400 MHz): 5 0.87, 1.29 (3H each, both s, 8, 9-H),
1.19, 2.42 (1H each, both m, 6-H), 2.08 (1H, m, 5-H),
2.23 (1H, t, J = 5.6 Hz, 1-H), 2.29 (2H, m, 4-H), 3.72
(1H, dd, J = 11.6, 5.6 Hz, 6-H), 4.00 (1H, dd, J = 12.5,
1.5 Hz, 10-H), 4.07 (1H, dd, J = 11.6, 2.2 Hz, 6™-H), 4.20
(1H, dd, J = 12.5, 1.3 Hz, 10-H), 4.26 (1H, d, J = 7.8 Hz,
1-H), 4.30 (1H, d, J = 6.6 Hz, 1"-H), 5.58 (1H, br s, 3-
H). The other spectroscopic characteristics including *C-
NMR (CsDsN, 75 MHz) spectra were identical with
those of sacranoside A.'V

Compound 6 : colorless amorphous powder, 'H -
NMR (CDsOD 400 MHz) : & 1.80 (2H, m, 8-H), 3.38-
3.83 (Gle-H) , 2.61 (2H, t, J = 7.7 Hz, 7-H), 3.55 (2H,
t,J = 6.5 Hz, 9-H) , 3.80 (3H, s, OMe) , 499 (1H, d, J
= 7.0 Hz, Glc 1-H), 5.50 (1H, d, J = 6.6 Hz, 7-H), 6.75



246 Inhibitory effect of Tibetan medicinal plants on viral polymerases

(1H, d, J = 8.1 Hz, 5-H), 6.81 (1H, br s, 2-H), 6.83
(2H, dd, /= 8.1, 2.0 Hz, 6-H), 6.91 (1H, br s, 6’-H), 6.94
(1H, d, J = 2.0 Hz, 2-H). The other spectroscopic charac-
teristics including *C-NMR (CsDsN, 75 MHz) spectrum
were identical with those of clemastanin A.'¥

Compound 7 : pale yellow powder. '"H -NMR (CD:
OD, 500 MHz): & 6.75 (1H, d, J = 8.0 Hz, 5-H), 6.68
(1H, d, J = 2.0 Hz, 2-H), 6.65 (1H, dd, J = 8.0, 2.0 Hz,
6-H), 6.62 (1H, s, 5-H), 6.17 (1H, s, 2~H), 4.01 (1H, d,
J =115 Hz, 7-H), 3.80 (1H, dd, J = 13.5, 2.5 Hz, 9-H),
3.55 (1H, dd, J = 13.5, 4.0 Hz, 9-H), 3.79, 3.77 (3H
each, both s, OCH3), 3.78 (1H, d, J = 11.5 Hz, 9-H),
3,57 (1H,d, J=11.5Hz, 9-H), 3.21 (1H, d, /= 16.5 Hz,
7T-H), 2.60 (1H, d, J = 16.5 Hz, 7-H), 2.02 (1H, ddd, J
= 11.5, 4.0, 2.5 Hz, 8-H). The other spectroscopic char-
acteristics including >C-NMR (CsDsN, 75 MHz) spectra
were identical with those of cycloolivil.'®

Compound 8 : colorless amorphous powder, EI-MS
m/z : 346 [M]*, '"H-NMR (CD:OD, 500 MHz): § 1.79

(2H, m, 8-H), 2.55 (2H, t, 7-H), 3.45 (1H, br q, J = 6.0
Hz, 8-H), 3.55 (2H, t, 9-H), 3.74 (2H, dd, J = 10.5, 7.9
Hz, 9-H), 3.81 (3H, s, OMe), 548 (1H, d, J = 7.0 Hz, 7-
H), 6.56 (1H, br s, 5-H), 6.60 (1H, br s, 2>-H), 6.75 (1H,
d, J= 8.1 Hz, 6-H), 6.83 (1H, dd, J = 8.1, 2.0 Hz, 6-H),
6.97 (1H, d, J = 2.0 Hz, 2-H). The other spectroscopic
characteristics including C-NMR (CsDsN, 75 MHz)
spectra were identical with those of cedrusin.'®

Results

Screening of RTase inhibitory extract from Tibetan crude
drugs

Out of 76 Tibetan crude drug extracts (Table I)
tested for inhibitory effect on HIV RTase, 28 extracts in-
hibited RTase more than 70 % at a concentration of 100
pg/mi. Among the constituents which were supposed to
be contained in these crude drugs, tannins are ubiqui-

tously contained in medicinal plants, and are known to

Table I List of crude drugs.

Extract NO. Local name family Botanical name Part used
Tl IEERT Apocynaceae Holarrhena antidysenterica Wall.ex.A.DC. seed
T2 SRIN-F Fabaseae Butea monosperma (Lan.) Kuntze mature seed
T3 TCR% Anacardiaceae Mangifera indica L. seed
T4 ik Melastomatacceae  Syzygium cumini (L.) Skeels fruit
TS KEH Laccifer lacca Kerr. extraction
T6 BERT Ranunculaceae Nigella glandulifera Freyn (N.sativa L.) mature seed
T7 EEr Apiaceae Cuminum cyminum L. mature fruit
T8 HEEE Zingiberaceae Alpinia katsumadai Hayata mature seed
TS BEX Myristicaceae Myristica fragrans Houtt aril
Ti0 E34 Piperaceae Piper longum L. seed
T11 BxH Styracaceae Styrax tonkinensis (Pierre) Craib ex Hart. resin
Ti2 E Burseraceae Boswellia carterii Birdw. (Shorea robusta Gaertn.f.) resin
T13 T E TP Combretaceae Terminalia chebula Retz. pericarp
Ti4 E A Combretaceae Terminalia bellirica (Gaertn.) Roxb. pericarp
TIS REF Euphorbiaceae Phyllanthus emblica 1. mature fruit
T16 BE Santalaceae Santalum album L. wood
Ti7 SRFIR Nyctaginaceae Myrabilis himalaica (Edgew.) Heim. root
T18 & Thymelaeceae Agquilaria sinensis (Lour.) Gilg wood
T19 FARM Rosaceae Chaenomeles speciosa (Sweet) Nakai fruit
T20 JTEA Papaveraceae Corydalis yanhusuo W.T.Wang tuber
T21 S Boraginaceae Onosma hookeri C.B.Clarke root
T22 K& Poaceae Bambusa textilis Mc.clure (B.arundinacea Willd) resin
T23 Vi dze Dipterocarpaceae  Dryobalanops aromatica Gaertn.f. resin
T24 #LAE Asteraceae Carthamus tinctorius L. flower
T25 FERZ Lauraceae Cinnamomum cassia Presl bark
T26 k& wood
T£7 BEH Araceae Acorus calamus L. rhizome
T28 FES Orchidaceae Gymnadenia conopsea (L.) R Br. tuber
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Botanical name

Local name family Part used
T29 REF Cucurbitaceae Momordica cochinchinensis (Lour.) Spreng. seed
T30 BET Loganiaceae Strychnos nux-vomica L. (S. pierriana A. W Hill) seed
T31 HE Fabaceae Glycyrrhiza uralensis Fisch. (G. glabra L., G. inflata Bat.) root
T32 HEE Menispermaceae Tinospora cordifolia (Willd.) Hook.f.&Thomas. (T. sinensis (Lour.) Merr.) tuber
T33 K& Asteraceae Aucklandia lappa Decne root
T34 Bikh faces
T35 FBEAE Ericaceae Rhododendron anthopogonoides Maxim. flower,reaf
T36 K Polygonaceae Rheum palmatum L. rhizome
T37 EH Zygophyllaceae Tribulus terrestris L. mature fruit
T38 EHH-F Cyperaceae Cyperus rotundus L. rhizome
T39 =gz Drynaria sinica Diels (D.baronii (Christ) Diels) rhizome
T40 EER Berberidaceae Sinopodophyllum emodii (Wall.ex Royle) Ying mature fruit
T41 RE Liliaceae Asparagus cochinchinensis (Lour.) Merr. tuber
T42 TR Combretaceae Terminalia chebula Retz. fruit
T43 HHEE Fabaceae Trigonella foenum-graecum L. mature seed
T44 W Companulaceae Codonopsis pilosula (Franch.) Nannf. root
T45 EE Fabaceae Astragalus mongholicus Bunge root
T46 FEAR Arecaceae Areca catechu L. mature seed
T47 X Liliaceae Polygonatum cirrhifolium (Wall.) Royle rhizome
T48 B Campanulaceae Adenophora lilifolioides Pax.et Hoffm root
T49 AEE Papaveraceae Hypecoum leptocarpum Hook.f.et Thomas. (H. etectum L.) whole plant
T50 i Aristolochiaceae ﬁr;srtt%i;gic}r }rlr::zp:z:rglzlsc klil;anch. (A.macrocarpa C.Y. Wu et 8.Y.Wu, stem
T51 AR Potamiscus loshingense Wu whole plant
T52 yNiYid Bombacacrae Bombax malabaricum DC. (B. ceiba L.) flower
T53 BAE Asteraceae Imura helenium L. (I. racemosa Hook.f.) root
T54 FPEE Rubiaceae Rubia wallichiana Decne., R. tibelica Hook.f., R. cordiholia L. aril part
T55 il Myrisinaceae Embelia laeta (L.) Mez. fruit
T56 REE Fabaceae Pterocarpus indicus Willd. (P. santalinus 1.f.) wood
T57 £ Zingiberaceae Hedychium spicatum Ham.ex Smith rhizome
T58 BT Fabaceae Entada phaseoloides (L.) Merr. mature seed
T59 BEER Fabaceae Cassia fistula L. fruit
T60 ] Phytolaccaceae Phytolacca acinosa Roxb. root
T61 HLAERD seed
T62 s Apiaceae Pleurospermum hookeri (C.B.Clarke) var. thomosonii C.B.Clarke root
T63 SOEAR Sapindaceae Xanthoceras sorbifolia Bunge stemA -
T64 EEH Asteraceae Ixeris chinensis (Thunb.) Nakai whole plant
T65 e Ranunculaceae Aconitum Carmichaeri Debx. tuber
T66 HEE underground part
T67 K2 Araceae Arisaema flavum (Forsk.) Shott. tuber
T68 =R ) Gentianaceae Gentiana algida Pall. flower
T69 HFr Jiik Gentianaceae Gentiana straminea Maxim. flower
T70 HEERZ Caryophyllaceae Arenaria kansuensis Maxim. stem,rhizome
T71 SEETE Rosaceae Rubus biflorus Buch.-Ham.ex Smith (R. kokoricus Hao.) stem
T72 FEBRE{t  Papaveraceae Meconopsis quintuplinervia Regel flower
T73 N Anacardiaceae Choerospondias axillaris (Roxb.) Burtt et Hill mature fruit
T74 WM Cucurbiaccac Herpetospermum pedunculosum (Scx.) Bail. seed
T75 XERH Ranunculaceae Aconitum brunneum Hand. -Mazz. tuber
T76 AB-FN Crassulaceae Rhodiola sacra S.H.Fu. underground part
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Table II Inhibitory activity of crude
drug extracts on HIV RTase.
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Table HI Effect of albumin on HIV RTase -inhibitory
activity of crude drugs.

Table IV Inhibitory activity of crude
drug extracts on HCV RdRp.

ICso Tannin content Inhibition of RTase (%) at 100 pg/ml ICso Tannin content

(ug/ml) (%) BSA (-) BSA (+) (ug/ml) (%)

Tl 1.1 104 Ti 9451427 202+ 6.14 T1 10.7 10.4
T3 22 254 T3 96.6+1.10 174+ 297 T3 9.8 254
T4 13.0 124

T4 10.4 124 T4 99.83+0.26 -10.8%+12.48 Ts 108 939
15 10.0 239 T5 96.312.89 2471972 T9 31.0 3.9
T8 277 19.8 T8 851138 27.3%+10.35 T13 1.8 23.9
T14 36 224

T9 27.7 39 T9 9441158 302+12.86 T15 57 194
T13 0.1 239 T13 100.9+0.02 36.6T 478 T18 79 11.6
Ti4 0.5 224 T14 100.30.20 38.8+16.26 T19 9.8 3.9
T20 21.4 1.2

Ti5 1.1 193 T15 100.5+0.40 12.0% 1.81 21 356 -~
TI8 10.5 116 T18 98.4%0.52 34.4%1051 125 13.1 37
T19 73 39 T19 96.311.01 8.9110.08 27 39.4 0.0
T28 232 0.5

T25 13.2 32 T25 94.4+2.08 10.7+44.65 T34 e 37
T34 94 37 T34 748+3.86 303%17.04 T35 16.7 11.6
T35 56 116 T35 93.611.26 73%10.66 136 9.3 19.1
T38 17.9 2.9

T36 0.4 19.1 T36 98.510.44 354+ 0.15 9 o1 P
T38 119 29 T38 88.97+1.51 41.0+11.38 T40 33.8 9.4
T39 2.9 6.7 T39 9.75+2.49 5541348 T42 0.9 227
T43 42.0 2.8

T42 07 227 T42 100.1+0.12 84.5-12.11 T46 26 4.7
T46 0.1 247 Ta6 100.1£0.16 935+ 529 T48 402 27
T52 8.5 44 T52 98.010.90 50%11.46 T52 26.9 4.4
TS5 10.4 19.8

T55 26.9 19.8 T55 947+2.28 368+ 072 T57 249 b
T58 30.5 0.2 T58 80.0+4.36 53+ 358 T58 349 02
159 1.4 17.2 T59 101.520.12 32,01 821 T59 9.7 17.2
T60 8.1 16.7

T60 0.1 16.7 T60 100.740.31 15.2+12.05 Tél (13 16.8
T61 0.8 16.8 T61 101.40.08 700+ 7.32 T63 359 35
T71 347 23 T71 85.412.37 49+ 861 171 334 2.3
™ 473 0.4

T73 200 6.4 T73 95.720.81 289+ 454 4 287 6.4
T76 259 132 T74 286 46

Value is mean=S.D. (n=3)
Inhibitory effects of the above extracts measured in the Value is mean. (n=3)

Value is mean. (n=3)

presence (+) or absence (-) of 0.5 mg/ml BSA (bovine

serum albumin).

bound proteins non-specifically. The ICso of 28 inhibi-
tory extracts and tannin content, which was measured by

19 were determined as

the methylene blue analysis,
shown in Table II. Most of them, especially, whose ICso
was less than 1 pg/ml, had high tannin content, nearly
20 %. Whether their inhibitory effect was due to non-
specific binding of tannin and proteins including the en-
zyme, the enzyme reaction was carried out in the
presence of BSA. Three samples, T42, T46 and T61
were found still inhibitory (Table III).
Screening of RdRp - inhibitory extract from Tibetan
crude drugs

The HCV RdRp is encoded in the NS5B region at
the 5-terminus of the virus genome. The recombinant
RdRp was efficiently produced by bacterial system.” The

inhibitory effect of the extracts on the RdRp was tested
using the recombinant enzyme. Thirty-seven extracts in-
hibited RTase more than 80 % at a concentration of 100
pg/ml. Their ICso and tannin content were determined as
shown in Table IV. Twenty extracts had ICso of less than
20 pg/ml. Three extracts, T42, T46 and T61 which were
inhibitory for RTase inhibited RdRp efficiently.
Isolation of RTase inhibitory compounds from Rhodiola
sacra

As shown in Table II, the extract of Rhodiola sacra
(T76) effciently inhibited RTase. We investigated RTase
inhibitory compound contained in the extract. The ex-
tract was fractionated and 8 compounds were isolated
and were analyzed spectroscopically to determine the
They were identified as 1:

chemical structure.
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Table V. HIV RTase -inhibitory activity of compounds
isolated from R.sacra.

Compounds Inhibition (%) at 100 uM
1 843+ 55
2 58.9126.9
3 25.8%25.1
4 18.2%10.5
5 2831205
6 8.0 5.24
7 45.8+t14.28
8 4.6% 8.69
(-)-Epigallocatechin gallate 91.0£ 1.5
Kaempferol 50.2E% 6.5
Caffeic acid 40.6T 8.0
Protocatechuic acid 39.7E£ 8.7
trans-p-Cumaric acid 382% 35
Umberiferone 36.6E£ 84
2-(4-Hydroxyphenyl)ethylalcohl 34.6% 3.6
Hydroquinone 30.6%35.1
4-Hydroxybenzoic acid -39+ 238
Suberric acid -11.5%+29.7
Adriamycin 92.21+8.90

daucosterol, 2: 2-phenylethyl o-L-arabinopyranosyl-
(1 = 6)-B-D-glucopyranoside, 3: 2-phenylethyl B-D-
glucopyranoside, 4: gallic acid, 5:sacranoside A, 6:
clemastanin A, 7: cycloolivil, 8: cedrusin. We examined
the RTase inhibitory activity of these isolated com-
pounds as well as the compounds which have been re-
ported to be isolated from the crude drug, as shown
Table V. Among the compounds, compound 1 and (-)-
epigallocatechin gallate inhibited the enzyme efficiently.

Discussion

Most of the samples that had high tannins content
inhibited RTase effectively, and the effect was dimin-
ished by BSA addition. Three exceptions, T42 (ﬁ%%,
Terminalia chebula Retz.), T46 (WM, Areca catechu
L.) and T61(KLAE#E), were still inhibitory after eliminat-
ing the effect of tannins by addition of BSA in the en-
zyme reaction mixture. T42 is the unripe fruit of West
Indian almond, and is mainly produced in Canton and
Yunnan Province of China. In Tibet, it is used for eye
diseases and diarrhea. T46 and T61 are the matured
seeds of a plant of the palm family, and they are distrib-
uted in Tibet Autonomous Region, Canton and Yunnan
Province. Their vermicide effect and antivirus activity
have been reported.’> These three crude drugs were also
inhibitory on HCV RdRp. Their combined effect on

these two viral polymerases could be the treatment for
individuals who are coinfected with HIV and HCV.

T76 (EHLAL 5 K, Rhodiola sacra) is a typical
Tibetan crude drug commonly used for hemostatics,
treatment of a bruise and a burn, and is thought to stimu-
late blood circulation. It is getting popular as a health
food and is sold in the market in Tibet. It is distributed
mainly on the rocky surface of lofty mountains in Tibet
and Qinghai Province. The isolation of the following
compounds has been reported : flavonoids such as
kaempherol, alkylated sugars, phenylpropanoids, p-
hydroxybenzoic acid derivatives, -sitosterol derivatives,
monoterpenoids (sacranosides, kenposides), and con-
densed tannins and gallic acid.'"'*'*!” Among the eight
compounds (1 ~ 8) which we isolated and identified, this
is the first report of isolation of 6, 7 and 8 from the crude
drug. The constituents of the crude drug including those
isolated by us showed moderate inhibitory effect for
RTase. Compound 1, the isolation of the compound has
been reported by Qiu et al.,'® showed the highest activ-
ity, 84 % inhibition at a concentration of 100 puM.
Furthermore, most of the 76 Tibetan crude drugs exam-
ined here are used for preservation of hygiene and for
long term medication. Their effect should be mild and
have little side effect. The Tibetan medicines which were
effective for two viral polymerases could be developed
as supplement drugs over a long period of time.

MX &

EHREY» 0By A VAEOMFEABHEL T,
Kr@Bs~y MeEEY 16D HIV OS5 R
(RTase) 8L U HCV ® RNAKTE RNA R Y £ 5 —+&
(RbRp) 1o § 2 BHEMREZHET Lice TNOTERED £
57— EADDE BRIEKS 100 ug/ml OBEET
RTase {2 70% U L OMEMRETR LAY, 7 v = D%
RaHbrd 2720 BSARME SRS S > bDIET
DHILIBEDALTH>T, —H, [FERETRIRp I
90% LI LBHZEXIR NS b, sy v= v OEFENL%
LUTO&DII8BIETH »7c, & 5612 RTase K¥td 5
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