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Abstract

Seventeen aqueous and methanol extracts from nine South African medicinal plants, ethnobotanically selected, were screened for inhibitory
properties against HIV-1 reverse transcriptase (RT). Isolated compounds were additionally evaluated on HIV-1 integrase (IN). The strongest
inhibition against the RNA-dependent-DNA polymerase (RDDP) activity of RT was observed with the methanol extract of the stem-bark of
Peltophorum africanunBond. (Fabaceae) (§¢3.5,g/ml), while the methanol extract of the roots @dmbretum moll&R.Br. ex G. Don
(Combretaceae) was the most inhibitory on the ribonuclease H (RNase H) activgy9(IiG.g/ml). The known compounds bergenin and
catechin, and a red coloured gallotannin composedeaiidepside chains of gallic and protocatechuic acids esterified t@-dsbbutyroly-
B-p-glucopyranose core, were isolated from the methanol extract of the roots and stem-Battophorum africanumThe gallotannin
inhibited the RDDP and RNase H functions of RT withsd@alues of 6.0 and 5.@M, respectively, and abolished théehd processing
activity of IN at 100M. Catechin showed no effect on RT but had a moderate activity on HIV-1 IN. Bergenin was inactive on both enzymes.
The aqueous and methanol extracts were non-toxic in a HeLaP4 cell line at a concentratiopgfdi00
© 2005 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

- Currently available therapeutics against HIV infection in-
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their major short-comingsPemerantz and Horn, 20p3As conditions: chronic diarrhoea, persistent cough, progressive
a result, the search for better anti-HIV agents continues, andweight loss, skin infections. Based on responses, the follow-
much attention has been focused on natural sources, particing plants were identified nameBridelia micranthaBaill.
ularly plant species. Promising results have been achieved(Fabaceae)Combretum molleR.Br. ex G. Don (Combre-
through the evaluation of plant derived compounds againsttaceae)Mucuna coriaceaBaker (Fabaceaellaeodendron
several essential points in the life-cycle of HIM€ Clercq, transvaalensigacq. (Celastraceadyltophorum africanum
2000. Sond. (FabaceaeRicinus communid. (Euphorbiaceae),

The prevalence of HIV in South Africa at the end of Vernonia stipulace&latt. (Asteraceae) andiziphus mu-
2002 was estimated at 26.5%, with about 4 million people cronataWilld. (Rhamnaceae)Sutherlandia frutescersub-
infected Department of Health, 2003The use of medicinal  speciesnicrophyllaL. R.Br.ex W.T. Aiton (Fabaceae) widely
plants is widespread in South Africa and a good proportion used in South Africa for its reported ability to increase CD4
of HIV/AIDS patients, for traditional and financial reasons, counts and lower viral load in AIDS patients was also in-
seek relief from traditional healers who administer prepa- cluded in the study. Eight of these plants were identified by
rations from a variety of plantdMorris, 2003. AIDS is a Mr. Peter Tshisikawe of the Botany Unit, Department of Bi-
syndrome comprising a dysfunction of the immune system, ological Sciences, University of Venda, South Africa, where
compounded by opportunistic infections of bacterial, fungal, voucher specimens have been deposited. Leaves and twigs
protozoan or viral aetiology. The beneficial effect of an herbal of Sutherlandia frutescensubspeciesnicrophylla were a
extract in the HIV/AIDS condition could be due to a direct kind gift of Dr. Carl Albrecht, University of the Western
inhibition of HIV replication, boosting of the immune sys- Cape, Stellenbosch, South Africa and botanically identified
tem, or having inhibitory properties against one or several by Prof. Van Wyk, Rands Afrikaans University, Johannes-
opportunistic infections. There is paucity of data on the po- burg, South Africa. Plants were at different times collected
tential therapeutic effects of South African medicinal plants from their natural habitats between July 2002 and April 2003.
on HIV infection. Bridelia micrantha Elaeodendron transvaalensieltopho-

As a component of our on-going antimicrobial screening rum africanumRicinus communjZiziphus mucronateere
of medicinal plants, we are screening selected plants for bio- collected within the precincts of Nzhelel@pmbretum molle
logical activity against HIV-1 reverse transcriptase (RT) and from Lwamondo andlucuna coriacedrom the compound
integrase (IN). In this report we present results on the eval- of the University of Venda, ThohoyandoMWernonia stipu-
uation of 17 aqueous and methanol extracts of nine plants,laceawas obtained from Bushbuckridg@able 1presents
used by traditional healers in the Limpopo Province of South ethnobotanical information on the nine selected plants.
Africa in the treatment of HIV/AIDS patients and other sus-
pected viral conditions, for activity against HIV-1 RT. The 2.2. Preparation of aqueous and methanol extracts
extracts were evaluated for activity against (1) the ability of
the DNA polymerase domain of HIV-1 RT to transcribe vi- Plant parts, roots or leaves, were washed with distilled wa-
ral RNA to a complementary DNA, otherwise referred to ter and dried at room temperature for 2—3 weeks. Dried plant
as the RNA-dependent-DNA polymerase (RDDP) activity, material was chopped and ground into powder. Two hundred
(2) the ability of the RNase H domain to degrade the RNA grams of powdered material were soaked in 11 of either dis-
component in the RNA:DNA hybrid in the course of reverse tilled water or methanol overnight on a rotatory platform. The
transcription (RNase H activity). In addition, the effect of resulting mixture was subsequently strained through a cheese
compounds isolated from the roots and stem-barlPeif cloth and then vacuum-aided filtered through Whatman filter
tophorum africanuron the RDDP and RNase H functions paper No. 3 (W&R, England, UK). The residue was further
of HIV-1 RT were studied. Their ability to block thé-8nd extracted twice with 250 ml of the extractant. Filtrates were
processing reaction catalyzed by HIV-1 IN, an essential step evaporated to dryness on a rotatory evaporator (Rotavapor R-
in the integration of viral DNA in the host cell genome, was 144 Buchi, Switzerland) at 60 and 4G to obtain the agueous
also investigated. and methanol extracts, respectively. Extracts were stored in

the dark at 2C until used.

2. Methodology 2.3. Expression and purification of HIV-1 RT and IN

2.1. Selection and procurement of plants Recombinant HIV-1 RT consisting of the p66 and p51
subunits was expressed and purified as earlier reported

Two traditional healers in the Limpopo province who re- (Sallafranque-Andreola et al., 198#1I1V-1 IN was prepared

ceive AIDS patients were interviewed on the type of plants asdescribed b§aumontetal. (199&ndParissietal. (2000)

they employ in treating these individuals. These individuals

have either disclosed their condition confirmed by a medical 2.3.1. HIV-1 RT RDDP activity

report or the healers suspected AIDS when the patients pre- The inhibition of HIV-1 reverse transcriptase activity

sented with a combination of two or more of the following was evaluated by measuring the incorporation of methiyl-
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Identification of plants used to treat HIV/AIDS and related conditions in the Limpopo Province of South Africa
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Plant identity and family Common narhe Voucher number Part used Ethno-medical information
Bridelia micranthaBaill. Munzere (T) BP0O3 Roots Diarrhoea, sore eyes, stomach aches,
(Euphorbiaceae) abortifacient (in et al., 2002
Combretum molfeR.Br. ex Mugwiti (T), velvet BPO7 Roots Abdominal pains, snake bites,
G. Don (Combretaceae) bushwillow (E) leprosy, fever, convulsions,
hookworm infection labogo, 199)
Elaeodendron transvaalensis Mukuvhazuivhi (T), bushveld  BP05 Roots Colds, skin rashes, fever, candidiasis,
Jacq. (Celastraceae) saffron (E) dysmenorrhoeaSteenkamp, 2003
Mucuna coriaced@aker Vhaulada (T), buffulo-bean BP02 Roots Fever, diarrhoea
(Fabaceae) (E)
Peltophorum africanuf Musese (T), weeping/African  BPO1 Roots/stem-bark Wounds, toothache, sore throat,
Sond. (Fabaceae) wattle (E) cough, tuberculosis, abdominal
disorders, diarrhoea, dysentery
menorrhagia, infertility Arnold and
Gulumian, 19840bi et al., 2003
Ricinus communif_.), Mupfure (T), castor-bean (E) BP06 Leaves Wounds and sores, abscesses,
(Euphorbiaceae) asthma, arthritis, dermatitis, flu,
fever, tuberculosis, toothache,
antihelmentic, diarrhoea,
abortifacient Grierson and Afolayan,
1999
Sutherlandia frutescens Cancer bush (E) - Leaves and twigs Relieving cold, influenza, chicken
subspeciesicrophylla(L.), pox, diabetes, varicose veins, piles,
R.Br. ex W.T. Aiton backache, rheumatism, physical and
(Fabaceae) mental stress
Vernonia stipulace&latt. Mululudza (T), blue bittertea  BP08 Roots Diarrhoea, fever, flu, contraceptive
(Asteraceae) (E) (Mabogo, 1990; Obi et al., 2093
Ziziphus mucronat&Vvilld. Mukhalu (T), buffalo thorn BP0O4 Leaves Diarrhoea, dysentery, stomach ulcers,
(Rhamnaceae) (E) fever, antiperistaltic, skin diseases

and anti-inflammatory, menorrhagia,
infertility (Arnold and Gulumian,
1984; Kayser and Arndt, 2000

a T: Tshivenda (Limpopo Province, South Africa), E: English.

b Ethno-medical information are based on interviews with traditional healers where the plants were collected and on published literaturs. Redffpart
the various disease conditions may be inclusive or different from the parts investigated in this study.

¢ Both traditional healers used these plants to treat HIV/AIDS patients.

thymidine triphosphate®d TTP) by RT using polyadenylic ~ With extract/CPM without extracty 100]. Reactions were
acid-oligodeoxythymidilic acid (polyA-oligodT) template- carried out in duplicate for each of two independent determi-
primer in the presence and absence of test substance aBations. AZT-TP was used as a positive control.

earlier reported Sallafranque-Andreola et al., 198%ith

some modifications. Briefly, RT activity was investigated ina 2.3.2. HIV-1 RT RNase H activity

50l reaction mixture containing 50 mM Tris HCI (pH 7.9), 2.3.2.1. Synthesis of RNA/DNA hybritlhe radiolabelled
10mM dithiothreitol, 5mM MgOAc, 80 mM KCI, 20.M RNA/DNA hybrid, which served as the substrate for
dTTP, 0.5.Ci [3H]dTTP (70 Ci/mmole), 2@ng/ml poly(A)- RNase H, was basically prepared as previously described
oligo(dT) (5:1) and 0.02&M of RT in the presence and ab- (Andréola et al., 1998 Briefly, a 50ul reaction vol-
sence of extracts. Prior to use, the aqueous extracts were disume containing 0.01 mg/ml calf thymus single stranded
solved in distilled water, while methanol extracts and isolated DNA (Sigma—Aldrich), 1 unitE. coli RNA polymerase
compounds were dissolved in dimethylsulphoxide (DMSO) (Boehringer), 50 mM Tris HCI (pH 7.8), 5mM dithiothre-
(Merck). The final test concentration of DMSO was 5%. Re- itol, 100 mM KCI, 5mM MgCbh, 0.5 mM each of ATP, GTP,
action tubes were incubated at <37 for 10 min and the re-  CTP (Roche) and 2@Ci *H-UTP (31.0 Ci/mmole) was in-
action was stopped by adding 3ml of a 0.1 M sodium py- cubated at 37C for 1 h, followed by the addition of 0.5 mM
rophosphate/10% trichloroacetic acid (TCA) cold solution. UTP and afurtherincubation for 10 min, and stored20°C
Radioactive polymerized residue collected on cellulose ni- for future use.

trate transfer membranes (048, Whatman) was dried and

immersed in scintillating fluid (Ultimate Gold, Packard Bio- 2.3.2.2. RNase H assay@jant extracts were tested in a
science). Radioactivity was measured in a Wallac 1409 scin-50,, reaction volume containing 50 mM Tris HCI pH 7.8,
tillating counter and was expressed as counts per minutego mm KCI, 5 mM MgCh, RNA/DNA hybrid (20,000 cpm)
(CPM). Percentage inhibition was calculated as +§CPM and 0.0uM of RT. The mixture was incubated for 15 min and
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the reaction was stopped as described inthe RDDP assay. Thelate was seeded with 12,000 cells in a total volume of
RNase H inhibition was estimated by measuring the degra- 200wl Dulbecco’s Minimum Essential Medium containing
dation of3H-labelled RNA in the RNA/DNA hybrid in the ~ 10% Foetal Calf Serum and gentamycin (#&Fml) was in-
presence or absence of test substance. Percentage inhibitioaubated for 24 h at 37C in 5% CQ humidified atmosphere.
of RNase H activity was calculated asf(CPM of hybrid Culture medium was discarded and a two-fold serial dilution
without extract- CPM of hybrid with test substance)/(CPM  of test substance was done in a total volume of 20f@r a
of hybrid without extract- CPM of RNA/DNA hybrid in- concentration range of 400-0.228/ml. The plate was in-
cubated with RT)x 100. Reactions were carried out in du- cubated for a further 48 h as indicated above. Prior to testing,
plicate for each of two independent determinations. A DNA aqueous extracts were dissolved in distilled water and the
aptamer (ODN 93) as described Bydréola et al. (2001b)  methanol extracts were initially dissolved in 50% DMSO.
was used as a positive control. The final DMSO concentration in the assay was 2%. Con-
trols consisted of cells in growth medium without extract
2.3.2.3. Evaluation against the’-8nd processing activ-  for aqueous extracts, and cells in growth medium with 2%
ity of HIV-1 integrase.Biological activity of isolated DMSO for methanol extracts. Extract concentrations were
molecules against the’-8nd processing activity of HIV-  evaluated in duplicate. Cell viability was determined using
1 IN was performed as described Byrissi et al. (2000) the CellTiter 96 AQueous One Solution Cell Proliferation
Briefly, the processing substrate was synthesized with Assay (Promega) according to the manufacturer’s instruc-
10nM of a B 32P labelled 21 nucleotide long ODN (5 tions. Incubation was done for 3 h. Absorbance values were
GTGTGGAAAATCTCTAGCAGT-3) annealed to its com- ~ measured at 490 nm. The assay was performed twice. Fifty
plementary strand (BACTGCTAGAGATTTTCCACAC- percent cytotoxic concentration (G§} was determined as
3). The reaction mixture contained 20 mM HEPES pH 7.5, the concentration of extractthat reduced cell viability by 50%
10mM DTT, 7.5mM MnCp, 10 nM NaCl, 0.05% Nonidet- ~ when compared to controls.
P 40, 10nM processing substrate and 600 nM IN in a final
volume of 20ul. After 1 h incubation, the'3end processing  2.5. Bioassay guided fractionation and isolation of
products were resolved on a 12% polyacrylamide-7 M urea active principles
gelsin Tris borate EDTA pH 7.6 and autoradiographed. Gels
were analyzed using an NIH-image apparatus. For inhibition  The methanol extracts of the roots and stem-barRedf
tests, preincubation for 20 min at 3C of IN and different  tophorum africanunwere further investigated for active com-
concentrations of compounds was performed before addingpounds based on their activities in the screening assays.
the processing substrate. Diketo acid L-731,988 (a gift of |solation of pure compounds was done through the combi-
Merck Research Laboratories) was used as a positive controlnation of thin layer, flash column and vacuum liquid col-

(Grobler et al., 200R umn chromatographic techniques. Chemical identification
of pure compounds was achieved through the analyses of
2.4. Cytotoxicity assay spectroscopic data derived frohil and 13C nuclear mag-

netic resonance, mass spectrometry, infrared, ultraviolet and
Cytotoxicity of extracts was determined in a HeLaP4 cell MALDI-Tof profiles and by comparison with published lit-
line (Andréola et al., 200JaA 96 flat-bottom well microtiter erature.

Table 2
Degree of inhibition of the RNA-dependent-DNA polymerase and ribonuclease H activities of HIV-1 RT by aqueous and methanol extracts of setected Sout
African medicinal plants

Plant RDDP 1Go? (ng/ml) RNase H 1Go? (ng/ml)
Agqueous Methanol Agqueous Methanol
1 Bridelia micrantha 185 105 110 103
2 Combretum molle 375 95 137 9.7
3 Elaeodendron transvaalensis 80.0 1310 312 300
4 Mucuna coriacea ND 105 ND 175
5 Peltophorum africanun(roots) 383 80 490 137
6 Peltophorum africanunbark) ND 35 ND 106
7 Ricinus communis 1820 425 >100 >100
8 Sutherlandia frutescefs 4250 >2000 >100 >100
9 Vernonia stipulacea ND 350 ND >100
10 Ziziphus mucronata 775 815 >100 750

ND: not determined.

2 |Csp was the amount of extract required to reduce the reverse transcriptase activity by 50%sghN#U&s were determined from the activity/concentration
regression curves with at least seven concentration/activity points.

b The methanol extracts &utherlandia frutescerendVernonia stipulaceawere observed to stimulate RT activity at 106/ml.
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3. Results

3.1. Effect of crude extracts on RT activities, and
cytotoxicity

The effect of the agueous and methanol extracts was tested

on DNA polymerase and RNase H activities of HIV-1 RT.
The 1G5 values of the plant extracts evaluated against HIV-1
RDDP and RNase H activities are shownTiable 2 Gen-
erally, the methanol extracts were more inhibitory than the
agueous extracts. No cytotoxicity was observed at the max-
imum tested concentration of 4Q@/ml for all the extracts
(data not shown).

3.2. Isolated compounds

Bioassay-guided fractionation carried out on the roots and
stem-bark ofPeltophorum africanunmafforded the known
compounds bergenif{chuta et al., 197gand catechinfoo
etal., 1996, and a red coloured gallotannin. Structural infor-
mation gathered by MALDI-Tof, LC/MS, silylation and acid
hydrolysis of the gallotannin indicated that it is composed of
metadepside chains of gallic and protocatechuic acids ester-
ified to a 1O-isobutyroly3-p-glucopyranose coréfaddock
et al., 1982; Niemetz et al., 1999; Kandil and Grace, 2001
The red colour is probably due to the occurrence of some of
the constituting catecholic units under their oxidized ortho-
quinone form Fig. 1).

3.2.1. Bioactivity of isolated compounds against HIV-1
RT

The strongestinhibition againstthe RDDP activity of HIV-
1 RT was shown by the gallotannin with ansg®f 6.0uM,
compared to 0.048M for AZT-TP used as a positive con-
trol. The gallotannin also inhibited the RNase H activity with
an 1Gsg of 5.0uM compared to 0.5.M for ODN 93 which
served as the positive control. The inhibition of RDDP and
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Fig. 1. Example of a hypothetical structure of the red-coloured gallotannin
isolated from the roots and stem-barkRefitophorum africanun$ond.

4. Discussion and conclusions

Inthe huntfor novel anti-HIV compounds, there are agood
number of country-based reports on the inhibitory properties
of medicinal plants on different targets in the life cycle of

RNase H activities by the gallotannin was dose dependentHIV. Some of these investigations have led to the discovery

(data not shown). Below 2.0 and JuM, the gallotannin,
respectively stimulated the RDDP and RNase H activities,
while the RDDP and RNase H activities were completely
abolished at 10.0 and 8uM, respectively. Bergenin and cat-
echin did notinhibitthe RDDP and RNase activities of HIV-1
RT even at 10Q.M.

3.2.2. Bioactivity of isolated compounds against HIV-1
IN

The relative inhibitions of catechin, the gallotannin and
bergenin against thé-&nd processing activity of HIV-1 IN

of molecules, a few of which have entered clinical tridhe (
Clercq, 2000; Kong et al., 2003South Africa has a huge
variety of plants used in folklore medicine. Several evalu-
ations of South African plants for activity against bacteria
(Eloff et al., 2001; Obi et al., 2003; Lall and Meyer, 2001
fungi (Motsei et al., 2008 protozoans\{an Zyl and Viljoen,
2002, viruses Meyer et al., 199¥and non-infectious con-
ditions Eloff et al., 200} have been documented. However,
there is a dearth of information on the anti-HIV properties of
plants used in South African traditional medicine, despite the
administration of plant based decoctions and concoctions to

resolved on a 12% polyacrylamide-7M urea gel are presentedHIV/AIDS persons in the country.

in Fig. 2 Quantification by densitometry showed that the
strongest inhibition was obtained with the gallotannin with
an G of about 6uM, while IN activity was abolished at
100pM. Catechin, at 10Q.M inhibited IN activity by almost
65%. Bergenin had no effect on IN at the maximum tested
concentration of 100.M.

In this report, 17 extracts from nine plants used in tra-
ditional medicine in the Limpopo Province of South Africa
were screened for RDDP and RNase H activities of HIV-1 RT.
Isolated principles from the roots and stem-barReltopho-
rum africanumwere additionally evaluated on the@nd pro-
cessing activity of HIV-1 IN. The results showed that the
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Decreasing concentrations of 100, 10, 1, 0.1, 0.01, 0.001 micromolar

10, 1, 0.1 micromolar

Catechin Gallotannin Bergenin Diketo acid

12 3 4 5 6 78 9101112 13 141516 1718 19 20 21 22 2324

Substrate
(21nucleotides)
3'- end processing
product of IN
(19 nucleotides)

Fig. 2. Inhibition of the 3-end processing activity of HIV-1 IN by catechin, a gallotannin and bergenin isolatedMettwphorum africanumLegend: The

model substrate corresponds to a 21 bp double stranded oligonucleotide mimicking the U5 end of the HIV-1 LTR (se2) S2atiag the processing reaction

IN cleaves the dinucleotide GT at theénd of the substrate and gives rise to a 19 base pair oligonucleotide prodenti(Brocessing). Bands of different
electrophoretic mobility are observed which corresponds to the strand transfer reaction (reaction subsequent to the processing and whit$ totinespo
integration of the processed substrate in the 21 nucleotide long oligonucleotide). This reaction mimicks the integration of viral DNA intdethBdéllu

Lanes 1 and 2 contained substrate incubated without IN. No product is generated in the absence of IN. Lane 3 is the substrate incubated with H¢én the abse
of test substance. A&nd processing product is formed (19 nucleotides). Lanes 4-9; 10-15; 16—21: incubations in the presence of catechin, a gallotannin and
bergenin, respectively. Used concentrations were 100, 10, 1, 0.1, 0.01 angw®i0D&nes 22, 23 and 24: diketo acid used as a positive control at 10, 1 and
0.1.M concentrations.

methanol extracts of the roots Bfidelia micranthg Com- stimulation reproducibly enhanced viral replication by as
bretum molleMucuna coriaceaPeltophorum africanurand much as 400%. Though the mechanism of drug-induced stim-
its stem-bark have strong activity against HIV-1 RT. In gen- ulation is not known, it could be attributed to conformational
eral, the methanol extracts were more inhibitory than the changes on the enzyme. The implication of the stimulatory
agueous extracts and moreso on the RNase H activity ofactivity shown by the plant extracts investigated herein could
RT. This observation could be related to the fact that many be undesirable if the same scenario takes place in vivo. A
classes of compounds are obtained when methanol is usedecent report byHarnett et al. (20053howed that the aque-
as an extractaniJowan, 1999 in which case the chances ous extract of the leaves 8f frutescencshowed inhibition,

of non-specific bioactivity is high. Worthy of note however, albeit minimal, against HIV-RT in a non-radioactive colori-
is the aqueous extract Bfaeodendron transvaalensigich metric assay. An observation that we did not find. However,
was more inhibitory than the methanol extract against RDDP this seemingly contradiction could be due to the different
activity. The methanol residues &utherlandia frutescens experimental protocols used.
subspeciesnicrophyllaand Vernonia stipulaceatimulated As a result of the strong inhibitory effect of the methanol
RT activity at 10Qug/ml. Though molecules responsible for extract of the root and stem-bark Béltophorum africanum
this activity were not sought-canavanine, asparagines, pini- on HIV-1 RT, a bioassay-guided fractionation was done to
tol and a triterpenoid glucoside (SU1) have been isolated isolate and identify possible active principles. A red-coloured
from Sutherlandia frutescensvhile sesquiterpene lactones gallotannin, the known catechin and bergenin were isolated
with biological activities have been isolated frovernonia andidentified. The gallotannin inhibited the RDDP activity of
speciesl(aekeman et al., 1983; Kuo et al., 2Q00Some non- RT (IC50=6.0M), not as strong as AZT-TP, but as good as
nucleoside RT inhibitors have also been shown to strongly the unmodified candidate non-nucleoside RT inhibitor TIBO
stimulate RT activity and viral replication at defined concen- R82913 (IGo=10wM), and to a few Curie-pyridones, a new
trations.Huang et al. (2000pbserved that drug dependent- class of candidate non-nucleoside RT inhibitodsdréola
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et al., 2001x The gallotannin also had a comparable effect know if this compound has a broad spectrum of activity and
(IC50=5.0uM) against RNase H relative to phenylhydra- if its effects are specific. Gallotannins are examples of plant
zone, a previously reported RNase H inhibit&haw-Reid polyphenols, and some researchéeran et al., 1991; Wall
et al., 2003, to the N-acylhydrazone (BBNH) (Igp=3.6) et al., 1996 have proposed that polyphenols and tannins are
(Arion et al., 2002, as well as to a reported plant derived responsible for apparent inhibitory properties in enzyme sys-
molecule alpha-tretralonlyl glucopyranoside£$G 5.8.M) tems, since polyphenols precipitate proteins from solution,
isolated from the bark oduglans mandshuricéMin et al., and therefore the activity of such compounds againstenzymes
2000. It was also observed that the gallotannin inhibited the may be non-specific. Howevethu et al. (1997)n an evalu-
polymerase and RNase H activities by similar degrees. Theation of 20 phenolic compounds representing proanthocyani-
DNA polymerase and the RNase H domains are both found dins (condensed tannins) and galloyl/hydroxylbiphenoyl es-
on the p66 subunit of HIV-1 RT, the DNA polymerase do- ters of glucose (hydrolysable tannins) showed that some of
main located at the N-terminal and RNase H domain at the these phenolic compounds failed to inhibit radioligands from
C-terminal portion. The flexibility of the protein allows for  binding to receptors, hence concluding that these observa-
the two domains to interact with each other. As a result, many tions cannot be explained solely in terms of phenolic-protein
RT inhibitors affect both properties of the enzynaifago- binding. Hence, some polyphenols may represent biologi-
Litvak et al., 2002. Hence, the effect of the gallotannin on cally active compounds with specificity of action. Follow-up
the bifunctionality of HIV-1 RT is not surprising. Regard- studies need to be done to assess the specificity of the in-
ing the effect of the gallotannin on thé-@nd processing of  hibitory properties of the red-coloured gallotannin observed
HIV-1 IN, the 12% PAGE analysis revealed the abolition of here-in on HIV-1 RT and IN activities, as well as its mode
IN 3’-end processing activity at a concentration of L0 of action regarding competitiveness to template-primer and
indicated by the lack of the expected 19 nucleotide product, dideoxynucleotide triphosphate, and cell culture evaluation.
while at 10pM the level of inhibition was comparable to that The plants evaluated in this study for anti-HIV activities,
of diketo acid which was used as a positive control. are also used by traditional healers in the treatment of various

Bergenin, a C-galloylglycoside, was also isolated from other diseases. Decoctions and concoctions are usually ad-
Peltophorum africanurim the presentinvestigation. Bergenin  ministered as aqueous or alcoholic extracts. Decades of use
has previously been isolated froReltophorum africanum  of a particular plant material may point to its non-toxicity.
(Mebe and Makuhunga, 1992xnd several other plants: for However, incidents of poisoning have been reported due to
example, the roots oAstilbe thunbergiiHan et al., 1998 the ingestion of plant parts used in medicittafnouda et
and the aerial parts dfluggea virosa(Pu et al., 2002 In al., 2000. Cytotoxicity experiments performed herein using
the present study, bergenin had no activity against the RDDPa human epitheloid cervical carcinoma cell line appear to in-
and RNase H of HIV-1 RT, and thé-8nd processing activity ~ dicated that the 17 aqueous and methanol plants from the nine
of HIV-1 IN, even at a concentration of 5¢M. Elsewhere, plants employed in this study could be safe.
bergenin has been reported to possess a moderate activity Insummary, this investigation has evaluated the inhibitory
against HIV-1 gp120/CD4 interactioRéciente et al., 1996 properties of a selection of medicinal plants used in the
as well as antiarrhythmicPu et al., 200Rand hepatopro-  Limpopo Province of South Africa against HIV-1 reverse
tective propertiesl(im et al., 200). Catechin, a flavonoid, transcriptase and integrase. An oxidized gallotannin isolated
was found to be inactive against RT in this study, although at from the stem-bark oPeltophorum africanunwas shown
100uM PAGE analysis showed about 65% inhibition activity to have a strong activity against HIV-1 reverse transcriptase
against the 3end processing action of HIV-1 IN. Derivatives and integrase in an enzyme cell-free system. Further inves-
of catechin such as epicatechin and epigallocatechin gallatetigations are needed to elucidate the specificity and mode of
have been shown to inhibit HIV-1 RT in the micromolar range action of this compound.
(Tillekeratne et al., 2002

The methanol extracts of the roots Bfidelia micran-
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