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Ethiopian medicinal plants used for the treatment of a variety of ailments including infectious diseases
were screened for activity against human immunodeficiency virus type 1 (HIV-1) and type 2 (HIV-2).
Seventy-one polar and nonpolar extracts derived from 21 plants belonging to 14 families were tested for
inhibition of viral replication using HIV-1 (III B) and HIV-2 (ROD) strains. Selective inhibition of viral
growth was assessed by the simultaneous determination of thein vitro cytotoxicity of each of the extracts
against MT-4 cells. Six extracts made from the root bark ofBersama abyssinicaFresen, the leaves ofCom-
bretum paniculatumVent., and Dodonaea angustifoliaL.f., and the stem bark of Ximenia americanaL. dis-
played antiviral activity at concentrations that were nontoxic to MT-4 cells. The highest selective
inhibition of HIV-1 replication was observed with the acetone fraction ofC. paniculatumand the methanol
fraction of D. angustifolia which showed selectivity indices (ratio of 50% cytotoxic concentration to 50%
effective antiviral concentration) of 6.4 and 4.9, and afforded cell protection of viral induced cytopathic
effect of 100% and 99%, respectively, when compared with control samples. The greatest degree of anti-
viral activity against HIV-2 was achieved with the acetone extract ofC. paniculatum (EC50: 3 mg/mL),
which also showed the highest selectivity index (32). The 50% cytotoxic concentration ranged from
0.5mg/mL for the hexane extract of D. angustifolia L.f., the most cytotoxic of the extracts tested, to
>250mg/mL for some extracts such as the methanol fraction ofAlcea roseaL., the least toxic tested. Only
the polar extracts that were obtained by extraction with hydroalcohol, methanol or acetone exhibited inhi-
bition of viral growth at subtoxic concentrations. The results obtained in this study enable the selection of
extracts which show some specificity of action and support the further investigation of these extracts for
their potential as new lead antiretroviral compounds. Copyright# 2001 John Wiley & Sons, Ltd.
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INTRODUCTION

According to the most recent figures released by WHO
(1999), over 33 million people world-wide are living with
the acquired immunodeficiency syndrome (AIDS) or are
infected with the causative agent, the human immuno-
deficiency virus (HIV). The most affected is sub-Saharan
Africa where in some countries, up to one in four of the
adult population has contracted the disease. In Ethiopia, it

is estimated that AIDS has claimed the lives of 1 million
people since the beginning of the epidemic and a further
2.6 million adults and children were estimated to live
with HIV/AIDS by the end of 1997 (UNAIDS/WHO,
1998). For people living with HIV/AIDS today the
disease is still fatal, although some have access to life-
prolonging drugs. These expensive antiretroviral drugs
are still far beyond the means of most developing
countries. Arguably, the development of safe, effective
and low-cost anti-HIV drugs is among the top global
priorities of drug development, since the disease is not
yet curable and mortality is high. It has been stated that
the replicative cycle of HIV involves ten steps that could
be considered as targets for the rational design of
antiretroviral drugs (De Clercq, 1995). Thus, most
research efforts in this area have been directed towards
the synthetic design of compounds, particularly nucleo-
tide analogues, to interrupt HIV infection.

In the past decade considerable attention has been
given to screening of plant extracts for possible anti-HIV
activity (Lednicer and Sander, 1991; Weislowet al.,
1989). Such endeavours have been undertaken with the
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aim of isolating bioactivecompoundsas an alternative
sourceto chemicalsynthesis.Screeningof plantextracts
for antiretroviralactivity hasgiven interestingresultsin
that mostplant-derivedanti-HIV compoundsinhibit the
replicationof thevirusby interferingwith oneor moreof
the ten stepsof HIV replicativecycle (Vlietinck et al.,
1998;Matthée et al., 1999).Anti-HIV activecompounds
of plant origin do not fall into a certain class of
compoundsbutratherpossessdiversechemicalstructures
(Vlietinck et al., 1997). The therapeuticefficacy of a
handfulof thesecompounds,suchasthebenzylisoquino-
line alkaloid, papaverine(Bassettiet al., 1989),andthe
saponin,glycyrrhizin (Hattori et al., 1989), has been
studied in AIDS patients. It is evident therefore that
plantscanbeusefulsourcesor leadsfor thediscoveryof
novelanti-HIV compounds.

In thepresentstudy,71extractspreparedfrom 21plant
speciesused in Ethiopian traditional medicine for the
treatment of various ailments were tested for their
inhibitory effects on the in vitro replication of HIV-1
andHIV-2. The assayusedin this investigationallowed
simultaneousestimation of the cytotoxicity of these
extractsin MT-4 cells and the evaluationof their anti-
HIV potential.

MATERIALS AND METHODS

Plant material. Selectionof plantsandthepartsof plants
usedin thisstudywerebasedontheinformationobtained
from activelypractisingtraditionalhealersandalsofrom
publishedtraditional usesof the plants in curing HIV-
related symptoms such as skin infections, cough,
diarrhoeaandfever (Table1).

Alcea rosea L. (syn. Althaea rosea (L.) Cav.),
Calpurnia aurea (Ait.) Bentham,Justitia schimperiana
(Hochst.ex Nees)T. Andres.(syn.Adhatodaschimperi-
ana(Hochst.ex Nees),SalvialeucanthaCav.,Solanecio
gigas (Vatke) C. Jeff. (syn. Senecio gigas Vatke),
Stephaniaabyssinica(Quart.Dill. ex Rich.) Walp. and
VerbenaofficinalisL. werecollectedin October1996in
andaroundAddis Ababa.Ajugaintegrifolia Ham.-Buch.
(syn.A. remotaBenth.),ArtemisiaabyssinicaSchtz.-Bip
ex Richard,Artemisiaafra Jacq.ex Willd., Coriandrum
sativumL. andMelilotuselegansSalzm.ex Ser.(syn.M.
abyssinicaBaker)werepurchasedin an openmarketin
AddisAbabain January1997.All plantpartsof Bersama
abyssinicaFresen,Dovyalisabyssinica(Rich.)Warburg,
SecuridacalongepedunculataFresen,Withania somni-
fera (L.) Dunalin DC. andXimeniaamericanaL. usedin
the presentinvestigation were supplied by Dr Dawit
Abebe of the Department of Traditional Medicine,
Ethiopian Health and Nutrition Research Institute
(EHNRI), Addis Ababa. Dr Kaleab Asres and Mr
Melaku Wondafrashcollected Clerodendrondiscolour
(Kolotzsch) Vatke, CombretumpaniculatumVent. and
Dodonaeaangustifolia L.f. (D. viscosa (L.) Jacq.) in
October1997from andaroundJimma,a city some330
km southwestof Addis Ababa. Leaves of Vernonia
galamensis(Cass.)Less. were obtained from Wondo
GenetMedicinal Plant ResearchStation,some265 km
southof Addis Ababa.The plantswereidentifiedat the
herbariumof the Departmentof Traditional Medicine,
EHNRI or at the National Herbarium,Departmentof
Biology, Addis AbabaUniversity (AAU), Addis Ababa,

Ethiopia.Herbariumvoucherspecimenswerepreserved
at the Department of Pharmacognosy,School of
Pharmacy,AAU.

Preparation of extracts.Thehydroalcoholextractswere
preparedby exhaustivepercolationat room temperature
of thepowderedplantmaterialin 80%methanolfollowed
by removalof the solventunderreducedpressure.The
organicsolventfractionswereobtainedby successivehot
extractionof thepowderedplantmaterialusinga soxhlet
apparatus.Thus, the powderedplant material was first
extractedexhaustivelywith petroleumether(40°–60°C)
and the organic solvent evaporatedto dryness at a
reducedpressure.The marcwasallowedto dry in open
air andwasfurtherextractedsequentiallywith dichloro-
methane,acetoneandmethanol.

Extraction of alkaloids. Powderedleavesof S. abyssi-
nica (200g) weremaceratedwith 80%methanolfor 72h.
The filtered extract was concentratedto drynessunder
reducedpressureand extracted into 2% H2SO4. The
acidic aqueoussolution was made alkaline with 26%
NH4OH (pH 9) andextractedwith CHCl3 (3� 100mL).
The combinedCHCl3 extractsweredried (Na2SO4) and
evaporatedto drynessyieldingadarkbrownsyrup1.28g,
(0.64%).Roots(200g) andtwigs (200g) wereextracted
by thesameprocedureto yield 1.64g (0.82%)and0.50g
(0.25%),respectively.Eachof theextractswasplacedin
a vacuumovenat 40°C beforeit wasusedfor anti-HIV
testing.

Cell cultures. The human T-lymphocytic MT-4 cells
were grown in RPMI 1640 DM (Dutch modification)
medium (Life Technologies, Merelbeke, Belgium),
supplementedwith 10% (v/v) heat-inactivatedfetal calf
serum(FCS),2 mM L-glutamine,0.1% sodiumbicarbo-
nateand20mg/mL gentamicin(completemedium).The
cells were maintainedat 37°C in a humidified atmo-
sphereof 5% CO2 in air.

Virus. HIV-1 (III B) and HIV-2 (ROD) were obtained
from the culture supernatantsof HIV-1 and HIV-2
infectedMT-4 cell lines,respectively.Thevirus titresof
the supernatantswere determinedin MT-4 cells (Reed
and Muench, 1938). The virus stocks were stored at
ÿ70°C until used.

Anti-HIV assay.The cytotoxicity andantiviral activity
assayswere basedon evaluatingcell deathcausedby
plant extract toxicity and inhibition of viral cytopathic
effect, respectively,aspreviouslydescribedby Pauwels
et al. (1988).Stock solutions(10� final concentration)
of plant extractswere addedin 25mL volumesto two
seriesof triplicate wells so as to allow simultaneous
evaluationof their effects on mock- and HIV-infected
cellsat thebeginningof eachexperiment.Serialfive-fold
dilutions of plant extractswere made directly in flat
bottom 96-well plastic microtitre trays using a Biomek
2000 robot (Beckman Instruments, Fullerton, CA).
Untreatedcontrol HIV- andmock-infectedcell samples
wereincludedfor eachextract.

HIV-1 or HIV-2 stock(50mL) at100–300ICID50(cell
cultureinfectiousdose)or culturemediumwasaddedto
eithertheinfectedor mock-infectedpartof themicrotitre
tray.Mock-infectedcellswereusedto evaluatetheeffect
of plant extractson infectedcells and to determinethe
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Table 1. Vernacular namesand traditional usesof Ethiopian plants screenedfor anti-HIV activity

Family, Botanical name Vernacular name(s) Traditional uses

ACANTHACEAE
Justitia schimperiana
(Hochst. ex Nees) T. Andres (syn. Adhatoda
schimperiana (Hochst. ex Nees)

Sensel, Semmasa,
Dumoga

Stomach complaints, hepatitis, venereal diseases
(Abate, 1989); malaria, asthma, leishmaniasis
(Fichtl and Adi, 1994); malaria, cough (Jansen,
1981)

COMBRETACEAE
Combretum paniculatum Vent. Baye, Gabai, Shaga Eye diseases, leprosy (Fichtl and Adi, 1994;

Jansen, 1981)
COMPOSITAE
Artemisia abyssinica Schtz.-Bip ex Richard Chiikogne, Jukun Haemostatic (nose), tonsillitis (Abate, 1989); cold,

constipation, rheumatism (Jansen, 1981)

Artemisia afra Jacq. ex Willd. Arrity, Sakajo Perfume smallpox, stomachache (Jansen, 1981)

Solanecio gigas (Vatke) C. Jeff. (syn. Senecio
gigas Vatke)

Yeshekoko Gomen,
Galti

Fumigant against typhoid fever, rheumatism,
wound dressing (Abate, 1989); typhoid fever
(Fichtl and Adi, 1994)

Vernonia galamensis (Cass.)
Less.

Gerch Skin infections, malaria (personal
communication)

FLACOURTIACEAE
Dovyalis abyssinica (Rich.)
Warburg

Koshim, Semay
Tero, Koshumo

Haemorrhoids (Abate, 1989); ulcers (Fichtl and
Adi, 1994); swelling of throat (Jansen, 1981)

LABIATAE
Ajuga integrifolia Ham.-Buch. (syn. A. remota
Benth.)

Armagusa, Ungoquasot Stomach disorders (Abate, 1989); dysentery,
swollen legs, high blood pressure, diabetes
(Jansen, 1981)

Skin infections (personal communication)
Salvia leucantha Cav. Not found
LEGUMINOSAE
Calpurnia aurea (Ait.) Bentham Digita, Setara, Sotellu Stomach complaints, headache (Abate, 1989);

eye diseases, amoebic dysentery, scabies,
insecticide (Jansen, 1981)

Melilotus elegans Salzm. ex Ser (syn. M.
abyssinica Baker)

Egug, Gugi, Yeman-
berri

Excavated sore, piles, ulcers (Abate, 1989);
mouth infection, lacerated wounds,
haemorrhoids, bronchial asthma (personal
communication)

MALVACEAE
Alcea rosea L. (syn. Althaea rosea (L.) Cav.) Not found Contagious diseases (personal communication)
MELIANTHACEAE
Bersama abyssinica Fresen Azamer, Bersama,

Lolchissa
Rabies, ascariasis, ulcers (Abate, 1989); malaria
(Abebe and Ayehu 1993); diarrhoea, cholera,
ascariasis, amoebiasis, worm infestations
(Getahun, 1976); dysentery, round worm
(Jansen, 1981)

MENISPERMACEAE
Stephania abyssinica (Quart. Dill. ex Rich.) Walp. Yeait-Hareg, Aregait,

Etse Eyesus, Idootuta
Stomach complaints, syphilis (Abate, 1989);
syphilis, venereal illness, gonorrhoea (Getahun,
1976); diarrhoea, dysentery, vomiting, heart
complaints, mastitis (Jansen, 1981)

OLEACEAE
Ximenia americana L. Enkoi, Huda, Mellau Contagious diseases, stomach complaints,

placenta expulsion (Abate, 1989); internal
parasitism, worm infestations (Getahun, 1976);
vermifuge (Jansen, 1981)

POLYGALACEAE
Securidaca longepedunculata Fresen Etse-Menahe,

Temmenai
Stomach complaints, tuberculosis (Abate, 1989);
wound dressing, rheumatism, syphilis, cough,
diarrhoea (Jansen, 1981); syphilis, rheumatism,
typhus (Neuwinger, 1996)

SAPINDACEAE
Dodonaea angustifolia L.f. (syn. D. viscosa L.
Jacq.)

Kitkita, Teramin, Kirtita,
Tasos

Dressing for skin diseases of the head and face,
haemorrhoids, (Abate, 1989); fever, wound
dressing, sore throat (Jansen, 1981); fever,
malaria, paludism, ague, angina, sore throat,
cold, rhinitis, sinusitis, in¯uenza, ¯u (Lemordant,
1971); piles (Tadesse, 1994)
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concentrationatwhich theplantextractswerecytotoxic.
ExponentiallygrowingMT-4 cells werecentrifugedfor
5 min at 1000rpm andthesupernatantswerediscarded.
The MT-4 cells wereresuspendedat 6� 105 cells/mL,
using slight magnetic stirring, and 50mL volumes
transferredto the microtitre tray wells. Five daysafter
infection, the viability of mock- andHIV-infected cells
was examined spectrophotometricallyby the MTT
assay.

TheMTT assayis basedonthereductionof theyellow
coloured 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide(MTT) (AcrosOrganics,Geel,Belgium)
by mitochondrialdehydrogenaseof metabolicallyactive
cells to a blue formazanthat can be measuredspectro-
photometrically.Theabsorbanceswerereadin aneight-
channelcomputer-controlledphotometer(AscentRead-
er, Labsystems,Helsinki, Finland),at two wavelengths
(540 and 690 nm). All data were calculatedusing the
medianOD (optical density)value of threewells. The
50% cytotoxic concentration(CC50) wasdefinedas the
concentrationof extract that reduced the absorbance
(OD540) of the mock-infectedcontrol sampleby 50%.
Theconcentrationachieving50%protectionwasdefined
asthe50%effectiveconcentration(EC50). Theselectiv-
ity index valuewasdefinedastheCC50/ EC50 ratio.

RESULTS AND DISCUSSION

Investigationof theanti-HIV activity of medicinalplants
againstdifferent strainsof HIV is relevantboth in terms
of promoting the traditional use of plants as anti-HIV
agentsand in the developmentof novel antiretrovirals
basedon the active ingredientsof the plants.Unfortu-
nately,often bioactivity of plant-deriveddrugsdoesnot
parallel therapeuticpotential,sincea numberof natural
products show non-selective toxicity to host cells
(Farnsworthet al., 1975;Vlietinck andDomisse,1985).
Evaluation of cytotoxicity, therefore,becomescritical
whensearchingfor potentialchemotherapeuticagentsso
as to distinguishbetweenspecificity of action andnon-
selectivetoxicity. One way in which the selectivity of
activity may be assessedis by comparingthe desired
biological activity with non-selectivecytotoxicity.

Table2 presentstheresultsof in vitro anti-HIV-1 (III B)

andanti-HIV-2 (ROD) activitiesaswell ascytotoxicity
in MT-4 cells of 71 extractspreparedfrom 21 plant
speciesused in Ethiopian traditional medicine for the
treatmentof a variety of ailments. Among the plant
extracts examined in the presentstudy, six of them
exhibited significant inhibition of the replication of
HIV-1 at subtoxic doses, while only two fractions
showed activity against HIV-2 with a maximum
selectivity index of 32. The selectivelyactive extracts
wereobtainedfrom differentplantpartsof B. abyssinica,
C. paniculatum,D. angustifoliaandX. americana, all of
which arewidely usedin Ethiopiantraditionalmedicine
as remediesfor different kinds of infectious diseases
(Table 1). The mostactive fractionswere the methanol
extractsmadefrom therootbarkof B. abyssinicaandthe
leavesof C. paniculatumwhich inhibited replicationof
HIV-1 at 50%effectiveconcentrations(EC50) of 3.1and
5.2mg/mL with a correspondingselectivity index of 3.8
and6.4, respectively.The acetonefraction of the leaves
of C.paniculatumalsoexhibitedantiviralactivity against
both HIV-1 and HIV-2 with EC50 valuesof 15.0 and
3.0mg/mL and selectivity indices of 6.4 and 32,
respectively.The other threeextractsobtainedfrom the
leaves of D. angustifolia and the stem bark of X.
americana were found to have EC50 values against
HIV-1 ranging from 8.3 to 27.7mg/mL and selectivity
indices that rangedfrom 3.9 to 4.9. The hydroalcohol
extractof X. americanaalso displayedan inhibition of
thereplicationof HIV-2 at concentrationsthatwerenon-
toxic to thehostcells (EC50: 27.1mg/mL).

It is interesting to note the variation in activities
observedfor the different fractionsof B. abyssinica,C.
paniculatumand D. angustifolia. The petroleumether
and dichloromethanefractions, like all the other non-
polarextractsexaminedin thepresentstudy,weredevoid
of antiretroviralactivity at concentrationsthatwerenon-
toxic to MT-4 cells. Similarly, their total hydroalcohol
extractsobtainedby macerationwith 80%methanolalso
failed to displayactivity at subtoxicconcentrations.On
the other hand, both the acetone and/or methanol
fractionsof eachof theseextractsachieveda relatively
high selectiveinhibition of HIV-1 replication.Addition-
ally, the acetoneextract of C. paniculatumshowedan
inhibitory effect againstHIV-2 with a relatively high
selectivityindex.Thesefindingssuggestthat thetoxicity
causedby eachof thehydroalcoholextractsof theabove

Table 1. Continued

Family, Botanical name Vernacular name(s) Traditional uses

SOLANACEAE
Withania somnifera (L.) Dunal in DC. Gizawa, Sebbere-gola,

Hidi-Budawa, Agol
Dressing for headache (Abate, 1989); paludism,
ague, fever, malaria (Heine and Brenzinger,
1988); headache, stomach ache, diuretic,
(Jansen, 1981)

UMBELLIFERAE
Coriandrum sativum L. Dimbilal, Debo, Zagda Stomach ache, excavated sore, rheumatism

(Jansen, 1981)
VERBENACEAE
Clerodendron discolour (Kolotzsch) Vatke Yemisirch Haemorrhoids (Abate, 1989)

Verbena of®cinalis L. Attuch, Etse Mengist,
Akkoragag, Serru®t

Abscess dressing, skin complaints, liver diseases
(Abate, 1989); dysentery, vermifuge, throat
in¯ammation, burns, respiratory complaints
(Jansen, 1981)
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Table 2. In vitro activities of someEthiopian medicinal plants on the replication of HIV-1 (III B) and HIV-2 (ROD) and their
cytotoxicity in MT-4 cells

EC50
c SIe

Family, Botanical name Plant parta Extractb HIV-1 (IIIB) HIV-2 (ROD) CC50
d HIV-1 (IIIB) HIV-2 (ROD)

ACANTHACEAE
Justitia schimperiana
(Hochst ex Nees) T.
Andres (syn. Adhatoda
schimperiana Hochst. ex
Nees)

LF HA >125 >125 >125 X1 X1

COMBRETACEAE
Combretum paniculatum
Vent.

LF PE >118.5 >118.5 118.4 <1 <1

DM >44.7 >44.7 44.6 <1 <1
ACT 15.0 3.0 96.1 6.4 32.0
ME 5.2 >24.6 24.5 4.7 <1
HA >23.5 >23.5 23.4 <1 <1

COMPOSITAE
Artemisia abyssinica
Schtz.-Bip. ex Richard

AP HA >103 >103 102.9 <1 <1

Artemisia afra Jacq. ex
Willd.

AP HA >123.5 >123.5 123.4 <1 <1

Solanecio gigas (Vatke)
C. Jeff.

RT DM >23.4 >23.4 23.3 <1 <1

(syn. Senecio gigas
Vatke)

ACT >120.5 >120.5 120.4 <1 <1

ME >250 >250 >250 X1 X1
RB DM >28.1 >28.1 28.0 <1 <1

ACT >115.2 >115.2 115.1 <1 <1
ME >250 >250 >250 X1 X1

Vernonia galamensis
(Cass.) Less.

LF PE >30.1 >30.1 30.0 <1 <1

DM >5.0 >5.0 4.9 <1 <1
ACT >22.5 >22.5 22.4 <1 <1
ME >110.8 >110.8 110.7 <1 <1
HA >22.9 >22.9 22.8 <1 <1

FLACOURTIACEAE
Dovyalis abyssinica
(Rich.) Warburg

LF DM >3.8 >3.8 3.7 <1 <1

ACT >4.5 >4.5 4.4 <1 <1
ME >176.5 >176.5 176.4 <1 <1

SB DM >3.8 >3.8 3.7 <1 <1
ACT >4.5 >4.5 4.4 <1 <1
ME >25.5 >25.5 25.4 <1 <1

LABIATAE
Ajuga integrifolia Ham.-
Buch.

AP PE >125 >125 >125 X1 X1

(A. remota Benth.) DM >57.6 >57.6 57.5 <1 <1
ACT >125 >125 >125 X1 X1
ME >125 >125 >125 X1 X1
HA >125 >125 >125 X1 X1

Salvia leucantha Cav. LF HA >115.8 >115.8 115.7 <1 <1
LEGUMINOSAE
Calpurnia aurea (Ait.)
Bentham

SD HA >125 >125 >125 X1 X1

Melilotus elegans
Salzm.ex Ser.

AP HA >96.3 >96.3 96.2 <1 <1

MALVACEAE
Alcea rosea L. (Althaea
rosea (L.) Cav.)

LF PE >109.3 >109.3 109.2 <1 <1

DM >109.2 >109.2 109.1 <1 <1
ACT >120.5 >120.5 120.4 <1 <1
ME >250 >250 >250 X1 X1

MELIANTHACEAE
Bersama abyssinica
Fresen

LF HA >2.3 >2.3 2.2 <1 <1

RB ACT >2.8 >2.8 2.7 <1 <1
ME 3.1 >12 11.9 3.8 <1
HA >2.7 >2.7 2.6 <1 <1
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threeplantspeciesis likely to bedueto substancesother
than the bioactive principles which do not seemto be
soluble in acetone or methanol. It seems essential,
therefore,whensuchscreeningis undertaken,to perform
activity testing on the total extract as well as on the
different solvent fractionsso that the bioactive natural
productsarenot overlooked.

In the case of the hydroalcohol extract of X.
americana, antiviral activity wasachievedat concentra-
tions (EC50: 8.3mg/mL againstHIV-1 and 27.1mg/mL
againstHIV-2) that were lower than thosenecessaryto
producecytotoxicity (CC50: 37.7mg/mL). However,it is
possible that the active principle(s) and the toxic
component(s)of theextractaredifferentfrom eachother

in which casefractionationof the total extract should
help determinethe fraction with the highestselectivity
index. Unfortunately, fractionation of this particular
extractcould not be carriedout due to paucity of plant
material. Previousphytochemicalinvestigationsof ex-
tracts of X. americana resulted in the isolation of
polyphenolssuchas proanthocyanidins(Mwangi et al.,
1994) and a triterpenoid saponin (D’Agostino et al.,
1994).Condensedtanninssuchas procyanidinB2 have
beenreportedaspotentinhibitorsof reversetranscriptase
obtainedfrom avian myeloblastosisvirus (Kakiuchi et
al., 1991).Similarly, triterpenoidsaponinsandsapogen-
ins havebeenshownto exhibit potentin vitro anti-HIV
effectsby differentmechanismsof action.Saponinssuch

Table 2. Continued

EC50
c SIe

Family, Botanical name Plant parta Extractb HIV-1 (IIIB) HIV-2 (ROD) CC50
d HIV-1 (IIIB) HIV-2 (ROD)

MENISPERMACEAE
Stephania abyssinica
(Quart. Dill.ex Rich.)
Walp.

LF HA >53.8 >53.8 53.7 <1 <1

AK >12.7 >12.7 12.6 <1 <1
TW AK >12.5 >12.5 12.4 <1 <1
RT HA >85.6 >85.6 85.5 <1 <1

AK >71.9 >71.9 71.8 <1 <1
OLEACEAE
Ximenia americana L. SB HA 8.3 27.1 37.7 4.5 1.4
POLYGALACEAE
Securidaca
longepedunculata Fresen

LF HA >81.5 >81.5 81.4 <1 <1

RB HA >2.8 >2.8 2.7 <1 <1
SAPINDACEAE
Dodonaea angustifolia
L.f.

LF PE >0.6 >0.6 0.5 <1 <1

(D. viscosa (L.) Jacq.) DM >4.7 >4.7 4.6 <1 <1
ACT 27.7 >108.7 108.6 3.9 <1
ME 21.3 >104.3 104.2 4.9 <1
HA >4.9 >4.9 4.8 <1 <1

SD HA >125 >125 >125 X1 X1
SOLANACEAE
Withania somnifera (L.)
Dunal in DC.

RT HA >22.7 >22.7 22.6 <1 <1

UMBELLIFERAE
Coriandrum sativum L. FT PE >109 >109 108.9 <1 <1

DM >233.3 >233.3 233.2 <1 <1
ACT >250 >250 >250 X1 X1
ME >250 >250 >250 X1 X1

VERBENACEAE
Clerodendron discolour
(Kolotzsch) Vatke

LF HA >91.3 >91.3 91.2 <1 <1

Verbena of®cinalis L. AP PE >78 >78 77.9 <1 <1
DM >92.1 >92.1 92.0 <1 <1
ACT >125 >125 >125 X1 X1
ME >125 >125 >125 X1 X1
HA >125 >125 >125 X1 X1

RT PE >83.6 >83.6 83.5 <1 <1
DM >103 >103 102.9 <1 <1
ACT >125 >125 >125 X1 X1
ME >125 >125 >125 X1 X1
HA >125 >125 >125 X1 X1

a AP, aerial part; FT, fruit; LF, leaf; RB, root bark; RT, Root; SB, stem bark, SD, seed; TW, twig.
b ACT, acetone; AK, total alkaloids; DM, dichloromethane; HA, 80% methanol; ME, methanol; PE, petroleum ether.
c 50% Effective inhibitory concentration in mg/mL.
d 50% Cytotoxic concentration in mg/mL.
e Selectivity index (CC50/EC50).
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asglycyrrhizin interferewith virus adsorption(Ito et al.,
1988) while some urosilic acid-type sapogeninsexert
their effects by inhibiting HIV-1 protease(Xu et al.,
1996).Theantiviral activity of X. americanaobtainedin
the presentstudywarrantsfurther investigationbecause
of the selectivity it showedagainsteach of the viral
strainstested.

The different partsof B. abyssinicahavepreviously
beensubjectedto phytochemicalandbiological investi-
gations.Thefruits haveyieldedaseriesof bufadienolides
with anti-tumouractivity (Kupchanetal., 1969;Kupchan
et al., 1971).The alcohol extractof the stembark was
reportedto be devoid of anti-tumouractivity although
two bufadienolidestogetherwith sterolsanda xanthone
havebeenisolatedfrom it (Bowenet al., 1985).Theleaf
extractspossessedcardiogenic(Lock, 1962) and spas-
molytic (Makonnen and Hagos, 1993) activities, but
failed to showany antibacterialactivity (Taniguchiand
Kubo, 1993). The extract of the root bark afforded
abyssinin,a potentinsectantifeedantanda further three
bufadienolides(Kubo andMatsumoto,1984;1985).All
the four bufadienolidesdemonstratedantibacterialactiv-
ity (TaniguchiandKubo,1993).In thepresentinvestiga-
tion themethanolextractof therootbarkof B. abyssinica
exhibitedpotent inhibition of HIV-1 replication (EC50:
3.1mg/mL) with somedegreeof selectivity. The above
mentionedcomponentsof B. abyssinicamayaccountfor
its anti-HIV activity. However,the role of other(known
andunknown)compoundscannotbe ruled out.

In Ethiopian traditional medicine, the leavesof C.
paniculatumare widely usedas a remedy for leprosy
(Table 1), particularly in the south-westernpart of the
country.However,no phytochemicalstudiesconducted
on its constituentsor biological activity testingcarried
out on its extracts could be found in the literature.
Preliminaryphytochemicalscreeningperformedon the
hydroalcoholextracthasindicatedthattheleafextractsof
C. paniculatum are rich in tannins. This was not
unexpectedsinceseveralplantsbelongingto the family
Combretaceaeareknownto containhydrolysabletannins
(Hegnauer,1989). Hydrolysabletannins isolated from
Terminaliachebula(Combretaceae)havebeenshownto
possessanti-HIV activity (Nonakaet al., 1990).Further-
more, the antiretroviral activity of some of these
compoundssuchas chebulagicacid and punicalin has,
in part,beenascribedto inhibition of viral adsorptionto
the cells (Weaveret al., 1992). Whether the anti-HIV
activity of C. paniculatum extracts observed in the
presentstudywasdueto tanninsor otherconstituentsof
theplantis notyet known.Tanninsmaycontributeto the
inhibitory effect displayed by the extracts. But, the

possible antiretroviral action of the other secondary
metabolites occurring in the plant must also be
investigated.

A few phytochemicalinvestigationshavebeencarried
out on D. angustifolia which were summarizedby
Ghisalberti(1998).Fromtheresinthatcoversthe leaves
of a numberof xerophilic Dodonaeasp. including D.
angustifolia the bicyclic diterpeneshautriwaic acid as
well asan ent-labdanefuran andan ent-clerodanefuran
togetherwith flavones,particularly 3-methoxyflavones,
havebeenreported.The flowers,seedsandstemsof D.
angustifolia have been shown to contain esterified
derivativesof R1-barrigenolwhilst thestembarkyielded
R1-barrigenol together with jegosapogenol.The 3-
methoxyflavonesmightcontributeto theantiviralactivity
of the leaf extract of D. angustifolia observedin the
present study, since a number of these compounds
revealedpronouncedantiviral activity againstpicorna-
viruses(polio- andrhinoviruses)(Vlietinck et al., 1995).

From the presentstudyandotheranti-HIV screening
tests already carried out on some Ethiopian plants, it
appearsthatmostof theplantextractsaremoreeffective
against HIV-1 in comparisonwith HIV-2. Moreover,
much of the antiviral activity was demonstratedby the
polar extracts,which indicatesthat the activeprinciples
arealsopolarcompounds.This observationis consistent
with earlierreportsin theliterature(LednicerandSander,
1991;Weislowet al., 1989).

In conclusion,the resultsobtainedfrom the present
studydoseemto justify thetraditionalusesof someof the
plants for the treatmentof infectious diseasesof viral
origin. Theyfurtherindicatethattheseplantsmightbeof
value as sources or leads for novel antiretroviral
compoundswhich can be useful in the continuingfight
againstHIV. Hence,phytochemicalinvestigationaimed
at the isolation and characterizationof the active
principles of those extracts that showed selective
inhibition of HIV replicationis currentlyunderway.
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