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In this study, we screened sixty medicinal plant species from the Brazilian savanna (“cerrado”) that
could contain useful compounds for the control of tropical diseases. The plant selection was based on
existing ethnobotanic information and interviews with local healers. Plant extracts were screened for:
(a) molluscicidal activity again®iomphalaria glabratdb) toxicity to brine shrimpArtemia salind..),

(c) antifungal activity in the bioautographic assay wittadosporium sphaerospermwand (d) anti-
bacterial activity in the agar diffusion assay agaiBsaphylococcus aureusscherichia cojiBacillus
cereusand Pseudomonas aerugino$arty-two species afforded extracts that showed some degree of
activity in one or more of these bioassays.

Keys words: medicinal plantsArtemia salina Biomphalaria glabrata Cladosporium sphaerospermum -
antibacterial activity - Brazil

The Brazilian savanna, known as “cerrado’the access of poor communities to molluscicidal
comprises a very rich and characteristic flora (Buragents to treat their water collections. This could
man 1991) that covers more than 2 million squarenhance their chances to control schistosomiasis
kilometers of Brazilian inland (Ferri 1973). Many(Mott 1987).
of these plants are used as natural medicines by Fungi and bacteria cause important human dis-
the people living in the “cerrado” area to treat seveases, especially in tropical regions and in
eral tropical diseases including schistosomiasigmmunocompromised or immunodeficient patients.
leishmaniasis, malaria, fungal and bacterial infedespite the existence of potent antibiotic and anti-
tions, among others (Ferreira 1980, Corréa 1984yngal agents, resistant or multi-resistant strains are
Grandi et al. 1989, Di Stasi 1989, Hirschmann &ontinuously appearing, imposing the need for a
Arias 1990, Brandao 1991, Caribé & Campos 199permanent search and development of new drugs
Martins et al. 1994, Matos 1994). (Silver & Bostian 1993).

Schistosomiasis, caused by the pareiteis- In an effort to discover new lead compounds,
tosoma mansonis an important endemic diseasemany research groups screen plant extracts to de-
in Brazil and in many other tropical countriestect secondary metabolites with relevant biologi-
(Davis 1996). The life cycle of this parasite in-cal activities. In this regard, several simple bioas-
volves an intermediate host, represented in Braghys were developed for screening purposes
by snails of the genlBiomphalaria Thus, besides (Hostettmann 1991), some of them were used in
chemotherapy of infected people, one of the strathis screening. Thu#rtemia salinalarvae have
egies to combat this disease is to interrupt thigeen used as a target organism to detect bioactive
parasite’s life cycle in endemic areaa control of compounds in plant extracts and toxicity to this
the snail’'s population. The search for molluscicidatrustacean has a good correlation with anti-tumor
compounds derived from renewable parts of plan{®IcLaughlin 1991) and anfirypanosoma cruzi
that grow easily in endemic areas could improvéZani et al. 1995) activitieg. cruziis a protozoan
that causes Chagas disease (American trypanoso-
miasis), an illness that affects approximately 16
million people in tropical and sub-tropical Ameri-

, . cas (WHO 1993). The drugs currently in use
e o, 100, 08I0, ORI S disease, iurtimox and benzridazole,
zani@cpqrr.fiocruz.br present seve;ral §|de effects a_nd have limited efh-
Received 6 July 1999 cacy, especially in the chronic phase of the dis-
Accepted 26 November 1999 €ase.
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The aim of this study was to screen for mediciml) was added to each vial, resulting in final con-
nal plant extracts that could be useful for the desentrations of 100, 10 and 1 pg/ml, respectively.
velopment of new tools for the control of infec-Second instar larvae &f salina(ten per vial) were
tious diseases. While pursuing this goal, we initiadded. After 24 h contact, the survivors were
ated a systematic evaluation of extracts from theounted and the L{g calculated using the probit
“cerrado” plant species in bioassays such as (a)ethod. Extracts with L < 100 ppm were con-
the brine shrimpArtemia salinaLeach) lethality sidered active. Controls with and without thymol
assay (BSLA), (b) the assay with the snddls (10 ppm) were run simultaneously.
glabrata, (c) the bioautographic antifungal assay Antifungal activity- The bioautographic assay
with spores ofCladosporium sphaerospermumwith C. sphaerospermundeveloped by Homans
and, (d) the agar diffusion assay using the bacteréamd Fuchs (1970), was adopted. Briefly, the ex-
Bacillus cereusEscherichia coli Pseudomonas tracts (1 mg) were dissolved in a volatile solvent
aeruginosaandStaphylococcus aureus (100 pl) and an aliquot (10 pl) of each solution

MATERIALS AND METHODS spotted on TLC plates. After complete sol\(ent re-
) ~ moval, a spore suspension of the fungus in nutri-

Plant collection- The plants were collected in ent medium was sprayed and the TLC plates incu-
the vicinities of Belo Horizonte, Minas Gerais,bated in a humid atmosphere for three days at room
Brazil. They were identified by M Branddo andtemperature. The appearance of a growth inhibi-
TMS Grandi. Exsiccates of each species were dgon zone with the size of the spot (active) or larger
posited in the herbaria (Table I) of the followingthan the spot (very active) indicated the presence
institutions: Fundacado Zoobotanica de Bel®f fungitoxic substances in the extract. Thymol (50
Horizonte, Empresa de Pesquisas Agropecuaria fAfy/spot) and solvent (10 pl) were used as con-
Minas Gerais and Universidade Federal de Vigosgg|s.

Extraction- The plant parts were dried at 35°C  Antimicrobial assay The agar diffusion assay
in a convection oven and powdered in a knife millgescribed by Smania et al. (1995) was adopted.
The powder was macerated at room temperatupiefly, B. cereus E. coli (ATCC 25922),P.
for 24 hiin CHCI, followed by MeOH or in a mix-  geruginosa(ATCC 27853), and. aureugATCC
ture of CHCIl,~MeOH (1:1, v/v), as indicated in 25923) were grown in Mueller-Hinton agar and
Table I1. After filtration, the solvents were removedyroth (Difco Laboratories). The strains were incu-
by rotary evaporation under reduced pressure ab@ted at 38C for 18 h, and were diluted to a final
at temperatures below 45°C. The yield of the crudgoncentration of approximately 4 @FU/mI. Each
extracts are indicated in Table II. In some casepacterial suspension was spread over the surface
part of the powder was separated, extracted witf Mueller-Hinton agar containing five wells of 7
H,0, centrifuged and the supernatant freeze-drieghm diameter. The wells were filled with 5 mg of
The extracts were kept at -20°C and the residuaktract dissolved in the medium. The plates were
solvent of an aliquot removed overnight under highhcubated at 3& for 20 h. Penicillin (30 mg) was
vacuum prior to the bioassays. _ _used as a positive control. The results were ex-

Molluscicidal activity- The assay with snails pressed in terms of the diameter of the inhibition

B. glabratawas run as described by Alves et alzone: < 9 mm, inactive; 9-12 mm, partially active;
(1996). Briefly, the crude extracts were dissolved3-18 mm, active; >18 mm, very active.

in 500 ml of dechlorinated tap water at an initial
concentration of 100 ppm. Ten snails were put into RESULTS AND DISCUSSION
250 ml of this solution and maintained submerged The sixty plant species evaluated in this screen-
by a nylon screen during 24 h. After this perioding are listed in Table I. They are distributed among
the surviving snails were removed to a flask corb3 genera and 36 families, with Leguminosae be-
taining 250 ml of dechlorinated tap water, fed witfing the most represented within the collection.
lettuce, and observed for three days. If all mollusk$able Il summarizes the results of the bioassays,
were killed dilutions were prepared to determindisting only the species that presented some activ-
the minimum lethal concentration (Lg+24 h). ity in at least one bioassay.
Controls with and without niclosamide (1 ppm)  Eight species (13%) displayed L§g72h< 100
were run in parallel. ppm in the assay witB. glabrata Species from
Toxicity to Artemia salina The protocol es- genusByrsonimawere especially active and the
tablished by McLaughlin (1991) was employedmethanol extract from the leavesRfintermedia
Briefly, each extract (2 mg) was dissolved in 2 mluss, was the most active among all extracts tested,
of solvent. From these solutions, 500, 50 and 5 presenting LGy, of 20 ppm. According to the
were transferred to vials in triplicate. The solvenWorld Health Organization guidelines (WHO
was removed under high vacuum and seawater {893), this extract can be regarded as a promising
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TABLE |
Plant species collected
Plant species Family

Entry Herbarium code

1 PAMG? 45206 Acosmium dasycarpu(ivogel) Yarkovl Leg-Caesalpinoideae
2 PAMG 45215 Aeschynomene paniculavsilld. Leg-Faboideae

3 PAMG 45216 Andira humilisC. Martius Leg-Faboideae

4 PAMG 45218 Annona crassiflordMart Annonaceae

5 PAMG 45235 Austroplenckia populneBeiss Celastraceae

6 PAMG 45 Baccharis dracunculifolidDC. Asteraceae

7 PAMG 45207 Bauhinia curvulaBenth. Leg-Caesalpinoideae
8 PAMG 45217 Bixa orellanalL. Bixaceae

9 PAMG 45219 Bowdichia virgilioidesKunth Leg-Faboideae

10 VICP 20633 Brosimum gaudichaudifrecul Moraceae

11 PAMG 45220 Byrsonima coccolobifoligunth Malpighiaceae

12 PAMG 45223 Byrsonima intermedié. Juss. Malpighiaceae
13 PAMG 45245 Byrsonima verbascifoliél.) Richard Malpighiaceae

14 PAMG 45208 Cabralea polytrichalussieu Meliaceae

15 PAMG 45221 Caryocar brasiliens€Cambess. Caryocaraceae
16 PAMG 45222 Casearia sylvestriSw Flaucourtiaceae
17 PAMG 45225 Copaifera langsdorffiDesf. Leg-Caesalpinoideae
18 PAMG 45209 Dalbergia nigra Leg-Faboideae

19 PAMG 45224 Davilla rugosaPoir Dilleniaceae

20 PAMG 45226 Didymopanax macrocarpu®eem Araliaceae

21 PAMG 45227 Dilodendron bipinnatuniRadlk Sapindaceae

22 PAMG 45210 Emmotum nitenMiers Icacinaceae

23 PAMG 45228 Erythrina mulunguC. Martius Leg-Faboideae
24 PAMG 45244 Eugenia dysentericRC Myrtaceae

25 VIC 20634 Eugenia pitangdO. Berg) Kiaersk. Myrtaceae

26 PAMG 45211 Guazuma ulmifolidam. Sterculiaceae

27 BHZBC (168) Hymenaea courbaril. Fabaceae

28 PAMG 45229 Hymenaea stigonocarpa. Martius Leg-Caesalpinoideae
29 PAMG 45230 Kielmeyera coriaceMart Clusiaceae

30 PAMG 45233 Lafoensia pacarbt. Hilaire Lythraceae

31 BHZB (022) Lantana camard.. Verbenaceae

32 BHZB (1467) Leonotis nepetaefoliel.) R. BR. Lamiaceae

33 BHZB (46) Leonurus sibiricug.. Lamiaceae

34 PAMG 45212 Machaerium opacuriogel Leg-Faboideae
35 PAMG 45231 Miconia albicans(SW.) Triana Melastomataceae
36 BHZB (1573) Momordica charantid.. Cucurbitaceae

37 BHZB (2106) Ocimum gratissimurh. Lamiaceae

38 PAMG 45234 Ouratea castaneaefoligDC.) Engl. Ochnaceae

39 PAMG 45213 Plathymenia foliolos@enth. Leg-Mimosoideae
40 BHzB 2107 Pothomorphe umbellatd_.) Mig. Piperaceae

41 PAMG 45238 Pouteria torta(Mart.) Radlk Sapotaceae

42 PAMG 45240 Qualea grandifloraviart. Vochysiaceae

43 PAMG 45243 Qualea parvifloraMart. Vochysiaceae

44 PAMG 45214 Roupala heterophyll&@ohl Proteaceae

45 PAMG 45232 Roupala montanaubl. Proteaceae

46 PAMG 45236 Rudgea viburnoide€Cham.) Benth Rubiaceae

47 PAMG 45237 Sabicea brasiliensigVernham Rubiaceae

48 PAMG 45246 Sclerolobium aureur(irul.) Baill. Fabaceae

49 VIC 20635 Senna occidentalid..) Link Fabaceae

50 PAMG 45247 Solanum lycocarpur8t. Hil. Solanaceae

51 PAMG 45250 Strychnos pseudoquira St. Hil. Loganiaceae

52 PAMG 45251 Stryphnodendron adstringe(glart.) Cov. Leg-Mimosoideae
53 PAMG 45252 Styrax camporurPohl Styracaceae

54 PAMG 45239 Tabebuia caraibgdMart.) Bureau Bignoniaceae

55 BHZB (537) Tabebuia ochraceéCham.) Standl. Bignoniaceae

56 BHZB (1758) Tamarindus indicd.. Fabaceae

57 PAMG 45241 Vochysia thyrsoideRohl Vochysiaceae

58 PAMG 45242 Xylopia aromaticgLam) Mart. Annonaceae

59 PAMG 45248 Zanthoxylum rhoifoliunb.am. Rutaceae

60 PAMG 45249 Zeyhera digitallis(Vell.)Sm. & Sandw.

Plant species were identified by M Brand&o or TSM Gran@PAMIG Hebariump: Federal University of Vigcosa
Herbarium;c: Federal University of Minas Gerais Herbarium.

Bignoniaceae
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TABLE Il

Activity of plant extracts again&iomphalaria glabrata, Artemia salina, Cladosporium sphaerospermum,
Staphylococcus aureus, Escherichia coli, Bacillus cesgu®seudomonas aeruginosa

Entry plant species P&rt Solvenp Bioassays
(weight, g) (yield, % wiw) Bactefia
Bglc As# CsFf Saf Eco" Bcel Pae
Controls niclosamide w 1 - - - - - -
thymol D - 10 2 - - - -
penicillin medium - - - 3 3 3 3
A. humilis Leaves (76) W (3.1) - - - 2 - - -
2 A crassiflora Leaves (47) D/M (11) - - - 2 - 2 1
(31) W (2.7) - - - 2 - 2 1
3 A. populnea Leaves (80) M (13) - - - 2 1 2 1
B. dracunculifolia Stem (60) D/M (7.5) - - - 3 - - -
B. curvula Leaves (90) D (12.2) - - 1 3 - 3 -
(90) M (6.3) - - 1 3 - 3 -
6 B. virgilioides Leaves (58) D/M (10.6) - - - 2 - 2 -
Bark (40) W (3.5) - - - 3 - 3 -
B. gaudichaudii Roots (90) D (5.7) - - 2 1 - - -
B. coccolobifoliaLeaves (91) D/M (9.8) 100 - - 2 - 2 1
B. intermedia Leaves (54) M (10.3) 20 - - ND ND ND ND
17) W (5.2) - - - 3 - 2 2
10 B. verbascifolia Leaves (75) D/M (9.9) 40 - - 3 - 3 2
Bark (50) M (6.1) 60 - - 3 - 3 2
(35) W (2.5) 60 - - 3 - 3 2
11 C. polytricha Fruits (50) D (12.3) - 36 - - - - 1
(50) M (5.6) - 53 - 1 - - -
12 C. brasiliense Leaves (87) D/M (10.8) - 90 - 3 - 2 1
13 C. sylvestris Leaves (63) D/M (9.1) - - - - - 2 -
14 C. langsdorffii Leaves (54) D/M (11.3) - 83 - 3 - 2 1
15 C. antisyphilitius Whole (40) M (9.9) 2 - 2 -
16 D. nigra Leaves (70) M (12.4) - - - 3 2 2 3
17 D. rugosa Leaves (54) D/M (11.8) 100 - - 3 - 2 2
18 D. bipinnatum  Fruits (55) D (13.8) - - 1 2 - 1 1
Leaves (90) D (8.6) - - - 3 - 3 1
19 E. nitens Leaves (210) M (11.4) - - 1 3 - 1 2
Stem (90) M (7.7) 100 - - 3 1 2 2
20 E. disenterica Leaves (75) D/M (11.9) 100 - - 3 - 3 -
21 E. pitanga Leaves (50) D/M (10.2) - - 1 3 1 3 -
(170) W (4.5) - - - 2 - 2 2
22 G. ulmifolia Bark (325) M (3.9) - - - 3 - 2 -
23 H. courbaril Bark (45) W (4.2) - - - 3 - 2 -
24 H. stigonocarpa Bark (50) D/M (5.3) 40 - - 3 - 3 -
(145) M (5.0) 40 - - 3 - 3 -
Leaves (120) D/M (14.1) 100 - - 2 - 2 -
25 L. pacari Leaves (215) M (9.4) - - 1 3 - 3 3
26 L. camara Roots (60) D (5.3) - 47 2 3 - 3 -
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Entry plant species Part Solvenp Bioassays
(weight, g) (vield, % wiw) Bactefia
Bglc As# Csff Sa® Eco" Bcel Pae
27 L. sibiricus Aerial (90) D/M (9.9) - 12 - - - -
28 M. opacum Leaves (50) D (12.2) - - 2 3 -
29 M. albicans Leaves (80) M (10.6) - - - 3 2 3
31 P. foliolosa Leaves (60) M (11.1) 100 3 2 3
(20) W (5.5) - - - 3 3 3
32 P. torta Leaves (130) M (8.9) ND - 1 3 3 2
33 Q. grandiflora Bark (60) M (6.5) ND ND ND 3 3 2
34 Q. parviflora Bark (90) M (4.2) - - - 3 2 2
(30) W (6.3) 100 - - 2 1 -
35 R. heterophylla Leaves (80) M (8.9) - - 3 2 2
36 R. montana Leaves (20) W (12.8) - - 3 3 2
37 S. brasiliensis  Aerial (55) M (10.1) - - - 3 2 -
38 S. aureum Leaves (60) M (7.3) - - - 3 2 1
39 S. adstringens Bark (160) M (4.9) - - - 3 2 2
(20) W (5.2) - - - 3 3 1
40 S. camporum Leaves (83) D/M (11.2) 100 3 3 1
41 T. ochracea Wood (290) D (4.5) - - - 2 - 1
Leaves (26) M (8.4) - - - 2 - 1
42 X. aromatica Bark (100) D/M (5.7) - 18 - 2 2 -
(138) W (3.4) - - - 3 1 2 2

a: part (weight) extractedy: D = CH,Cl,, M = CH;0H, D/M = CH,Cl,- CH;OH (1:1); c: B. glabrata(LC, 4 in
ppm after 24 h exposurej; A. salina(LCy in ppm after 24 h exposureg;C. sphaerospermuliiioautographic,
100 pg/spot: -: inactive, 1: partially active, 2: active, ND: not determiftea)ar diffusion method with 5 mg/well:
-:inactive, 1: partially active, 2: active, 3: very active, ND: not determigesl; aureush: E. coli i: B. cereusj: P.
aeruginosaW: water.

candidate for a plant-derived molluscicide. Theoids (Luo et al. 1985). Cytotoxic acetogenins,
bark ofB. intermediais rich in tannins and its in- yenezinin and asimicin, were isolated from the bark
fusion is popularly used as febrifuge (Corréa 1984}t x . aromaticausing a BSLA-guided fractionation
Several classes of compounds have been isolatgbtocol (Colman-Saizaritoria et al. 1994). Some
from this genus, including triterpenes, flavonoidsspecies from this genus are rich in kaurenoic acid
benzenoids and steroids (Schultes & Raffauf 1990@Alves et al. 1995), known for its activity in the
Extracts from Ieayes @. verbascifolisand bark s A and against trypomastigoteslotruzi(Zani
of Hymenaeae stignocarpdart showed LGy,0f et al. 1995). Although less potent, extracts from
40 ppm. The bark of the latter species is reputed ggjits of Cabralea polythricaleaves oCaryocar
a vermifuge (Caribé & Campos 1991). brasiliensisand Copaifera langsdorffiand roots

_ From the 60 species evaluated in the BSLAgf | antana camaravere also active in the BSLA.
six (10 %) produced extracts that displayedd.C Al these plants are used to treat numerous ailments
< 100 ppm. The ChCl-MeOH extracts from the iy Brazil (Ferreira 1980, Martins et al. 1994) and
aerial parts of.eonurus sibiricus. and from the  \ere already subjected to phytochemical studies
bark of Xylopia aromatica(Lam) Mart were the py other groups. The observed activity otamara
most active, with L&, of 12 and 18 ppm, respec-jn the BSLA could be due to the presence of
tively. L. sibiricus is popularly used in Minas camaraside and lantanoside, cytotoxic components
Gerais for cold, diarrhea and digestive complamtgmz)ady isolated from this species (Mahato et al.
(Grandi et al. 1989). Investigations of its chemi31994).
try and pharmacological properties by Chinese \hen tested against the spores of phytopatho-
groups resulted in the isolation of bioactive alkagenic fungusC. sphaerospermunextracts from
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eight species (13%) were able to inhibit fungaéxtracts were prioritized for the identification of
development. The most active were the,CH the active components, a work that is already un-
extracts from the roots &rosimum gaudichaudii der way.

andL. camara The first is widely used in Brazil ACKNOWLEDGMENTS

for treating skin depigmentation (vitiligo) (Corréa
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