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Summary

Therapeutic limitations, development of fungal drug resistance, drug-related toxicity, drug interactions and insufficient
bioavailability of the currently available antifungal drugs have made the development of drugs necessary that would be able
to treat the emerging fungal infections. The Cerrado is the second greater biome of Brazil and it was identified as one of the
most distinguished biomes of South America, becoming an important source of innovative vegetal molecules to treat several
conditions. Thus, the objective of this study was to evaluate the antifungal potential of Cerrado plants, mainly those used to
treat infections and wounds. A total of 57 extracts were screened by the agar-well diffusion technique against Candida
albicans and Trichophyton rubrum. The most promising extracts were tested in smaller concentrations and their minimal
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inhibitory concentrations (MIC) were determined by microdilution method. Results were analysed statistically by ANOVA tests.
Extracts of Kielmeyera coriacea, Renealmia alpinia, Stryphnodendron adstringens and Tabebuia caraiba were very active against
T. rubrum, presented geometric means of the MIC values between 170.39 and 23.23 pg ml™. Extracts of Cerrado plants are
of particular interest as source of new agents for the treatment of dermatophytic infections.

Introduction

Major advances in health care over the past few years have led to an unwelcome increase in the size of a population at risk for
life-threatening infections because of pathogenic and opportunistic fungi, especially by increasing the number of patients with
impaired immunological defences.'-> These infections are associated with significant morbidity and mortality rates; they are
difficult to prevent, diagnose, treat and the trend appears to be that the number of people at risk of fungal infections will
continue to grow.* >

Despite the existence of potent antifungal agents, there is an urgent need for developing newer antifungal drugs that would
belong to a diverse class compared with the existing ones and present a different mode of action. The recommendation is a
consequence of the therapeutic limitations, the development of fungal drug resistances, drug-related toxicity, significant drug
interactions, or insufficient bioavailability of most commonly used antifungal drugs.* ¢

Terrestrial plants and their secondary metabolites play an important role as the source of innovative therapeutic agents for
various conditions, including infectious diseases.'?'? Brazil is one of the countries with the highest plant diversity distributed in
different biomes. Brazil's Cerrado is the second most important biome, representing 23% of the area of the country, and more
than 6000 vegetal species have been catalogued. However, the biome is being rapidly converted into area for agriculture and
cattle pastures. For this reason, the Cerrado was identified as one of the richest and threatened biomes of the world.'* '

The use of medicinal plants from Cerrado for the treatment of many diseases is widespread, mainly in rural areas.'” Studies
based on traditional uses of the Cerrado plants have already identified extracts and isolated compounds with potential biological
activity,'®?" including antifungal activity.?>*° While the vast amount of the Cerrado plant species have not yet been chemically or
biologically evaluated, the aim of this study was to screen for medicinal plant extracts that could be useful for the development of
new tools for the control of infectious diseases. While pursuing this goal, we initiated a systematic evaluation of extracts from the
Cerrado plant species against the pathogenic fungi Candida albicans and Trychophyton rubrum.
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Materials and methods

Plant material

Botanical materials of 11 native species of Cerrado traditionally used in folk medicine by people living in the Cerrado area, mainly
for the treatment of wounds and infections,*'-* were collected in Brasilia, the Federal District of Brazil, in 2005/2006. Botanical
identification was performed by Professor José Elias de Paula of the Vegetal Anatomy Laboratory, Institute of Biology, University of
Brasilia (UnB). The sample botanic specimens were deposited at the Herbarium (UB) of that institution.

Extracts production

Different parts of the mature plants were air dried in the shade and ground into powdered material using an appropriate mill.
The powdered material was macerated with different solvents: hexane, dichloromethane, ethanol or hydroalcoholic solution 90%
(4 x 2I). The solution was filtered and the solvents were evaporated at reduced pressure at temperature below 40 °C. After
removal of residual solvent, the extracts were kept at -20 °C.

Screening for antifungal activities
Fungal strains.

The microorganisms used for the biological evaluation were provided by the Medical Mycology Specialized Centre (CEMM,
Federal University of Ceara, Brazil), where they were maintained in saline (0.9% NaCl) at 28 °C. At the time of the analysis, an
aliquot of each suspension was taken and inoculated onto potato dextrose agar (PDA; Difco, Detroit, MI, USA), and then incubated
at28 °Cfor2-10 days. The strains used in this study were: T. rubrum (eight clinical isolates), C. albicans (ATCC 14053) and, for
quality control, Candida parapsilosis (ATCC 22019) as recommended by the guideline CLSI M27-A2, 2002.

Agar-well diffusion susceptibility tests.

The method used for antifungal susceptibility test was previously described by Fontenelle et al. [33] One strain of C. albicans
(ATCC 14053) and one clinical isolate of T. rubrum (CEMM 01-4-021) were subcultured on PDA for 2 and 10 days, respectively,
and incubated at 28 °C. For the preparation of the inocula, a suspension of conidia with blastoconidia of C. albicans and other of
the hyphal fragments of T. rubrum were prepared with saline (0.9% NaCl), transferred to a sterile tube and the turbidity were
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corrected by adding sterile saline until a McFarland turbidity standard of 0.5 (108 colony forming units, CFU ml™"). Petri plates
were prepared with PDA, wells of 6 mm in diameter were then made in the medium using a sterile cork borer and 50 pl of the
extracts diluted in dimethyl sulphoxide (DMSO; Sigma Chemical Co., St Louis, MO, USA), to obtain the test concentrations of 20,
10and5 mg ml™", were placed into the wells. Each fungal suspension was inoculated onto the surface of the agar. After
incubation, 2 days for C. albicans and 10 days for T. rubrum, at 28 °C, all plates were examined for zones of growth inhibition
and the diameters of these zones were measured in millimetres. Itraconazole (10 pg mi~"; Sigma Chemical Co.) was dissolved
in DMSO and served as positive control and DMSO 100% as negative control. Each experiment was performed in duplicate and
repeated at least twice.

Broth microdilution method.

The minimal inhibitory concentration (MIC) of each extract was determined for eight strains of T. rubrum (see Table 3) by using
broth microdilution techniques as described by the National Committee for Clinical Laboratory Standards guidelines (M27-A2
and M38-A).#% °0 MIC values were determined in flat-bottomed 96-well plastic tissue-cultured plates, using RPMI 1640 medium
(Sigma Chemical Co.) buffered to a pH 7.0 with 0.165 mol I~" MOPS (Sigma Chemical Co.). For the broth microdilution method,
the standardised inocula for T. rubrum and C. parapsilosis for quality control were also prepared by turbidimetry, as mentioned
above. The suspensions were dilutedto 1 : 500 for T. rubrum and 1 : 2000 for C. parapsilosis both with RPMI 1640 medium
to obtain inoculaof 2.5-5 x 103and5 x 10* CFU ml™" respectively. Extracts stock solutions were two fold diluted from
1000t0 0.98 pg ml™"and afinal DMSO concentration <5%. The microplates were incubated at 37 °C and read visually after
5 daysfor T. rubrumand 2 days for C. parapsilosis. The same tests were performed simultaneously for growth control (RPMI

+ fungi) and sterility control (RPMI + extract). Itraconazole (Sigma Chemical Co.) was used as reference compound against T.
rubrum and Anfotericin B (Sigma Chemical Co.) for quality control against C. parapsilosis. The MIC was calculated as the highest
dilution showing 100% inhibition of tested strain. Only for Itraconazole, MIC was calculated based on 80% inhibition (National
Committee for Clinical Laboratory Standards guideline M38-A, 2002). Only extracts that showed important antifungal activity
from agar-well diffusion were tested for MIC. All isolates were run in duplicate and repeated at least twice.

Table 3. Minimal inhibitory concentration (MIC) of 5 active extracts against clinical isolates of Trichophyton rubrum by the
microdilution method
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Clinical isolates T. rubrum MIC (ug ml™")

Extracts
KC SW KC RW RA SA TC Itraconazole
CEMM? 01-1-010 156.25 78.12 19.53 78.12 78.12 0.25
CEMM 02-6-066 156.25 78.12 19.53 78.12 78.12 0.25
CEMM 01-1-085 156.25 78.12 19.53 78.12 78.12 0.125
CEMM 01-5-020 78.12 39.06 19.53 78.12 78.12 0.125
CEMM 01-1-016 156.25 78.12 19.53 78.12 156.25 0.25
CEMM 02-6-032 156.25 156.25 19.53 78.12 78.12 0.125
CEMM 01-5-030 3125 156.25 39.06 156.25 156.25 0.031
CEMM 01-2-101 312.5 78.12 39.06 156.25 156.25 0.50
Geometric mean 170.39 85.19 23.23 92.90 101.31 0.16
Modal MIC 156.25 78.12 19.53 78.12 78.12 0.25and 0.125

KC SW, Kielmeyera coriacea SW, d; KC RW, Kielmeyera coriacea RW, d; RA, Renealmia alpinia L, h; SA, Stryphnodendron adstringens L, h; TC, Tabebuia caraiba SW, d (SW,
stem wood; RW, root wood; L, leaf; h, hexane; d, dichloromethane).

aCEMM, clinical isolates of Medical Mycology Specialized Centre.

Statistical analysis



For comparing the different concentrations of each extract and each concentration with the positive control, ANOVA
nonparametric (Kruskal-Wallis H test) was used, once the preassumptions of ANOVA were not considered (Shapiro Wilk’s test for
normality with P < 0.05). The post hoc test chosen was the Dunn test. After these comparisons, it was interesting to analyse
each concentration of one extract against all the experimental groups (multiples comparisons). In this case, a bivariate ANOVA was
used and the confidence interval of 95% was observed for the comparisons. Analysis was performed using the spss version
14.0.0.

Results

Of 57 extracts tested, fungitoxic activity was found in 18 extracts 20 mg ml™") of eight medicinal plants from brazilian Cerrado,
belonging to seven families and the results are presented in Table 1. The zones of inhibition ranged from 0 mm to total
inhibition and DMSO 100%, used as negative control, showed no activity. Of all extracts, four prevented growth of C. albicans and
17 of T. rubrum, while only three extracts were active for both. Cybistax antisyphilitica, Himatanthus obovatus and Serjania lethalis
were the plants whose extracts were completely inactive for both fungi.

Table 1. Plants extracts presenting antifungal activity in the concentration of 20 mg ml™’

Plant species and controls Extracts (20 mg ml™") Diameter of inhibition zones (mm)
Candida albicans Trichophyton rubrum
Byrsonima crassa SB,2 hsP -d 18
Calophyllum brasiliense RB, hs - 10
SW, hs - 11
R, hs 10 17
Casearia sylvestris var. lingua L h - 14

Kielmeyera coriacea SB, hs - 16
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Plant species and controls Extracts (20 mg ml™") Diameter of inhibition zones (mm)

Candida albicans Trichophyton rubrum
Sw, d - 23
RW, d 10 32
Renealmia alpinia L h 9 TIC
Rz, h - 17
Rz, d - 16

aSB, stem bark; RB, root bark; SW, stem wood; R, root (wood + bark); L, leaf; RW, root wood; Rz, rhizome.
bh, hexane; d, dichloromethane; e, ethanol; hs, hydroalcoholic solution 90%.
Tl, total inhibition.

d_ no inhibition (0 mm).

Regarding the 17 extracts that were able to prevent growth of T. rubrum, some of Kielmeyera coriacea, Renealmia alpinia,
Stryphnodendron adstringens and Tabebuia caraiba showed promising activity, presenting zones of inhibition close to or even
larger than that of Itraconazole (25 mm). Besides, the hexanic extract of the leaves of R. alpinia presented total inhibition on the
growth of the dermatophyte. Therefore, these extracts were tested in three decreasing concentrations against T. rubrum. Once
the activity against C. albicans was weak, further tests were not performed.

Agar serial dilution was carried out in three different concentrations (20, 10 and 5 mg ml™") against the clinical isolate of T.
rubrum (CEMM 01-4-021) for the five extracts with promising activity and results are presented in Table 2. In all evaluated

concentrations, all the five extracts prevented the growth of the dermatophyte. The higher the concentration, the greater the
diameter of the inhibition zone.
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Table 2. Serial dilution of the most active extracts against Trichophyton rubrum (CEMM 01-4-021) by the agar-well diffusion

method

Extracts Diameter of inhibition zones (mm) + SD®

Concentration of the extracts (mg ml™")

5 10 20
Kielmeyera coriacea SW?, d® 725 + 0.5A¢ 18 + 0.82A 2325 + 0.5A
Kielmeyera coriacea RW, d 15.25 + 1.26B 2575 + 0.5B 33 + 2.45B
Renealmia alpinia L, h 27.25 £+ 1.26C TI°C TIC
Stryphnodendron adstringens L, h 875 + 0.5A 2325 + 1.26B 30.5 + 0.58B
Tabebuia caraiba SW, d 21 + 141D 27.75 + 2.06B 3225 + 2.87B

asw, stem wood; RW, root wood; L, leaf.

bh, hexane; d, dichloromethane.

Tl, total inhibition.

dCapital letters A, B, C and D means statistical difference between the extracts in each concentration tested (P < 0.05).

¢Inhibition zone of Itraconazole 10 pg ml™" against T. rubrum: 25 mm.

Statistical analyses comparing all the concentrations tested with Itraconazole show that only dichloromethanic extract of the stem
wood of K. coriacea, even the highest concentration tested, did not present inhibition zones larger than Itraconazole (25 mm),
unlike the extract of R. alpinia that presented inhibition zones higher than the control when tested with5 mg ml™ (27.25
mm). In the concentration of 10 mg ml~1, the diameter of the inhibition zone recorded for the dichloromethanic extracts of



stem wood of T. caraiba (27.75 mm) and root wood of K. coriacea (25.75 mm) were still larger than that of Itraconazole.

Statistical analyses comparing each extract (Table 2) show that the extracts of R. alpinia were the most active. Considering the
concentration of 20 and 10 mg ml™", the extracts of T. caraiba, S. adstringens and root wood of K. coriacea presented the same
antifungal potential. When tested with 5 mg ml™", the diameter of inhibition zones of these extracts presented statistical
differences with the extract of T. caraiba being the most active and that of S. adstringens, the least.

As all the five extracts presented a potent activity, their MIC were determined against eight clinical isolates of T. rubrum (Table 3).
The quality control of the microdilution test was performed with C. parapsilosis ATCC strain using Amphotericin B as susceptibility
agent. The value of MIC found was 0.5 ug ml™", corroborating the recommendation of the guideline CLSI M27-A2 (range
1-0.25 pg ml™"). Geometric mean of the extracts ranged from 170.39 to0 23.23 g ml~" and modal MIC from 156.25 to
19.53 pg mi™.

Discussion

Additional antifungal agents must be developed to successfully control the new and emerging human fungal pathogens resistant
to available antifungals. Once secondary metabolites of terrestrial plants are involved in the relationship of the organism with the
environment, including the defence against invading microorganisms and parasites, these biomolecules are strong candidates for
development as antimicrobial agents. In this study, a survey of plant species that are important in traditional medicines was
conducted to identify species with antifungal activity. While none of the extracts from these plant species greatly inhibited growth
of C. albicans, several extracts, especially those from K. coriacea, R. alpinia, S. adstringens and T. caraiba, were identified as having
pronounced antifungal activities toward several strains of the most frequently isolated dermatophyte, T. rubrum.

It is interesting to note that some of the plant extracts that showed high antifungal activity against T. rubrum, were inactive
against C. albicans. Fontenelle et al. [33] has tested an essential oil against C. albicans and the dermatophyte Microsporum canis
and also found a different activity between the species. It is relatively common and indicates differences in the mode of action of
antidermatophytes to anti-candida compounds.”’

The plant K. coriacea is well-known in Brazilian traditional medicine for the treatment of infectious disease.>” In this study,
extracts of K. coriacea presented important antifungal activity, specially the dichloromethanic of the root wood. The present
results are consistent with those of Cortez et al. [53] who isolated xanthones and one biphenil from the extract mentioned active
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against Cladosporium cucumerinum and C. albicans.

Members of the genus Tabebuia have already been tested towards bacteria and fungi. Anthraquinones, naphthoquinones and
analogues from Tabebuia impetiginosa showed activity against bacteria such as Helicobacter pylori and Staphylococcus aureus.> >>
Furthermore, Barbosa-Filho et al. [56] isolated several compounds active against Gram-negative and -positive bacteria. Among
them, ethyl p-hydroxycinnamate showed activity against C. albicans. In Alves et al. [24] work, T. caraiba did not show antifungal
activity. However, their work does not mention which extract was used and test conditions were different as the test performed
was bioautographic assay with C. sphaerospermum.

Previous findings on S. adstringens and Schinus terebinthifolius reported potent activity of extracts of these plants against fungi,
especially Candida species.?” 3% >/ Although our results showed lower activities of these extracts, this variation may be because of
the dose of extracts used in the different studies, the solvent used for extraction, the method of bioassay employed, the age of
the plant and the parts used, even the plant source and the period of collection. Passos et al. [25] evaluated the antifungal
potential of the foliar epicuticular waxes of Caryocar brasiliensis and found that the plant collected in March presented different
results from that collected in October. Besides, the weak activities demonstrated by these extracts in vitro, does not necessarily
imply that they would demonstrate weak activities in vivo,”® mostly because they are widely use in the traditional medicine of
Cerrado for this purpose.

Members of the Zingiberaceae family are important tools in traditional medicine to treat fungal infection. Plants such as Alpinia
galanga, Curcuma zedoaria and Zingiber purpureum have been evaluated regarding its antifungal potency and ethanolic extracts
showed important activity towards several species of fungi, including resistant ones.”” The hexanic extract of the leaves of R.
alpinia was the most promising one, presenting a lower MIC. Interestingly, the best results found in this study are attributable to
apolar extracts as well as other studies that reported potent antifungal compounds isolated from apolar extracts of plants used in
traditional medicine.®® ©" We do not narrow the research to a specific polarity of chemical substances of the plant, but we exploit
the great variety of secondary metabolites that the plant can offer.

The fact that current dermatophytosis therapy can cause considerable adverse effects in some patients renders these plant-
derived compounds the subject of meaningful future research. The plants may provide novel or lead molecules, which could
become starting materials for the synthesis of new drugs. Besides, results with plants from Brazilian Cerrado, specially R. alpinia,
open perspectives to find more effective vegetal drugs, less toxic and available to the lowest socioeconomic strata of the
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population in the treatment of these diseases. Bioassay-guided fractionations are being performed to determine the active
constituents of the plant extracts.
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