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Introduction

Medicinal plants have a long and

Resumen

Actividad antimicrobiana de extractos en etanol y agua de los helechos
arborescentes usados medicinalmente Alsophila cuspidata y Cyathea
microdonta

Las plantas medicinales son componentes importantes de farmacologias
tradicionales y fuentes de compuestos antimicrobianos que pueden combatir
patdgenos resistentes a antibidticos comerciales. Este estudio examiné la
actividad antimicrobiana de extractos en etanol y agua de dos helechos
aborescentes Neotropicales usados medicinalmente (Alsophila cuspidata y
Cyathea microdonta) frente a bacterias grampositivas y gramnegativas usando
el método de difusion de Kirby-Bauer. La mayor actividad antimicrobiana se
observo en extractos en etanol y frente a bacterias grampositivas. No hubo
diferencias entre especies de helechos o entre extractos obtenidos de frondes,
peciolos, o troncos. Estos resultados sugieren que el uso tradicional del
mucilago de helechos arborecentes como agente topico en cortes y lesiones de
leishmaniasis pueden reducir el riesgo de infecciones con bacterias cutaneas
como Staphylococcus aureus 'y que las Cyatheaceae Neotropicales son una
fuente potencial de compuestos antimicrobianos novedosos.

Palabras clave: Helechos arborescentes, medicina tradicional, Amazonia
peruana, Kirby-Bauer.

Abstract

Medicinal plants are important components of traditional medicine and sources
of novel antimicrobial compounds against drug resistance pathogen strains.
This study tested the antimicrobial activity of ethanolic and aqueous extracts
of medicinally used Neotropical tree ferns Cyathea microdonta and Alsophila
cuspidata against gram positive bacteria and gram negative bacteria using
the Kirby-Bauer disc diffusion method. Highest antimicrobial activity was
observed in ethanolic extracts, and extracts were more active against gram
positive bacteria than gram negative bacteria. No difference was observed
in antimicrobial activity between species or between extracts made from the
leaves, stipe, or caudex. These results suggest that the traditional use of tree
fern mucilage as a topical agent for cuts and leishmaniasis lesions may reduce
risk of secondary infection with skin bacteria such as Staphylococcus aureus,
and that Neotropical Cyatheaceae are a potential source of novel antimicrobial
compounds.
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quarter to one-half of all pharmaceuticals dispensed
have higher-plant origins (Cowan 1999). However,
diverse his- very few plant derivatives are used as antimicrobials

tory of use throughout the world, and currently one- in western medicine, as we have relied on fungal
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and bacterial sources for these compounds since
the advent of antibiotics, despite the abundant anti-
microbials present in plants as defense compounds
against phytopathogens (Gonzales-Lamothe et al.
2009). Plant materials constitute a major part of tra-
ditional medicinal responses to microbial infection,
and have been identified as a major resource of
antimicrobial compounds as multiple drug resis-
tant strains of pathogens to current antimicrobials
increasingly emerge (Gurib-Fakin 2006, Dimayuga
and Garcia, 1991). Extracts of plants used in tradi-
tional medicine have been shown to have antimi-
crobial effects against human pathogens such as
gram positive bacteria (Zakaria et al 2007), Pseu-
domonas aeruginosa (Bjarnsholt et al. 2005), and
Leishmania amazonensis (Soares et al. 2009).

Tree ferns in the family Cyatheaceae,
commonly known as sano sano in southern Peru,
are traditionally used in Cusco, Puno, and Madre de
Dios, Peru as medicinal plants against cutaneous
leishmaniasis, bruises, and wounds by applying
mucilage directly on the affected area (authors’
pers. observ.). The potential medical uses of
compounds derived from old world tree ferns have
been suggested by recent studies of methanolic
extracts from leaves. Alsophila gigantea Wall.
ex Hook. (treated as Cyathea) a common ftree
fern in South India, for example, has shown anti-
inflammatory activity (Madhukiran et al. 2011),
hepatoprotective effects (Madhukiran et al. 2012),
and free radical scavenging activity (Madhukiran
2011). Also, old world tree ferns have been shown
to contain a large number of compounds with
potential medicinal uses. Flavonoids, steroids, and
saponins have been isolated from both the leaves
and caudex of A. gigantea (treated as Cyathea)
and Sphaeropteris brunoniana (Wall. ex Hook.)
R.M. Tryon (treated as Cyathea, Talukdar et al.
2010), and these categories of compounds have
antimicrobial potential (Cowan 1999). A recent
assessment of fern antimicrobial activity in India
including the tree ferns Alsophila nilgirensis R.M.
Tryon (treated as Cyathea) and Sphaeropteris
crinita R.M. Tryon (treated as Cyathea) showed
inhibitory effects toward Pseudomonas aureus,
Klebsiella pneumonia, Aspergillus niger, and
Fusarium sp., but no activity against the gram
positive Streptococcus species tested (Johnson et
al. 2012). This study only used ethanol as a solvent
of extraction however, which has been reported to
extract fewer antimicrobial compounds than other
solvents (Nostro et al. 2000, Eloff 1998, Ahmad et
al. 1998).

To date, although used as staple medicine in
rural areas, Neotropical species of Cyatheaceae
have not been formally tested for antimicrobial

properties. The present study, therefore, aims
to investigate the antimicrobial effects of both
ethanolic and aqueous extracts of leaves, stipe,
and trunks from Alsophila cuspidata (Kunze) D.S.
Conant and Cyathea microdonta (Desv.) Domin,
two tree ferns used in traditional medicine in the
Peruvian amazon.

Objectives

To determine whether extracts from two species
of Neotropical tree ferns have antimicrobial activity

Methods

Study site: The study was performed at the
Villa Carmen Biological Station (VC, -12.895,
-71.404) of the Amazon Conservation Association
(ACA), in the locality of Pilcopata, district of
Kosfipata, province of Paucartambo, Cusco,
Peru. VC is located on the Amazonian foothills of
the Andes, at 540 m, in the buffer zone of Manu
National Park, and is surrounded by secondary
premontane rainforest, with an annual precipitation
of 3000-5000 mm.

Species selection: Fronds, stipe, and trunks
were cut from healthy, disease free tree ferns from
the species Cyathea microdonta and Alsophila
cuspidata. These two species were chosen
because they produce multiple trunks from a single
rhizome and do not die when one trunk is cut. They
are also among the species used indistinctly by the
local population as a source of mucilage for treating
wounds.

Extract preparation: The stipe and caudex
were cut into 0.5 cm?®pieces and dried at 50°C for
2 hours. Fronds were similarly dried. 50g of stipe
and caudex and 5g of fronds were extracted in
100mL of both 96% ethanol and boiled water for
12 hours. Three plant parts from both species were
extracted in both ethanol and water for a total of 12
extracts. Extracts were filtered and concentrated
by evaporation at 50°C to 20mL. Antibiotic controls
were prepared using 200pg Ampicillin per milliliter
water for gram negative bacteria and 200ug
Ciprofloxacin per milliliter water for gram positive
bacteria.

Bacterial culture: Single colony gram
positive bacteria isolates were obtained from skin
swabs streaked on Staphylococcus gelatin media
(Maitland and Martyn, 1948) and incubated in
nutrient broth for 12 hours at approximately 37°C.
Single colony gram negative bacteria isolates
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were obtained from fecal swabs streaked on
Mueller-Hinton agar (Merck) prepared according
to manufacturer’s instructions and incubated in
nutrient broth for 12 hours at approximately 37°C.
Bacteria were identified using colony morphology
(Chiller et al. 2001).

Kirby-Bauer Disc Diffusion Method: Anti-
bacterial tests were performed using the Kirby-
Bauer method with modification (Bauer et al.,
1966). Sterile plates containing 4mm depth of
Mueller-Hinton agar were prepared and inoculated
with 0.5mL culture of gram positive bacteria or gram
negative bacteria and let dry for 5 minutes. Filter
paper discs (6mm in diameter) were impregnated
with approximately 50uL of extract, dried for 5
minutes, and placed on the inoculated plates
alongside the positive antibiotic control. The plates
were inverted and incubated at approximately 37°C
for 12 hours. Antimicrobial activity was indicated by
presence of a zone of inhibition of bacterial growth
around the disc. The distance from the edge of the
disc to the outer ring of the zone of inhibition was
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measured. The tests were repeated 4 times for
each extract using both gram positive bacteria and
gram negative bacteria.

Statistical Analysis: All statistical analyses
were performed using PAST (Hammer and Harper,
2006). The Wilcoxon signed rank test was used to
compare extractants and species, and a Kruskal-
Wallis was used to compare leaf, stipe, and caudex
extracts.

Results

Both C. microdonta and A. cuspidata showed
antibiotic activity (figure 1). The mean zone of
inhibition for all extracts against gram positive
bacteria and gram negative bacteria is given in
figure 1. Ethanolic extractions had significantly
larger zones of inhibition than aqueous extracts
against gram positive bacteria but not gram
negative bacteria (Wilcoxon test, exact p(same) =
0.007227 and exact p(same) = 0.21212). Overall,
there was no significant difference in antibacterial
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Figure 1: Width of the zone of inhibition for 12 tree fern extracts plus Ampicillin against gram positive bacteria (A) and
gram negative bacteria (B). Figura 1: Ancho de la zona de inhibicion de 12 extractos de helechos arborescentes mas
ampicilina frente a bacterias grampostitivas (A) y gramnegativas (B).
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activity between C. microdonta and A. cuspidata
against gram positive bacteria or gram negative
bacteria (Wilcoxon test, exact p(same) = 0.056892
and exact p(same) = 0.054264). No significant
difference was found between extracts from
different plant parts against gram positive bacteria
and gram negative bacteria (Kruskal-Wallis).
Extracts showed significantly more activity against
gram positive gram positive bacteria than gram
negative gram negative bacteria (Wilcoxon test,
exact p(same) = 0.00014).

Discussion

The present study confirmed the presence of
antimicrobial compounds in Cyathea microdonta
and Alsophila cuspidata with activity against
potential human pathogens. Although ethanol is not
viewed as an efficient extractant of antimicrobial
compounds, the ethanolic extracts tested here
showed more antimicrobial activity than aqueous
extracts. This study underlines the importance of
extractant choice in studies of plant antimicrobial
activity. Cyatheaceae species should thus be
further studied with additional extracts.

The presence of antimicrobial compounds
throughout the plants in the leaves, stipe, and
caudex supports a previous study that found
compounds with potential antimicrobial activity in
both the leaves and the caudex (Talukdar et al.,
2010). Furthermore, the similarity in antimicrobial
activity between C. microdonta and A. cuspidata
suggests the possibility that antimicrobial
compounds are widespread throughout Neotropical
Cyatheaceae, although further description of the
specific compounds present in each species is
crucial to understanding whether these compounds
are a shared ancestral trait. Further study on the
differences or similarity between the genera
Alsophila and Cyathea could elucidate evolutionary
adaptations to pathogens within this family.

Traditional medicinal use of tree fern mucilage
is generally topical, for example on cuts or
leishmaniasis lesions. Coinfection of leishmaniasis
lesions with gram positive bacteria enhances the
severity of early lesions (Potter et al., 1983), so
application of tree fern mucilage may be beneficial
in preventing coinfection and thus reducing lesion
severity. Ziaie and Sadeghian (2008) found that
20.7% of patients with cutaneous leishmaniasis
had secondary bacterial infections, and of these,
69.4% were gram positive bacteria, 23.1% were
coagulase negative Staphylococcus, and 3.9%
were gram negative bacteria. Since the caudex
extracts from both species, which contained
the mucilage, showed inhibitory activity against

gram positive bacteria, this study validates the
traditional topical use of the mucilage on cutaneous
leishmaniasis lesions in combination with oral or
intravenous anti-leishmanial therapy.

The greater activity against gram positive
bacteria than gram negative bacteria is presumably
due to the impermeable outer membrane of gram
negative bacteria, which prevents exposure of the
peptidoglycan cell wall, the internal membrane, and
the cytoplasm. The higher susceptibility of gram
positive bacteria to plant extracts is consistent with
previous findings (Lai et al., 2009; Johnson et al.,
2012; Ahmad et al., 1998).

The zones of inhibition around discs
impregnated with extracts were not as clear as the
zones around antibiotic control discs, and bacterial
colonies were frequently in the inhibition zone
of extracts. This may be due to the presence of
carbohydrates which promote bacterial growth in
the extracts due to the extraction process. Future
studies should reduce the carbohydrate content
in extracts, which is possible by extracting with a
Soxhlet extractor. (Nostro et al., 2000). Additionally,
because of limitations on the equipment available
for this study, the exact concentrations of crude
extract used is uncertain. Further studies on
antimicrobial properties of tree ferns could obtain
more rigorous, quantitative data by quantifying
extract concentration and determining the minimum
inhibitory concentration of each of the extracts.

Tree ferns have potential both as a topical
agent to prevent secondary infection of skin lesions
and as a source for new antimicrobial compounds.
Further studies should test tree ferns with different
extractants, determine the minimum inhibitory
concentration, and attempt to isolate specific
compounds and elucidate the mode of action of
antimicrobial activity.

Conclusions

We found that extracts of the Neotropical tree
ferns Alsophila cuspidata and Cyathea microdonta
have antimicrobial activity against gram positive
bacteria. There were no significant differences in
effect between the two species or among different
parts of the plants. Our results indicate that the
tree fern mucilage, which is frequently used as
a traditional rural remedy in southern Peru on
wounds and leishmaniasis lesions, should help
control infections from cutaneous bacteria.
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