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Background: Ferns are a group of plants that have been little explored from a chemical and www.phcog.com
biological perspective but that have interesting potential, occurring in various parts of the DOI:

world. Objective: This work investigates the chemical profile and the biological effects of ferns 10.4103/0973-1296.127354
from Brazil. Materials and Methods: Analyses were performed using rapid performance liquid
chromatography (RP-LC) with a diode array detector (DAD). Extracts were tested for their
in vitro antioxidant activity, by the total reactive antioxidant potential method and for their
antichemotactic potential, by the Boyden chamber method. Cytotoxic effects were assessed
by lactate dehydrogenase levels, while the monoamine oxidase (MAO) assay was carried out
using a fluorescence-based method. Results: Different chemical compositions were found for
the studied ferns, such as Asplenium gastonis, in which hesperidin was identified in its extract,
while A. serra showed the presence of xanthone mangiferin. The most samples with highest
antioxidant activity were the Asplenium serra, Lastreopsis amplissima and Cyathea dichromatolepis
extracts, at 10 ug/mL. High antichemotactic activity was found for A. serra (94.06%) and
Didymochlaena truncatula (93.41%), at 10 ug/mL. The extracts showed no cytotoxicity at the
highest concentration. Against MAO-A, D. truncatula (82.61%), Alsophila setosa (82.21%),
Cyathea phalerata (74.07 %) and C. delgadii (70.32%) were the most active extracts (100 ug/mL).
Conclusion: The hypothesis was considered that phenolics and triterpenes are responsible for
these pronounced activities.
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INTRODUCTION

reported are flavonoid glycosides, mainly kaempferol,
quercetin, luteolin and apigenin derivatives. Other
compounds such as xanthones, spiropyranosyl derivatives
and triterpenoids have also been reported. For Brazilian

Plants are an important source of biological active natural
products, which present a wide variety of structure,

physical/chemical and biological properties. Within the
plant kingdom division, Pteridophyta represent a group
of wvascular plants, presenting 13,600 species, of which
many are tree ferns found in the tropical and subtropical
regions of the world.!"

Few studies have demonstrated the presence of some
secondary metabolites in ferns. The most commonly
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species, the number of studied ferns is still low. The
extracts of these plants appear as complex mixtures of
substances, requiring the use of sensitive techniques that
enable separation of compounds for further identification.

The biological activities of some of these plants are
described in the literature. Recent studies on the beneficial
properties of ferns include: antibacterial activity of
Dryopteris crassirhizoma;? antimicrobial activity for some
Adiantum species;? cytotoxic and apoptotic capacity
against liver cancer cells,”” as well as, antinociceptive and
anti-inflammatory activities for Cheilanthes farinosa.”)
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A significant number of fern species are commonly used
in Brazilian folk medicine. An example is Cyathea phalerata
Mart, which is used as an expectorant and for kidney
diseases. This species is also used for several inflammatory
diseases and in southeastern Brazil, is reported for the
treatment of varicose veins and hemorrhoids.! It is well
known that medicinal plants are widely used in the folk
medicine of many countries to treat different pathological
conditions. However, for many of the plants in use, the
efficacy and the relevant active principles are unknown.

Therefore, the aims of this study were to investigate
the 7n vitro antioxidant and antichemotactic activities of
different species of ferns from Southern and Southeastern
Brazil and to evaluate the inhibitory effects displayed
by ferns extracts on monoamine oxidase subunits
A (MAO-A) and B (MAO-B) obtained from rat brain
mitochondria. Chemical analysis was also carried out, by
rapid performance liquid chromatography (RP-LC), on
some active fern extracts that have still be little studied.
This study sought to characterize the biological properties
of these plants, correlating them with the chemical profiles
found.

MATERIALS AND METHODS

Chemicals and reagents

Caffeic acid and 3-D-galactoside-quercetin were obtained
from Fluka Chemie (Buchs, Switzerland). Hesperidin and
rutin were purchased from Merck (Darmstadt, Germany).
Apigenin was obtained from Extrasynthese (Genay Cedex
France) and chlorogenic acid from MP Biomedicals (Illkirch,
France). Mangiferin was obtained as a secondary standard
metabolite from Mangifera indica L. Methanol (HPLC grade)
was purchased from Tedia (Fairfield, USA). Trifluoroacetic
acid (analytical grade) was obtained from Vetec (Rio
de Janeiro, Brazil).Luminol (5-amino-2,3-dihydro-1,
4-phthalazinedione), quercetin, glycogen from
oyster (type II), bovine albumin, heparin,
kaempferol, flavone and LPS (Lipopolysaccharide
from Escherichia coli) were all purchased from Sigma
Chemicals (St. Louis, MO, USA). AAPH (2,2’-azobis-
2-methyl-propanimidamide, dihydrochloride) and
trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxilic
acid) were purchased from Aldrich Chemical
(Milwaukee, WI, USA). Glycine was purchased from
Nuclear (Diadema, Brazil). All other chemicals were of
reagent grade.

Plant material

Seven ferns were collected in the regions of Morro
Reuter (29°32°17”S, 51°04°51”W) and Campo
Bom (29°40°39”S, 51°01’97”W), Rio Grande do Sul

state (RS), Brazil, in September 2010 and received botanic
identification by Maria Angélica Kienling-Rubio M.Sc.
Voucher specimens were deposited at the Herbarium of
the Instituto de Ciéncias Biologicas, Universidade Federal
do Rio Grande do Sul, Brazil ICN/UFRGS).

Another six fern specimens (two of them from the
same southern species collected) were collected in
the Reserva Biolégica Alto da Serra de Paranapiacaba
(23°46°187-23°47°05”S, 46°20°247-46°18’15”W), Santo
André, Sao Paulo state (SP), Brazil, in August 2010. The
botanical identification of the specimens was performed
by Dr. Jefferson Prado. A voucher specimen was deposited
at the Herbarium of the Universidade de Sio Paulo
(SPF/USP). The species collected in different locations of
Southern and Southeastern Brazil are described in Table 1.

Extraction method

The air-dried and powdered aerial parts of ferns were
extracted with ethanol in a turboextraction system, using
a IKA T50 homogenizer Ultra Turrax apparatus. The
resulting extracts were filtered and evaporated under
reduced pressure, on a rotary evaporator at 40-45°C.

Chromatographic analysis

Liquid chromatographic conditions

The analyses were performed using a Waters 2695 Separation
Module, consisting of a pump, a column heater, an auto

Table 1: Species of ferns collected from different
locations in the states of Rio Grande do Sul and
Sao Paulo, Brazil

Specimens Rio Grande do Sao Paulo
Sul
Morro Campo RBASP,
Reuter* Bom* Santo André*
Alsophila setosa Kaulf X
Alsophila sternbergii X
(Sternb.) D.S. Conant
Asplenium serra Langsd. X
and Fisch
Asplenium gastonis Fée X
Vittaria lineata (L.) Sm. X
Lastreopsis amplissima X X
(C. Presl) Tindale
Didymochlaena X
truncatula (Sw.) J. Sm.
Cyathea delgadii Sternb X
Cyathea dichromatolepis X
(Fée) Domin
Cyathea atrovirens X X
(Langsd. and Fisch.) Domin
Cyathea phalerata Mart X

*Morro Reuter (29°32'17"S, 51°04'51"W), Campo Bom (29°40'39"S,
51°01'97"W), RBASP (Alto da Serra de Paranapiacaba Biological Reserve): Santo
André (23°46'18"-23°47'05"S, 46°20'24"-46°18'15"W). x: indicates where the
species were collected
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sampler, a degasser and a DAD (UV/VIS Waters 996)
photodiode array detector; equipment control, data
acquisition and integration were managed with Waters
Empower software (Waters, Milford, MA, USA). A C18
reversed-phase column (Phenomenex, 150 X 4.6 mm X 5 im)
was used, with a C18 Security Guard cartridge (C18)
operating at a temperature of 25 £ 2°C.

The samples were dissolved in methanol (LC grade)
to obtain final concentration extracts of 10 mg/mlL.
These extracts were filtered through a 0.45 wm pore size
membrane (Millipore, Bedford, USA) before injection
into the liquid chromatographic (LC) system. Elution
of samples was performed using a linear gradient
system and the mobile phases consisted of a mixture
of water:trifluoroacetic acid (100:0.025; »/2) (A) and
methanol (100; ») (B).

The gradient profile was: 0-10 min from 5 to 17% of B,
10-15 min from 17 to 30% of B, 15-40 min from 30 to 50%
of B, 40-45 min from 50 to 100% B, 45-70 min 100% of B.
At the end of each analysis, 7 min of 95% A was used to
restore the initial conditions. The flow-rate was 0.6 mL/min
and the injection volume was 10 ul. The detection was
at 254 nm in the DAD (UV/VIS Waters 996) photodiode
array detector. All the sample analyses were compared with
pure commercial standards and with a secondary standard
substance (mangiferin) injected under the same conditions.

Biological activities

Antioxidant activity by the total reactive antioxidant
potential method

The total reactive antioxidant potential (TRAP) is widely
used to estimate the antioxidant capacity of samples 2 vitro.
This method is based on the quenching of luminol-enhanced
chemiluminescence (CL) derived from the thermolysis of
2,20-azo-bis (2-amidinopropane) dihydrochloride (AAPH) as
the free radical source.n A 96 cell-plate was used in the assay.
The CL emission was monitored for 3000s, in a luminescence
counter (MicroBeta TriL.uX 1450 LSC, PerkinElmer).

The dried ethanolic fern extracts were dissolved in
DMSO (dimethylsulfoxide) and then diluted with glycine
buffer to their final concentrations. The extracts were
evaluated at concentrations of 0.1, 1.0, 10.0, 50.0 and
100.0 pg/mL. The highest concentration of DMSO in
samples was 1%. Quercetin and mangiferin were also tested
at concentrations of: 1.0, 10.0 and 100 uM. All samples
were tested in triplicate and the results were expressed as
the area under curve (AUC) versus concentration (Ug/mL).

Antichemotactic assay
The antichemotaxic assay was performed using a 48-well
plate, as described by Boyden! with minor modifications
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introduced by Andrade ez a/”! 'The dried ethanolic extracts
dissolved in DMSO (final concentration of up to 1%) were
assayed at concentrations of 0.01,0.10, 1.0 and 10.0 pg/mL.
Mangiferin was tested at concentrations of 0.1, 1.0, 10.0,
50.0 and 100.0 uM and indometacin (50 M) was used
as the reference drug. All the samples were dissolved in
Hanks’ balanced salt solution (HBSS, pH 7.4) to obtain
final concentrations for the test.

To obtain the rat polymorphonuclear neutrophils, 20 mL of
sterile 1% glycogen (/1) were injected into the peritoneum
of Wistar rats and four hours later, the animals were killed
by decapitation and the leukocytes collected. The cell pellets
were washed, suspended in HBSS, in order to obtain a
leukocyte density of about 1.5 X 10° cells mL" and kept
on ice until use. Chemotactic migration of leukocytes was
measured using the micrometer on a fine-focus knob of a
Nikon Alphaphot-2 YS2 microscope. The distance from the
top of the filter to the plane of the farthest focus containing
only two cells in ten microscopic fields, allowed leukocyte
migration to be determined. Samples were tested in duplicate.

Measurement of the cytotoxicity of extracts against
leucocytes

The cytotoxic effects of ferns on polymorphonuclear
neutrophils (PMN) were determined by the release of
the cytosolic lactate dehydrogenase, LDH (EC1.1.1.27),
according to Selloum ¢# a/" PMNss (1.5 X 107 cells/mL) wete
incubated with a concentration of 10 pg/mlL of fern extract,
for 30 min at 37°C. The LDH activity in the supernatant was
measured at 492 nm (EnVision 2104, PerkinElmer) using a
commercial kit (Doles). All the concentrations given are the
final ones. The values for the samples were obtained using
a standard curve.

Monoamine oxidase inhibition assay

MAO inhibition assays were carried out with a
fluorescence-based method (end-point reading), according
to van Diermen ef o/, with some minor modifications
introduced by Dos Santos Passos ¢#a/!'"” The substrate used
for the assay was kynuramine, which is non-fluorescent
until it undergoes oxidative deamination by MAO, resulting
in the fluorescent metabolite 4-hydroxyquinoline. Product
formation was quantified by comparing the fluorescence
emission of the samples to that of known amounts of the
authentic metabolite, 4-hydroxyquinoline.

Reactions were performed in black, flat bottom 96-well
plates, using a final volume of 200 pL. The mitochondrial
fraction of MAO enzyme, obtained from brain homogenized
of male Wistar rats (180-220 g), was prepared to obtain
a final protein concentration of 1.0 mg/mlL, in the assay
mixture.[”l The samples were tested at a concentration of
100 ng/mL. The dried ethanolic extracts were dissolved in
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DMSO (ata final concentration of 1%) and then diluted in
potassium phosphate buffer (0.1M, pH 7.4, made isotonic
with KCI). Quercetin and mangiferin were also tested at
concentrations of 10.0 and 100.0 uM.

As positive control for MAO activity (without inhibition),
40% DMSO solution (in phosphate buffered saline - PBS)
was used in place of the inhibitor, in the absence of samples.
As positive control for MAO-A and MAO-B activities,
40% DMSO solution (in PBS) and pargyline 10 uM (or
clorgyline 10 WM) were used in the absence of the samples.
Fluorescence emission at 380 nm was measured with a
96-well microplate fluorescent reader (EnVision 2104,
PerkinElmer). Measurements by extracts, quercetin and
mangiferin were performed in triplicate. The results of this
assay were expressed as % of inhibition * standard deviation
means (SDM).

Statistical analysis

For the antioxidant assay (TRAP), the results were expressed
as mean T standard deviation mean (SDM) of the mean. In
the antichemotactic assay, the data of leucocyte migration
distances obtained from these experiments were analyzed
as mean values £ S.D. of the mean (in micrometers) and
expressed as a percentage of the maximal chemotaxis in
relation to the reference chemoattractant (LPS). For the
monoamine oxidase inhibition assay, values were expressed
as the percentage inhibition of the enzymatic activity with
standard deviation means (SDM).

A one-way analysis of variance (ANOVA) followed by
Tukey’s test was used for the comparison of means.
A difference was considered statistically significant when
P < 0.05. Data analyses were performed using Prism
5.0 (GraphPad Software, Inc., CA, USA).
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Figure 1: Chromatogram and ultraviolet spectra of major compounds
of Asplenium gastonis. The selected peak is from hesperidin on the
chromatogram
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RESULTS

Chromatographic analysis

The majority of the plant extracts proved to be highly
complex, with many peaks in both, polar, medium and
non-polar regions of the chromatograms. The LC of
Asplenium gastonis |Figure 1] mostly presented eight
compounds, with greater affinity for 30% to 50% of
mobile phase B. In comparison with the chromatograms
and UV spectra of the standards tested in this study, it was
found that the sample presented some compounds with
quercetin-related structures (peak at 20.3 min, UV __:253.4
and 343.1 nm) and hesperidin (47.56 min, UV__ :281.9nm)
as chemical compounds of the extract.

Another species of the Aspleniaceae family tested was
Aspleninm serra. In the chromatogram, this species [Figure 2a]
presented mangiferin as the main compound. The retention
time of mangiferin was 21.95 min (UV_ : 258.1, 315.3
and 361.8 nm). The identification of the compound
was confirmed by comparing the chromatogram and
UV spectra of the peak with those of the isolated
substance [Figure 2b].

The chromatogram of Cyathea phalerata presented six
majority compounds, five of which showed similar UV
spectra. For this sample, two distinct regions were found
where compounds were eluted; one of them relatively more
polar and the other non-polar. Three kaempferol-derivative
glycosides were characterized in the extract of this fern
species (not shown).

The species Lastreopsis amplissima was the only one
collected both regions of Brazil (south and southeast),
in order to compare the chemical composition. Four of
the five majority peaks of L. amplissima (RS) presented
very similar maximum UV (215.5 and 277.1 nm, or just
277.1 nm) to those found for coumarin and its derivatives.
For L. amplissima (SP) the same UV __ were found for four
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Figure 2a: Chromatogram and ultraviolet spectra (UV) of Asplenium
serra extract
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compounds, and another four non-polar substances, eluted
with 100% B, was observed in this chromatogram (results
not shown).

Biological activities

The AOA of extracts from ferns was measured using
the total reactive antioxidant potential (TRAP) assay.
A strong antioxidant effect was verified for all the samples
at concentrations of 100.0, 50.0 (data not shown) and of
10.0 ;J,g/ mlL, with no significant differences between the
values for the same samples (P < 0.05) and higher than
the standard Trolox (200 nm). Figure 3 shows the radical
scavenging activity of fern extracts at 10 ug/mlL.

The highest antioxidant capacities were obtained for the
extracts of Asplenium serra, Lastreopsis amplissima (RS)
and Cyathea dichromatolepis, although their values did not
differ significantly from those of other samples (P < 0.05).
Quercetin and mangiferin, even at the lowest concentration
of 1 UM, presented good AOA. Trolox, the positive control
at 500nM, showed longer lasting and superior activity when
compared to 200nM [Figure 4a], indicating sensitivity of the
system to variations in the concentration and its potential
antioxidant capacity, even at very low concentrations.

A comparison between the same species (Lastreopsis
amplissima) collected at two different regions in Brazil
demonstrated that both presented potent AOA at
concentrations of 100, 50 and 10 pug/mL. At the
concentration of 1 pg/mL, the sample from the State of
Rio Grande do Sul (RS) showed a high AOA, compared to
that exhibited by the highest concentrations tested, which
did not occur for the sample collected in the State of Sao
Paulo (SP). These samples, at this concentration, presented
statistically different values (P < 0.05), where the Southern
region sample was more active than that from the Southeast
region |Figure 4b].
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Figure 2b: Chromatogram with UV spectra of mangiferin
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Chemotaxis plays an important role in leukocyte
recruitment and therefore constitutes a target for
anti-inflammatory drug discovery, the objective of
which is to develop methods to control inflammation by
modulating or blocking leukocyte chemotaxis to the site of
inflammation.'" Given that the suppression of neutrophil
functions can control inflammatory responses and is one
of the mechanisms of action of certain nonsteroidal
anti-inflammatory drugs,"” 16 samples from different ferns
were investigated for their effects on leukocyte chemotaxis,
using the Boyden chamber 7 vitro assay.

The values of migration distances (Um) and percentages
of inhibition for samples at 10 pg/mlL and mangiferin
at 100 uM are presented in Table 2. All samples showed
more than 54% leukocyte migration inhibition towards
the chemotactic factor (LPS). The most active samples
were Aspleninm serra (94.06 * 1.63%), Didymochlaena
truncatnla (93.41 = 0.93%) and Alsophila setosa (89.85 £ 1.98),
where their activity was compared to another two fern
extracts tested (P < 0.05).

The citotoxicity analysis, using the LDH method, measures
cell death due to damage to the plasma membrane,
and is based on the increase of the LDH activity in
culture supernatant proportional to the number of
lysed cells. Under the assay conditions, cell toxicity was
not observed for any of the assayed samples. All the
extracts, at 100 pg/mL, exhibited values compared to
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Figure 3: Total reactive antioxidant potential (TRAP) from fern
extract samples at 10 pg/mL. Trolox at 200nM was used as standard
antioxidant. Bars represent mean + standard mean deviation (SDM).
Statistically significant differences are represented by different letters in
the graph (P< 0.05). (a) Statistically different from all the tested samples;
(b) statistically different from A. setosa, D. truncatula; (c) statistically
different from Trolox, A. setosa, A. serra, L. amplissima from Rio Grande
do Sul (RS), C. dichromatolepis; (d) statistically different from Trolox,
A. sternbergii, A. serra, A. gastonis, V. lineata, L. amplissima (RS),
L. amplissima from Sdo Paulo (SP), C. delgadii, C. dichromatolepis,
C. atrovirens, C. phalerata, quercetin and mangiferin
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the control (P < 0.05), indicating total membrane cell
viability [Figure 5]. Triton X at 1% was used as positive
control, demonstrating cell death.

The results for inhibitory activity displayed by fern extracts
on MAO are shown in Table 3. The samples that inhibited
MAO-A more strongly were Didymochlaena truncatnla (82.61%),
Alsophila setosa (82.20%), Cyathea phalerata (74.07%) and
C. delgadii (70.32%), without significant differences among the
values (P<0.05). The pure substance, quercetin (100 WM), showed
comparable activity against MAO-A (94.46%) to the positive
control (98.98%) (P < 0.05), and also high inhibitory activity
on MAO-B (63.76%), which demonstrates low selectivity for
the different monoamine oxidase subunits.

With regards to MAO-B inhibition, all fern samples were
less active against this MAO subunit, since none resulted
in more than 50% inhibition. The samples that were most
active against MAO-A presented the lowest inhibitions
of MAO-B, indicating a high degtree of selectivity for the
isoform A of the enzyme.

DISCUSSION

Chromatographic analysis
Polyphenols, from different classes, such as mangiferin
(xanthone), hesperidin (flavonoid) and coumarin derivatives,

Table 2: Effect of sample extracts of ferns
(10 pg/mL) and of mangiferin (100 pM) on the
in vitro chemotaxis of polymorphonuclear
neutrophils towards lipopolysaccharide

Migration Inhibition (%)
distance (um) *SDM
Control* 111.2745.88/ 0.00

101.0045.04**
Samples (10 pg/mL)

A. setosa 10.25+1.98 89.85+1.984a, ¢
A. sternbergii 44.00+5.86 60.46+5.68e
A. serra 6.00+1.63 94.06+1.63a
A. gastonis 88.62+3.00 88.62+3.00a, c, d
V. lineata 37.11+4.70 66.65+4.72b
L. amplissima RS 14.80+2.68 86.70+2.41c,d
L. amplissima SP 12.40+1.67 88.86+1.50a, c, f
D. truncatula 7.33+1.03 93.414£0.93a
C. delgadii 19.75+2.92 82.25+3.40d, g
C. dichromatolepi 38.00+5.10 65.85+3.90b
C. atrovirens RS 17.14+2.54 83.03+2.544, f, g
C. atrovirens SP 80.83+1.97 80.83+£1.97¢g
C. phalerata 25.14+3.44 77.4043.469g
Mangiferin 100 uM 13.50+2.33 86.64+2.16¢, d
Indometacin 50 uM*** 6.4+0.5 94.25+2.11a

*Control: Lipopolysaccharide for Escherichia coli and vehicle+DMSO (1%); **two
values of control migration distance indicate the two experiments carried out for all
samples; ***reference drug. Different letters indicate statistically different values in
the comparison of samples (P<o.05), SDM: Standard deviation means
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were found in the fern extracts analyzed. The HPLC system
proved good option for separating the compounds of these
Pteridophytes from the South and Southeast regions of
Brazil. Yet the chemical composition of these plants had
not been investigated but the results of this study gave an
interesting starting point for the chemical analysis of ferns.

Mangiferin is a well-known antioxidant and analgesic
compound,'® with antidiabetic activity, particularly in
type 2 diabetes."”! It also exhibits cardioprotective and
antigenotoxic properties!™® among others. Some authors
have previously reported the presence of xanthones
as mangiferin and its analogue (isomangiferin) in
Aspleninm species such as Asplenium montanum" and

Table 3: Values of monoamine oxidase

inhibition (expressed as a %) by ethanolic
extracts from ferns (100 pg/mL) and of mangiferin
and quercetin (100 pM, 10 pM). Standard deviation
mean (SDM) of the values of activities against
total monoamine oxidase, monoamine oxidase
subunit A (MAO-A) and subunit B (MAO-B) are
presented after each mean

MAO-A (%)+SDM MAO-B (%)+SDM
Samples (100 pg/mL)
Control 98.98+2.22a 96.78+2.45a
A. setosa 82.20+4.54b 17.80+3.88b
A. sternbergii 62.11+2.00d 37.89+£3.71¢c
A. serra 64.10+0.69c, d 35.90+1.08¢c
A. gastonis 64.95+2.42d 35.05+1.91c
V. lineata 62.74+3.66¢, d 37.26+0.92¢
L. amplissima RS 54.87+1.23e, h 45.13+3.76e
D. truncatula 82.61+6.56b 17.39+3.99b
C. delgadii 70.324+5.33b 29.68+4.369g
C. atrovirens RS 60.82+2.52c, g, h 39.18+2.51f
C. phalerata 74.07+12.63b 25.93+0.88g
Mangiferin (100 uM) 57.65+0.39c, g 33.59+2.97h
Mangiferin (10 uM) 9.38+0.40f 48.65+0.36i
Quercetin (100 uM) 94.46+2.50a 63.76+0.17j
Quercetin (10 uM) 32.33+0.36h 27.25+1.68k

Monoamine oxidase A (MAO-A): (a) Positive control statistically different from all
samples, except from quercetin; (b) statistically different from control, A. sternbergii,
A. serra, A. gastonis, V. lineata, L. amplissima from Rio Grande do Sul (RS),

C. atrovirens (RS), mangiferin and quercetin (100 and 10 uM); (c) statistically different
from control, A. setosa, A. gastonis, A. sternbergii, L. amplissima (RS), D. truncatula,
C. delgadii, C. phalerata, mangiferin (10 uM) and quercetin (100 and 10 uM);

(d) statistically different from control, A. setosa, L. amplissima (RS), D. truncatula,
C. delgadii, C. atrovirens (RS), C. phalerata, mangiferin and quercetin (100 and

10 UM); (e) statistically different from control, A. setosa, A. serra, A. gastonis,

A. sternbergii, V. lineata, D. truncatula, C. delgadii, C. atrovirens (RS), C. phalerata,
mangiferin and quercetin (100 and 120 uM); (f) statistically different from control
and all other samples; (g) statistically different from control, A. setosa, A. serra,

A. gastonis, A. sternbergii, V. lineata, L. amplissima (RS), D. truncatula, C. delgadii,
C. phalerata, mangiferin (10 M) and quercetin (100 and 120 uM); (h) statistically
different from control, A. setosa, A. serra, A. gastonis, A. sternbergii, V. lineata,

L. amplissima (RS), D. truncatula, C. delgadii, C. phalerata, mangiferin (100 and

10 UM) and quercetin (200 uM). Monoamine oxidase B (MAO-B): Percentage of
inhibition against MAO-B subunit. Percentage values of inhibition for positive
control were statistically different from all the tested samples. Samples with the
same letters in the bars indicate values of inhibition without significant difference;
P<0.05. SDM: Standard deviation means
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Figure 4: Antioxidant activity by total reactive antioxidant potential
(TRAP) assay. A) Comparison of the kinetic activity from positive
control (Trolox) at concentrations of 200 and 500nM. (B) Comparison
of samples from Lastreopsis amplissima, from the states of Rio Grande
do Sul (RS) and Sdo Paulo (SP), at five different concentrations.
(a), (b) and (c) Indicates values that are statistically different from all
the other samples; P < 0.05

Aspleninm adiantun-nigram.* Matsumoto ef al.”' in their
study, found the presence of flavonoids in hybrids of
Asplenium normale, being apigenin and luteolin glycosides
the detected mainly compounds.

Triterpenes, phenolic acids and flavonoids, whose aglicone
is frequently kaempferol, were found in some records of
phytochemical Brazilian studies of the genus Cyathea.”
Pizzolatti et al.*' showed the presence of a glucopyranosyl
caffeic acid, a glucopyranosyl p-coumaric acid, as well as
cyathenosin A, in their study with Cyathea phalerata. The
isolation of kaempferol and its glucopyranoside, as well as
a glucopyranosyl caffeic acid, was described in the studies
of C. phalerata by Brighente ef al?!

Many factors are involved in the composition differences
observed for plants of the same species, collected in
different locations. Different weather and soil conditions
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Figure 5: Results of lactate dehydrogenase (LDH) assay for cellular
viability. Values of 100% indicate total cellular viability (control data).
Triton X (1%) exhibited cell death, and was used as positive control.
*indicates significant differences between means (P < 0.05)

of southern and southeastern Brazil regions are the main
reasons for the differences in the compounds found in the
same sample plant, obtained from these different regions.
The age and plant development, as well as, different
plant organs, are also of considerable importance and
may influence not only the total amount of metabolites
produced, but also the relative proportions of the
mixture (reviewed inl*).

Biological activities

With regard to the antioxidant methods, there are several
in vitro and in vivo methods for evaluating the AOA of
complex substance mixtures or even single compounds.
Each method provides different results, expressed in
different ways and units. Comparison of the results of
AO, measured by different methods is often impossible.
In the current study, the total reactive antioxidant
potential (TRAP) method was used, characterized as a
simple and fast method providing reliable results that are
expressed as the area under the curve (AUC). This method is
particularly useful for extract samples that contain multiple
ingredients and have complex reaction kinetics and it is
used for any antioxidant compound (or complex mixture)
independent of the kinetic emission profile. A strong
antioxidant effect was verified, using this method, for all
samples at the concentration of 10.0 ug/mL [Figure 3].

Talukdar ez /P reviewed pteridophyte antioxidants,
demonstrating a total of thirty-six species with AOA
and eight species in which the isolation of antioxidant
compounds was performed. From the species reported
in their studies, only Cyathea phalerata was also tested here.
In the present study, this fern demonstrated a strong
AOA, compared with that exhibited for the most active
ferns (P < 0.05).
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In another study by Hort ¢# al,”? the antioxidant and
hepatoprotector potential of the crude hydroalcoholic
extract and of fractions obtained from C. phalerata was
investigated. The authors noted that the ethyl acetate
fraction of the crude extract displayed the best AOA,
especially as a scavenger of the OH" radical, and was
also the best for inhibiting lipid peroxidation by 7 vitro
tests. For the 7z vivo tests, the same extract decreased
thiobarbituric acid reactive substance levels, DNA
damage and carbonyl protein contents, and also increased
catalase and glutathione S-transferase activities. They also
concluded that the flavonoids contained in this fraction
may be responsible for these activities.

Brighente ¢ al.”" determined the AOA of extracts and
fractions of six vegetal species from the Brazilian Atlantic
Forest, among them Cyathea phalerata. The hydroalcoholic
extract of the leaves of this plant presented IC, of
9.0 pg/mL in the 2,2-diphenyl-1-picrylhydrazyl (DPPH)
assay, demonstrating high free radical sequestering activity.
The authors also found that there was no parallelism
between AOA and phenolic compound content for this
species tested. Ding e al,P" analyzed 31 species of ferns,
focusing on their phenolic composition and AOA. The
results showed that most of the extracts had strong
antioxidant activities, as well as high total phenolic contents.

It is well-established that free radical stress is involved in
the etiology of several degenerative and non-degenerative
disorders such as cancer,”® diabetes,* inflammation,P"
neurological diseaseP! and vascular disease,’ among
others. Thus, antioxidant agents act in the prevention
and cure of many human diseases. The discovery of new
sources of AO is of extreme interest to scientists, as it
increases the available treatment options for patients.

The plant Asplenium serra demonstrated strong antioxidant
and antichemotactic activities. It has been previously
demonstrated that the antioxidant properties of some
substances found in plants may be partially responsible
for some of the therapeutic properties attributed
to them, such as their anti-inflammatory activity.’”!
Schinella ez al,”" proposed that the anti-inflammatory
activity of plant extracts may be due to the synergistic
effect of pro-inflammatory enzyme inhibitors, free radical
scavenging activities or corticoid-like effects. Therefore,
the knowledge of chemical composition of this species
enables further understanding of biological mechanisms
of action from this plant extract.

Several phenolics are considered as antioxidant and
anti-inflammatory agents, such as flavonoids, phenolic acids
and xanthones, among others. Also, natural triterpenes,
widely distributed in plants are known to be potential
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anti-inflammatory agents acting, for example, on the
inflammatory mediators and enzymes.”! In this study, the
presence of mangiferin, hesperidin, glycoside derivatives of
quercetin and coumarin derivates was identified. Triterpenes
were notidentified in the analyzed samples, as they present
low adsorption in the UV region. The results may support
the hypothesis that these compounds are responsible of
the prominent antioxidant and antichemotactic activities
observed. More specific studies are needed to confirm
these hypotheses.

Monoamine oxidase (MAO) is an enzyme that oxidizes
a variety of monoamine neurotransmitters and
neuromodulators. MAO-A preferentially degrades
biogenic amines such as epinephrine, norepinephrine and
serotonin®® and is very sensitive to the MAO-A inhibitor
chlorgyline. In contrast, MAO-B is the main enzyme
implicated in the metabolism of dopamine and is more
sensitive to the MAO-B inhibitot, pargyline.P”

MAO-A inhibitors have proven to be effective in the
pharmacological treatment of depression.” Several studies
have shown that MAO-B is involved in aging-related
neurodegenerative diseases, such as Parkinson’s disease™
and in the formation of plaque-associated astrocytes
presentin the brains of patients suffering from Alzheimer’s
disease.[” This division is questionable, since selective
and reversible MAO-A inhibitors, such as moclobemide,
may also be used for the treatment of Parkinson’s disease,
demonstrating improvements in psychomotor and
long-term memory.*!

In this context, some fern extracts that showed potential
selective activity against MAO-A, such as Didymochlaena
truncatula (82.61%), Alsophila setosa (82.20%), Cyathea
phalerata (74.07%) and C. delgadii (70.32%), can be
considered as antidepressant or anti-neurodegenerative
candidates or even sources of active molecules against these
diseases. Complementary studies are needed to confirm
these hypotheses, as this is the first study to report such
activity for fern extracts, demonstrating high relevance in
pharmacological sciences.

CONCLUSIONS

In the chromatogram for Aspleninm gastonis, hesperidin was
identified. In Asplenium serra, mangiterin was identified as
the main compound of the extract. Lastreopsis amplissima
seems to present coumarin derivatives in its extract,
with the sample from the Southeast Brazil exhibiting
a more complex composition. Some Brazilian ferns
present antioxidant, antichemotactic and MAO inhibitory
activities, corroborating with previous research findings
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and contributing to the rational use of these plants in folk
medicine.

Phenolics are suggested as being responsible for its
important activities. It is well-established that free radical
stress is involved in the etiology of several human disorders
and inflammatory injuries affect people all over the world.
Furthermore, MAO inhibitors are known to be important
candidates for the treatment of neurodegenerative
diseases. Thus, the compiled data indicates that ferns may
be considered as important tools in the search for new
substances that will contribute to the improvement of
various human injuries.
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