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Evaluación de las propiedades antioxidantes de Tectaria paradoxa
(Fee.) Sledge y Bolbitis appendiculata (Willd.) K. Iwats

El presente estudio tuvo como objetivo determinar las capacidades
de  captación  de  radicales  libres  de  T.  paradoxa (TP)  y  B.
appendiculata (BA)  utilizando el  ensayo DPPH,  SOD, fosfomoli-
beno y ABTs. El mejore valor de CI50 en los ensayos de DPPH de
para extractos de TP fue el metanólico (102,25 µg / mL) y para los
extractos de BA, la acetona (121,06 µg/mL). Entre los diversos ex-
tractos probados, los extractos metanólicos de BA y TP mostraron
la  mayor  actividad  antioxidante.  La  capacidad  de  captación  de
radicales libres de SOD de los extractos de TP fue CI50= 123,46
µg/ml con éter de petróleo y de los extractos de BA, CI50= 108,7
µg/ml con acetona. La capacidad de eliminación de radicales libres
de los extractos de BA y TP fue acetona (CI50 = 76,92 y CI50 =
77,88 µg / ml respectivamente). 

Palabras  clave: DPPH;  ABTs;  SOD;  Fosfomolibdeno;  Helechos;
Antioxidante.

Abstract

The present study was aimed to determine the free radical scaven-
ging abilities of  Tectaria paradoxa (TP) and Bolbitis appendiculata
(BA)  using DPPH,  SOD,  phosphomolybdenum and ABTs assay.
The better DPPH assays IC50 values of TP extracts was the me-
thanolic extract (102.25 µg/mL) and for BA extracts was acetone
(121.06 µg/mL). Among the various extracts tested, methanolic ex-
tracts of BA and TP displayed highest antioxidant activity. The SOD
free radical scavenging ability of TP extracts was petroleum ether
IC50= 123.46 µg/mL and for BA extracts was acetone IC50= 108.7
µg/mL. The free radical scavenging ability of BA and TP extracts
was acetone (IC50= 76.92 and IC50= 77.88 µg/mL respectively).

Key  words: DPPH;  ABTs;  SOD;  Phosphomolybdenum;  Ferns;
Antioxidant.
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Introduction

Among the division of plant kingdom, lycophytes
and  ferns  represent  a  group  of  vascular  cryp-
togams,  about  13,600  species  are  identified.  Of
which 1250 are distributed in India.  Nearly 350
species are reported from Western Ghats of India.
Phytochemical  studies  on  ferns  and  lycophytes
confirmed the occurrence of some secondary me-
tabolites  (Johnson  et  al. 2020).  Phenolics,
polyphenol, tannins, flavonoids, terpenoids are the
most  commonly  reported  secondary  metabolites
from ferns and lycophytes (Janakiraman & John-
son 2016a, Janakiraman & Johnson 2016b, John-
son et al. 2014, Johnson et al. 2020).

These metabolites have the ability to scavenge
the free radicals. Due to these scavenging abili-
ties, it generated the interest among the biologist
to produce natural antioxidants. For Indian ferns
and lycophytes, only very few studies are reported
on  the  phytochemical  and  antioxidant  activities
(Janakiraman  &  Johnson  2015,  Janakiraman  &
Johnson  2016a,  Janakiraman  & Johnson  2016b,
Johnson et al. 2014, Johnson et al. 2020). 

The biological activities of some Indian ferns
are  reported  viz.,  anti-bacterial  (Haripriya  et  al.
2010, Irudayaraj  et  al. 2010, Kwon  et al. 2007,
Vincent  et al. 2012), anti-microbial (Jarial  et al.
2018, Singh  et al. 2008),  anti-fungal  (Raj  et al.
2011, Raja  et al. 2012), anti-inflammatory (Babii
et  al. 2016, Johnson  et  al. 2017, Johnson  et  al.
2020,  Johnson  et  al. 2020a,  Sing  et  al. 2008,
Yonathan  et al. 2006),  cytotoxic (Johnson  et  al.
2014, Johnson  et al. 2018, Radhika  et al. 2010)
anti-cancer  (Bahadori  et  al. 2015,  Delmas  and
Xiao 2012, Jarial  et al. 2018, Nithya et al. 2016)
anti-diabetic and anti-oxidant activity (Chen et al.
2015, Janakiraman & Johnson 2015, Jarial  et al.
2018, Johnson et al. 2014, Sivaraman et al. 2013,
Suzana  et  al. 2017,Wang  et  al. 2016).  The  free
radical scavenging potentials of several ferns and
lycophytes was reported by Gayathri et al. (2005),
Lai & Lim (2011), Semwal et al. (2013), Lamich-
hane  et  al. (2014),  Komala  et  al. (2015),  Val-
izadeh  et  al. (2015),  Janakiraman  &  Johnson
(2015), Jarial et al. (2018), Jenat & Suresh (2018),
Zhang et al. (2019). 

In Ayurveda,  Tectaria cicutaria (L.) Copeland
decotion was used to treat gynecological disorders
and  inflammatory  conditions  (Choudhari  et  al.
2013,  Upadhye  et  al. 1998).  Preeti  &  Namdeo

(2018) and Preeti & Namdeo (2018a) reported the
phytoprofile,  anti-microbial  activity  and  in  vitro
anticancer  activity  of  T.  cicutaria rhizomes.  T.
heracleifolia total  phenolic  and  flavonoid  con-
tents,  anti-inflammatory  properties  and  antioxi-
dant  capacity  were  determined  by  Castejón-
Arroyo  et  al. (2016).  The  phytoconstituents  of
Tectaria  coadunata (Wall.  ex  Hook.  &  Grev.)
C.Chr. was determined qualitatively by Pawar  et
al. (2016).  The  isoperoxidase  profile  and  inter-
specific variation of south Indian Tectaria species
were  reported  by  Johnson  et  al. (2010).  Suku-
maran et al. (2012) identified the presence of phe-
nols,  saponins,  steroids,  tannins,  xanthoproteins,
coumarins and carbohydrates in the fronds of Tec-
taria  zeilanica (Houtt.)  Sledge.  Shrestha  et  al.
(2019)  and  Marahatta  et  al. (2019)  studied  the
phytoprofile,  anti-bacterial  and  anti-oxidant
potentials of T. coadunata. Mandadi et al. (2020)
determined the phytoconstituents of T. coadunata
the  evaluated  their  anticancer,  antibacterial  and
antioxidant  properties.  Canceran  et  al. (2018)
revealed the phytoprofile of Tectaria crenata Cav.
Neel  et  al. (2017)  determined  the  anti-bacterial
efficiency  of  Tectaria  gemmifera (Fee.)  Alston
rhizomes and leaves. The qualitative and quantita-
tive profile of alkaloids, steroids and glycosides in
three Bolbitis species viz., Bolbitis appendiculata
(Willd.) K.Iwats.,  Bolbitis presliana (Fee) Ching
and  Bolbitis  virens (Hook.  &  Grev.)  Schott
methanolic extracts were reported by Kale (2015).
Johnson (2015) reported the interspecific variation
among  the  three  Bolbitis species  using  protein
profiles. But there is no report on the antioxidant
properties of  T. paradoxa and  B. appendiculata.
With this background the present study was aimed
to determine the free radical scavenging abilities
of T. paradoxa and B. appendiculata using DPPH,
SOD, Phosphomolybdenum and ABTs assay.

Materials and methods

Collection of materials

Healthy, disease free plant samples of T. paradoxa
and  B.  appendiculata were  collected  from their
natural  habitats  Tirunelveli  district,  Tamil  Nadu,
India. To remove the soil particles and other de-
bris, the collected plants were brought to the labo-
ratory and washed well with running tap water for
10 min.  The washed plants  were blotted on the
blotting paper and spread out at room temperature
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under  shade  for  a  period  of  fifteen  days.  The
shade dried plants were ground to fine powder us-
ing tissue blender. The powdered plants were then
stored in refrigerator at 4 ºC for further use.

Preparation of extracts

30 g of dried and powder whole plant materials of
T. paradoxa and B. appendiculata were extracted
with 180 mL of petroleum ether, chloroform, ace-
tone and methanol (1:6 ratio w/v) by using Soxh-
let extractor for 8 h at a temperature not exceeding
the boiling point  of  the solvent  (30  g of  whole
plants powdered samples were packed in the blot-
ting paper and kept in the thimble and fixed in the
soxhlet.  The required  amount  solvents  (180 ml)
were kept in the distillation flask/receiving flask).
The extraction was performed using the Soxhlet
extractor for 8 h at a temperature not exceeding
the boiling point of the solvent. Using the rotae-
vaporator, the excess solvents are separated from
the miscella of T. paradoxa and B. appendiculata
extracts and separated thick concentrated extracts.
The thick concentrated extracts were kept in the
vaccum chamber to  condense.  All  extracts  were
frozen  and  freeze  dried.  The  thick  concentrated
extracts paste was stored in an amber bottle and
stored at 4 °C in a refrigerator for later biological
activities. For quantitative analysis and biological
activities,  the extracts  were dissolved in  DMSO
(w/v) (5 mg of crude petroleum ether, chloroform,
acetone and methanolic extracts were dissolved in
5 mL of DMSO (w/v)). 

Antioxidant activity

To know the antioxidant potentials of T. paradoxa
and B. appendiculata extract, DPPH radical scav-
enging  activity  (Blois  1958),  phosphomolybde-
num assay (Prieto et al. 1999), super oxide radical
scavenging activity (Robak & Gryglewski 1988)
and ABTs assays (Re et al. 1999) with varied con-
centrations were carried out.

DPPH radical scavenging activity

T.  paradoxa and  B.  appendiculata petroleum
ether,  chloroform,  acetone  and  methanolic  ex-
tracts at various concentrations (50, 100, 150, 200
µg/mL) were taken and the volume was adjusted
to 100µl with methanol. About 5 ml of methanolic
solution of DPPH (0.1 mM) was added to various
extracts of T. paradoxa and B. appendiculata and
standards (Rutin) and shaken vigorously. Negative

control  was  prepared  by  adding  100  µl  of
methanol in 5 ml of 0.1 mM of DPPH. The tubes
were allowed to stand for 20 min at 27 ºC. The ab-
sorbance of the sample was measured at 517 nm
against the blank (methanol). Radical scavenging
activity  of  the  samples  was  expressed  as  IC50

which is the concentration of the sample required
to inhibit 50% of DPPH concentration. The lowest
IC50 value of extracts indicates the highest antioxi-
dant activity. 

Phosphomolybdenum assay

The 100 µg/mL of petroleum ether,  chloroform,
acetone  and  methanolic  extracts  were  combined
with  1  ml  of  reagent  solution  (0.6  M sulphuric
acid, 28 mM ammonium molybdenum) in a 4 ml
vial. The vials were capped and incubated in a wa-
ter bath at 95 ºC for 90 min. The reaction mixture
were cooled at room temperature, the absorbance
of the mixture was measured at 695 nm against a
blank. The results are mean values expressed as g
of ascorbic acid (AA) equivalents/100 g extract.

Super  oxide  radical  scavenging  activity
(SOD activity)

The  petroleum  ether,  chloroform,  acetone  and
methanolic extracts were taken with 3 ml of SOD
reaction mixture and illuminated with fluorescent
lamp for 90 seconds. Super oxide radical scaveng-
ing  was  determined  from  absorption  spectra  at
590 nm. The SOD reaction mixture was as fol-
lows  20  mg  riboflavin,  12  mM EDTA,  0.1  mg
NBT prepared  in  sodium  phosphate  buffer  (pH
6.0). For each concentration, Ascorbic acid blank
sample was used for background subtraction. The
reaction mixture without  plant extracts were em-
ployed as control. The percentage inhibition activ-
ity was calculated using the formula:

%of scavenging activity=
Control OD –Sample OD

Control OD
x 100

ABTs Assay 

The  radical  scavenging  activity  of  petroleum
ether,  chloroform,  acetone  and  methanolic  ex-
tracts was analyzed by the 2, 2-azino-bis (3-ethyl-
benzothiazoline-6-sulfonic  acid)  assay  (ABTs).
ABTs  was  produced  by  reacting  7  mM  ABTs
aqueous solution with 2.4 mM potassium persul-
fate. This mixture was kept at ambient tempera-
ture for 12-16 hours. Prior to assay, this solution
was diluted in ethanol (about 1.89 v/v) and equili-



34 V. Manivannan et al. Anales de Biología 44, 2022

brated at 30 ºC to give an absorbance at 734 nm of
0.700 ± 0.02. After the addition of 1ml of diluted
ABTs solution to 10 µl of T. paradoxa and B. ap-
pendiculata extract or Trolox standard (final con-
centration 0-15 µM) in ethanol,  absorbance was
measured at 30 ºC exactly 30 minutes after initial
mixing. Appropriate solvent blank was also run.
Triplicate analyses were made at each dilution of
the  standard  and  the  percentage  inhibition  was
evaluated  at  734  nm.  The  percentage  inhibition
was plotted against Trolox concentration. Radical
scavenging activity of the samples was expressed
as IC50 which is the concentration of the sample
required  to  inhibit  50% of  ABTs  concentration.
The  lowest  IC50 value  of  extracts  indicates  the
highest antioxidant activity. 

Phytochemical Analysis

The total phenolic, tannin, flavonoid, terpenoids,
sterols  content  of  petroleum  ether,  chloroform,
acetone and methanolic extracts were determined
according to the method described by Siddhuraju
& Becker (2003), Zhishen  et al.(1999), Johnson
et al. (2020b) respectively.

Quantification of total phenolic

Total phenolic content of crude extracts were de-
termined, following the method described by Sid-
dhuraju & Becker (2003). Briefly, 100 µg/mL of
petroleum  ether,  chloroform,  acetone  and
methanolic  extracts  were taken in  the test  tubes
and made up to the volume of 1 ml with distilled
water.  Then,  0.5  ml  of  1  N  Folin-Ciocalteu
reagent  (1:1  with  water)  and  2.5  mL of  20  %
sodium  carbonate  solution  were  added  sequen-
tially in each tube. The reaction mixture was vor-
texed and the test tubes were kept in the dark for
40 min, and the absorbance was recorded at 725
nm against blank. The analysis was performed in
triplicates and the results were expressed as mg
GAE (Gallic acid Equivalent)/g DW.

Quantification of total tannins

To quantify the total tannins, 100 mg of polyvinyl
polypyrrolidine (PVPP) were put in an Eppendorf
and the volume was adjusted to 1 mL with dis-
tilled water. Then, 100 µg/mL of petroleum ether,
chloroform, acetone and methanolic extracts were
added and incubated at 4 ºC for 4 h. PVPP precip-
itates the tannin content. Then, solution was cen-
trifuged at 4000 rpm for 10 min and the super-
natant was collected. The reaction mixture (super-
natant) was made up to the known volume with

distilled water. Then, 0.5 mL of 1 N Folin-Ciocal-
teu reagent (1:1 with water) and 2.5 mL of sodium
carbonate  solution  (20  %)  were  added  sequen-
tially in each tube. Soon after vortexing the reac-
tion mixture, the test tubes were placed in dark for
40 min, and the absorbance was recorded at 725
nm against blank. The analysis was performed in
triplicates and the results  were expressed as mg
GAE/g DW (Siddhuraju & Becker 2003).

Quantification of total flavonoids

The flavonoid contents of petroleum ether, chloro-
form, acetone and methanolic extracts were quan-
tified, as it acts as a major antioxidant in plants,
reducing  oxidative  stress,  as  per  described  by
Zhishen  et al.(1999). Initially, 100 µg/mL of pe-
troleum ether, chloroform, acetone and methano-
lic extracts were taken in different test tubes. To
each extract, 2 mL of distilled water was added.
Then, 150 µL of 5 % NaNO2 was added to all the
test tubes followed by incubation at room temper-
ature for 6 min. After incubation, 150 µL of AlCl3

(10 %) was added to all the test tubes including
the blank. All tubes were then incubated for 6 min
at  room temperature.  Afterwards,  2  mL of  4  %
NaOH was added, which was made up to 5 mL
using distilled water. The reaction mixtures were
vortexed well and allowed to stand for 15 min at
room temperature. The appearance of pink color
was  recorded  and  measured  spectrophotometri-
cally at 510 nm. The amount of flavonoids was
calculated in mg RE (Rutin Equivalent)/g DW.

Quantification of total sterols

Total  sterols  content  was  determined  using  the
modified  Liebermann-Burchard  colorimetric  as-
say (Johnson et al. 2020b). The Liebermann-Bur-
chard reagent was prepared by adding 1.25 mL of
concentrated H2SO4 to 50 mL of acetic anhydride.
Liebermann-Burchard reagent (2 mL) was mixed
with 100 µg/mL of petroleum ether, chloroform,
acetone and methanolic extracts at different con-
centrations (50-200 µg/ml), stirred for 1 min and
incubated at room temperature (26 ºC) for 13 min.
The absorbance was measured at 650 nm, using
cholesterol as standard. The total  sterols content
was  expressed  as  mg/g  cholesterol  equivalent
DW.

Quantification of total terpenoids

The  terpenoids  content  of  petroleum  ether,
chloroform, acetone and methanolic extracts was
quantified  by taking  1  mL of  2  % vanillin  and
adding 100 µg / mL of petroleum ether, chloro-
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form, acetone and methanolic extracts were pre-
pared in methanol, agitating in an icebath for 10
min. After agitation,  all  tubes were incubated at
60ºC for  20  min.  in  water  bath.  The  test  tubes
were then cooled at  25º C for  5  min.  All  tubes
were read at 608 nm against blank (Johnson et al.
2020b).

Results and discussion

The total phenolic content of  T. paradoxa of ex-
tracts was as follows: acetone>petroleum ether>
methanol>chloroform extracs. The total phenolic
content of B. appendiculata of extracts was as fol-
lows:  acetone>chloroform>methanol>petroleum
ether extract (Fig.1). 

Highest  amount  of  tannin  was  observed  in
methanolic  extract  of  T.  paradoxa followed  by
chloroform>acetone>petroleum ether extract (Fig.
1). Maximum amount of tannins was obtained in
methanolic  extract  of  B.  appendiculata next  to
that petroleum ether>acetone>chloroform extract
(Fig. 1). 

 The flavonoids and terpenoids of T. paradoxa
were as follows chloroform>acetone> petroleum
ether>methanolic  extract  (Figs.  1  &  2).  In  B.
appendiculata, highest amount of flavonoids and
terpenoids were observed in chloroform and ace-
tone extracts respectively (Figs. 1 & 2). The petro-
leum ether extract of T. paradoxa and methanolic
extract  of  B.  appendiculata showed  the  highest
amount of sterols existence.

The DPPH assays IC50 values of  T. paradoxa
extracts  were  as  follows:  methanolic  extract
(102.25  µg/mL)>acetone  extract  (111.86  µg/
mL)>chloroform extract (136.61 µg/mL)> petro-
leum  ether  extract  (163.93  µg/mL)  (Fig.  4).  A
strong positive correlation (r=0.999) was observed
between  the  concentration  of  petroleum  ether
extracts  and  scavenging  activity  of  T.  paradoxa
followed by methanolic  extracts  and chloroform
extracts  of  T.  paradoxa also  showed  a  positive
correlation  with  r=0.990.  Next  to  that  acetone
extracts  of  T.  paradoxa also  showed  a  positive
correlation (r=0.989) against the scavenging abi-
lity.

The DPPH assays IC50 values of  B. appendi-
culata extracts were as follows: acetone (121.06
µg/mL)>methanol  (123.76  µg/mL)>chloroform
(139.66 µg/mL)>petroleum ether (177.94 µg/mL)
(Fig.  4).  A strong positive  correlation  (r=0.998)

Error Bar = S.D (Each and every experiments are repeated thrice Avg ± S.D)

Figura 1. Fenoles, taninos y triterpenoides totales de extractos de
T. paradoxa y B. appendiculata.

Figure 1. Total phenolics, tannins and triterpenoids of extracts of
T. paradoxa and B. appendiculata.

Error Bar = S.D (Each and Every experiments are repeated thrice Avg ± S.D)

Figura 2. Flavonoides totales de extractos de  T. paradoxa y  B.
appendiculata.

Figure  2. Total  flavonoids  of  extracts  of  T.  paradoxa and  B.
appendiculata.

Error Bar = S.D (Each and Every experiments are repeated thrice Avg ± S.D)

Figura  3.  Esteroles  totales  de  extractos  de  T.  paradoxa y  B.
appendiculata.

Figure  3. Total  sterols  of  extracts  of  T.  paradoxa and  B.
appendiculata
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Figura 4. Actividad DPPH de T. paradoxa y B. appendiculata

Figure 4. DPPH Activity of T. paradoxa and B. appendiculata

was  observed  between  the  concentration  of
methanolic extracts and scavenging activity of B.
appendiculata followed by acetone extracts of B.
appendiculata  also showed a positive correlation
with  r=0.991.  Petroleum  ether  extracts  of  B.
appendiculata demonstrated a positive correlation
(r=0.985)  between  the  concentration  of  the
extracts  and  the  scavenging  ability.  Similarly  a
positive  correlation  (r=0.984)  was  obtained
between  the  concentrations  of  the  chloroform
extracts of B. appendiculata and free radical scav-
enging activity.

The total  antioxidant ability  of  T. paradoxa and
B. appendiculata were determined using phospho-
molybdenum  assay.  Highest  antioxidant  activity
was  observed  in  B.  appendiculata.  Among  the
various extracts tested, methanolic extracts of  B.
appendiculata displayed highest antioxidant activ-
ity, followed by acetone extracts, petroleum ether
and chloroform extracts respectively. In  T. para-
doxa, the total antioxidant activity was as follows:
methanol>acetone>chloroform>petroleum  ether
extracts (Fig. 5).

The figure 6 explained the super oxide scav-
enging ability of T. paradoxa and B. appendicula
extracts. A dose dependent scavenging ability was
observed  in  T.  paradoxa and  B.  appendicula
extracts. The SOD free radical scavenging ability
of  T. paradoxa extracts were as follows acetone
IC50=138.89 µg/mL>chloroform IC50=155.28 µg/
mL>methanol  IC50=165.  02  µg/mL>petroleum
ether IC50=123.46 µg/mL. A strong positive corre-
lation (r=0.999) was observed between the petro-
leum ether extracts concentrations and free radical
scavenging  ability  of  T.  paradoxa,  next  to  that
chloroform  extracts  showed  a  correlation  with
r=0.988,  acetone  extract  dispalyed  r=0.984  and
methanolic  extracts  showed the least  correlation

Figura  5. Actividad  antioxidante  total  de  T.  paradoxa y  B.
appendiculata.

Figure  5. Phosphomolybdenum  assay  of  T.  paradoxa and  B.
appendiculata.

value r=0.937. The SOD free radical scavenging
ability of  B. appendiculata extracts were as fol-
lows  acetone  IC50=108.7  µg/mL  >  chloroform
IC50=120.19  µg/mL>methanol  IC50=145.35  µg/
mL>petroleum ether IC50=160.26 µg/mL. A strong
positive  correlation  (r=0.999)  was  observed
between  the  concentrations  of  B.  appendiculata
acetone extracts and free radical scavenging abi-
lity,  followed  by  chloroform  extracts  displayed
r=0.996  and  petroleum  ether  extracts  showed
r=0.991. The methanolic extracts of  B. appendic-
ulata  also  showed  a  positive  correlation  with
r=0.978. 

ABTs scavenging ability  of  T. paradoxa and
B.  appendiculata was  illustatred  in  figure  7.  A
dose dependent scavenging activty was observed
in  T.  paradoxa and  B.  appendiculata extracts.
Among the tested two ferns,  highest  scavenging
activity  was  observed  in  B.  appendiculata.  The
free radical  scavenging  ability  of  B. appendicu-
lata extracts were as follows: acetone (IC50=76.92
µg/mL)>methanol  (IC50=77.88  µg/mL)>chloro-
form (IC50=79.74 µg/mL)>petroleum ether (IC50=
84.74  µg/mL).  A strong  positive  correlation  (r=
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0.999) was observed between the concentrations
of B. appendiculata acetone extracts and free radi-
cal  scavenging  ability,  followed  by  chloroform
extracts  displayed  r=0.991  and  petroleum  ether
extracts showed r=0.981.

ABTs scavenging ability  of  T.  paradoxa and
B.  appendiculata  was  illustatred  in  figure  7.  A
dose dependent scavenging activty was observed
in  T.  paradoxa and  B.  appendiculata extracts.

Among the tested two ferns,  highest  scavenging
activity  was  observed  in  B.  appendiculata.  The
free radical  scavenging  ability  of  B. appendicu-
lata extracts were as follows: acetone (IC50=76.92
µg/mL)>methanol  (IC50=77.88  µg/mL)>chloro-
form (IC50=79.74 µg/mL)>petroleum ether (IC50=
84.74  µg/mL).  A strong  positive  correlation  (r=
0.999) was observed between the concentrations
of B. appendiculata acetone extracts and free radi-

Figura 6. Actividad de eliminación de radicales superóxido de T. paradoxa y B. appendiculata.

Figure 6. SOD radical scavenging activity of T. paradoxa and B. appendiculata.

Figura 7. actividad de captación de radicales ABT de T. paradoxa y B. appendiculata

Figure 7. ABTs radical scavenging activity of T. paradoxa and B. appendiculata
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cal  scavenging  ability,  followed  by  chloroform
extracts  displayed  r=0.991  and  petroleum  ether
extracts showed r=0.981. 

The  methanolic  extracts  of  B.  appendiculata
also showed a positive correlation with r=0.986.
In T. paradoxa, the free radical scavenging ability
was  as  follows:  acetone  (IC50=77.88  µg/mL)>
methanol (IC50=83.19 µg/mL)>chloroform (IC50=
106.61 µg/mL)>petroleum ether (IC50=111.11µg/
mL). A strong positive correlation (r=0.997) was
observed between the concentrations of  T. para-
doxa acetone extracts and free radical scavenging
ability, followed by methanolic extracts displayed
r=0.994 and chloroform extracts showed r=0.982.
The petroleum ether extracts of  T. paradoxa also
showed a positive correlation with r=0.976. The
correlation  is  significant  at  the  0.05  level  (2-
tailed).

Due  to  the  advancement  in  the  instrumenta-
tion, biologists are given much focus on botanical
and herbal plant resources, to find a wide array of
fraction  and  isolated  natural  compounds.  How-
ever,  only  few screening  approaches  have  been
attempted for Indian pteridophytes. In the present
study, an attempt is made to reveal the secondary
metabolites profile of  T. paradoxa and B. appen-
diculata. 

The phytochemical study confirmed the exis-
tence of flavonoids, phenolics, tannins, terpenoids
and sterols  with  varied  quantity  in  T.  paradoxa
and  B.  appendiculata (Figs.  1-3).  Adil  et  al.
(2010),  Bagiu and Butnariu  (2012),  Jarial  et  al.
(2018)  revealed  the  anti-oxidative,  anti-fungal,
anti-inflammatory  and  diuretic  of  Cheilanthes
tenuifloia (Burm.fil.)  Sw.  flavonoids  and  corre-
lated the relationshipship between the concentra-
tions of flavonoids and antioxidant properties. In
the present study also the flavonoids are rich in B.
appendiculata and  T.  paradoxa chloroform  and
acetone extracts and they showed good free radi-
cal scavenging ability (Figs. 4-7). The results of
the present study directly coincided with Adil  et
al. (2010), Bagiu & Butnariu (2012), Jarial  et al.
(2018) observations. 

The  quercetin  and  rutin  was  displayed  the
DPPH radical  scavenging activity of 86.1% and
73.2%  respectively  (Jarial  et  al. 2018).  In  the
present study, the crude methanolic extracts of B.
appendiculata and  T. paradoxa showed 74.26 %
and  88.34%  DPPH  radical  scavenging  activity
respectively (Fig. 4). Significant in vitro anti-oxi-
dant activity was observed in T. paradoxa and B.

appendicualta methanolic  extracts.  The  crude
methanolic extracts of T. paradoxa and B. appen-
dicualta may have shown more activity than rutin
and quercetin. Antioxidant activity can be attrib-
uted by the  presence of  high  phenolics’ content
(Suzana et al. 2017). 

They observed that gametophytes of Ceterach
officinarum Willd.  (as  Asplenium  ceterach) dis-
played lower TPC (Total Phenolic Content) (~51
mg GAE/g FW) and thus lower antioxidant activ-
ity in DPPH and ABTs assays than sporophytes of
C.  officinarum (~232  mg  GAE/g  FW).  In  the
present study also phenol rich acetone extracts of
T. paradoxa and B. appendicualta (Fig. 1) showed
high frequency of free radical scavenging ability
(ABTs assay-Fig. 7; SOD assay-Fig. 6 and DPPH
assay-Fig. 4). In phosphomolybdenum assay, also
next to methanolic extracts, acetone extracts of T.
paradoxa and B. appendicualta showed high rate
of antioxidant activity (Fig. 5). The results of the
present study also directly coincided with Suzana
et al. (2017) observations. The available scientific
evidences  proved  that  plant  phenolics  efficient
radical  scavengers  and  metal  chelators
(Hutadilok-Towatana  et al. 2006, Juntachote and
Berghofer  2005,  Lai  and  Lim 2011,  Lim  et  al.
2007, Suzana et al. 2017). 

The  results  of  the  present  study  is  supple-
mented  the  previous  observation  and  confirmed
the scavenging potential of phenolics. Analysis on
the  correlations  between  concentrations  of  the
petroleum ether, acetone, chlorofrom and metha-
nolic extracts (phenols/tannins/flavonoids) and the
free radical scavening abilities/antioxidant proper-
ties  measured  good  correlations  between  petro-
leum ether,  acetone,  chloroform and methanolic
extracts of T. paradoxa and B. appendiculata and
DPPH,  SOD  and  ABTs  assays.  The  observed
results suggest that phenolic and flavonoids com-
pounds are powerful scavenger of free radicals as
well  as  reducing  agents.  Similar  trend  was
observed in the previous studies also (Johnson et
al. 2014,  Kumar  et  al. 2008,  Miliauskas  et  al.
2004, Suzana et al. 2017). 

Conclusion

The acetone and methanolic extracts of  T. para-
doxa and  B.  appendiculata demonstrated  very
high total phenolic content and high radical sca-
venging  capacity;  the  observations  clearly  con-
cluded that they are potent primary antioxidants.
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The results  suggest  that  acetone and methanolic
extracts  of  T.  paradaxa and  B.  appendiculata
could  potentially  be  employed  in  traditional
medicine as they are rich in compounds with anti-
oxidant properties and lead to use as potential nat-
ural  antioxidants  in  the  pharmaceutical  and  nu-
traceutical industries.

References

Adil AM, Mohammed AM & Mohammed HA. 2010. First
isolation of  flavonoid from Juniperus procera using
ethyl acetate extract. Arabian Journal Chemistry 3:
85-88. https://doi.org/10.1016/j.arabjc.2010.02.003

Babii  C,  Bahrin LG,  Neagu AN,  Gostin I,  Mihasan M,
Birsa LM & Stefan M. 2016. Antibacterial activity and
proposed action mechanism of a new class of syn-
thetic tricyclic flavonoids. Journal of Applied Microbi-
ology 3: 630-637. https://doi.org/10.1111/jam.13048

Bagiu  BV & Butnariu  M.  2012.  Chemical  composition
and in vitro antifungal activity screening of the Allium
ursinum L. (Liliaceae). International Journal Molecu-
lar  Science  2:  1426-1436.  https://doi.org/10.3390/
ijms13021426

Bahadori  MB,  Mahmoodi  Kordi  F,  Ali  Ahmadi  A,  Ba-
hadori  S & Valizadeh H. 2015. Antibacterial  evalu-
ation and preliminary phytochemical screening of se-
lected ferns from Iran. Research Journal of Pharma-
cognosy 2: 53-59.

Blois MS. 1958. Antioxidant determinations by the use of
a  stable  free  radical.  Nature  29:  1199-1200.
https://doi.org/10.1038/1811199a0

Canceran ML, Mariano DV, Moreno LKV, Villamante LA
& Dulay  RMR.  2018.  Identification  and  bioactivity
profiling of select ferns from Mt. Mingan, Gabaldon,
Nueva  Ecija,  Philippines.  International  Journal  of
Biology Pharmacy and Allied Sciences 8: 1582-1590

Castrejón-Arroyo  KDS,  Sánchez-Córdova  ADS,
Jaqueline CT, Sánchez-Ocampo PM & Ariana AHH.
2016. Total phenolic and flavonoid contents, antiox-
idant and anti-inflammatory activities of Tectaria her-
acleifolia extracts. Mexican Journal Biotechnology 1:
42-50

Chen CY, Chiu FY, Lin Y, Huang WJ, Hsieh PS & Hsu
FL. 2015. Chemical Constituents Analysis and Anti-
diabetic Activity Validation of Four Fern Species from
Taiwan.  International  Journal  Molecular  Science 2:
2497-2516. https://doi.org/10.3390/ijms16022497

Choudhari AS, Raina P, Deshpande MM, Wali AG, Zan-
war  A,  Bodhankar  SL &  Kaul-Ghanekar  R.  2013.
Evaluating the anti-inflammatory potential of Tectaria
cicutaria L. rhizome extract in vitro as well as in vivo.
Journal of Ethnopharmacology 150: 215-222. https://
doi.org/10.1016/j.jep.2013.08.025.

Delmas D & Xiao JB. 2012. Hot topic: natural polyphen-
ols properties: chemopreventive and chemosensitiz-
ing activities.  Anticancer  Agents  in Medicinal  Che-
mistry 12: 835-841.  https://doi.org/10.2174/1871520
12802650093

Gayathri V, Asha VV & Subramoniam A. 2005. Prelimin-

ary studies on the immunomodulatory and antioxid-
ant properties of Selaginella species. Indian Journal
of Pharmacology 6: 381-385. https://doi.org/10.4103/
0253-7613.19075

Haripriya  D,  Selvan  N,  Jeyakumar  N,  Periasamy  R,
Johnson M & Irudayaraj V. 2010. The effect of ex-
tracts  of  Selaginella  involvens  and  Selaginella  in-
aequalifolia leaves on poultry pathogens. Asian Pa-
cific Journal Tropical Disease 9: 678-681. https://doi.
org/10.1016/S1995-7645(10)60164-2

Hutadilok-Towatana N, Chaiyamutti P, Panthong K, Ma-
habusarakam W & Rukachaisirikul V. 2006. Antioxid-
ant  and free radical  scavenging activities  of  some
plants  used  in  Thai  folk  medicine.  Pharmaceutical
Biology 44: 221-228.  https://doi.org/10.1080/138802
00600685592

Irudayaraj V, Janaky M, Johnson M & Selvan N. 2010.
Preliminary Phytochemical and Antimicrobial Studies
on a Spike-Moss Selaginella inaequalifolia (Hook. &
Grev.) Spring. Asian Pacific Journal  Tropical Medi-
cine 3(12):  957-960.  https://doi.org/10.1016/S1995-
7645(11)60008-4

Janakiraman N & Johnson M. 2015. In Vitro Antioxidant
Properties Of Natural Products Isolated From Selec-
ted Species of Cyathea. Journal of Clinical Nephro-
logy Research 2: 1027.

Janakiraman N & Johnson M. 2016a. GC-MS analysis
of  ethanolic  extracts  of  Cyathea nilgirensis,  C.  gi-
gantea,  and  C.  crinita.  Egyptian  Pharmaceutical
Journal 15: 43-47.  https://doi.org/10.4103/1687-431
5.184028

Janakiraman N & Johnson M.  2016b.  HPTLC Finger-
print  Profile  (Phenolics)  of  Selected Cyathea Spe-
cies  from  Western  Ghats,  South  India.  Chinese
Journal  Biology  6420371:  [7].  https://doi.org/10.11
55/2016/6420371

Jarial R, Shard A, Thakur S, Sakinah M, Zularisam A W,
Rezania S, Kanwar SS et al. 2018. Characterization
of  flavonoids  from fern  Cheilanthes  tenuifolia  and
evaluation of antioxidant, antimicrobial and antican-
cer activities. Journal King Saudi University Science
30: 425-432.  https://doi.org/10.1016/j.jksus.2017.04.
007

Jenat PJ & Suresh SN. 2018. Antioxidant activity and
antibacterial  activity of  Adiantum lunulatum Burm.f.
International Journal Pharmaceutical Biological Sci-
ence 4: 779-782.

Johnson  M,  Amutha  S,  Shibila  T  &  Janakiraman  N.
2018. Green synthesis of silver nanoparticles using
Cyathea nilgirensis Holttum and their cytotoxic and
phytotoxic potentials. Particulate Science and Tech-
nology 5:  578-582.  https://doi.org/10.1080/0272635
1.2016.1278292

Johnson M,  Durairasu R,  Anwardeen  I,  Periasamy A,
Gayathiri  R,  Alex  Christon  R,  Vidyarani  G  et  al.
2020.  Lycophytes  and  Ferns  of  Servarayan  Hills,
Department of Forest, Salem Circle, Tamil Nadu and
Centre for Plant Biotechnology, St. Xavier’s College,
Palayamkottai, Tamil Nadu, India.

Johnson  M,  Gowtham  J,  Janakiraman  N,  Renisheya
JJMT,  Rocha  JE  &  Coutinho  HDM.  2020.  Phyto-
chemical Profile of Asplenium aethiopicum (Burm. f.)
Becherer  Using  HPTLC.  Separations  1:  8.

https://doi.org/10.1016/j.arabjc.2010.02.003
https://doi.org/10.1080/02726351.2016.1278292
https://doi.org/10.1080/02726351.2016.1278292
https://doi.org/10.1016/j.jksus.2017.04.007
https://doi.org/10.1016/j.jksus.2017.04.007
https://doi.org/10.1155/2016/6420371
https://doi.org/10.1155/2016/6420371
https://doi.org/10.4103/1687-4315.184028
https://doi.org/10.4103/1687-4315.184028
https://doi.org/10.1016/S1995-7645(11)60008-4
https://doi.org/10.1016/S1995-7645(11)60008-4
https://doi.org/10.1080/13880200600685592
https://doi.org/10.1080/13880200600685592
https://doi.org/10.1016/S1995-7645(10)60164-2
https://doi.org/10.1016/S1995-7645(10)60164-2
https://doi.org/10.4103/0253-7613.19075
https://doi.org/10.4103/0253-7613.19075
https://doi.org/10.2174/187152012802650093
https://doi.org/10.2174/187152012802650093
https://doi.org/10.1016/j.jep.2013.08.025
https://doi.org/10.1016/j.jep.2013.08.025
https://doi.org/10.3390/ijms16022497
https://doi.org/10.1038/1811199a0
https://doi.org/10.3390/ijms13021426
https://doi.org/10.3390/ijms13021426
https://doi.org/10.1111/jam.13048


40 V. Manivannan et al. Anales de Biología 44, 2022

https://doi.org/10.3390/separations7010008

Johnson M, Gowtham J, Sivaraman A, Janakiraman N &
Narayani M. 2014. Antioxidant, Larvicidal and Cyto-
toxic  Studies on Asplenium aethiopicum (Burm. f.)
Becherer. International Scholarly Research Notices
876170: 6. https://doi.org/10.1155/2014/876170

Johnson  M,  Irudaya  Raj  V  &  Rajkumar  SD.  2010.
Isozymic variation studies on the selected species of
Tectaria from India. Journal of Chemical and Phar-
maceutical Research 2: 334-338. 

Johnson M,  Ramakrishnan P,  Perumal  S & Shibila  T.
2017. Anti-inflammatory activity of selected pterido-
phytes from Western Ghats. International Journal of
Complementary Alternative Medicine 4: 00307.

Johnson M, Shibila T, Amutha S, Menezes IRA, Costa
JGMD, Sampaio NFL & Coutinho HDM. 2020a. Syn-
thesis  of  Silver  Nanoparticles  Using  Odontosoria
chinensis (L.) J. Sm. and Evaluation of their Biolo-
gical Potentials. Pharmaceuticals 13: 66  https://doi.
org/10.3390/ph13040066 

Johnson M, Xavier Madona C, Almeida RS, Martins N &
Coutinho HDM. 2020b. In vitro toxicity, antioxidant,
anti-Inflammatory  and  antidiabetic  potential  of
Sphaerostephanos unitus (L.) Holttum. Antibiotics 9:
333. https://doi.org/10.3390/antibiotics9060333

Johnson M. 2015. SDS-PAGE Protein Profile of Bolbitis
semicordata (Moore) Ching and Bolbitis appendicu-
lata var. asplenifolia (Bory) Sledge From South In-
dia. European Journal of Molecular Biology And Bio-
chemistry 3:123-126.

Juntachote T & Berghofer E. 2005. Antioxidative, prop-
erties and stability of ethanolic extracts of Holy Basil
and  Galangal.  Food  Chemistry  92:  193-202.
https://doi.org/10.1016/j.foodchem.2004.04.044

Kale MV. 2015. Qualitative and quantitative analysis of
three Bolbitis species. Research Journal of Pharma-
ceutical, Biological and Chemical Sciences (2): 122-
125

Komala I, Azrifitria, Yardi, Betha OS, Finti M & Ni’mah
M. 2015. Antioxidant and Anti-Inflammatory Activity
of  the  Indonesian  Ferns,  Nephrolepis  falcata  and
Pyrrosia lanceolata. International Journal Pharmacy
Pharmaceutical Sciences (12): 162-165

Kumar KS, Ganesan K & Rao PVS. 2008. Antioxidant
potential  of  solvent  extracts  of  Kappaphycus  al-
varezii (Doty)-An edible seaweed. Food Chemistry.
(107):  289-295.  https://doi.org/10.1016/j.foodchem.
2007.08.016

Kwon DY, Kang OH, Choi JG, Lee YS, Oh YC, Chae
HS, Lee GH et al. 2007. Antibacterial effect of Dry-
opteris  crassirhizoma  against  methicillin-resistant
Staphylococcus  aureus.  Fitoterapia  78:  430-433.
https://doi.org/10.1016/j.fitote.2007.03.026

Lai HY & Lim YY. 2011. Evaluation of Antioxidant Activit-
ies of the Methanolic Extracts of Selected Ferns in
Malaysia. International Journal of Environmental Sci-
ence and Development 6: 442-447.

Lamichhane R, Kim SG, Poudel A, Sharma D, Lee KH &
Jung HJ. 2014. Evaluation of in vitro and in vivo Bio-
logical  Activities  of  Cheilanthes  albomarginata
Clarke.  BMC  Complementary  Alternative  Medicine
14: 342. https://doi.org/10.1186/1472-6882-14-342

Lim YY, Lim TT & Tee JJ. 2007. Antioxidant properties of

several  tropical  fruits:  a  comparative  study.  Food
Chemistry 103: 1003-1008.  https://doi.org/10.1016/j.
foodchem.2006.08.038

Mandadi R, Adnan M, Alreshidi M, Saeed M & Mitesh P.
2020. Evaluation of Anticancer, Antibacterial and An-
tioxidant Properties of a Medicinally Treasured Fern
Tectaria  coadunata with its  Phytoconstituents  Ana-
lysis by HR-LCMS. Anticancer Agents in Medicinal
Chemistry 20: 1. https://doi.org/ 10.2174/187152062
0666200318101938

Marahatta  AB,  Poudel  B  &  Basnyat  RC.  2019.  The
Phytochemical  and  Nutritional  analysis  and  biolo-
gical  activity  of  Tectaria  coadunata  Linn.  Interna-
tional Journal Herbal Medicine 2: 42-50.

Miliauskas  G,  Venskutonis  PR & Van-beek  TA.  2004.
Screening  of  radical  scavenging  activity  of  some
medicinal  and  aromatic  plant  extracts.  Food  Che-
mistry  85:  231-237.  https://doi.org/10.1016/j.food
chem.2003.05.007

Neel RS, Jadhao AS & Bhuktar AS. 2017. Antibacterial
activity of rhizomes and leaf of Tectaria gemmifera
(Fee.) Alston. International Journal of Botany Stud-
ies. (5): 89-92.

Nithya TG, Jayanthi J & Ragunathan MG. 2016. Antiox-
idant activity, total phenol, flavonoid, alkaloid, tannin
and saponin contents of leaf extracts of Salvinia mo-
lesta D. S. Mitchell (1972). Asian Journal Pharma-
ceutical Clinical Research 1: 200-203.

Pawar SG, Kamble SY, Patil  SR, Sawant PS & Singh
EA. 2016. Preliminary Phytochemical Investigations
of Three Species of Traditional Medicinal Plants of
Tribal Regions of Maharashtra (India). International
Journal  Pharmacognosy  Phytochemistry  Research
8: 742-745. 

Preeti GK & Namdeo RJ. 2018. In vitro studies of the
anticancer action of Tectaria cicutaria in human can-
cer cell lines: Go/G1 p53- associated cell cycle ar-
rest-Part  I.  Journal of  Traditional and Complemen-
tary  Medicine  8:  459-464.  https://doi.org/10.1016/j.
jtcme.2017.07.003.

Preeti K & Namdeo J. 2018a. Phytochemical screening
and in-vitro anticancer activity of extracts of Tectaria
cicutaria.  International  Journal  of  Pharmaceutical
Sciences and Rsearch 9: 3463-3468.

Prieto P, Pineda M & Aguilar M. 1999. Spectophotomet-
ric  quantitative  of  antioxidant  capacity  through the
formation of a phosphomolybdenum complex: spe-
cific  application to  the determination of  vitamin E.
Analytical  Biochemistry  269:  337-  341.  https://doi.
org/ 10.1006/abio.1999.4019

Radhika NK,  Sreejith  PS & Asha VV.  2010.  Cytotoxic
and  apoptotic  activity  of  Cheilanthes  farinosa
(Forsk.)  Kaulf.  against  human  hepatoma,  Hep3B
cells.  Journal  Ethnopharmacology  128:  166-171.
https://doi.org/10.1016/j.jep.2010.01.002

Raj  KP,  Irudayaraj  V,  Johnson  M  &  Raja  DP.  2011.
Phytochemical  and  anti-bacterial  activity  of  epi-
dermal glands extract of Christella parasitica (L.) H.
Lev. Asian Pacific Journal Tropical Biomedicine 1: 8-
11. https://doi.org/10.1016/S2221-1691(11)60059-2

Raja  DP,  Johnson M,  Irudayaraj  V & Janakiraman N.
2012.  Antimicrobial  efficacy  of  selected  ferns  of
Western  Ghats,  South  India,  International  Journal

https://doi.org/10.1016/S2221-1691(11)60059-2
https://doi.org/10.1016/j.jep.2010.01.002
https://doi.org/%2010.1006/abio.1999.4019
https://doi.org/%2010.1006/abio.1999.4019
https://doi.org/10.1016/j.jtcme.2017.07.003.
https://doi.org/10.1016/j.jtcme.2017.07.003.
https://doi.org/10.1016/j.foodchem.2003.05.007
https://doi.org/10.1016/j.foodchem.2003.05.007
https://doi.org/%2010.2174/1871520620666200318101938
https://doi.org/%2010.2174/1871520620666200318101938
https://doi.org/10.1016/j.foodchem.2006.08.038
https://doi.org/10.1016/j.foodchem.2006.08.038
https://doi.org/10.1186/1472-6882-14-342
https://doi.org/10.1016/j.fitote.2007.03.026
https://doi.org/10.1016/j.foodchem.2007.08.016
https://doi.org/10.1016/j.foodchem.2007.08.016
https://doi.org/10.1016/j.foodchem.2004.04.044
https://doi.org/10.3390/antibiotics9060333
https://doi.org/10.3390/ph13040066
https://doi.org/10.3390/ph13040066
https://doi.org/10.1155/2014/876170
https://doi.org/10.3390/separations7010008


Anales de Biología 44, 2022 Antioxidant properties of T. paradoxa and B. appendiculata 41

Curr Pharm. Resesearch 2: 58-60.

Re R, Pellegrini N, Proteggente A, Pannala A, Yang M &
Rice-Evans C. 1999. Antioxidant activity applying an
improved ABTs radical  cation decolorization assay.
Free  Radical  Biology  Medicine  9-10:1231-1237.
https://doi.org/10.1016/s0891-5849(98)00315-3

Robak J & Gryglewski RJ. 1988. Flavonoids are scav-
engers of superoxide anions. Biochem. Pharmacol.
36:  317-322.  https://doi.org/10.1016/0006-2952(88)
90169-4

Semwal A, Mamta SF, Upreti K, Bhatt SP & Kumud U.
2013.  Evaluation  of  Antioxidant  Activity  of  Some
Pteridophytes. International Journal of Herbal Medi-
cine 1(2): 2- 5.

Shrestha  SS,  Stefania  S,  Serena  BDM,  Zengin  G,
Valentina  G,  Franco  MD,  Pant  DR  et  al. 2019.
Phytochemical Fingerprinting and In Vitro Bioassays
of  the Ethnomedicinal  Fern Tectaria  coadunata (J.
Smith)  C.  Christensen  from  Central  Nepal.  Mo-
lecules  24:  4457.  https://doi.org/10.3390/molecules
24244457.

Siddhuraju P & Becker K. 2003. Studies on antioxidant
activities  of  mucuna  seed  (Mucuna  pruriens  var.
utilis)  extract  and  various  non-protein  amino/imino
acids through in vitro models, Journal of the Science
of  Food  and  Agriculture  83:  1517-1524.
https://doi.org/10.1002/jsfa.1587

Singh M, Singh N, Khare PB & Rawat AK. 2008. Antimi-
crobial activity of some important Adiantum species
used traditionally in indigenous systems of medicine.
Journal of Ethnopharmacology 115: 327-329. https://
doi.org/10.1016/j.jep.2007.09.018

Sivaraman A, Johnson M, Parimelazhagan T & Irudaya-
raj  V.  2013.  Evaluation  of  antioxidant  potential  of
ethanolic extracts of selected species of Sellaginella.
Indian Journal of Natural Products and Resources 3:
238-244.

Sukumaran S, Mahesh M & Jeeva S. 2012. Bioactive
constituents  of  oak  leaf  fern  -  Tectaria  zeylanica
(Houtt.) Sledge from southern Western Ghats. Asian
Pacific  Journal  of  Tropical  Biomedicine  2(1):  S64-
S66. 

Suzana ŽC, Marijana S, Branislav Š, Slavica D, Biljana
F, Tijana N & Danijela M. 2017. Phytochemical cha-
racterization and antioxidant  potential  of  rustyback
fern  (Asplenium  ceterach  L.).  Lekovite  Sirovine.
37:15-19. https://doi.org/10.5937/leksir1737015Z

Upadhye A, Kumbhojkar MS & Vartak VD. 1998. Obser-
vations on wild plants used in folk medicine in the
rural areas of the Kolhapur district. Ancient Science
of Life 6: 119-21. 

Valizadeh H,  Sonboli  A,  Kordi  FM, Dehghan H & Ba-
hadori  MB.  2015.  Cytotoxicity,  Antioxidant  Activity
and Phenolic  Content  of  Eight  Fern Species  from
North  of  Iran.  Pharmaceutical  Science  21:  18-24.
https://doi.org/10.15171/PS.2015.12

Vincent CP, Irudayaraj V & Johnson M. 2012. Anti-bac-
terial  efficacy of  macroscopic, microscopic parts of
sporophyte and in vitro cultured gametophyte of  a
fern Cyclosorus interruptus (Willd.) H. Ito (Thelypter-
idaceae-Pteridophyta). Journal of Chemical Pharma-
ceutical Ressearch 2:1167-1172.

Wang X, Cao J, Wu Y, Wang Q & Xiao J. 2016. Flavon-
oids, antioxidant potential, and acetylcholinesterase
inhibition activity  of  the extracts  from the gameto-
phyte  and  archegoniophore  of  Marchantia  poly-
morpha  L.  Molecules.  (3):360.  https://doi.org/10.
3390/molecules21030360

Yonathan M, Asres K, Assefa A & Bucar F. 2006. In vivo
anti-inflammatory  and  anti-nociceptive  activities  of
Cheilanthes farinosa. Journal of Ethnopharmacology
108:  462-470.  https://doi.org/10.1016/j.jep.2006.06.
006

Zhang X, Wang X, Wang M, Cao J, Xiao J & Wang Q.
2019.  Effects  of  different  pretreatments  on  flavon-
oids  and  antioxidant  activity  of  Dryopteris  eryth-
rosora  leave.  PLOS  ONE  14(1):  e0200174.
https://doi.org/10.1371/journal.pone.0200174

Zhishen J, Mengcheng T & Jianming W. 1999. The de-
termination  of  flavonoid  contents  in  mulberry  and
their  scavenging  effects  on  superoxide  radicals,
Food  Chemistry  64:  555-559.  https://doi.org/10.
1016/S0308-8146(98)00102-2

https://doi.org/10.1016/S0308-8146(98)00102-2
https://doi.org/10.1016/S0308-8146(98)00102-2
https://doi.org/10.1371/journal.pone.0200174
https://doi.org/10.1016/j.jep.2006.06.006
https://doi.org/10.1016/j.jep.2006.06.006
https://doi.org/10.3390/molecules21030360
https://doi.org/10.3390/molecules21030360
https://doi.org/10.15171/PS.2015.12
https://doi.org/10.5937/leksir1737015Z
https://doi.org/10.1016/j.jep.2007.09.018
https://doi.org/10.1016/j.jep.2007.09.018
https://doi.org/10.1002/jsfa.1587
https://doi.org/10.3390/molecules24244457
https://doi.org/10.3390/molecules24244457
https://doi.org/10.1016/0006-2952(88)90169-4
https://doi.org/10.1016/0006-2952(88)90169-4
https://doi.org/10.1016/s0891-5849(98)00315-3

