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Abstract
Breast cancer is regarded as the second leading cause of mortality in females after lung cancer which is most prevalent in males.
Numerous species of pteridaceae family have been traditionally and pharmacologically used for the treatment of many disorders.
Besides, from years, there are various studies of Adiantum species, revealed to be useful for humankind. In this study, we
attempted to determine the phytochemical constituents and the evaluation of in vitro anticancer activity of various fractions
(hexane, chloroform, ethyl acetate, n-butanol and water fraction) obtained from the ethanolic extract of Adiantum capillusveneris aerial part against human breast cancer cell line. Preliminary phytochemical screening was done by using various tests for
the presence or absence of phytochemical constituents like ﬂavonoids, terpenoids, phenolics, alkaloids, cardiac glycosides,
saponins, tannins and carbohydrates. In vitro anticancer activity against human breast cancer cell line was evaluated by 3(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoliumbromide (MTT) assay. The qualitative phytochemical analysis of various
fractions exhibited the presence of terpenoids, ﬂavonoids, alkaloids, phenolics, tannins and saponins. However cardiac
glycosides and carbohydrates were absent. Hexane, chloroform, ethyl acetate, n-butanol and water fractions reduced MDA MB231 cell viability in a concentration dependent manner, with inhibitory concentration 23.25, 24.59, 30.22, 42.19 and 33.26μg/mL
respectively. Among all fractions, hexane fraction showed more cytotoxic eﬀect towards the tested cell line. From the above
study, it can be concluded that the plant A. capillus-veneris contains a wide variety of secondary metabolites that holds strong
anticancer activities based on experiment performed.
Keywords: Adiantum capillus-veneris L., Maceration, phytochemical analysis, 3-(4,5- dimethylthiazol-2-yl)
-2,5-diphenyltetrazoliumbromide assay, cytotoxicity, in vitro.

Introduction
Breast cancer is the most common and heterogeneous group of
neoplasms initiating from the lining of epithelial cells, the
milk ducts. This frightful disease in women of United States is
regarded as the most leading cause of death after lung cancer
(DeSantis et al., 2019). It continues to be the major public
health burden in developing as well as developed countries of
the world. Death declination via breast cancer could be
hastened up by intensifying access to prevention, detection in
early stages, and treatment services to all women. On the basis
of diagnosis stage, breast cancer is cured with
multidisciplinary advances such as chemotherapy, surgery,
radiation therapy, hormonal therapy etc. but all have
associated side eﬀects (Maity et al., 2013). Importantly, in
spite of better diagnostic skills and breakthrough in successful
management, breast cancer persists to be the second leading
cause of mortality and morbidity among women throughout
the world. Since prehistoric times, plants and plant-derived
compounds have provided remarkable assistance in
conventional prescription constructions, and have been
utilised as new potential sources of drugs in modern
pharmaceutical companies (Karia, 2019). Thus, an attempt
was made in the current study to select an easily available

common fern, phytochemical analysis and its evaluation of
probable anticancer property against the human breast cancer
cell line.
Present study focuses on a fern A. capillus-veneris,
commonly known by Southern maidenhair fern belongs to the
family pteridaceae. It is an herbaceous perennial fern which
is most common and widely distributed throughout the world.
Ethno-pharmacologically, this genus has been used against
numerous ailments (ﬁgure 1). It has been revealed to be used
as antimicrobial agent (Singh et al., 2008), in the treatment of
inﬂammatory disorders like bronchitis, gastritis, cystitis,
nephritis and dermatitis (Lee et al., 2008; Mati and De Boer,
2011; Yuan et al., 2013). It has also been reported that this
fern has been used as a tonic and diuretic, in the treatment of
hepatitis, jaundice, cold, cough, fever and bronchial chaos, as
demulcent, stimulant, purgative, emollient, general tonic and
hair tonic. To our knowledge, the anticancer activities of A.
capillus-veneris extracts have not yet been examined.
Consequently, the purpose of the present study is to examine
the cytotoxic eﬀect of diﬀerent fractions of ethanolic extract
of A. capillus-veneris aerial part on human breast cancer cell
line (MDA MB-231).
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and obtained the crude extract. The crude extract was
weighed, and the percentage yield of the extract was
calculated.
The crude ethanol extract was then dissolved in distilled water
(150 mL) and then partitioned sequentially between hexane,
chloroform, ethyl acetate and ﬁnally n-butanol. Five
fractions were obtained namely hexane, chloroform, ethyl
acetate, n-butanol, and water soluble fraction. Each fraction
was dried under reduced pressure. The solvent-free residue, in
each case was weighed and then percentage yield was
calculated. All the fractions were then stored at -200C prior to
phytochemical and pharmacological studies.
Figure : Ethno-pharmacological activities of A. capillus-veneris L.

Materials and Method
Chemicals and reagents
The RPMI-1640 medium, fetal calf serum (FCS), trypsin,
gentamycin, penicillin, 3-(4,5-dimethylthiazol-2-yl)-2,5diphenyltetrazolium bromide (MTT), dimethyl sulphoxide
(DMSO), were purchased from Sigma Aldrich (St. Louis,
MO, USA).ethane, hexane, chloroform, ethyl acetate, n
butanol, Ethylenediaminetetraacetic acid (EDTA), tris-base,
phosphate buﬀered saline (PBS), 5-FU, NaCl, glacial acetic
acid, bismuth nitrate, Folin Ciocalteau reagent HCl, H2 SO4,
alpha naphthol, (Pb(CH3COO)2), KI, FeCl3 were procured
from HiMedia Laboratories Pvt. Ltd. (Mumbai, India).
Plant preparation
Healthy, disease free plants of A. capillus-veneris were
collected from the Hirpora forest of Shopian (J&K) in the
month of June, 2016. The identity of the plant was conﬁrmed
by Akhter Hussain Malik, Curator, Centre for Biodiversity
and Taxonomy, Department of Botany, University of
Kashmir. A voucher sample, (Specimen No. 2427-KASH)
was kept in the herbarium of Department of Botany,
University of Kashmir, J & K India.
Sample preparation for extraction
The aerial parts of A. capillus-veneris were removed, they
were then cleaned and washed to remove soil, mud and other
adhering material and were air and shade dried at room
temperature to avoid any microbial growth. The dried
material was pulverized to powder using kitchen milling
mechanical grinder and passed through a 60-mesh sieve. The
powdered sample was then stored in air tight containers for
further studies.
Extraction and fractionation
The dried coarse powdered aerial part of A. capillus-veneris
(100 g) was extracted by maceration method using ethanol.
The solid - liquid mixture was repeatedly ﬁltered using
Whatmann ﬁlter paper number 1. The ﬁltrate was then
allowed to dry under reduced pressure using rotary evaporator

Preliminary phytochemical screening
The dried ethanolic fractions were subjected to the
preliminary phytochemical analysis for the presence or
absence of various bioactive phytoconstituents like alkaloids,
ﬂavonoids, terpenoids, saponins, tannins, phenolics,
carbohydrates, cardiac glycosides by using standard
procedures (Trease and Evan, 1983).
1. Test for ﬂavonoids
All the ethanolic fractions of aerial part of A. capillus veneris
were boiled in distilled water in test tubes and then ﬁltered.
a. Lead acetate test: 5 mL from each ﬁltrate was treated with
1mL of 10% aqueous lead acetate solution. Formation of
yellow colored precipitation indicated the presence of
ﬂavonoids.
b. Shibata test: Take 3mL from each ﬁltrate in test tubes,
warmed up with three pieces of magnesium turnings, and then
three drops of concentrated HCl was added in each tube. Dark
orange coloration appeared which indicated the presence of
ﬂavonoids.
2. Test for terpenoids
Salkowski test: In 5mL tested samples, 2 mL chloroform and 2
mL concentrated H2SO4 were added and shaken well. A dark
brown coloration at the interface indicated the presence of
terpenoids.
3. Test for tannins
All the dried ethanolic fractions of aerial part of A. capillus
veneris were boiled in 20mL of distilled water in test tubes and
then ﬁltered.
a. Ferric chloride test: In 5mL ﬁltrate of each tested samples,
1mL of 5% ferric chloride solution was allowed to react.
Greenish black colour indicated the presence of tannins.
b. Lead acetate test: 5mL ﬁltrate from each tested sample was
treated with 10% aqueous lead acetate solution. Development
of yellow colored precipitate indicated the presence of
tannins.
c. Potassium dichromate test: In each 5mL ﬁltrate, 1mL of 10%
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aqueous dichromate solution was added. Formation of
yellowish brown precipitate suggested the presence of tannins.
4. Test for alkaloids
The ethanolic fractions were separately mixed in 1% v/v HCl,
warmed and ﬁltered. The ﬁltrates were then used for following
test.
a. Dragendorﬀ's test: From the ﬁltrate, 1mL from each sample
was taken in separate test tubes and tested with few drops of
Dragendorﬀ's reagent (bismuth nitrate, glacial acetic acid and
potassium iodide solution). Formation of orange brown
colored precipitation indicated the existence of alkaloids.
b. Mayer's test: 2mL ﬁltrate of all the fractions were allowed to
treat with few drops of Mayer's reagent (potassium iodide and
mercuric chloride solution). The formation of yellowish buﬀ
coloration presents the indication of alkaloids.
c. Wagner's test: Few drops of Wagner's reagent (solution of
potassium iodide) were added to the test tubes each containing
2mL ﬁltrate. A reddish colored precipitation indicated the
presence of alkaloids in the plant samples.
5. Test for Cardiac glycosides
Keller kiliani's test: 3mg powder from each sample taken in
test tubes, 1mL of glacial acetic acid and few drops of
concentrated FeCl3 were added to each tube. Occurrence of
greenish blue colour indicates the presence of glycosides.
6. Test for carbohydrates:
All the ethanolic fractions were dissolved in 5mL distilled
water and then ﬁltered.
Molisch's test: In 2mL ﬁltrate of all fractions, few drops of
Molisch's reagent (alcoholic solution of α-naphthol) were
added. Formation of reddish violet ring between the two
layers indicated the presence of carbohydrates.
7. Test for saponins
Foam formation test: 1mg from all the tested samples were
taken, treated with 15 mL distilled water and then shaken for
10 minutes in graduated cylinders. Foam formation indicated
the presence of saponins.
8. Test for phenolics:
The powdered ethanolic fractions were boiled with 20mL of
distilled water in ﬁve test tubes and then ﬁltered.
Test with Folin Ciocalteau reagent: 2mL ﬁltrate from each
sample was treated with two drops of Folin Ciocalteau reagent
in test tubes. Appearance of bluish green colour indicated the
presence of phenolics.

Cytotoxicity assay
Cell culture and treatment
MDA MB-231 cell line was obtained from CSIR - Indian
Institute of Integrative Medicine, Jammu. The cell line was
routinely cultured in RPMI- 1640 (pH 7.2) growth medium,
supplemented with 10% FCS, 1% penicillin (100units/mL)

and streptomycin (100μg/mL), in tissue culture ﬂask in an
incubator at 37°C with 95% relative humidity and 5% CO2
gas environment. The cells were harvested by trypsinization.
Stock solutions (1mg/mL) of all the fractions were dissolved
in DMSO and diluted wit h complete growth medium
containing 50μg/mL of gentamycin to the desired
concentrations (0 (control), 10, 25, 50, 100 and 200 μg/mL).
Untreated control culture received only the vehicle
(DMSO<1%).

In vitro cytotoxicity screening through MTT assay
The cytotoxicity of all ethanolic fractions of A. capillusveneris aerial part was assessed against MDA-MB-231
through the tetrazolium salt or MTT assay (Mosmann, 1983).
MDA-MB-231 is a human breast carcinoma cell line, which
allows the evaluation of the cytotoxicity of plant products in
vitro. The MTT assay is based on enzymatic reduction of the
yellow coloured water soluble MTT dye to purple coloured
formazan crystals by variety of mitochondrial dehydrogenase
enzymes that are functional in viable cells. The reduction
product is a water insoluble blue formazan that can then be
dissolved in DMSO for colorimetric measurement.
MDA-MB-231cells were plated in 96-well plate in the
density of 1x105 cells per well in a 96-well plate with 100 μL
of growth medium. After overnight growth, cells were
incubated with various concentrations such as 0 (control), 10,
25, 50, 100and 200 μg/mL of all the ethanolic fractions. Four
hours prior to the completion of 48 h treatment of these
fractions, 20 μL of freshly prepared MTT solution (2.5mg/mL
in PBS) was added to each well and re-incubated for 4h at 37
°C. After 48 h, culture medium containing MTT was removed
and formazan crystals were solubilised by the addition of 100
μL of DMSO to each well. Absorbance (O.D.) was then
assessed at 570 nm using a microplate reader. The cell
viability was calculated as the percentage of viable cells that
produced dark blue formazan product in the treated cells
compared to the control cells and the percentage cell growth
inhibition was calculated as:
Percent cell growth inhibition = 100 - Cell growth viability
The half maximal inhibitory concentrations (IC50) were
calculated using Graph-Pad Prism software.

Results and Discussion
Extraction and fractionation
In the present investigation, solvent extraction of aerial parts
of A. capillus-veneris was carried out via maceration method
using ethanol as extractent. Phytochemical extraction of
aerial part of A. capillus-veneris revealed that the ethanol
extract gave better yield (16.47 g from the 100 g of the dry
powder). The percentage yield of ethanolic extract was
16.47%. However, extraction yield and any pharmacological
activity is not only dependant on the extraction method but
also on the solvent used for extraction.
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The ethanolic extract (16.47g) of A. capillus-veneris aerial
part was allowed to fractionate by using various solvents.
After complete drying, all the fractions were weighed to give
dry weights of hexane, chloroform, ethyl acetate, n-butanol
and water fractions as 5.58 g, 1.3 g, 1.20 g, 2.39 g and 3.87g
respectively. The percentage (%) yield was estimated to be
higher in hexane (33.87%) prior to water (23.49%), N-butanol
(14.51%) and chloroform (7.8%). The ethyl acetate (7.2%)
part gave lowest yield (ﬁgure 2).

varied biological activity that can be of valuable therapeutic
index (Savithramma et al., 2011; Diab et al., 2015 ).The
results of the phytochemical screening of all the ethanolic
fractions of A. capillus-veneris aerial parts revealed the
presence of terpenoids, ﬂavonoids, tannins, alkaloids,
saponins, phenols as depicted in table below. However,
carbohydrates and cardiac glycosides were absent in the all
the fractions.
Phytochemical studies of the tested plant extract revealed the
presence of variety of bioactive compounds, including
ﬂavonoids, terpenoids, saponins, tannins, reducing sugars etc.
These bioactive components are well-known for their
inventive biological assets and are concerned in treatment of
diversity of disorders including cancer, oxidative stress,
diabetes etc. The presence of ﬂavonoids, terpenoids,
saponins, tannins and reducing sugar of ethanol extracts of
leaves of A. capillus-veneris was also already reported by
Rajurkar and Gaikwad (2012).

In vitro antitumor activity through MTT assay
The antiproliferative eﬀects of various fractions of ethanolic
extract of A. capillus-veneris against MDA MB-231 cells at
diﬀerent concentrations such as 0 (control), 10, 25, 50, 100
and 200 μg/mL was assessed by MTT based cytotoxicity
method. Hexane, chloroform, ethyl acetate, n-butanol and
water fractions revealed cell cytotoxicity in a concentration
dependent manner. Among all fractions, hexane fraction
showed higher cytotoxicity at 48 hr of treatment (ﬁgure 3),
which presented an IC50 value 23.25μg/mL, while the

Figure 2: Percentage yield of the fractions of ethanolic extract

Preliminary Phytochemical Screening
Phytochemical screenings of medicinal plants play a
signiﬁcant role in recognizing novel sources of industrially
and therapeutically essential compounds. A diversity of herbs
and herbal products contain diﬀerent phytochemicals with

Table: Phytochemical screening of A. capillus-veneris

Fractions of ethanol extract
Fractions
Tests
Flavonoids
Lead acetate test
Shibata test

Hexane

Chloroform

Ethyl acetate

N-butanol

Water

+
+

+
+

+
+

+
+

+
+

+

+

_

_

+

+
+
+

+
+
+

+
+
+

+
+
+

+
+
+

+
+
+

_
_
_

+
+
+

_
_
_

+
+
+

_

_

_

_

_

Terpenoids
Salkowski test

Tannins
Ferric chloride test
Lead acetate test
Potassium dichromate test

Alkaloids
Dragendorﬀ’s test
Mayer’s test
Wagner’s test

Cardiac glycosides
Keller kiliani’s test

Phenolics
Folin Ciocalteau test

+

+

+

+

+

_

_

_

_

_

+

+

+

+

+

Carbohydrates
Molisch’s test

Saponins
Foam formation test
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remaining fractions exhibited 50% inhibition concentration
(IC50) values of 24.59, 30.22, 42.19 and 33.26μg/mL for
chloroform, ethyl acetate, n butanol and water fractions
respectively (ﬁgure 4).
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