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Abstract
Breast cancer is the most common cancer worldwide that costs lives of millions of people every year. Plant products with 
potential anticancer activities have become a vital source of novel agents in treating cancer. Adiantum capillus veneris (ACV) 
and Pteris Quadriureta (PQ) are such traditional herbs with potential pharmacological properties. In this study, both crude 
methanol extract and gold nanoparticles of ACV and PQ were tested for their anticancer activities in MCF7 and BT47 cell 
lines. By using GC–MS, we have identified 23 and 28 bioactive compounds in ACV and PQ respectively. We analysed the 
effects of ACV and PQ nanoparticles on various proteins involved in cell cycle and apoptosis using western blotting and 
PCR. With the help of flow cytometry, we measured number of cells undergoing apoptosis. We found that both the crude 
extract and nanoparticles have anti-proliferative and apoptosis inducing properties against MCF7 and BT47 cell lines. We 
also performed molecular docking to check whether there were any interactions between proteins involved in apoptosis and 
cell cycle and bioactive compounds present in the plant extracts. By using docking analysis, we also showed that phytol and 
eicosapentaenoic acid present in ACV and PQ interact with Bcl2 and cyclin D1. These findings demonstrate that ACV and 
PQ possess anticancer activities by modulating proteins involved in cell cycle and apoptosis. ACV and PQ that effectively 
modulate various oncogenic molecules can be used as promising agent for cancer therapy.
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Abbreviations
ACV	� Adiantum capillus veneris
PQ	� Pteris quadriureta
GC–MS	� Gas chromatography–mass spectrometry
DMEM	� Dulbecco’s modified eagle medium
PCR	� Polymerase chain reaction
SEM	� Scanning electron microscope
TEM	� Transmission electron microscope
SDS	� Sodium dodecyl sulphate

Introduction

Cancer is characterized by key hallmarks such as cell pro-
liferation, apoptosis evasion, invasion and angiogenesis 
[1]. Breast cancer is the most common cancer in women, 
accounting for 522,000 deaths worldwide [2, 3]. Around 
1.67 million new cases of breast cancer were diagnosed in 
2012 accounting for 25% of all cancers [4, 5]. Currently, 
research in breast cancer is mainly focused on chemopre-
vention and targeted therapies [6–8]. Past two decades, 
medicinal plants rich in antioxidant phytochemicals have 
received growing attention as potential preventive and thera-
peutic agents. Use of crude extract is a strategic approach 
to administer a cocktail of phytochemical entities that could 
modulate key mechanisms important for carcinogenesis and 
tumour promotion [9–12]. Furthermore, synergistic interac-
tions among the phytochemicals can ensure higher potency 
in addition to overcoming problems of toxicity and resist-
ance [13, 14].

In recent years, application of nanotechnology is widely 
implemented in diverse areas such as medicine, engineer-
ing, textile, life science, biomedical, tissue engineering, 
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environmental industries, drug delivery and gene delivery 
[15, 16]. Metal nanoparticles have great potential towards 
biological sensing and cancer therapy. In particular, gold 
nanoparticles are used in diagnosis and treatment of vari-
ous diseases including diabetes, cancer, Parkinson’s, Alzhei-
mer’s, HIV/AIDS, tuberculosis and cardiovascular diseases 
due to their biocompatibility and non-cytotoxicity [17–19]. 
Of late, synthesis of nanoparticles using plant extract pro-
vides advancement over other methods as it is simple, sin-
gle step, cost-effective, environment friendly and relatively 
reproducible, less toxic and more effective [20, 21].

In our previous study (paper in press), we showed that 
the crude extracts of Adiantum capillus veneris (ACV) and 
Pteris quadriureta (PQ) have antioxidant and antimicrobial 
activities. Phytochemical analysis of ACV and PQ showed 
presence of several secondary metabolites including fla-
vonoid, phenol, tannin and terpenoids, which have been 
reported to possess anticancer activity. Therefore, this study 
was designed to synthesize and characterize stable gold nan-
oparticles of ACV and PQ and investigate their effects on 
MCF7 and BT47 cell lines. We have analysed the effects of 
ACV and PQ on cell proliferation and apoptosis in MCF7 
and BT47 cells.

Materials and methods

Chemicals

Chemicals were obtained from Sigma-Aldrich Chemi-
cal Company (St. Louis, MO, USA) and HiMedia Labs 
(Mumbai, India). Primary and secondary antibodies for 
glyeraldehyde-3-phosphate dehydrogenase (GAPDH), Bax, 
Bcl2, proliferating cell nuclear antigen (PCNA), cyclin D1, 
cyclin-dependent kinase (CDK)-4, caspase-3, caspase-9, 
cytochrome c, p21, and histone were purchased from Santa-
Cruz Biotechnology, USA. Power SYBR Green PCR mas-
ter mix was obtained from Applied Biosystems, California, 
USA. Oligonucleotide primers were procured from Sigma 
Genosys, USA. All other reagents used were of analytical 
grade.

Synthesis of gold nanoparticles

The leaves of ACV and PQ were washed thoroughly thrice 
with distilled water and were shade dried for 5 days. The 
fine powder was obtained from the dried leaves by using 
blender and sterilized at 121 °C for 15 min. 20 g of pow-
der was mixed with 200 ml of distilled water and kept in a 
boiling water bath at 60 °C for 10 min. The extracts were 
filtered with Whatman filter paper No. 1 and stored at 4 °C 
for further studies. For the biosynthesis of gold nanoparti-
cles, 1.5 ml of plant extract was mixed with 30 ml of auric 

chloride solution (1 mM/ml) and incubated at 28 °C for 24 h 
[22].

SEM and TEM Analysis of gold nanoparticles

To gain further insight into the features of the gold nano-
particles, the sample was analysed using a scanning elec-
tron microscope (JEOL 6380A; Tokyo, Japan) to record 
the micrographs of synthesized Au-NPs. The samples were 
also characterized morphologically by TEM. TEM images 
were formed using transmitted electrons (instead of the vis-
ible light) which can produce magnification details up to 
×1,000,000 with resolution better than 10 Å. The images 
can be resolved over a fluorescent screen or a photographic 
film. Furthermore, the analysis of the X-ray produced by 
the interaction between the accelerated electrons with the 
sample allows determining the elemental composition of 
the sample with high spatial resolution. The sample can be 
loaded on carbon coated copper grid or can be made in disc 
form, 3 mm diameter, with a thinned (electron transparency) 
central area.

Cell culture

MCF7 and BT47 cell lines procured from Imgenex India 
were cultured in DMEM basal medium with 10% foetal 
bovine serum and antibiotics. Confluent cultures of MCF7 
and BT47 cells were sub-cultured and maintained in a CO2 
incubator at 37 °C.

MTT assay

Cells were plated at a density of 1 × 105 cells/ml into 96-well 
plates. After overnight growth, cells were incubated with 
various concentrations of ACV and PQ extracts and their 
nanoparticles for 24 h. Cells were then washed with PBS and 
100 µl of 500 µg/ml MTT solution was added to each well. 
After incubation for 4 h at 37 °C, the medium was removed, 
and the insoluble formazan product was dissolved in DMSO. 
Absorbance was measured using an ELISA plate reader at 
570 nm and cell viability was calculated as the percentage 
of viable cells that produce a dark blue formazan product in 
the treated cells versus untreated cells.

TUNEL assay

TUNEL assay was performed using APO-BrdU TUNEL 
assay kit. The cells were gently fixed with 70% ice cold etha-
nol at − 20 °C for 1 h, suspended in PBS containing 0.5 µg/
ml RNase, and incubated at 37 °C for 30 min. Following 
this, cells suspended in 500 µl of PBS were added to 5 ml of 
1% p-formaldehyde (w/v in PBS), placed on ice for 15 min, 
centrifuged at 300×g for 5 min, and washed with PBS. The 
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pellet containing cells was re-suspended in 500 µl of PBS 
and incubated with 50 µl of the DNA-labeling solution (10 µl 
of reaction buffer, 0.75 µl of TdT enzyme, 8.0 µl of BrdUTP 
and 31.25 µl of dH2O) for 60 min at 37 °C in a shaker. At 
the end of the incubation time, 1 ml of rinse buffer was 
added to each tube and centrifuged at 300×g for 5 min. The 
cell pellet was resuspended in 100 µl of antibody solution, 
incubated at room temperature for 30 min and stained with 
500 µl of the propidium iodide/RNase A staining buffer fol-
lowed by incubation for 30 min at room temperature. Cells 
were analyzed by flow cytometry to determine the percent-
age of apoptotic cells.

Annexin V assay

Induction of apoptosis in breast cancer cells upon treatment 
with ACV and PQ was tested by flow cytometry analysis. 
Cells were seeded in a 6-well plate with 5 × 104 cells in each 
well. After 24 h of treatment with ACV and PQ, cells were 
harvested by trypsinization and washed twice with ice-cold 
PBS. Cells were then stained with annexin-FITC/PI using 
annexin staining kit as per the manufacturer’s instructions. 
At the end of the assay, cells were subjected to flow cytom-
etry to determine percent of apoptotic cells. A minimum of 
20,000 cells were collected for each measurement.

Determination of mitochondrial transmembrane 
potential

Changes in the mitochondrial transmembrane potential were 
determined using JC-1 assay. Briefly, cells were plated at a 
seeding density of 2 × 105 cells/well in a 6-well plate. After 
24 h of treatment, cells were incubated with 5 µM JC-1 for 
30 min at room temperature in the dark. The presence of 
JC-1 monomers/dimers was examined under a fluorescent 
microscope using filter pairs of 530/590 nm (dimers) and 
485/538 nm (monomers).

RNA extraction and quantitative real‑time RT‑PCR

Total RNA from cell lines was extracted using Trizol reagent 
as described previously [23]. 5 µg of isolated total RNA 
was reverse-transcribed to cDNA in a reaction mixture con-
taining 4 µl of 5× reaction buffer, 2 µl of dNTP mixture 
(10 mM), 20 units of RNase inhibitor, 200 units of avian-
myeloblastosis virus (AMV) reverse transcriptase and 0.5 µg 
of oligo(dT) primer in a total volume of 20 µl. The reaction 
mixture was incubated at 42 °C for 60 min and the reaction 
terminated by heating at 70 °C for 10 min. The cDNA was 
stored at − 80 °C until further use. Quantitative RT-PCR was 
performed using Power SYBR Green master mix according 
to the manufacturer’s instructions using a StepOne Plus ther-
mocycler (Applied Biosystems). To the 1 × PCR master mix, 

2.5 µl of each cDNA was added in a 20 µl final volume. The 
PCR conditions were as follows: 95 °C for 5 min, 40 cycles 
of 30 s at 95 °C, 30 s at 52–60 °C (based on the target), and 
60 s at 72 °C. All reactions were carried out in triplicate, and 
the relative quantitative fold change compared to control was 
calculated using the comparative Ct method.

Western blotting

Proteins were extracted from cell lines using lysis buffer. The 
stacking gel consisted of 4.5% acrylamide/0.1% SDS, while 
resolving gel consisted of 7.5% acrylamide/0.1% SDS. The 
gels were polymerized using TEMED and freshly prepared 
ammonium persulphate. The protein samples were prepared 
by heating them in a boiling water bath in SDS-gel load-
ing buffer containing 62.5 mM Tris (pH 6.8), 2% SDS, 5% 
2-mercaptoethanol, 10% glycerol and bromophenol blue. 
Equivalent protein extracts (50 µg) from each sample were 
electrophoresed on 12% SDS–PAGE gels. The resolved pro-
teins were electrophoretically transferred to nitrocellulose 
membrane. The membranes were then incubated in blocking 
solution (5% non-fat dry milk in PBS or 3% BSA) for 1 h 
to block non-specific binding sites. The membranes were 
then probed with primary and secondary antibodies as per 
manufacturer’s instructions. After extensive washes with 
high and low salt buffers, the immunoreactive proteins were 
visualized using enhanced chemiluminescence (ECL) and 
the specificity was determined by the apparent molecular 
weight of the target protein. Densitometry was performed 
on IISP flat-bed scanner and quantitated with Total Lab 1.11 
software.

Gas chromatography–mass spectrometry (GC/MS) 
analysis

GC/MS analysis of the methanolic extract of ACV and 
PQ was carried out using a Perkin Elmer GC Claurus 500 
system and Gas chromatograph coupled with mass spec-
trometer (GC/MS) along with silica capillary column 
(30 m × 0.25 mm × 1 µm) which made of 100% dimethyl 
polysiloxane). For GC/MS identification, an electron ioni-
zation system with ionization energy of 70 eV was used. 
Helium was used as carrier gas at a constant flow rate of 
1 ml/min and 2 µl of sample was injected. Injector tem-
perature was set as 260 °C and ion-source temperature was 
set as 250 °C. The oven temperature was set from 110 °C 
(isothermal for 2 min), with a raise of 10 °C/min, to 200 °C, 
then 5 °C/min to 280 °C. The relative percentage quantity 
of all components was estimated by comparing its average 
peak area to the total areas. Identification of components 
was done by National Institute of Standard Technology 
(NIST) database and WILEY library. The mass spectrum 
of the unknown compound was compared with spectrum of 
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known compound stored in NIST and WILEY library. The 
name, molecular weight and structure of each component of 
plant extract were ascertained.

Docking study

The crystal structures of human protein cyclin D1 (PDB ID: 
2W96, Resolution: 2.3 Å) and Bcl2 (PDB ID: 2XA0, Reso-
lution: 2.7 Å) were retrieved from RCSB PDB (http://www.
rcsb.org/) and refined using WHAT IF Web Interface. Struc-
tures of eicosapentaenoic acid (PubChem CID: 446284) 
and phytol (PubChem CID: 5280435) were retrieved from 
PubChem open chemistry database and refined using 
MarwinSketch software and saved in SDF format prior to 
docking.

Protein–ligand docking procedures were carried out using 
the AutoDock docking program. We have set up the dock-
ing to search entire surface of the protein using AutoGrid. 
AutoGrid created a very large 3D grid which can fit entire 
surface of protein. Docking was performed using genetic 
algorithm search parameter and output docking parameter 
was set up with Lamarckian Algorithm. The hydrophobic 
and hydrogen bond interactions between the receptor and 
ligands of docked complexes were analysed using the Lig-
plot program. Chimera visualization software was used to 
visualize the complexes in three-dimension. Among the ana-
lysed natural compounds, the top scored complex of these 
three proteins with compounds were further studies.

Statistical analysis

The data are expressed as mean ± standard deviation (SD). 
Statistical analysis was performed using one-way ANOVA 
followed by Tukey posthoc test for the in vitro experiments. 
A probability value of < 0.05 was considered significant.

Results

SEM and TEM analysis

SEM images of extracts of both ACV and PQ showed accu-
mulation of AuNPs formed with diameter ranging from 55 to 
85 nm. Morphologically nanoparticles were polydispersed, 
non-coagulated and anisotropy with different shapes includ-
ing triangular, hexagonal, pentagonal, and truncated triangu-
lar shapes and some were spherical in shape. TEM analysis 
has also revealed the shape and size of the nanoparticles. 
ACV showed both anisotropy and spherical shaped nanopar-
ticles. The spherical shaped nanoparticles of ACV ranged 
from 5 to 20 nm, whereas the size of anisotropic nanoparti-
cles was in the range of 20–100 nm. In case of PQ, the size 
of the spherical nanoparticles was 5–50 nm and the size 

of the anisotropy nanoparticles was 20–100 nm like. The 
bright circular spots recorded in the selected area electron 
diffraction (SAED) patterns corresponding to the Bragg’s 
planes confirmed the crystalline nature of all types of GNPs 
(Figs. 1, 2).

Effect of ACV and PQ on Cell viability

We next analysed the effect of these gold nanoparticles on 
BT47 and MCF7 cells using MTT assay. We determined the 
concentration of ACV, PQ and their nanoparticles at which 
it inhibits the viability of BT47 and MCF-7 cells by 50% 
(IC50). Incubation of cells for 24 h with ACV, PQ and their 
nanoparticles significantly decreased the cell viability of 
BT47 and MCF-7 cells in a dose-dependent manner (Fig. 3). 
We used IC50 concentration for further experiments.

ACV and PQ inhibit cell proliferation

As cell proliferation and apoptosis evasion are the key can-
cer hallmarks, we next investigated the effect of ACV and 
PQ on cell proliferation. Treatment with ACV and PQ and 
their nanoparticles significantly reduced the mRNA and 
protein expression of cyclin D1, CDK4, and PCNA. Fur-
thermore, ACV and PQ increased nuclear p21 expression 
relative to the cytosolic fraction. Interestingly, ACV and PQ 
nanoparticles were found to be more effective than crude 
extracts (Fig. 4).

ACV and PQ induce intrinsic apoptosis

To test whether the inhibitory effect of ACV and PQ on cell 
proliferation was also associated with apoptosis induction, 
we performed TUNEL assay which revealed TUNEL posi-
tive cells (upper right column) in the groups treated with 
ACV, PQ and their nanoparticles compared to untreated 
cells, confirming apoptosis induction (Fig. 5). Next, we 
performed annexin V assay which evaluates phospholipid 
turnover, an event typically associated with apoptosis. ACV 
and PQ treatment increased annexin positive cells compared 
to untreated cells, indicating apoptosis induction. Further 
to know whether apoptosis induced by ACV and PQ are 
mitochondria mediated, we performed JC-1 assay. Treatment 
with ACV and PQ induced depolarization of the mitochon-
drial membrane which resulted in change in fluorescence 
from red to green compared to untreated cells (Fig. 6).

Next, we examined the effect of ACV and PQ on pro-
teins involved in apoptosis using PCR and western blotting. 
Our results revealed that treatment with ACV, PQ and their 
nanoparticles has significantly increased the expression 
of Bax, caspase-9, and -3 and decreased the expression of 
Bcl-2 compared to untreated cells. Furthermore, ACV and 
PQ treatment induced the release of cytochrome C into the 

http://www.rcsb.org/
http://www.rcsb.org/
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cytosol as evidenced by increased cytosolic levels of these 
proteins relative to the mitochondrial fraction (Fig. 7).

GC–MS

GC–MS analysis of the methanolic extracts of ACV and 
PQ was done to find out the bioactive compounds present 
in the plants. The active principles with their retention time 
(RT), molecular formula, and concentration (peak area %) 
are showed in Fig. 8 and Tables 1 and 2. GC–MS analy-
sis showed presence of 23 and 28 bioactive phytochemical 

compounds in the methanolic extract of ACV and PQ 
respectively.

Docking

From GC–MS data, we selected eicosapentaenoic acid and 
phytol which were reported to possess anticancer activity, 
for docking analysis to investigate possible their interactions 
with Bcl2 and cyclin D1. Eicosapentaenoic acid was found 
to bind to Bcl2 with a docking score of −  5.6 Kcal/mol 
and formed hydrogen bonds with Arg107 and Arg110 in 
the BH3 domain of Bcl2. Phytol showed the docking score 

Fig. 1   Analysis of ACV gold 
nanoparticles. a Scanning 
electron micrograph of ACV 
synthesized gold nanoparticles. 
b–h Transmission electron 
micrograph of ACV synthesized 
gold nanoparticles
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− 3.46 Kcal/mol with Bcl2 forming the hydrogen bond with 
Ser205 in the BH3 domain of Bcl2. Furthermore, eicosap-
entaenoic acid also showed a binding energy of 3.42 Kcal/
mol while docking with cyclin D1 and formed hydrogen 
bonds with Glu75, Gln183 in the Cyclin box domain of 
cyclin D1. Phytol was found to bind with cyclin D1 with a 
docking score −  3.58 Kcal/mol by forming hydrogen bonds 
with Glu75, Glu69 in the Cyclin box domain of cyclin D1 
(Fig. 9).

Discussion

Screening of herbal drugs against cancer has become more 
attractive and beneficial because of less side effects, cost 
effective and increased activity at the same time [11]. 
In the present study, we tested the anti-cancer effects of 
ACV and PQ methanolic extracts as well as their gold 
nanoparticles against BT47 and MCF7 breast cancer cell 
lines. Analysis of the gold nanoparticles of ACV and PQ 

Fig. 2   Analysis of PQ gold 
nanoparticles. a Scanning 
electron micrograph of PQ 
synthesized gold nanoparticles. 
b–h Transmission electron 
micrograph of PQ synthesized 
gold nanoparticles
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using SEM and TEM showed that the nanoparticles are 
polydispersed in nature consisting of spherical, triangular, 
tetragonal and pentagonal with irregular contours.

MTT assay is useful in determining the viability of cells 
in vitro [24]. Our results from MTT assay revealed that the 
extracts and nanoparticles of ACV and PQ significantly 
inhibit the growth of BT47 and MCF-7 cells. The gold 
nanoparticles of ACV and PQ showed more significant 
effects against BT47 and MCF-7 cell lines compared to 
crude extracts. Similarly, several medicinal plants have 
been reported to inhibit growth of breast cancer cells [25, 
26].

We report for the first time that ACV and PQ inhibit cell 
proliferation by downregulating the mRNA and protein 
expression of cyclin D1, CDK4, and PCNA while upregulat-
ing the expression of p21 in BT47 and MCF-7 cells. Cyclin 
D1-CDK4 complex is well-known to carry out G1-S phase 
transition. Hence, we examined effect of ACV and PQ on 
cyclin D1 and its inhibitor p21. Our results showed upregu-
lation of p21 with consequent downregulation of cyclin D1 
suggesting inhibition of cell cycle at G1/S phase. Similarly, 
Hedyotis diffusa Willd plant extract has been reported to 
inhibit cell proliferation by decreasing the expression of cyc-
lin D1, CDK4, and PCNA [27, 28]. Furthermore, treatment 

Fig. 3   Effect of ACV and PQ 
on viability of BT47 and MCF7 
cells. IC50 value for ACV and 
PQ and their nanoparticles on 
BT47 and MCF cells. All doses 
were tested in triplicates and the 
experiment was repeated at least 
three times
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with the methanol extracts and nanoparticles induced apop-
tosis which is evident from increased TUNEL and Annexin 
positive cells compared to untreated cells. Depolarization 

of mitochondrial membrane clearly indicates that apopto-
sis induced by ACV and PQ are mitochondria mediated. 
The increased expression of Bax, caspase-9, and -3 and 

A

B

C

Fig. 4   ACV and PQ Inhibit Cell Proliferation. a Representative 
qRT-PCR analysis of p21 and cyclin D1. Glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH) was used as an internal control 
(mean ± SD; n = 3). b Representative immunoblots of p21, cyclin D1, 
cyclin-dependent kinase (CDK)-4, and proliferating cell nuclear anti-
gen (PCNA). GAPDH was used as a loading control. c Densitomet-

ric analysis. Protein expression from control was designated as 100% 
in the graph (n = 3). *Significantly different from control (p < 0.001), 
#Significantly different from control (p < 0.01),  Significantly dif-
ferent from control (p < 0.05). ACV Adiantum capillus veneris, PQ 
Pteris quadriureta, ACVN ACV nanoparticles, PQN PQ nanoparticles
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decreased expression of Bcl-2 observed in the present study 
further confirms that ACV and PQ induces mitochondrial 
mediated apoptosis. Nepeta binaloudensis plant extract has 
been demonstrated to induce apoptosis by modulating the 
molecules involved in intrinsic apoptosis in breast cancer 
cells [26].

The compounds present in the methanolic crude leaf 
extracts of ACV and PQ were next analysed by GC–MS 
to find potential anti-cancer compounds. GC–MS results 
revealed presence of several bioactive compounds. In par-
ticular, phytol, a potent anti-cancer agent [29], is present in 
methanol extracts of both the plants but in different quan-
tities. Eicosapentaenoic acid that possess antiproliferative 
activity, was also found in the methanol extract of PQ.

We performed docking of eicosapentaenoic acid and phy-
tol with Bcl2 and Cyclin D1, respectively to find the pos-
sible interactions. We observed significant interactions with 
broad range of binding energies. These two phytochemicals 
interacted with the cyclin box domain of cyclin D1, which is 
required for binding of cyclin dependent kinase. The antipro-
liferative effect observed in the present study may be due to 
inhibition of cyclin D1 by eicosapentaenoic acid and phytol 
present in the extract. Furthermore, eicosapentaenoic acid 
and phytol also interacted with BH3 domain of Bcl-2, an 
anti-apoptotic protein, suggesting that ACV and PQ induces 
apoptosis by inhibiting Bcl-2. Taken together, our results 
demonstrate that ACV and PQ inhibit cell proliferation and 
induce apoptosis by interacting with cyclin D1 and Bcl-2 
respectively.

Conclusion

ACV and PQ that effectively modulates various oncogenic 
molecules can be used as promising agent for cancer ther-
apy. However, detailed mechanism of action of eicosapen-
taenoic acid and phytol against cancer cell lines not only 
BT47 and MCF7 cells but also various other cell lines and 
animal models is yet to be studied. Further, identification of 
more potential anti-cancer agents from ACV and PQ plants 
is warranted.

A

B

Fig. 5   ACV and PQ Induce Apoptosis. TUNEL assay by flow cytom-
etry. Q1 and Q2 region shows TUNEL positive cells. ACV Adiantum 
capillus veneris PQ Pteris quadriureta, ACVN ACV nanoparticles, 
PQN PQ nanoparticles
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Fig. 6   ACV and PQ Induce phospholipid turn over and loss of mito-
chondrial membrane potential. a Plots showing annexin-FITC/PI 
staining of ACV and PQ treated breast cancer cells. The cells at early 
apoptosis are in the Q4 quadrant (Annexin V+/PI−), and the ones at 
late apoptosis are in the Q2 quadrant (Annexin V+/PI−). b Red fluo-

rescence is visible in cell areas with high mitochondrial membrane 
potential, while yellowish green fluorescence of JC-1 monomer is 
seen in cell areas with low mitochondrial membrane potential. (Color 
figure online)
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Fig. 7   ACV and PQ Induce Intrinsic Apoptosis. a Representa-
tive qRT-PCR analysis of Bax and Bcl2. Glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH) was used as an internal control 
(mean ± SD; n = 3). b Representative immunoblots of Bax, Bcl2, 
cytochrome (cyt) c, caspase-9, and caspase-3. GAPDH was used as 

a loading control. c Densitometric analysis. Protein expression from 
control was designated as 100% in the graph (n = 3). *Significantly 
different from control (p < 0.001). ACV Adiantum capillus veneris, 
PQ Pteris quadriureta, ACVN ACV nanoparticles, PQN PQ nanopar-
ticles
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Fig. 8   ACV and PQ GCMS chromatogram. a, b GCMS chromatogram of ACV and PQ
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Table 1   Phytocomponents 
present in ACV

No. RT Name of the compound Peak area (%)

1 21.721 1,2,3,5-Cyclohexanetetrol, (1.alpha.,2.beta.,3.alpha.,5.beta.) 4.581
2 22.241 Sorbitol 2.404
3 23.667 3-O-methyl-d-glucose 12.719
4 24.857 1,3:4,6-Dimethylene-d-glycero-d-mannoheptitol 0.683
5 25.812 3,7,11,15-Tetramethyl-2-hexadecen-1-ol 1.534
6 26.923 Phytol 0.632
7 28.058 Hexadecanoic acid, methyl ester 1.647
8 29.299 N-hexadecanoic acid 12.592
9 31.950 8,11-Octadecadienoic acid, methyl ester 0.489
10 32.095 17-Octadecynoic acid, methyl ester 2.211
11 32.340 Phytol 1.046
12 33.175 9,12-Octadecadienoyl chloride, (Z,Z)- 8.438
13 33.541 Octadecanoic acid 0.900
14 44.150 Squalene 2.244
15 46.496 Lupeol 0.891
16 49.732 dl-.alpha.-tocopherol 2.295
17 50.092 Octasiloxane, 1,1,3,3,5,5,7,7,9,9,11,11,13,13,15,15-hexadecamethyl 0.518
18 50.242 Olean-12-en-28-oic acid, 3,16,21-trihydroxy-, .gamma.-lactone, (3.beta.,16 0.634
19 50.827 Stigmasta-5,22-dien-3-ol, acetate, (3.beta.)- 0.587
20 50.982 Olean-13(18)-ene 0.673
21 51.648 7,22-Ergostadienone 4.059
22 52.438 Lupan-3-ol, acetate 1.037
23 53.218 Stigmasta-4,22-diene 2.489

Table 2   Phytocomponents 
present in PQ

No. RT Name of the compound Peak area (%)

1 25.827 Phytol 2.534
2 25.987 2-Pentadecanone, 6,10,14-trimethyl- 0.716
3 26.933 1,4-Eicosadiene 1.049
4 28.078 Hexadecanoic acid, methyl ester 5.132
5 28.609 1-Hexadecen-3-ol, 3,5,11,15-tetramethyl- 0.603
6 29.289 N-hexadecanoic acid 18.349
7 31.960 Linoleic acid ethyl ester 1.325
8 32.100 9,12-Octadecadienoyl chloride, (Z,Z)- 3.721
9 32.350 Phytol 2.639
10 32.615 Octadecanoic acid, methyl ester 0.776
11 33.125 (R)-(-)-14-methyl-8-hexadecyn-1-ol 9.110
12 33.515 Octadecanoic acid 1.167
13 35.261 5,8,11,14,17-Ecosapentaenoic acid 1.130
14 35.621 Palmitoyl chloride 0.530
15 37.007 4,8,12,16-Tetramethylheptadecan-4-olide 0.877
16 39.013 1,3,5-Trisilacyclohexane 1.251
17 39.393 Heptacosane 0.921
18 40.963 Eicosane, 9-octyl- 0.608
19 41.804 Indan, 1-methyl-3-nonyl- 0.860
20 42.459 Heptacosane 0.676
21 43.254 Heptasiloxane, hexadecamethyl- 0.979
22 44.690 2H-1-Benzopyran-6-ol, 3,4-dihydro-2,8-dimethyl-2-(4,8,12-trimethyltridec 1.131
23 48.677 Octasiloxane, 1,1,3,3,5,5,7,7,9,9,11,11,13,13,15,15-hexadecamethyl- 1.075
24 48.887 Cholesta-4,6-dien-3-ol, (3.beta.)- 0.895
25 49.312 Stigmastan-3,5-diene 0.583
26 49.732 dl-.alpha.-tocopherol 1.423
27 50.997 Octasiloxane, 1,1,3,3,5,5,7,7,9,9,11,11,13,13,15,15-hexadecamethyl- 0.442
28 51.618 Olean-13(18)-ene 1.834
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