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Abstract

Original Article

Introduction

Nanotechnology is one of the rapidly growing research 
fields with its applications in science to produce materials in 
nanoscale level (1–100 nm). Nanotechnology is presently used 
in the field of biology, pharmacology, medicine, electronics, 
and tissue engineering.[1] In recent years, the development of 
green nanotechnology approach has attracted the researchers 
which involves the nontoxic method for the synthesis of 
nanoparticles  (NPs). In green nanotechnology method, the 
metal oxide NPs are biosynthesized using plants, fungi, 
algae with various shapes.[2,3] In this green approach, the 
biomolecules present in natural extract acts as reducing and 
capping agents.[4] Green synthesis of NPs is an eco‑friendly, 
economic, simple method, and eliminates the use of harmful 
reagents which is more advantageous than the conventional 
physical and chemical methods.[5,6] The exploration of fungi in 
nano‑biotechnology research is very important. The fungi have 
attracted more attention for the biological production of metal 

NPs because of their toleration and metal bioaccumulation 
potential.[7]

Fungi are microorganisms containing different kinds of 
secondary metabolites with their applications in pharmaceutical 
and medicinal industry. The Chaetomium are the largest genous 
of saprophytic ascomycetes with chaetomiaceae family. The 
Chaetomium was first reported in 1817 by Kunze and more 
than 350 chaetomium species are known.[8] This species is 
widely distributed in soil, marine, hair, textile, plant seeds, and 
other substances rich in cellulose. The Chaetomium cupreum 
is distinguished from other Chaetomium species due to the 
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presence of boat‑shaped ascospores and copper color thin 
long hairs on the outer surface of the perithecia.[9] As there 
are no reports of green synthesis of NPs from C. cupreum 
extracts. Therefore, an attempt was made in this study to green 
synthesize the iron oxide NPs from the ethyl acetate extract 
of C. cupreum.

Materials and Methods

Chemicals
The chemicals used are ferrous sulfate  (FeSO4), sodium 
hydroxide (NaOH), potato dextrose agar, nutrient agar, dimethyl 
sulfoxide, tetrazolium bromide dye, ethyl acetate, JC‑1 dye, 
Deficiência Combinada de Hormônios Hipofisários‑DA dye.

Preparation of ethyl acetate extract
The culture of C. cupreum was procured from the National 
Fungal Culture Collection of India (NFCCI), Agharkar Research 
Institute, Pune, India, with accession No. NFCCI‑3117. The 
extraction of secondary metabolites from fungus broth using 
liquid‑liquid method as described in our previous articles.[10]

Biosynthesis of iron oxide nanoparticle
The biosynthesis of Fe2O3 NP was described by Shahwan 
et al.[11] The fungal extract solution was prepared by dissolving 
5.0 g of ethyl acetate powder in 250 ml of dist. water and heated 
for 60  min at 70°C. A  solution containing dissolved ethyl 
acetate extract of C. cupreum was obtained by filtration. The 
iron solution was prepared by heating 2 g of FeSO4 powder 
in 100 ml of distilled water at 50°C for 12 min. Then, NaOH 
solution was prepared by dissolving 1.20 g NaOH in 100 ml 
and heated at 50°C for 15 min. In 100 ml of FeSO4 solution, 
50 ml of NaOH was added to balance the pH of the solution. 
Then, from FeSO4 NaOH solution, 100 ml was added to 50 ml 
of ethyl acetate extract solution and the solution was heated at 
30°C for 60 min. Then, the solution was heated in a microwave 
at 150°C for 2 min. After overnight incubation in an oven black 
solution of iron oxide, NPs were obtained. The morphology 
and structural analysis were evaluated through field emission 
scanning electron microscopy  (FESEM), energy dispersed 
X‑ray spectroscopy (EDX), and X‑ray diffraction (XRD).

Anticancer activity
The human breast cancer cell line  (MCF‑7) was procured 
from the National Cell Culture Science, Pune, India. The 
MCF‑7 cells were maintained in Dulbecco’s Modified Eagle 
Medium (DMEM) and incubated in Co2 incubator at 37°C. 
The anticancer activity of Fe2O3 NPs on MCF‑7 cells by MTT 
dye 3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5 dihenyl tetrazolium 
bromide.[12] A volume of 200 µl of cell suspension (1 × 104 
cells/well) were poured in microtiter plate and plate was 
incubated at 37C for 24 h hours in a 5% Co2 incubator until 95% 
confluence. After 24 h, 200 µl of fresh media containing Fe2O3 
NPs were added and incubated overnight. After incubation, 
20 µl MTT dye was added and covered with aluminum foil and 
kept in dark for 3 h. Then, formosan crystals formed were lysed 
by adding 200 µl of dimethyl sulfoxide and absorbance was 

recorded at 585 nm using micro plate reader. The percentage 
of cell viability was calculated as (OD of treated cells/OD of 
control cells) × 100.

Morphological observation of MCF‑7 cells
For morphology detection MCF‑7 cells were seeded and 
incubated incubated with or without Fe2O3 NPs for overnight. 
The phase contrast microscope at  ×200 was used for 
morphology observation.

4,6‑Diamidino‑2‑phenylindole) staining
For 4,6‑diamidino‑2‑phenylindole  (DAPI) staining, MCF‑7 
was treated with or without Fe2O3 NPs for 24 h at 37°C. 
The treated cells were washed with  Phosphate buffer saline 
(PBS) and stained with DAPI and incubated at 37C for 15 min 
and observed under fluorescent microscope.

Acridine orange and ethidium bromide stain
The MCF‑7 cells were treated with or without Fe2O3 NPs and 
incubated at 37°C for night. Then, 0.5 ml of acridine orange/
ethidium bromide (AO/EtBr) was added and left for 5 min and 
absorbed under fluorescent microscope at × 200 magnification.

Measurement of reactive oxygen species
The reactive oxygen species (ROS) level of living cells was 
measured using 2,7‑dichlorodihydrofluorescein diacetate 
(DCFH‑DA).[13] A volume of 200 µl cell suspension 
(1  ×  104 cells/ml) were seeded in 96 microtiter plate and 
incubated for 24 h at 37°C. Then, cells were treated with 
or without Fe2O3 NP and incubated for 15 h. Then, 100 µl 
of DCFH‑DA  (µM) were added and further incubated for 
30  min. The fluorescence at excitation  (485) and emission 
wavelength (535) was recorded using microplate reader.

Measurement of mitochondrial membrane potential
The mitochondrial membrane potential (MMP) in MCF‑7 cells 
using JC‑1 (5,5,6,6‑tetrachloro‑1,1,3,3‑tetraethylbenzimidazolyl 
arbocyanine iodide) method.[14] The 200 µl (1 × 104 cells/ml) of 
MCF‑7 cells were plated in DMEM media on microtiter plate. 
Then, cells were treated with Fe2O3 NP and further incubated 
for another 24 h at 37°C. Then, cells were washed with PBS and 
100 µl of JC‑1 dye was added and again incubated for 20 min. 
The monomer fluorescence was measured with excitation 
525 nm and emission wavelength of 590 nm using fluorescent 
spectrophotometer.

Tumor sphere formation assay
The tumorsphere formation examined by Lu method.[15] The 
MCF‑7 cells were cultured in six well plate in serum‑free 
DMEM  (F12) in a cell suspension of 1000 cells/ml. The 
DMEM/F12 media contains human recombinant epidermal 
growth factor  (20 ng/ml), basic fibroblast growth factor 
(20 ng/ml), heparin  (4 µg/ml), insulin  (5 µg/ml), and 1% 
penicillin‑streptomycin. The tumorsphere formation was 
detected by treating MCF‑7 cells with Fe2O3 NPs and control 
was maintained without NPs. The wells were monitored and 
images of tumorsphere formation were captured every day till 
7 days of incubation.
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Statistical analysis
The two‑way analysis of variance followed by Tukey’s multiple 
comparison test with graph pad prism 6 software were used. The 
results were expressed as mean ± standard deviation of three 
replicates. The P < 0.05 was considered as statistically significant.

Results

Extraction and biosynthesis of iron oxide nanoparticle
The extraction of secondary metabolites is shown in Figure 1. 
The biosynthesis of Fe2O3 NP involves ethyl acetate extract of 
C. cupreum [Figure 2].

Characterization of iron oxide nanoparticle
The XRD pattern shows the presence of gamma phase, 
maghemite (γ‑Fe2O3) JCPDS 39–1346 [Figure 3]. Thus, the 

XRD report proves the presence of iron oxide NPs with the type 
of Fe2O3. The iron oxide NPs were obtained in black color. The 
NPs were spherical in shape and their average size measured was 
25 nm. The particle size was calculated from Debye‑Scherrer 
formula in the X‑ray method. The elemental composition was 
obtained by EDX spectroscopy spectrum which includes iron, 
oxygen, silicon, and carbon  [Figure  4a and b]. The carbon 
and silicon were the contaminating elements with very low 
concentration in the sample. The iron oxide NPs images were 
obtained as big clusters at various magnifications shown by 
FESEM [Figure 5].

Anticancer activity
The anticancer activity of Fe2O3 NPs on MCF‑7 cell line is 
presented in Figure 6. The highest anticancer activity of Fe2O3 

Figure 1: Extraction of compounds from Chaetomium cupreum

Figure 2: Biosynthesis of iron oxide nanoparticles
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NP against MCF‑7 cell line was 20.5, 30.5, 41.1, 55.3 67.5, and 
75.25 at the concentration of 50 µg/ml after 1, 5, 10, 15, 20, 
and 24 h of treatment, respectively. Similarly, the anticancer 
activity of Fe2O3 against MCF‑7 cell line was 14.25, 26.75, 
34.5, 42, 49.5, and 55.56 after 1, 5, 10, 15, 20, 24 h at the 
concentration of 25 µg/ml. Whereas at lower concentrations 
at 12.5, 6.25, 3.13, and 1.56, there was gradual decrease in 
cytotoxic activity. The Fe2O3 NP shows the IC50‑20 µg/ml 
concentration against MCF‑7 cells. 

Morphological observation
The cell death can be observed using fluorescent staining 
technique. In DAPI staining, the live cells appear blue whereas 
dead cells show white fluorescence  [Figure  7]. Similarly, 
in case of AO/EtBr staining, the live cells have normal 
morphology and took up AO produce green fluorescence 
whereas dead cells have altered morphology and took up 
EtBr stain and produce orange fluorescence [Figure 7]. It was 
found that control MCF‑7 cells shows normal morphology and 

normal proliferation growth. In case of Fe2O3 NP treatment, 
the dead and dying cells get detached from the surface of 
well plate and float in media. These dead cells have lost their 
morphology and appeared smaller and round in shape. Thus, 
these results indicated that Fe2O3 NP treatment exhibited 
cytotoxicity against breast cancer cells.

Measurement of reactive oxygen species
The Fe2O3 NP treatment induced ROS production in MCF‑7 
cells. The results showed that Fe2O3 NP induced ROS generation 
to 68.22% at 25 µg/ml and 83.66% at 50 µg/ml as compared 
to 48.22 in control after 15 h of treatment [Figure 8a and b]. 
The ROS production was significantly (P < 0.05) increased at 
higher concentration in comparison to control cells. Further, 
the results indicate that Fe2O3 NPs are able to induce ROS 
generation in breast cancer cells.

Measurement of mitochondrial membrane potential
The higher ROS production induces mitochondrial damage. 
The MMP was determined by using JC‑1 fluorescent dye. In 
apoptotic cells JC‑1 forms monomeric units which produce 
green fluorescence whereas in nonapoptotic cells JC‑1 forms 
aggregate units with red fluorescence. The results showed that 
Fe2O3 NP treatment increased depolarization MMP to 8.52% 
at 25 µg/ml and 10.74% at 50 µg/ml as compared to 6.35% in 
untreated cells after 24 h [Figure 9a and b].

Tumorsphere formation
The tumorsphere formation and development ability of 
MCF‑7 cells were investigated in the presence of various 
concentrations of Fe2O3 NPs. The results of the study showed 
that tumorsphere formation capacity in MCF‑7 cells were 
inhibited by Fe2O3 NPs treatment  [Figure  10a and b]. The 
inhibition of MCF‑7 tumorsphere formation was 20.50% 
at 25 µg/ml, 45.12% at 50 µg/ml, and 65.35% at 75 µg/ml 
concentration, respectively. Thus, treatment with Fe2O3 NPs 
showed a significant inhibition of MCF‑7 cell tumorsphere 
formation at higher concentration.

Discussion

The biosynthesis of NPs using microorganisms such as fungi, 
bacteria, algae, and actinomycetes is more advantages than 

Figure 4a: Energy dispersed X ray spectrum of Fe2O3 nanoparticle. 
Figure 4b: Elemental composition of Fe2O3 NP

Figure 5: Field emission scanning electron microscopy images of iron 
oxide nanoparticles

Figure 3: X‑ray diffraction spectrum of Fe2O3 nanoparticle
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Phomosis sp., Schizosaccharomyces pombe, Shigella 
dysenteriae, Trichderma versicolor, Trichderma harzianum, 
Trichderma viride, Trichderma reesei etc.[19]

In recent years, breast cancer has become a big problem 
across the whole.[20] Most of the anticancer molecules poses 
limited approach to kill cancer cells and have side effects.[21] 
In recent years, NPs have received much attention because 
of their anticancer activity. Various studies have shown that 
metal oxide nanoparticles induce cytotoxicity in cancer 
cells.[22] The green synthesis or biosynthesis of iron oxide 
NPs using natural material for reducing and capping agents, 
which are easily available and nontoxic compared to physical 
and chemical methods are considered as more effective in 
nanobiotechnology.[23] The surface modification potential and 
superparamagnetic properties of iron oxide NPs makes them 
candidate drugs in cancer therapy.[24] The MCF‑7 cancer cell 
line is rapidly proliferating and works as a model to evaluate 
therapeutic compounds.[24] The Fe2O3 NP treatment produces 
morphological changes during cell death. These morphological 
modification predicts in breast cancer cells.[25] The Fe2O3 NP 
treatment alters cell morphology which was detected using 
DAPI and AO/EtBr staining method. The results of MTT assay 
demonstrated decrease in breast cancer cell viability which 
was significant at  (P  <  0.05) at higher concentrations. The 
Fe2O3 NP treatment showed antiproliferative potential in breast 
cancer cells. The Fe2O3 NPs treatment on MCF‑7 cells inhibits 
and induces morphological in breast cancer cells. In previous 
studies, water extract of seaweed (Sargassum muticum) were 
used for the production of iron oxide NPs which exhibit strong 
cytotoxic effect with IC50‑18.75 against MCF‑7 cells. Other 
researchers have shown that cytotoxic effect of Fe2O3 NP 
involves the changes in cellular morphology and disruption 
of mitochondrial function.[26] The cytotoxicity results of the 
present study were in accordance with the results of Hilger 
et al.[27] They showed that iron Fe2O3 NPs at high concentration 
reduces the viability of adenocarcinoma cells whereas at low 
concentration did not produce cytotoxicity. The biologically 
synthesized Fe2O3 NP from ethyl acetate extract display 
significant cytotoxicity at all the different concentrations.

The ROS generation was estimated using cell permeable 
DCFH‑DA method. The DCFH‑DA is an oxidation sensitive 
fluorescent dye which gets deacetylated by intracellular 

Figure 6: Cytotoxicity effect of Fe2O3 nanoparticle on MCF‑7 cancer cells after 24 h of treatment

Figure 7: Morphological changes of MCF-7 cells treated with Fe2O3 NP for 
24 h viewed under an inverted light microscope (200 x magnification).  a) 
A-Control and treated; b) B Control and treated with DAPI (4, 6-diamidino-
2-phenylindole) staining. c) C-Control and treated with acridine orange/
Ethidium bromide stain

a

b

c

a

b

c

physical and chemical methods. Furthermore, biosynthesis 
method is simple, environmentally safe, and cost‑effective 
with high yield.[16] Fungi contain different types of metabolites, 
enzymes, proteins, and polysaccharides as reducing agents. 
The fungus provides large surface area during which enzymes 
such as nitrate reductase and alpha nicotinamide adenine 
dinucleotide phosphate oxidase‑dependent reductases convert 
metal salts into metal NPs.[17] The fungal cell wall helps in 
absorption and reduction of metal NPs. The biosynthesis used 
fungal biomass and their secondary metabolits is known as 
myconanotechnology.[18] The fungi used for the production of 
NP are Aspergillus terreus, Aspergillus fumigatus, Aspergillus 
oryzae, Aspergillus niger, Aspergillus flavus, Aspergillus 
clavatus, Penicillium citrinum, Penicillium janthinellum, 
Penicillium verrucosum, Penicillium fellutanum, Penicillium 
chrysogenum, Cladosporium cladosporioides, Agaricus 
bisporus, Candida albicans, Fusarium oxysporum, Fusarium 
solani, Fusarium semitectum, Neurospora intermedia, 
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esterases into a nonfluorescent DCFH. This nonfluorescent 
compound is rapidly oxidized by intracellular ROS into a 
fluorescent 2,7‑dichlorofluorescein which is detected by 
spectrofluorometer. The amount of fluorescence produced 
is directly proportional to total amount of intracellular 
ROS level present in cell. The ROS production is an early 

indicator of apoptosis. The ROS generation in breast cancer 
cells was examined for 15 h of Fe2O3 NP treatment. The loss 
of MMP predicts mitochondrial dependent cell death. The 
green fluorescence increases indicating depolarization of 
mitochondria membrane potential. The disruption of MMP 
results in red to green fluorescence. Previous findings have 
shown that the apoptosis is followed by loss of MMP, which 
results in collapse of electrochemical gradient across the 
mitochondrial membrane.[28] Our results demonstrated that the 
Fe2O3 NP increased mitochondrial‑induced cell death due to 
ROS production. Previous studies have shown that Fe2O3 NP 
exhibit cytotoxicity changes in cell morphology, mitochondrial 
disruption, and apoptosis.[26,29,30] Various other reports have 
shown significant cytotoxicity effect of Fe2O3 NP on cancer 
cells.[26,29,30] The tumorsphere assay is a widely accepted low 
cost method used for screening the anticancer potential of 
molecules. The tumorsphere formation was used to further 
analyze the inhibitory activity of Fe2O3 NPs. The biologically 
synthesized Fe2O3 NPs suppressed the tumorsphere formation 
at all concentrations. The Fe2O3 NPs treatment on MCF‑7 cells 
decreased the number and size of the tumorsphere. Further, 
Fe2O3 NP treatment either prevented the MCF‑7 tumorsphere 
formation or decreased the cell viability compared to control. 
The results obtained showed that Fe2O3 NP treatment in breast 
cancer cells induced ROS production, loss of MMP, and 
inhibition of tumorsphere formation.

Conclusion

The present study involves the green synthesis of iron oxide 
NP from C. cupreum extract and their in  vitro anticancer 
activity. The ethyl acetate extract of C. cupreum used for the 
biosynthesis of Fe2O3 NP has various biological activities. 
The biosynthesis of Fe2O3 NP from ethyl acetate extract of 
C. cupreum is economical, simple, and eco‑friendly method 
based on green chemistry approach. In this study, biosynthesis 
of Fe2O3 NP, and its anticancer potential was investigated. 
The biosynthesized Fe2O3 NP showed significant anticancer 
activity. The results show that the Fe2O3 NP increased 
MMP and ROS production which leads to cell death. Thus, 
the present study showed significant inhibitory effect on 
tumorsphere formation. Thus, the biosynthesized Fe2O3NP can 
be used in nanomedicine for the development of therapeutic 
drug against breast cancer cells.
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Figure 9a: Depolarization of mitochondrial membrane potential of MCF-7 
cells after treatment with Fe2O3 nanoparticles for 24 h
Figure 9b: Morphology of MCF-7 cells treated with Fe2O3 nanoparticles 
for 24 h during depolarization of mitochondrial membrane potential 
(A-Control, B-25 µg/ml and C - 50 µg/ml concentrations)

Figure 8a: Measurement of reactive oxygen species (ROS) production 
in MCF-7 cells treated with Fe2O3 nanoparticles after 15 h. Figure 8b: 
Morphology of  MCF-7 cells treated with Fe2O3 nanoparticles for 15 
h during reactive oxygen species production. (A-Control, B-25 µg/ml, 
C - 50 µg/ml concentrations)
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