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The present study aimed to explore the anticancer potentials of the gold nanoparticles (NPs) obtained by
green synthesis method using an endophytic strain Fusarium solani ATLOY – 8 has been isolated from the
plant Chonemorpha fragrans. The formation of the NPs was analyzed by UV, FTIR, SEM and XRD. The syn-
thesized NPs showed pink-ruby red colors and high peak plasmon band was observed between 510 and
560 nm. It is observed that intensity of absorption steadily increases the wavelength and band stabilizes
at 551 nm. The XRD pattern revealed the angles at 19, 38.32, 46.16, 57.50, and 76.81� respectively.
Interestingly, the FTIR band absorption noted at 1413 cm�1, 1041 cm�1 and 690 cm�1 ascribed the pres-
ence of amine II bands of protein, C-N and C-H stretching vibrations of the nanoparticles. SEM analysis
indicated that the average diameter of the synthesized nanoparticles was between 40 and 45 nm.
These NPs showed cytotoxicity on cervical cancer cells (He La) and against human breast cancer cells
(MCF-7) and the NPs exhibited dose dependent cytotoxic effect. IC50 value was 0.8 ± 0.5 lg/mL on
MCF-7 cell line and was found to be 1.3 ± 0.5 lg/mL on MCF-7 cell lines. The synthesized NPs induced
apoptosis on these cancer cell lines. The accumulation of apoptotic cells decreased in sub G0 and G1
phase of cell cycle in the MCF-7 cancer cells were found to be 55.13%, 52.11% and 51.10% after 12 h expo-
sure to different concentrations. The results altogether provide an apparent and versatile biomedical
application for safer chemotherapeutic agent with little systemic toxicity.
� 2019 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The synthesis of nanomaterials and nanoparticles emerged into
a new era in biological research which has potential applications in
biomedicine, pharmaceutical, biosensors, cosmetics, food technol-
ogy, electronics, optical devices, dye degradation, wastewater
treatment etc. (Bera and Belhaj, 2016; Fernandes et al., 2017;
Frewer et al., 2014; Hussein, 2016; Sharif et al., 2017; Al-Dhabi
et al., 2018a, 2019a). The enhanced property of nanoparticle
depends on the size, distribution and morphology. The significant
results can be obtained with nano dimensions ranged from 1 to
100 nm (Sivakumar et al., 2017; Arasu et al., 2017, 2019; Al-
Dhabi et al., 2018b; Gurusamy et al., 2019; Rajkumari et al.,
2019). Since gold nanoparticles are non-toxic and having high
absorbance properties, it is widely used in various applications in
health sector (Roopan et al., 2019; Valsalam et al., 2019a, 2019b).
Many authors have reported that gold nanoparticles are an ideal
source for biosensors and appropriate agent to kill cancer cells
(Huang et al., 2006; Huff et al., 2007; Arokiyaraj et al., 2015). The
synthesis of NPs by biological method involving green-chemistry,
eco-friendly based approach, make use of the active compounds
of plants, bacteria, fungi, actinomycetes, yeast and algae (Li et al.,
2011; Shankar et al., 2003). Endophytic organisms have many asso-
ciations with host plants and are survive in the inner wall of
healthy plants. These endophytic organisms have lot of potentials
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to synthesize antibacterial, anti-oxidant, antiviral, immunosup-
pressant and insulin mimetic properties. In a study, (Shankar
et al., 2003) reported the application of Pelargonium graveolens
leaves and its associated endophytic strains in gold NPs synthesis.
Also, Amylomyces rouxii, an endophytic fungus has been utilized for
the synthesis of silver NPs synthesis (Musarrat et al., 2010). These
green synthesized NPs have lot of potentials against various Gram-
positive, Gram-negative, phytopathogenic and human pathogenic
fungi (Verma et al., 2011; Raheman et al., 2011). Likewise, (Devi
et al., 2012) isolated an endophytic Penicillium sp. from the medic-
inal plant, Centella asiatica for the synthesis of silver NPs. The green
synthesized NPs showed potential antibacterial activity against
various human pathogens. In this study, we screened endophytic
fungi extracts for the synthesis of gold NPs and characterized.
We also investigated the particle size of synthesized NPs and struc-
tural characterization was performed. The cytotoxic effect of the
NPs was also studied on breast cancer cells.

2. Materials and methods

2.1. Collection of plant materials

Chonemorpha fragrans belongs to the family Apocynaceae. It is a
large woody climber and found in theWestern Ghat regions of Ker-
ala. Roots of the plant produce highest levels of CPT than bark and
stem (Kedari and Malpathak, 2013). Mature plant parts including
roots and transition zones were collected. It was placed in steril-
ized polypropylene covers and transported to the laboratory. The
selected medicinal plant was identified by authenticated tax-
onomist Dr. G. Jeyajothi from the department. We have deposited
the voucher specimen in this department (specimen number:
314) for future reference.

2.2. Isolation of endophytic fungus

In this study, explants were used for the isolation of endophytic
fungus as suggested by (Hallmann et al., 2006) with little modifica-
tions. Briefly, roots were carefully rinsed with 0.1% (v/v) Tween 20
(30 s) and 0.1% (v/v) Bevistin (60–180 s) to avoid fungal growth on
explants. Then it was immersed in sodium hypochlorite solution
(0.1%, v/v) (30 s) and treated with ethanol (70%, v/v) (3–5 min).
The sample was rinsed with double distilled water before to start
each experimental procedure. Then the disinfected sample was
dried in a Laminar air flow cabinet aseptically and exposed cortex
region. Further, it was kept on agar medium for the isolation of
endophytic fungi. All plates were incubated at 28 ± 2 �C for 5–
7 days under dark. After one week, a single hyphal tip was carefully
separated from the plate and further sub cultured on potato dex-
trose agar plates (Himedia, Mumbai, India) and incubated for 5 days
at 28 ± 2 �C. The isolated culture was stored as slants and also
stored in glycerol (50%, v/v) at �80 �C.

2.3. Molecular characterization of endophytic fungus

The isolated fungus was characterized based on 18S rDNA gene
sequencing. DNA of the fungus was extracted using a DNA isolation
kit as per manufacturer’s instructions. The internal transcribed
regions of 18S rDNA were amplified using ITS4 and ITS1 region
(Innis et al., 1990). The amplified 18S rDNA gene sequences were
submitted after the analysis of Basic local alignment search tool
(BLAST).

2.4. Green synthesis of gold NPs

In this study, the isolated Fusarium solani was cultured in YEPD
broth and the culture was kept on a shaker incubator at 120 rpm
(28 �C). The culture was incubated up to 9 days and the culture
was filtered using a cheese cloth and washed with double distilled
water sever times. To the biomass, 100 ml sterile milli Q water was
added and kept in static condition for 2 days. Then the total bio-
mass was passed through Whatman No-1 filter paper. Then the
pH of the sample was maintained as 8.5 using 0.1 N NaOH. About
1 mM HAuCl4 (99 ml) solution was taken in a clean beaker, to this
1.0 ml fungal extract was added and incubated for 48 h under dark
(Figure not shown).

2.5. Characterization of gold nanoparticles

The green synthesized NPs were characterized using UV–Visible
spectrophometer between wavelength 350 and 800 nm. The peak
value towards these ranges was tested. FT-IR analysis (Perkin-
Elmer) was also performed to analyze the functional groups of
NPs. These two analyses were performed periodically to monitor
the development of NPs. X-Ray diffraction (XRD) analysis (Philips
PW 1830 instrument) and particle size analysis (Malvern Zetasizer-
nanosizer) were used to characterize NPs.

2.6. Cell culture and maintenance

Anticancer properties of NPs on Human embryonic kidney
(HEK) cells, cervical cancer (HeLa) cells and Human Breast (MCF-
7) were analyzed. Bacterial and fungal contaminations were
restricted by adding streptomycin and penicillin (100 IU/100 mg)
with this medium. All three cell lines were cultured at 37 �C in
the presence of 5% CO2 using a CO2 incubator in a standard method
(Thangam et al., 2011; Vivek et al., 2011).

2.6.1. Evaluation of cytotoxicity
MTT assay was performed to analyze the inhibitory concentra-

tion (IC50) of synthesized NPs. Initially all three cancer cell lines
were culture in a microtitre plant for about 2 days to obtain 75%
confluence. The medium was discarded and MTT was added on
the culture and incubated for 4 h at 37 �C. Then, the supernatant
was removed and about 50 mL of DMSO was loaded with the sam-
ple and incubated for 10 min. The absorbance was read at 620 nm
using a microtitre plate reader and the percentage viability was
calculated.

2.6.2. Morphological assays
For the morphological assay, MCF-7 cells were treated with NPs

at various concentrations and further fixed using ethanol and
acidic acid solution at the ratio of 3:1 (v/v). Further, the cover slip
was carefully mounted on a glass slide to analyze morphological
changes.

2.6.2.1. Apoptotic cell death analysis. The MCF-7 cell line concentra-
tion was adjusted as 1 � 105 cells/mL before to perform the exper-
iment. To the 90 mL MCF-7 cells, 1 mL dye (mg/ml ethidium bromide
and acridine orange) was mixed on cover slips.

2.6.2.2. DAPI nuclear staining. In this study, the MCF-7 cells were
placed on coverslip using a 24-well microtiter plate with NPs for
24 h. The fixed MCF-7 cells were incubated with triton X-100
and allowed for permeation for 3 min. Then DAPI (10 lL) was
added over the cell lines and the cells were analyzed under a fluo-
rescent microscope (Nikon Eclipse, Inc, Japan).

2.7. Cell cycle analysis

Cell cycle was analyzed to evaluate the impact of NPs on the
mechanism of green synthesized NPs mediated cell changes. Two
cancer cell lines (MCF-7 and HeLa cells) were subjected for cell
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cycle analysis. A flow cytometry was used to analyze the cell cycle
(BD FACS flow cytometer) and the intensity of fluorescent signal
was observed by CellQuest and Modifit.

2.8. Statistical analysis

All analytical experiments were carried out in triplicate experi-
ments. The analytical results were analyzed using SPSS (version
17.0) statistical software. The P-value (<0.01) was described as sta-
tistical significant.
3. Results and discussion

3.1. Isolation of endophytic fungi

The fungi showed a white cottony growth on PDA covering the
entire plate within 6–7 days. The hyphae appeared as hyaline
hyphae and yellowish mycelium was observed, then the colour
of the mycelium changed as bluish –grey after 14 days of incuba-
tion. The amplified gene product was purified using agarose gel
electrophoresis and 476 bp amplicon was observed.

3.2. ITS rDNA sequencing

The ITS region of rDNA sequence data of the fungus gave 100
percent similarity for the fungus in the NCBI GenBank database
and identified as Fusarium solani ATLOY-8. The 18S rDNA sequence
was finally deposited in Genbank with Accession No, KY497951.
The 18S rDNA sequence of Fusarium solaniATLOY-8 was compared
and phylogentic tree was constructed.

3.3. XRD and FT-IR studies

Camptothecin stabilized gold nanoparticles were successfully
synthesized by the above mentioned modified method. Fig. 1 rep-
resents the XRD analysis of Camptothecin stabilized gold NPs
which produced by Fusarium solani associated with Chonemorpha
fragrans. Crystalline structure and phase purity of the synthesized
nanoparticles were analysed usingX-ray Diffraction studies. The
diffraction pattern was analysed in the range of 2h between 5
and 80�. Fig. 1 shows the p-XRD patterns of CPT (Camptothecin)
with Gold nanoparticles under optimum conditions are shown.
Peaks at angles at 2h = 32. 19, 38. 32, 46.16, 57.50, and 76.81�
shows distinct peaks of CPT with gold nanoparticles. The diffrac-
tion peaks were indexed as (0 0 6), (1 1 1), (2 0 0), (2 2 0),
(3 1 1) which suggested the reflections of gold NPs. CPT stabilized
Fig. 1. XRD pattern of Camptothecin loaded gold nanoparticles.
AuNPs did not change any shift patterns. Thus CPT coating did not
affect the integrity of the structure of Au NPs was stabilized by CPT.

Fig. 2 shows the FT- IR spectrum of synthesized gold nanoparti-
cles. The spectrum showed different IR peaks at different positions
for various functional groups. The peaks at 1413 cm�1 ascribed to
the amine II bands of protein present in the sample. The observed
band at 1041 cm�1 corresponds to the C-N stretching vibrations.
The band obtained at 690 cm�1 revealed C-H stretching vibrations.
These bands revealed the presence of amide II bands of proteins
and or/ polypeptides respectively. These findings were highly
agreed with previous findings (Caruso et al., 1998; Van de Weert
et al., 2001).

3.4. UV–Visible spectroscopy

The stabilization of gold nanoparticles by camptothecin was
analyzed by the UV – Visible spectroscopy. The UV–Visible spectra
of gold NPs stabilized using camptothecin were presented in Fig. 3.
The synthesized NPs showed pink-ruby red colors and high peak
plasmon band was observed between 510 and 560 nm. It is
observed that intensity of absorption steadily increases the wave-
length and band stabilizes at 551 nm. This finding is in good agree-
ment with the previously reported values (Mulvaney, 1996). The
exhibited high absorption band at 545 nm attributed to the forma-
tion of camptothecin loaded Gold nanoparticles. Single and intense
absorption peak in the spectra confirm the formation of metallic
gold nanoparticles. No additional peaks or shoulder peaks were
found in the spectra proves that all camptothecin loaded gold solu-
tion reduced to metallic gold and none left un-reacted.

3.5. SEM, DLS and zeta potential studies

The morphological study of synthesized Camptothecin loaded
gold nanoparticles was analyzed by SEM analysis. Fig. 4 shows
the SEM image of gold nanoparticles which was stabilized by using
camptothecin. The obtained images were found to be needle and
flower like structures with spindle shape. The nanoparticles are
aggregated and agglomerated in the observed SEM images. DLS
analysis was applied to measure the particle size of the synthe-
sized camptothecin stabilized gold nanoparticles. Fig. 5 shows
the particle size distribution of Camptothecin stabilized NPs. The
average diameter of the synthesized nanoparticles between 40
and 45 nm. The present finding revealed that, CPT is the most sta-
bilizing agent which gave rise to nanosized gold nanoparticles. Par-
ticle stability and adhesion of the synthesized NPs are significantly
Fig. 2. FT-IR studies of Camptothecin loaded gold nanoparticles.



Fig. 3. UV–Visible spectra of Camptothecin loaded gold nanoparticles.

Fig. 4. SEM image of Camptothecin loaded gold nanoparticles.

Fig. 6. Zeta potential studies Camptothecin loaded gold nanoparticles.

Table 1
Cytotoxic activity of sample (mg/ml).

Cells IC50

MCF-7 0.8 ± 0.5
HeLa 1.3 ± 1.0
HEK Insignificant toxicity
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influenced by the zeta potential. Fig. 6 showed the charge reversal
behaviour of gold nanoparticles which was inferred by difference
in zeta potential value. The zeta potential value of gold nanoparti-
cles undergone charge transition, from negative (�3.00) to positive
(7.00). The zeta potential of gold nanoparticles at 25 �C was
observed as 2.5 mV, which mainly indicates the stability of the
NPs in aqueous (water) solution. Because of the aggregation of
Fig. 5. Particle size distribution of Camp
particles, the repulsion between the particles get reduced thus
decrease the stability of the particles (Rahme et al., 2013).

3.6. Cytotoxicity assay

3.6.1. MTT assay
The synthesized Nano particles on the cell response of MCF-7,

HeLa and Human Embryonic Kidney cell line using MTT assay
was examined and IC50 values were calculated and shown in
Table 1. The results indicate anticancer potential of NPs on HeLa
cell lines and the IC50 value was found to be 1.3 ± 1.0 mg/ml fol-
lowed by 0.8 ± 0.5 mg/ml against MCF-7 cell line. It can be noticed
from the results that there was an insignificant activity found in
Human Embryonic Kidney (HEK) cell line shown in Fig. 7. The mor-
phology of the MCF-7 cells in the presence and absence of NPs was
also studied using inverted phase contrast microscopy. The results
were shown in Fig. 8. In the control, high density of cell layer was
observed. Cells treated with synthesized nanoparticles were
observed with low density, more condensed, irregular and frag-
mented in MCF-7 cells lines due to apoptotic cell death. It is stated
tothecin loaded gold nanoparticles.



Fig. 7. The cytotoxic effect of MTT reduction assay showing the IC50 values in MCF-
7, HeLa and insignificant cytotoxic effect of HEK cells on camptothecin loaded gold
nanoparticles.

Fig. 9. MCF-7 cells treated with different concentrations of (0.5 lg/ml, 1 lg/ml, and
2 lg/ml) of the HAuCl4 solutionand further stained with AO/EtBr (b-d). a – control.
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that after exposure to light of an appropriate wavelength, NPs are
being led to the generation of cytotoxic reactive oxygen species
(ROS) (Valsalam et al., 2019; Anju et al., 2019). Bao et al. (2016)
reported that, 10-hydroxycamptothecin-conjucated gold nanopar-
ticles showed potent cytotoxicity against MDA-MB-231 cell lines.
It is because the ROS leads to microbial cell death and cell damage
(Parasuraman et al., 2018; 2019a, 2019b).

3.6.2. Acridine orange/EtBr staining
The AO/EtBr staining results revealed apoptotic cell death due

to the activity of NPs (Fig. 9). The untreated cancer cells (control)
did not show any significant adverse effects. Where MCF-7 cell line
appeared dense red colour, which is mainly due to apoptotic cell
death and results highly condensed nuclear materials. Previously
(Singh et al., 2013) used green synthesized gold NPs from Padina
gymnospora and reported irregular size, plasma membrane bleb-
bingand mitochondrial depolarization in apoptotic cell death of
HepG2 and A549 cells. There are several authors reported that
when cells undergoing for an apoptotic death, the DNA in cells
becomes as dense, fragmented and condensed chromatin
(Manivasagan and Oh, 2015; Park et al., 2017).

3.6.3. DAPI staining
The DAPI staining method was used to evaluate to check the

nuclear fragmentation and condensation of nanoparticle treated
Fig. 8. The morphological characterization of MCF-7 cells treated (b-d treated) with
0.5 lg/ml, 1 lg/ml, and 2 lg/ml, of HAuCl4 solutionrespectively and (a) control.
cell lines. There are no significant changes observed in untreated
cells at 400� magnification under fluorescence microscope. The
nanoparticle treated cancer cell lines of MCF-7 cells show bright
patches which indicates the condensed chromatins and nuclear
fragmentations shown in Fig. 10. HeLa cells were treated with
novel fucoidanase Gold Nanoparticles induced the DNA damage
and apoptosis in cancer cells were reported by (Acevedo-
Morantes et al., 2013) Loss of morphological feature was observed
after 10 h of treatment of MCF7 cells at low concentrations of
Camptothecin: SLN complexes (Marzouni et al., 2018).
3.6.4. Cell cycle arrest analysis
To explore the mechanism of synthesized green nanoparticles

mediated cell changes, we analysed the cells after 12 h exposure
of the cells with synthesized GNPs (Fig. 11). We found that there
was accumulation of cells in the G0-G1, S and G2/M-phase of con-
trol cells. There were no changes in the G0-G1-phase and the per-
centage of cells was remaining constant. Apoptosis can be induced
by arrest of cell cycle. Accumulation of apoptotic cells decreased in
sub G0 and G1 phase of cell cycle in the MCF-7 cancer cells were
found to be 55.13%, 52.11% and 51.10% after 12 h exposure to dif-
ferent concentrations of 0.5 lg/ml, 1 lg/ml, and 2 lg/ml of the
extract respectively (c-d, and a is control) as compared to the
Fig. 10. MCF-7 cells treated with different concentrations of (0.5 lg/ml, 1 lg/ml,
and 2 lg/ml) of the HAuCl4 solution and further stained with the nuclear stain DAPI.



Fig. 11. HAuCl4 solutiontreated in different concentration of 0.5 lg/ml, 1 lg/ml,
and 2 lg/ml inMCF-7 cells (b-d). a – control, and further stained with PI for cell
cycle analysis by flow cytometry. Panels indicate the occurrence of cells in each
phase of the cell cycle. Data show the percentage of live cells in each phase of the
cell cycle.
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control. This was due to the inhibition of cyclin expressions.
Cyclins are the most important protein involved in the G1 to S
transition of the cell cycle.

We observed the reduction of G2 and M phase simultaneously
which indicated significant arrest of cell cycle check point G1/S
transition phase. Many others reported that decrease of cyclin
plays a vital role in apoptotic cell death. It was previously reported
the influence of gold nanoparticles green synthesized by Abutilon
indicum on HT-29 colon cancer cells (Mata et al., 2016).

4. Conclusion

The present finding represents a very efficient and environment
friendly method of the synthesis of gold nanoparticles using crude
extract of an endophytic fungus from the plant roots of Chonemor-
pha fragrans. The fugal aqueous filtrate mediated the production of
gold nanoparticles between 40 and 45 nm. The synthesized gold
nanoparticles were characterized by various analytical techniques
and the synthesized particles found to be highly stable. The biosyn-
thesized gold nanoparticles have shown effective anticancer activ-
ities. These gold nanoparticles showed potent cytotoxic agents on
MCF-7 and HeLa cells. This alternative method of biosynthesis of
gold nanoparticles would stand against the popular chemical
methods in the field of medical biotechnology.
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