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Abstract

Background: Currently, nanomaterials (NMs) research and development is at a fastest pace due to the enhanced
implication in different areas of applications. The synthesis of such NMs through biosynthesis methods is gaining
much importance because of low cost involved and environment-friendly approach. In this present study, the
nanoparticles (NPs) are synthesized using a medicinal plant, with anticancer properties so as to incorporate the
therapeutic activity within the NPs, such that the NPs will have the attributes of NMs alongside the phytoactivity.

Results: The synthesis of gold nanoparticles (AuNPs) using Graviola, the fruit of Annona muricata (Ramaphal fruit)
commonly referred as Mullu seetha fruit (Tamil), was successfully carried out. The initial confirmations of the NPs
were using UV-vis spectra, which showed the characteristic peak for the NPs. HRSEM analysis gave an insight on the
size and morphology of the NPs. The zeta potential was measured to check the stability of the NPs. The cytotoxicity
was carried out in VERO cell line and anticancer study in Hep2 liver cancer cell line. The surface plasmon resonance
(SPR) band showed the characteristic peak at 536 nm for the AuNPs. In SEM micrographs, the size was ranging
between 20 and 30 nm, on an average of 15 nm with spherical morphology. On the various tested concentrations
in VERO cell line, the nanoparticles were non-toxic to the cells. The anticancer study gave an IC50 value at 10.94
μg/ml.

Conclusions: The NPs showed anticancer activity in treated Hep2 liver cancer cell line and as well as
commendable non-toxic effect on normal VERO cell line. The results pose a positive impact to expand further
studies in the development of potential drug molecules to tackle the disease of interest.
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Background
Cancer—a major global public health issue
Alarmingly 8.8million people are dying each year of can-
cer, accounting to one out of six deaths and more than
the number of deaths from HIV/AIDS, malaria, and tu-
berculosis combined. Particularly, in low-income and
middle-income countries (LMICs), the disease manage-
ment remains strenuous and the burden is greatest,
where almost 75% of cancer deaths occur and the num-
ber of cancer cases is increasing steadily. It is estimated
that cancer incidence will double by the year 2035 [1].

On an estimate, around 50% to 60% of patients will re-
quire radiotherapy at some time during their treatment;
the International Atomic Energy Agency (IAEA) re-
ported that in developing countries due to a shortage of
5000 machines, nearly 70% of cancer patients could not
benefit from curative or palliative radiotherapy (Inter-
national Atomic Energy Agency 2016). The IAEA are
currently focusing to introduce radiotherapy to many of
these countries. Moreover, it could be seen that invest-
ing in radiotherapy will save lives as well as have positive
impact over economic benefits [2].

Liver cancer—global context
Liver cancer is the seventh most frequently occurring can-
cer in the world and the fourth most common cause of
cancer mortality [3]. Its incidence rates have been
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gradually rising in many countries. The highest incidence
rates of liver cancer in the world happen to be in Asia and
Africa. A majority of cause lies within the chronic infec-
tions with hepatitis B virus (HBV) and hepatitis C virus
(HCV) for almost three-quarters (73.4%) of hepatic cellu-
lar carcinoma in the world [4].

Barriers in current cancer therapy
Current cancer therapy involves three major approaches
such as surgical oncology, chemotherapy, and radiother-
apy [5]. The major obstacles in the current anticancer
agents are the development of drug resistance [6]. Multi-
drug resistance (MDR) is the simultaneous resistance to a
number of structurally and functionally unrelated chemo-
therapeutic drugs. During cancer treatment, many cancers
initially respond well to chemotherapy but subsequently
lead to acquired resistance such that more than 90% of pa-
tients with metastatic cancer either fail to respond or re-
lapse from chemotherapeutics. To address all these issues,
various efforts have been invested to elucidate both on in-
herent and acquired MDR mechanisms [7].

Inorganic compounds in cancer therapy
Selenite is one of the most studied inorganic compounds
because of its outstanding chemopreventive and antican-
cer features. It effectively inhibits cell proliferation of
various types of cancer cells. Of different human cancer
cell lines tested, lung cancer cells appeared to be more
sensitive to selenite. A study reported that selenite cyto-
toxicity was correlated with Se uptake of three lung can-
cer cell lines (H157, H611, and U2020) and high
concentrations (> 1 mM) of selenate were non-toxic for
these cell lines. Se plays a role as natural killer (NK) in
cell-based anticancer immunotherapy where it increases
the susceptibility of cancer cells to CD94/NK group, and
has potential clinical applications in lung cancer pa-
tients. The combined effect of selenite and thioredoxin
reductase inhibitors was detected in human ovarian and
lung cancer cell lines. These results indicated the capaci-
ties of Se compounds to enhance the activity and reduce
the toxicity of anticancer drugs. Additionally, these com-
pounds appear to be more effective in inhibiting the
growth of anticancer drug-resistant cancer cells com-
pared with drug-sensitive cancer cells by means of de-
activating various resistance mechanisms adapted by the
cancer cells. Chemotherapeutic drug-resistant lung can-
cer cells were more sensitive to selenite compared to
drug-sensitive cancer cells [8].

Microorganisms in cancer treatment
Microbes offer a feasible means of inducing anti-tumor
immunity. Oncolytic viruses were among the first success-
fully used microbes in cancer therapy. An intratumoral in-
jection of herpes virus, T-VEC received approval from the

US Food and Drug Administration for metastatic melan-
oma in 2015. The authors used Escherichia coli, which are
non-pathogenic, grow extracellularly, and persist for
nearly 6 days after intratumoral injection. After the deliv-
ery of bacteria into the tumors, several rounds of bacterial
lysis continues, a constant, high local concentration of
CD47nb. It showed robust tumor-antigen-specific CD8 T
cell responses that targeted non-injected tumors with
established immunologic memory. These results strongly
suggested the induction of adaptive immunity as the
major therapeutic mechanism by which CD47 blockade
operates in immune competent animals. Successful induc-
tion of T cell responses requires the presence of antigen
as well as adjuvant to be present at the same time. The
quorum-sensing bacteria achieve it through three major
strategies. Initially, bacteria provide an abundance of adju-
vant and persist at high levels for about a week in tumors.
Followed by local delivery and quorum lysis prevent sepsis
and leakage of therapeutics cargo into circulation, decreas-
ing systemic exposure of the drug and generation of anti-
drug antibodies. And finally, bacteria have a remarkable
ability for genetic cargo and can be explored further with
more therapeutics in a strand [9].

Cancer nanotechnology
Nanoparticles (NPs) targeted for cancer therapies basic-
ally comprise of nanocarrier and the active drug, few
NPs formulations of the drug by itself also exist. The
nanodrug systems are advantageous with higher meta-
bolic stability, enhanced membrane permeability, im-
proved bioavailability, and prolonged activity. Nano
transporters allow specialized targeted drug delivery of
the anti-cancer agents to the tissue as well as at the cel-
lular level. The key factors that affect the mucosal or
transdermal absorption are size, surface charge, and
hydrophobicity. The size of the particles plays a crucial
role; smaller NPs are inducing higher transcellular up-
take than the larger particles. But NPs larger than 300
nm could not be absorbed by intestinal cells. And only
smaller NPs less than 500 nm can penetrate the blood-
stream [10].

Nanotechnology in biomedicine
There are an increasing numbers of nanoparticle-based
treatments being approved for clinical use which in-
volves mostly spherical liposomes. However, scientists
are constantly working on a wider range of NPs designs
with different core materials bearing magnetic, optical,
and biochemical properties and NPs of varying size,
shape, hardness, and surface properties. Adding on to
their therapeutic applications, NPs as well enable effect-
ive capabilities in imaging [11].
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Microbial-mediated synthesis of nanomaterials
The microbial-mediated synthesis of nanomaterials
(NMs) has been considered due to the following advan-
tages like synthetized NMs have definitive chemical
composition, size, and morphology; biosynthesis is car-
ried out under at mild physicochemical conditions; ease
of handling and cultivation of microbial cells; and possi-
bility of tunable NMs with required characteristics by
varying key parameters of cell culture set up. One of the
greatest challenges faced in microbial nano biosynthesis
is the control of dispersity of nanostructure materials,
which primarily influence electronic and optical proper-
ties. When going for large-scale productions, costs of
culture media for microbial growth affects to a greater
extent. For instance, currently, bacterial nanocellulose
applications are much limited to a few biomedical de-
vices, mainly due to the costs of culture medium [12].

Conventional chemical method of synthesis
The synthesis of gold nanoparticles (AuNPs) was first re-
ported in 1940 upon reacting gold chloride (HAuCl4)
and trisodium citrate (Na3C6H5O7 or NaCt) which re-
sulted in the formation of colloidal gold. Further on, the
detailed work carried out by Turkevich and his co-
workers has become one of the milestones of AuNPs
synthesis. From then onwards, the method has been
modified and improvised in order to meet the require-
ments of diverse area such as development of chemical
sensors for water quality analysis using surface enhanced
Raman spectroscopy (SERS), surface-induced catalytic
activities, and drug delivery in biological systems and
nano-toxicology studies. There are certain significant
features of AuNPs that make them more attractive to
employ in wide applications like surface plasmon reson-
ance (SPR), a size- and shape-dependent property, and
biocompatibility. Even though of all the distinctive prop-
erties of AuNPs, there is a major challenge residing over
its usage, which is the control of the particle size and
size distribution due to the fact of batch-to-batch vari-
ation affected by three factors, local temperature gradi-
ent, the efficiency of reagent mixing, and the resulting
local concentration gradient [13].

Green synthesis of nanomaterials
Different physical and chemical methods such as sol-
vothermal method, hydrothermal route, pulsed laser ab-
lation technique, sonochemical process, and microwave
irradiation has been exploited for the synthesis of NPs
[14]. Conventional methods have limitations such as ex-
pensiveness, undesirable end products, and hazardous
toxic chemicals, involving high temperature and pres-
sure, etc. Whereas green synthesis is an environment-
friendly, cost-effective method to synthesize nanostruc-
tural material to have tunable structures, morphologies,

and particle size distributions. Green synthesis methods
employ organisms like plant, bacteria, fungi, etc. for the
synthesis of NMs, and it has gained much interest in the
rising area of research due to their less toxic or nontoxic
nature, eco-friendly nature, and low cost of production.
Plant extract are produced from leaves, stems, flower,
and seeds of various plants. The extracts are rich in pro-
tein, amino acid, enzymes, vitamins, terpenoids, flavo-
noids, alkaloids, phenolic acids, etc., that act as capping
and reducing agents that reduces metal ions during the
bioreduction process to produce NPs or nanostructures
in varied dimensions and morphologies [15].

Limitations in the application of nanomaterials
Nanotechnology has entered cancer therapy in the re-
cent years. Upon then, many medical products have
been approved for clinical use like albumin-bound-
paclitaxel, liposomal doxorubicin, and liposomal irinote-
can. At the moment, many anti-cancer nanodrugs are
into various phases of clinical trials and preclinical re-
search. But the major drawback is the increased cost of
nanodrugs, compared with free drugs. Another limita-
tion is the uptake of nanodrugs, which occurs through
reticuloendothelial system (RES). Nanodrugs should
avoid clearance through uptake by the (RES) which oc-
curs primarily for particle size larger than 100 nm. On
the other aspect, localization of nanodrugs in tumor-
associated macrophages will definitely increase the con-
centration of the drug at the tumor sites [10].

AuNP’s—as most preferred metallic nanoparticles
Significantly, AuNPs have become versatile candidates
used for cancer detection and therapy due to their futur-
istic physicochemical properties. But still, the use of
toxic chemicals in developing AuNPs is of great concern
since it may create environmental issues. To combat
with this, biological methods of fabricating AuNPs are
the much preferred choice. Hence, synthesis of AuNPs
using plants, seaweeds, and microbes are advantageous
over physical and chemical methods. On this context,
the phytocomponents present in the natural source con-
tribute to added bio-compatibility and cytotoxicity by
stabilizing the AuNPs. There have been numerous stud-
ies stating on the anticancer properties of AuNPs syn-
thesized through biological approach. More studies
about the comparative evaluation of AuNPs against can-
cer and normal cells are needed for further extended re-
search [16].

Toxicity studies of metallic nanomaterials
Though there are several advantages of metallic nano-
particles, there is much concern regarding their safety
on biological cells as reported in in-vitro/in-vivo toxicity
studies. In higher metallic form/bulk form, gold is inert/
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non-toxic, but at the nano dimensions based on the
manner in which these NPs are developed using differ-
ent synthetic procedures and the nature of capping/sta-
bilizing agents may lead to toxicity. Though green
synthesized NPs using of various plant extracts contain-
ing polysaccharides, biomass, phytochemicals, and syn-
thetic molecules are less toxic, there is a major drawback
at the polydispersity, yield, purity, and metabolite forma-
tion aspects. There are many inconclusive data in the lit-
erature discussing whether AuNPs are toxic or non-
toxic. The toxicity of NPs is also influenced by the size,
shape, and surface chemistry of NPs. Some NPs have
demonstrated size-dependent toxicity, whereas others
have shown surface chemistry-dependent toxicity.
Therefore, predicting toxicity becomes difficult since
similar sizes of NPs results in differential toxicity on the
same cell line [17].

Anticancer effects of Annona muricata’s Fruit—Graviola
Annona muricata is a tropical tree widely distributed in
the regions of Africa, South America, and Southeast
Asia. It belongs to the family Annonaceae. It is com-
monly referred as soursop, graviola, and guanabana. The
fruit is edible in green heart-shaped and the tree com-
prises of large, glossy, dark green leaves. It has been re-
ported in the literature that nearly 74 bioactive
compounds of the plant exhibit a variety of anticancer
effects in in vitro and in vivo animal model systems. A.
muricata-derived preparations and formulations have
been used for the treatment of different disease condi-
tions, thereby proving its prominence in Ethnomedicine
[18]. The bark, leaves, and roots of Annona muricata
have been extensively applied globally in the disease
management of various ailments, including inflamma-
tory conditions, rheumatism, diabetes, hypertension, in-
somnia, cystitis, parasitic infections, and cancer [19].

Traditional medicines—treatment of liver disorders
Herbal and traditional medicines have been used to treat
liver disorders for centuries. A. muricata is commonly
used to treat various liver disorders, particularly jaun-
dice. In a recent study, performed on phenyl hydrazine-
induced jaundice in adult rats, treated with A. muricata
aqueous extract at different doses, found a substantial
reduction in elevated bilirubin. It has also been reported
to protect against increased serum glutamic-oxaloacetic
transaminase (SGOT), serum glutamic-pyruvic trans-
aminase (SGPT), alkaline phosphatase (ALP), and liver
and brain lipid peroxidation. In addition to the hepato-
protective properties, the aqueous extract was reported
to protect against liver damage induced by CCl4 and
acetaminophen. The glucosides of A. muricata mechan-
istically reduced the bilirubin levels by converting to glu-
curonic acid that conjugates with bilirubin for excretion.

Apparently, the phytochemicals in the extract may act as
regulators increasing the activity of enzymes and trans-
porters, and thereby enhancing the overall activity in-
volved in clearing bilirubin. Combining all these
outcomes, the potential hepato-protective function A.
muricata is clearly emphasized and its prominent role in
liver function [19].
Hence, A. muricata was used for the synthesis of

AuNPs in this study. Further, the synthesized nanoparti-
cles were characterized and checked for the in vitro
cytotoxicity in VERO cell line and anticancer activity in
Hep2 liver cancer cell line.

Methods
Synthesis of the AuNPs
Preparation of gold chloride solution
Gold chloride was used in the synthesis of nanogold par-
ticles. Chloroauric solution was prepared by dissolving
required volumes of HAuCl4 in 1000 ml of deionized
double-distilled water. A stock solution of required
molar concentration was prepared and from this the re-
quired working solution was used for the synthesis. The
working solution was adjusted for the required pH and
used as such without any further dilutions for the syn-
thesis [20].

Preparation of the plant extract
The fruit of Annona muricata, Graviola (Soursop) was
brought from the local fruit store in Purasaiwalkam,
Chennai, India. The formal identification of the plant
material used in the study was identified by Dr. G. Jeya
Jothi, Taxonomist, Department of Plant Biology & Bio-
technology, Loyola College, Chennai. I would like to
confirm that no voucher specimen of this material has
been deposited. About 5 g of the peel/pulp were taken
and washed repeatedly to remove the soil and dirt over
them. Then, 50 ml of double-distilled water was added
to the finely cut leaves and taken in a conical flask. The
flask was heated for 10–15 min on flame. Then, it was
filtered and the extract was collected. The extract was
stored at 4 °C and used for the further synthesis [21].
For the synthesis of AuNPs, the pH of the stock solu-

tion was checked and adjusted. To the required quantity
of chloroauric acid solution, about 1 ml of plant extract
was added. The plant extract served as the reducing and
stabilizing agent for the synthesis. The pale yellow color
of the chloroauric acid changed into a wine red, pink or
purple color, confirming the formation of nanoparticle.

Characterization of nanoparticles using UV-vis spectra
The bioreduction of gold chloride in aqueous solution
was monitored by periodic sampling of the aliquots of
the suspension. One milliliter of the sample was diluted
with 30 ml of double-distilled water and analyzed for the
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presence of nanoparticles. The UV-vis spectra of the
AuNP’s were recorded using a Systronic smart DBS
2303 UV-vis spectra operating in the wavelength of 400
to 700 nm.

HRSEM analysis
The NPs were diluted with Millipore water in the ratio
of 1:20 such that the concentration of the NPs became
much less, thus enabling better imaging of the NPs.
About 10 μl of sample was placed on the aluminum foil
and allowed to air dry. Then the scanning electron mi-
crographs of the samples was carried out at SAIF (So-
phisticated Analytical Instrumentation Facility), IIT
Madras, Adyar [22].

Zeta potential
The stability of the NPs synthesized is elucidated on
analysis of zeta potential. It is the measure of the
charged species present at the NPs surface that prevents
from aggregation and ensuring highly stable nanoformu-
lations. The more the positive or the more the negative,
the zeta measure possess the strongest stability.

Fourier-transform infrared spectroscopy analysis
The Fourier-transform infrared spectroscopy (FTIR)
analysis method uses infrared light to scan the test sam-
ples and observe its chemical properties and other con-
stituents. The synthesized NPs were analyzed for the
presence of functional groups of plants that aided in the
process of NPs formation. The study was performed
using the FT-IR Spectrophotometer (Perkin Elmer) at
Bharathidasan University, Trichy.

Phytochemical analysis of the green extracts of the plants
tested
The plant extracts were tested for various phytochemi-
cals such as terpenoids, flavonoids, saponins, tannins,
phenols, Coumarins, Triterpenoids, and the results were
recorded. These phytochemicals act as the reducing and
stabilizing agents for the plant mediated synthesis of
nanoparticles.

In vitro cytotoxicity of the AuNPs
Procedure
The VERO cell line was used to check cytotoxicity of the
synthesized AuNPs. The cell line used was procured from
Translational Research Platform for Veterinary Biologicals
(TRPVB) TANUVAS, Chennai. About 1 × 104 cells (10,
000 total cells) were added into each well of 96-well plates
and incubated overnight. To this, different concentration
of AuNPs was added. The treated cells were incubated for
24 h at 37 °C in the CO2 incubator. About 10 μl (5 mg/
ml) of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazo-
lium bromide (MTT) was added to each well. The cells
were incubated for about 3 hours for the formation of for-
mazan crystals. About 100 μl of dimethyl sulfoxide
(DMSO) solvent was added to dissolve the formazan crys-
tals and incubated for about an hour. The absorbance was
read at 540 nm with a reference filter of 620 nm. Percent-
age of cell viability was calculated. Formula for cell inhib-
ition = (O.D of treated cells/O.D of control) × 100.
Formula to check cell viability = (100 – cell inhibition)

Anticancer activity of the AuNPs
Procedure
The Hep2 liver cancer cell line was used to check an-
tiproliferative activity of the synthesized nanoparticles.
The cell line used was procured from Kings Institute,
Guindy, Chennai. About 1 × 104 cells (10,000 total
cells) were added into each well of 96-well plates and
incubated overnight. To this, different concentration
of AuNPs was added. The treated cells were incu-
bated for 24 h at 37 °C in the CO2 incubator [6].
About 10 μl (5 mg/ml) of MTT was added to each
well. The cells were incubated for about 3 h for the
formation of formazan crystals. About 100 μl of
DMSO solvent was added to dissolve the formazan
crystals and incubated for about an hour. The absorb-
ance was read at 540 nm with a reference filter of
620 nm. Percentage of cell viability was calculated.
Formula for cell inhibition = (O.D of treated cells/
O.D of control) × 100. Formula to check cell viability =
(100 – cell inhibition) [23].

Fig 1 a–c Extracts of Graviola peel and pulp, preparation for the pulp extract
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Results
Synthesis of AuNPs
The NPs were synthesized using the pulp and peel ex-
tract of the soursop fruit, Annona muricata on reduction
with chloroauric acid. The synthesized NPs were pale
pink to deep wine red in colour (Figs. 1 and 2).

Effect of pH on the synthesis
The pH has a prominent role in the synthesis of the NPs.
A pH range of pH 6, pH 8, and pH 10 were tested. It was
found that pH 8 to be the optimum pH for the synthesis
of NPs. At other pH gradients, the reduction of chloroau-
ric acid was not complete; a partial reduction was noted
from the colour changes of the chloroauric solution [24].

UV Visible Spectrophotometry
The UV absorption peak is the respective wavelength at
which the optical absorption spectra of metal nanoparti-
cles are measured by the surface plasmon resonance.
There exists a correlation between the wavelength and the
particle size, wherein wavelength shifts to longer spectrum
with increasing particle size. Based on the particle size, the
position and shape of plasmon absorption of AuNPs

highly varies. The initial confirmation of the NPs synthesis
was through UV absorption spectrum, which was showing
characteristic peaks for the synthesized AuNPs.
Similar results has been stated for nanoparticles syn-

thesis by Jae Yong Song et al. 2009 (Fig. 3).

Zeta potential
The stability of the synthesized NPs were measured
through zeta potential analysis. The zeta potential ana-
lysis the associated charges present at the surface of the
NPs. This charge aids much more in the higher stability
of the NMs. It helps the particles to stay monodispersed
and prevents agglomerations. The zeta measures exist in
polar ranges, it is either toward positivity or negativity.
Both of these ranges assure high stability of the NPs.
The zeta potential measurement also gives projection
over the stability of the synthesized colloidal suspen-
sions. In general, when the zeta potential value is about
> 30 mV, there are less chances for agglomeration of the
particles due to the electrostatic forces between the par-
ticles (Devika R. Bhumkar et al. 2007). The results ob-
served were in concordance to similar reports by Devika
R. Bhumkar et al. 2007 (Fig. 4).

Fig. 2 The synthesized AuNPs using A. muricata peel and pulp extract

Fig. 3 a–d UV absorbance spectrum of AuNPs synthesized by A. muricata peel at 10−1 (ƛmax − 529 nm), A. muricata pulp at 10−1 (ƛmax − 525 nm),
A. muricata peel at 10−3 (ƛmax − 520 nm), A. muricata pulp at 10−3 (ƛmax − 543 nm). The peak confirms the formation of AuNPs
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HRSEM analysis
The size of the NPs was 12 nm upwards, and an average
about 20 nm; a commendable nano dimension achieved
through plant-mediated synthesis. The NPs were spher-
ical in morphology and evenly distributed. The signifi-
cance on the size of the nanoparticles has been similarly
stated by Jayanth and Vinod 2002 (Fig. 5).

FT-IR analysis
FT-IR analysis of A. muricata peel
Table 1 shows the FT-IR analysis of A. muricata peel.

FT–IR analysis of A. muricata pulp
Table 2 shows the FT-IR analysis of A. muricata pulp.
The FT-IR spectra of organic compounds have two

general areas, the functional group region (4000–1500
cm−1) and the finger print region (1500–400 cm−1). The
peaks present in the functional group region correspond
to the particular type of bonds present in the compound
and hence can be used to identify the specific functional

Fig. 4 Zeta potential analysis. Zeta potential (mean): − 30.9 mV. Zeta potential (mean): − 32.9 mV. Zeta potential (mean): − 34.9 mV

Table 1 FT-IR analysis A. muricata peel

S. No. Wave number (absorptions) (cm−1) Functional groups

1. 1384.25 (-C-H) alkane

2. 1416.38 (C=C) aromatic

3. 1641.75 (C=C) Alkene

Table 2 FT-IR analysis A. muricata pulp

S. No. Wave number (absorptions) (cm−1) Functional groups

1. 414.55

2. 490.38

3. 620.91 =(-C-H) alkane

4. 1113.78 (C-O) alcohol, (C-O) Ester

5. 1384.23 (-C-H) alkane

6. 1639.72 (C=C) Alkene

7. 3465.22 (N-H) Amine, (O-H) alcohol
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groups of the compound under study. The peaks present
in the fingerprint region are a result of complex defor-
mations of the molecule. In particular, they may be a
characteristic of molecular symmetry or combination of
bonds deforming simultaneously. Similar results have
been reported by Jolly Mariam Johny et al. (2011).

Phytochemical analysis of the green extracts of the
samples used
The phytochemistry of the plant extracts were carried
out to check for the various secondary metabolites and
constituents of the plant. The results showed the pres-
ence of many compounds as listed below (Table 3).

In vitro cytotoxicity in VERO cell line
The in vitro cytotoxicity assay was carried out in VERO
cell line. The results obtained show that the AuNPs are
having higher cell viability under all the various tested
concentrations. Thereby the synthesized AuNPs are
non-toxic over the treated VERO cell line.

The viability % of the AuNPs was illustrated through
MTT assay in the VERO cell line, which showed that the
AuNPs under study has good cell viability percentage at all
the tested concentrations. Hence the synthesized AuNPs
can be considered for further extended study (Fig. 6).

Fig. 5 a HRSEM images of the nanoparticles. b Nanoparticles showing spherical morphology. c Size of the nanoparticles measured

Table 3 The various phyto chemicals present in the plant
extract

S. No. Compounds A. muricata peel A. muricata pulp

1. Coumarins + +

2. Saponins + +

3. Flavanoids − −

4. Terpenoids + +

5. Triterpenoids − −

6. Carbohydrates + +

7. Phenols Yellow color Yellow color

8. Tannins + +

9. Alkaloids + +

+ = Presence of the compound, − = absence of the compound
The number of signs indicates the intensity of results observed
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In vitro anticancer activity in liver cancer Hep2 cell line
The results of the anticancer activity on the liver cancer
Hep2 cell line showed that the Graviola mediated syn-
thesized AuNPs, using pulp and peel, have demonstrated
well antiproliferative activity against the cancer cell line.
And proved to be efficient in most of the concentrations
tested and the inhibition concentration 50 IC50 was at
17.98 μg/ml for NP1 and 13.08 μg/ml for NP 2 recorded
out of the study. Based on the study, the AuNPs synthe-
sized using Graviola peel extract has higher anticancer
activity (Fig. 7).
Comparative anticancer activity between NP 1 &

NP 2

Fluorescence assisted cell sorting—FACS analysis
Treated VERO cells

Treated Hep2 cells

Fluorescence activated cell sorting (FACS) differenti-
ates between the live and dead cells in the given
population. The cells were labeled with PI (propidium
iodide) and DAPI (4′,6-diamidino-2-phenylindole).
DAPI was taken up by live cells, whereas PI stained
the dead cells. In treated VERO cells, the percentage
of live cells were highest and in treated Hep2 cells
the PI log was seen in highest percentage. The results
were much in concordance to the in vitro MTT
assay. Similar analysis has been reported by Chih-Jen
Lai, et al. 2019 [25].

Discussion
Ethnomedicine is emerging again from its dormancy.
The traditional use of plants as therapeutic agents is an
age old practice in many countries and cultures [26].
The results from the study imply a successful implication
of an ethnomedically important plant for the treatment of
cancer. The Graviola fruit is widely known for its antican-
cer activity as a crude extract. The present study has
exploited the plant in the synthesis of nanoparticles and
the anticancer activity of the synthesized nanoparticles is
well demonstrated. Further, the bioactive compounds that
are underlying this activity have to be elucidated. The ex-
traction and purification of those bioactive compounds
will help us to understand the mechanism of action
against the disease. The anticancer studies can be ex-
tended targeting other types of cancer [27].
For a better oncotherapy and tumor targeting,

nanotechnology-based drug delivery systems provides an
exceptional opportunity. Among the various available
nanotechnology-based strategies for tumor targeting,
nanocrystals play a remarkable role since they are highly
suitable for passive and active targeting with maximum
possible drug content almost to 100%. In nanotechnology-
based systems, there is a possibility to deliver together
diagnostic probes along with the anticancer drugs. This
combinational tumor theranostics approach results in the
treatment of cancer, in a way simultaneously recognition,
its evaluation, and transmission stages of the tumor. The
multiple nanotechnology-based delivery systems utilized
for tumor theranostics are polymeric nanoparticles, lipo-
somes, micelles, polymersomes, etc. [28].
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Fig. 6 a VERO cell line. b Control cell after 24 h. c After treated with AMNP1. d After treated with AMNP2. e The formazan crystals formed in
treated VERO cells followed by MTT dye incubation. f Viability % in treated VERO cell line
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Presently, NPs have been extensively made use of topical
drug delivery for wound healing. AuNPs have been much
exploited for their potential antibacterial properties. Dif-
ferent types of nanocarriers have been used to enhance
the permeation of drugs through skin as an alternative
route to overcome the challenges of conventional oral and
parenteral routes. Additionally to the use of lipid-based
nanocarriers for dermal application of drugs, some poly-
meric nanocarriers showed an equally promising role in
their places. The nanocapsules were used to deliver the
antiandrogenic drug flutamide to the hair follicles thus
providing a controlled and sustained drug release and
thereby minimized penetration to the systemic circulation.
Supportively, confocal microscopy imaging showed the
follicular localization of the fluorescently labeled nanocap-
sules (NCs). To achieve long-term stability, NPs suspen-
sion can be converted to dry powder nanocomposites by
spray-drying with inert carriers [4].

Conclusion
Currently, ethnomedicine is gaining its past glory and
prominently being utilized at various treatments and
therapies. On this context, the therapeutic properties
pertaining to one of the medicinal plants, Annona muri-
cata, was exploited in this study. The synthesis of
AuNPs using pulp and peel extracts of the fruit of A.
muricata, Soursop fruit was carried out successfully.
The characterization of the synthesized nanoparticles
was analyzed under UV-vis spectra, zeta potential,
HRSEM, FTIR, and phytochemistry. The in vitro cyto-
toxicity showed that the synthesized gold NP’s are non-
toxic over VERO cell line and anticancer studies against
Hep2 cell line proved that the NP’s have good antiprolif-
erative effect over the liver cancer cell line. Compara-
tively, the AuNPs mediated by peel extract have higher

anticancer activity than AuNPs mediated by pulp ex-
tract. Finally, FACS analysis was performed to determine
the live and dead cell populations in support of the
in vitro results, which proved that the in vitro results
were in concordance with the FACS analysis.
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