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Integration of plant-based silver nanoparticles as therapeutic agents opens up
new horizons for combatting microbial infections and offering targeted
therapies for cancer treatment. Nanotechnology is a congenial and proved
technology for nanoparticle synthesis over conventional wet chemical
techniques as it was proved ecofriendly and feasible over the latter. The study
aims at evaluating the anticancer properties, caspase -3 activity of Gishta
mediated Ag-NPs extracts in vitro as a potential candidate for pro-apoptotic
active ingredients. Organic solvent extracts (chloroform and methanol) of
Gishta were evaluated for cytotoxicity effect using the Ames test (MTT Assay)
and caspase-3 enzyme activity studies. All the tested fractions exhibited
powerful cytotoxicity (95% Cell death), elevated caspase-3 activity. This
research concludes that the Gishta mediated Ag-NPs has a higher value of
bioefficacy and suggest that it increases caspase-3 activity and fights effectively
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against cancer cells.
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1. Introduction

The utilization of silver nanoparticles (AgNPs) prepared from phyto extracts is a promising
strategy for combating microbial infections and addressing the challenges associated with
cancer treatment. The integration of nanotechnology with the therapeutic properties of plants
presents a unique opportunity to develop effective and targeted approaches for disease
control. In this context, silver nanoparticles derived from plant sources have shown great
potential due to their inherent anticancer properties (Chhangte Vanlalveni et al., 2021;
Yousaf A et al., 2022; Jain, N et al., 2021).

Silver nanoparticles derived from plants have gained attention in cancer treatment research
due to their potential advantages like selective toxicity, good penetration into tumor tissues,
enhanced drug delivery, synergistic effects, anti-angiogenic (crucial process in cancer
progression) properties, antibacterial and antifungal properties (secondary infections can
complicates the therapy process and weaken immune patients) (Gomes HIO et al., 2021;
Yahaya Gavamukulya et al., 2017; Yao Yihan et al., 2020). Various properties of AgNPs
make them promising agents for cancer treatment. Their tiny size and broad surface area
would enhance their high cellular uptake, promoting efficient supply of therapeutic agents to
cancer cells. Furthermore, silver nanoparticles possess inherent cytotoxic effects against
cancer cells, triggering apoptosis (programmed cell death) and inhibiting tumor growth
(Gomes HIO et al.,2021; Xu L et al., 2020; Hailong Tian et al., 2022).

Ag substances are widely being used as food supplements, garments, wrapping, and plastics
(Panaek, A., et al., 2006 and Wang, Q.F., et al., 2006). Hence, different silver substances are
formulated for fabrication of silver nanoparticles (Lu, Y., etal., 2007; Willner, 1., et al., 2006;
Nadagouda, N., et al., 2007; Chen, M., et al., 2006 and Xiong Wen Lou, et al., 2006). Of
widely used routes of silver nanoparticles preparation, toxic chemicals like NaBH4, citrate
or ascorbate (Chen, M., et al., 2006 ; Xiong Wen Lou, et al., 2006 and Ping-Lin Kuo & Wei-
Fu Chen., 2003) are used as reducing agents. These toxic reducing agents are related to
biological hazards. So developing an organic amalgamation of silver nanoparticles is very
desired to subside this problem. Moreover, the use of plant-based silver nanoparticles offers
several advantages over conventional treatment approaches. Plants are readily available,
cost-effective and offer a diverse scope of prominent compounds to prepare nanoparticles.
Furthermore, the eco-friendly nature of the green synthesis method minimizes the
environmental impact associated with traditional chemical synthesis processes(Habeeb
Rahuman HB et al., 2022; Mustapha T et al., 2022; Rosman, N. S. R et al., 2021).

Plant based nanoparticles preparation has been proved simple and eco-friendly hence started
gaining importance these days. Gold nanoparticles of Alfalfa (Gardea-Torresdey, J.L., et
al., 2003; Gardea-Torresdey, J.L., et al., 2002), Aloe vera (Chandran, S.P., et al., 2006),
Cinnamomum camphora (Huang, J., et al., 2007), Azadirachta indica (Shankar, S.S., et al.,
2003), Emblica officianalis (Ankamwar, B., et al., 2005), Cymbopogon citratus (Shankar,
S.S., et al,, 2004) and Tamarindus indica (Ankamwar, B., et al., 2005) are recorded, but still
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the potentiality of nanoparticles of many plants have to be explored. Plant extracts may
contain bioactive compounds with potential pharmaceutical applications. Caspase activity
assays can be used as part of a screening process to identify plant-derived compounds that
could have pro-apoptotic effects, making them potential candidates for anticancer or
antimicrobial drug development (Chaudhry Gul-e-Saba et al., 2022).

Graviola, a short, erect and evergreen tree species grows about 5-6 m long, leaves are shiny
and dark green. It produces large, green, heart shaped fruits having white fleshy edible pulp.
The fruit measures about 15-20 cm in diameter. The different parts of the plant have been
utilized conventionally for treating various ailments (Edwards, S., et al., 2000). Graviola is
usually present in the rain forests of different regions of the Earth. The other names of the
plant are thorny custard apple, cherimoya and Brazilian pawpaw. The fruitis also
called differently in various languages like soursop (regions of America), and cachiman
(épineux), shul-ram-fal, hanuman fal, and mullaatha (India), Harar and yebere lib (Ethiopia)
means heart of cow (Blackherbals, 2019).

As traditional folkloric medicine seeds and leaves of Gishta are very effective in treating
cancer, various parasitic infections etc. Seeds are known for their emetic function, seed oil
kills lice, floral parts are antispasmodic in nature, fruit pulp has been used as diuretic and to
treat some other ailments. The raw fruit has astringent properties, cures intestinal problems,
whereas ripened fruits are used as antiscorbutic and anthelmintic. The beverage is used as
medical supplement to treat gaustric problems. The bark is effective in curing diarrhoea and
dysentery. The medicinal properties of the species are attributred to bio-active compounds
acetogenins (Ruppercht, J.K., et al., 1982). To our knowledge investigation of Gishta for
phtochemical composition, antibacterial, antifungal, anticancer, caspase-3 activity of silver
nanoparticles has not been done especially on this plant species (Saripalli, Harikrishna &
Dixit, Prasanna., 2016).

This study explored on synthesis of AgNPs of Gishta seeds and studying their anticancer
activities and caspase-3 enzyme activity using different biological and bioassay methods.
Bioactive ingredients in Gishta have a role in inducing toxicity of cell proliferation enzymes,
one of which is caspase-3.

2. Materials and Methodology:
2.1 Ghista fruits collection

Fruits of Ghista (Fig. 1a), collected from the Jimma (7°40'26.01"N, 36°50'8.85"E) Oromo
region, Ethiopia, in January 2016 after confirmation and authentification deposited voucher
specimen number: AAU/CBS/G/2014-01 in College of Biological Sciences, Addis Ababa
University, and supplied by Ato Behailu Etana Disasa of Natural Resource Management,
College of Agriculture and Veterinary Medicine, Jimma University, Jimma, Ethiopia.

2.2 Extract Preparation

Seeds of Gishta were dried in the shade at 28 +30C temperature under aseptic conditions.
Then the dried seed materials were powered and subjected to standardized Soxhlet procedure
using chloroform and methanol to extract the sample (Harikrishna Ramaprasad Saripalli.,
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2004). Thus prepared sample was preserved at 40C for further research.
2.2.1 Chemicals and Reagents

All chemicals and reagents were procured from certifed suppliers and were of the highest
analytical standard.

2.3 Making of Silver Nitrate solution

A quantity of 0.1699g of AgNO3 particles dissolved in 1liter purified water to prepare 1mM
solution and it was preserved in dark coloured glass jar for controlling the silver auto-
oxidation.

2.4 Synthesis of Ag-NPs

1mM AgNO3 was taken in the flasks containing chloroform and methanol plant extract(s)
separately and brought the volume of the solution to 200ml. The mixtures were subjected to
the centrifugation at 18,000 rpm for 25min and later exposed to the sand bath for 10 min at
600oc. Each solvent alone without seed extract served as a control. The process of incubation
was continued till the solution turned to dark colour. Dried plant extract was subjected to
flash evaporator for half- an-hour to get the powered Ag-NPs. The leftover material was
treated as the absolute extract powder and different concentrations of the extract powder
were prepared by dissolving it in the corresponding organic solvent (Harikrishna
Ramaprasad Saripalli., 2007).

2.5 UV-VIS Spectral analysis of Ag-NPs

The synthesis of Gishta mediated Ag-NPs were further confrmed by ultraviolet—visible
spectroscopy (UV/VIS). A small quantity of the sample dissolved in the distilled water,
suspended for 5 hours and subjected to spectral analysis(Shah M et al., 2015).

2.6 Scanning Electron Microscope (SEM) analysis of Ag-NPs

Studied physical characters of AgNPs using standard procedure and Scanning Electron
Microscope (SEM). The re-dispersed nanoparticles were dried in oven to obtain a powdered
form and 10mg of the sample was re-dispersed in ethanol. The sample was made into thin
layers on a carbon supported copper grid and dried using mercury-vapor lamp.

2.7 In-Vitro Assay of Cytotoxic Activity

The Cytotoxicity of test samples (Gishta mediated Ag-NPs extracts) on HepG2 (human
hepatoblastoma cell lines) was determined by the MTT assay (Mosmann et al.,1983; La
Fontaine S et al., 1998; Southon A et al., 2004).

2.7.1 Preparation of Media and Reagents

Dulbecco’s modified Eagle’s medium (DMEM) Prepared using the ingredients like 4.5g/1
glucose, 0.110/1 sodium pyruvate and L-glutamate and Fetal calf serum (FCS). The medium
was further filtered and sterilized with gamma-irradiated at 25-28 kGy to sustain the quality
and stored in 50 ml sterile flasks at -20 °C until use.

0.25% (wi/v) trypsin in Ca++ and Mg++ free phosphate buffered saline (PBS).

0.1% (w/v) EDTA in Ca++ and Mg++ free PBS
Nanotechnology Perceptions Vol. 20 No.6 (2024)
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MTT reagent - 3-[5, 5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide chemical was
prepared by dissolving 5 mg MTT in 1 ml PBS (pH 7.5). The solution was subjected to filter
sterilization and preserved at low temperature.

2.7.2 Culturing of Cell

A human hepatoblastoma cell line (ATCC) maintained in tissue culture flasks and incubated
at 37°C and 5% CO2 in a humidified incubator. 80% confluent cells were trypsinized.

2.7.3 Treatment of Cell

200ul cell suspension (3x104 cells/ml) was taken into each well of 96-well plate. To each
well, 2ul of each of the organic solvent AgNPs extract of Gishta was added in triplicate.
Three untreated cultures in wells with only carrier medium were taken as control. Finally the
filled, 96 well plate was incubated at 37°C in humid chamber for 24h.

2.7.4 MTT assay

MTT assay (Figure 4) (Hanelt, M., et al., 1994) was applied to measure the cytotoxicity. For
this 20ul MTT reagent was taken in each well after 24 hours of cell incubation and
reincubated at 37°C in a humid chamber about 3 hours. Formazan crystals formed during the
incubation were dissolved in 100ul DMSO and suspended the solution for 30min and the
absorbance was noted down at 578nm (with a reference wavelength of 630nm) with the help
of ELISA reader and the cell viability was calculated in percentage (Reddy, L., 2005).
Measurements were performed and the concentration required for a 50% inhibition of
viability (IC50) was determined graphically. The absorbance at 578 nm was measured with a
UV- Spectrophotometer using wells without sample containing cells as blanks. The effect of
the samples on the proliferation of HepG2 was expressed as the % cell viability, using the
following:

No. of cells treated
% of Cell viability = X 100
No. of cells untreated

% of cell death = 100% - percentage of cell viability
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Figure 2: SEM images at different magnifications (a.300X; b.2000X; ¢.4000X) of silver
nanoparticles synthesized from Seeds of Gishta.
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Figure 3: Ultra violet and Visible absorption spectrum of Ag nanoparticle of Ghista seeds

Figure 4 MTT Plate
2.8 Measurement of Caspase-3 activity

Caspase-3 activity was calculated by using ELISA method obtained by R&D System. The
plates were conjugated with recombinant caspase-3 and provided with monoclonal antibody
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raised against caspase-3. All samples, standards, and reagents were prepared at room
temperature then added to each well for 100 ul each and incubated at room temperature for 2
hours. After the incubation, each well was aspirated and washed 5 times. The wells were
then added with conjugate, 100 ul and then incubated at room temperature for 1 hour and
proceeded with washing the plates 5 times. Then, the plates were added with substrate
solution of 100 ul and were incubated at room temperature for 30 minutes. Stock solution
was added to each well and read the plates at 450 nm with correction wavelength of 540 nm.
Caspase-3 was available in ng/ml which means the higher value was the better value of
caspase-3.

2.9 Statistical analysis

The anticancerous data were analyzed by using 3 replicates and means were compared for
any statistical difference through the least significant difference using the online software
tool (statskingdom). If the p-value was less than 0.05, the means were substantially different.

3. Results:
3.1 Size of the peaks of the spectra

Peak size is another parameter that is accustomed to present the results of gas
chromatography. The greater the scale of the peaks, the upper the concentration of a
component of a sample.

3.2 Mass-to-charge Ratio (m/z)

This is the critical parameter that is derived from the mass spectrometry data. This ratio
represents the mass of a given particle compared to the electric charge that it carries. The
ratio is termed as m/z ratio. The spectrum of every component is exclusive. The mass spectra
of the fragments are used as a puzzle to place together with the mass of the entire particle.
This parameter is generally conclusive and provides an accurate method to spot a compound.

3.3 Synthesis and Properties of Ag-NPs

The Gishta seeds treated with AgNo3 solution and suspended till the colour change was
observed from dark yellowish to brown (Image 1b) to confirm the Ag-NPs formation. Later
different techniques were employed to learn their physicochemical properties. The stability
and formation was studied with the help of UV-Vis spectroscopy and surface plasmon
resonance band (SPR) analysis. The UV-Vis spectroscopy studies revealed an absorbance
peak at 286nm and the multiple dispersed nature was indicated by its nature of broadening
(Figure.2).

3.4. Morphological studies and elemental analysis of Ag-NPs

Morphological study of organic Ag-NPs was done using SEM microphotographs. We
conducted SEM analysis to confirm and characterize the morphology with the help of S
JEOL JSM-6610LV instrument. The results revealed that the particles predominantly
exhibited a spherical shape, as evidenced in Image 3. A similar structural phenomenon of
SEM image was reported by Chandran et al. 2006 and other research studies (Annamalai,
A., et al., 2014; Erdogan, T., et al., 2016; Seker Karatoprak, Gokge, et al., 2016 and Deshi,
Nanotechnology Perceptions Vol. 20 No.6 (2024)
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Joseph., et al., 2016). The size of the silver particles ranges between 1 to 100 nm and
predominantly between 30-70nm.

3.5 Cytotoxicity of Ag-NPs of Gishta seeds

Cytotoxicity of Gishta seed AgNPs was identified by MTT cytotoxicity assay, it is shown in
Table 1. MMT assay showed how the sample could metabolize (3-(4,5-dimethylthiozol-2-
yl)-2,5-diphenyl tetrazolium bromide). The Spectral analysis revealed cell viability.

HepG2 cells exhibited cell death when they were treated with nano particles of Gista extract.
The cell viability analysis is shown in Graph 1. Directly proportional relation was noticed
between the cell death rate and the concentration of the Gishta nanoparticles.

Table 1 Cytotoxicity of AgNPs of Gishta seeds

% of cytotoxicity exhibited by the solvent extracts
S.No. The concentration of test material (ug/ml) | Chloroform Methanol
% Cell death | % Cell viability % Cell death | % Cell viability
1. 10 16 84 18 82
2. 100 26 74 36 64
3. 1000 55 45 95 5

Cytotoxicity indicator: 50% or > cell death (Cytotoxic activity of Gishta mediated Ag-NPs of
extracts against HepG2 (human hepatoblastoma cell lines)

The results indicate that the cytotoxicity of AgNPs from Gishta seeds is concentration-
dependent, with higher concentrations leading to increased cell death in HepG2 cell lines.
Methanol extracts displayed greater cytotoxicity compared to chloroform extracts,
particularly at higher concentrations. This suggests that the solvent used for extraction plays
a crucial role in the bioactivity of the nanoparticles.

MMT assay of AgNPs of Gishta seeds solvent extracts

120 M Concentration of test material 10pug/ml

100 Concentration of test material 100ug/ml

80

60

40
I
20 I

, 1l 0

Chloroform Methanol

% of Cell Death

% of Cytotoxicity exhibited by the silver nanoparticles of seeds of Gishta

Graph 1 MMT assay of Gishta mediated Ag-NPs of solvent extracts and cytotoxicity
indicator (50% or > cell death) against HepG2 cells.

3.6 Caspase - 3 Activity

A comparative study of caspase-3 activity of chloroform extract (CE), Methanolic extract
(ME) and leucovorin at different concentrations such as 2 pg/ml, 5 pg/ml and 10 pg/ml was
Nanotechnology Perceptions Vol. 20 No.6 (2024)
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done using Enzyme linked immune sorbent assay. Notable results were registered by ME
extract at 10 pg/ml concentration with 1468 ng/ml value. The CE and leucovorin showed the
values 1325 ng/ml and 1295 ng/ml respectively (Table 2. Graph 2). Gishta-mediated Ag-NPs
of methanolic extracts upraised caspase-3 by 1.13 times, whereas chloform extracts upraised
caspase-3 by 1.02 times.

Table 2 Caspase-3 activity of AgNPs of Gishta seeds

Caspase-3 activity exhibited by the solvent extracts Standard
S.No The conce:\ntration of | Chloroform extract Methanolic extract leucovorin
el Gl Conc. Value ng/ml Conc. Value ng/ml S&Tﬁl Vel
1. 2 260 292 251
2. 5 668 738 645
3. 10 1325 1468 1295

Caspase-3 activity of Gishta mediated Ag-NPs extracts against HepG2 (human
hepatoblastoma cell lines)

The data indicates that both chloroform and methanolic extracts of AgNPs from Gishta seeds
significantly enhance caspase-3 activity in a dose-dependent manner. Methanol extracts
consistently exhibited higher levels of caspase-3 activation compared to chloroform extracts,
suggesting that the solvent may influence the apoptotic efficacy of the AgNPs.

Caspase-3 activity of Gishta mediated Ag-NPs

1600
1400 :[ I
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&
c 1000 H Chloroform
3 800 extract
g 1468 Methanolic
g
o
(&)

I
600 I 1295 extract
Leucovorin
400
_— B 6as
200 . 263 751
0
1 2

3
Concentration of test material [1.(2ug/ml), 2.(5ug/ml),3.(10ug/ml)]

Graph 2. Caspase-3 activity of CE, ME, Leucovorin at three different concentrstions.
Dominating result of ME at 10 pg/ml than Leucovorin and chloroform extracts.

4. Discussion:

New inorganic and organic based treatments should be developed to address the problems
like cancer (Yee Y et al., 2009; Khan A. Q et al,. 2011).

It is clear that the plant extract mediated biosynthesis is amenable, effective, economical,
Nanotechnology Perceptions Vol. 20 No.6 (2024)
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ecofriendly and has no side effects for human therapeutic use. The green nanoparticles
synthesis is a recently emerged viable method and a great alternative to the existing
procedures (Chung IM, 2016; Ghotekar, S et al., 2019; Mukesh N. Kher et al., 2024) . The
present analysis proved that the bio-moieties of seeds extracts helped in the making of Ag-
NPs.

Human hepatoblastoma cells HepG2 (HB-8065) showed 95% death at 1000ug/ml and 36%
death at 100ug concentrations of AgNPs. In biomedicine, drugs have been used for treatment
in lower concentrations (E.J. Calabrese, 2014). As cancer tumors show microvasculature
connection, the drug delivery with AgNps is possible by photothermal therapy to treat the
cancer cells (Yao Y et al., 2020).

The cytotoxic value of Gishta mediated Ag-NPs extracts showed good results. Chloroform
extracts inhibited cell proliferation up to 55% at 1000 pg/ml, whereas methanol extracts
possesed 95% of cell profliferation inhibition at 1000 pg/ml. Through this research, the
amount of IC-50 of Gishta mediated Ag-NPs extract in HepG2 (human hepatoblastoma cell
lines) was seen. It is the required amount to inhibit cell proliferation to half extent in vitro
(Bischof E, 2004; Muthu Irulappan Sriram et al., 2012). A study demonstrated
that AnnomuricinE from Annona spp. inhibited HT-29 cells growth (Zorofchian
Moghadamtousi S et al., 2015). It was found that the IC-50 of Annona spp. inhibited the
growth of leukemia cells (Pieme C. A et al., 2014). In another study it was found that
alcohol-soluble Annona spp. extract showed apoptotic nature (Astirin O. P., et al., 2013).

Anticancer nature of Annona leaves was studied by (Moghadamtousi S. Z et al., 2015).
Increased caspase-3 activity in COLO-205 mediated through mitochondria was observed by
(Niu G et al., 2011). Annona intervention could not elevate the action of caspase-3 (Mondal
S. K et al.,, 2007). There was a decrease in procaspase-3 activity after 8 hours of
administration of polyketides (acetogenin) (Yuan S. S et al., 2003). Caspase-3 mode of
action in controlling cancer cells was studied by (Porter A. and Janicke R. U., 1999; Yuan
SS et al., 2003). Present study has found that methanolic extracts of the plant under study has
1.13 times more caspase-3 activity than leucovorin and chloform extracts. Leucovorin
efficacy in controlling cancer cells was revealed by Peters G. J et al., 2002 and Noordhuis P.,
et al., 2004.

The chemical nature of Annona spp. was studied and compared by (Kojima N and Tanaka T,
2009). Cytotoxicity of Annona spp.is attributed to bis-tetrahydrofuran ring system (Chang F
et al., 2003; Qayed W. S et al., 2015). This result suggests the role of Gishta (Annona spp.
of Ethiopia)) as combination therapy such as leucovorin and motivates the exploration of
novel anticancer drugs using nanotechnology.

5. Conclusion:

This study highlights the promising anticancer properties of silver nanoparticles (Ag-NPs)
synthesized using Gishta seed extracts. The observed cytotoxicity in all tested samples,
coupled with the significant enhancement of caspase-3 activity compared to leucovorin,
suggests that these nanoparticles may effectively promote apoptosis in cancer cells.
However, further research is needed to isolate the active fractions responsible for enhancing
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caspase-3 functionality, which could provide deeper insights into their mechanisms of action.

Additionally, to fully realize the therapeutic potential of Gishta-mediated Ag-NPs, it is
crucial to explore their biocompatibility and safety profiles for medical applications. These
findings underscore the potential of green-synthesized Ag-NPs as a viable strategy for cancer
treatment. Future investigations should focus on elucidating the molecular mechanisms
underlying their cytotoxic effects and evaluating their clinical applicability in cancer therapy.

References

1.

10.

11.

12.

Ankamwar, B., Chaudhary, M., Murali, S., 2005. Gold nano-triangles biologically synthesized
using Tamarind leaf extract and potential application in vapour sensing. Synth. React. Inorg.
Metal-Org Nanometal. Chem., 35, 19.

Ankamwar, B., Chinmay, D., Absar, A., Murali, S., 2005. Biosynthesis of gold and silver
nanoparticles using Emblica officinalis fruit extract, their phase transfer and transmetallation in
an organic solution, J. Nanosci. Nanotechnol. 5, pp. 1665-1671.

Annamalai, A., Christina, V.L.P., Christina, V., Lakshmi, P.T.V., 2014. Green synthesis and
characterisation of Ag NPs using aqueous extract of Phyllanthus maderaspatensis L., Journal of
Experimental Nanoscience, 9:2, 113-119, DOI: 10.1080/17458080.2011.631041

Astirin O. P., Artanti A. N., Fitria M. S., Perwitasari E. A., Prayitno A. Annona muricata Linn
leaf induce apoptosis in cancer cause virus. Journal of Cancer Therapy. 2013;4(7):1244-1250.
doi: 10.4236/jct.2013.47146.

Bischof E. Potency, selectivity, and consequences of nonselectivity of PDE inhibition.
International Journal of Impotence Research. 2004;16(Supplement 1):S11-S14. doi:
10.1038/sj.ijir.3901208.

Chandran, S.P., Chaudhary, M., Pasricha, R., Ahmad. A., Sastry, M., 2006. Synthesis of gold
nano triangles and silver nanoparticles using Aloe vera plant extract. Biotechnol. Prog., 22,
577-583.

Chang F., Liaw C. C., Lin C. Y., Chou C. J., Chiu H. F.,, Wu Y. C. New adjacent bis-
tetrahydrofuran  Annonaceous acetogenins from Annona muricata. Planta Medica.
2003;69(3):241-246. doi: 10.1055/s-2003-38485.

Chaudhry Gul-e-Saba, Md Akim Abdah, Sung Yeong Yik, Sifzizul Tengku Muhammad
Tengku. Cancer and apoptosis: The apoptotic activity of plant and marine natural products and
their potential as targeted cancer therapeutics. Frontiers in Pharmacology, 13, 2022,
URL=https://www.frontiersin.org/articles/10.3389/fphar.2022.842376,
DOI=10.3389/fphar.2022.842376, ISSN=1663-9812.

Chen, M., Wang, LY., Han, J.T., Zhang, J.Y., Li, Z.Y., Qian, D.J., 2006. Preparation and study
of polyacrylamide-stabilized silver nanoparticles through a one-pot process. J Phys Chem B,
110:11224-11231.

Chen, Y.Y., Wang, C., Liu, L.H., Qiu, J.S., Bao, X.H., 2005. Ag/SiO2: A novel catalyst with
high activity and selectivity for hydrogenation of chloronitrobenzenes, Chemical
Communications. Cambridge, 42, 5298-5300.

Chhangte Vanlalvenia, Samuel Lallianrawnab, Ayushi Biswasc, Manickam Selvaraj, Bishwajit
Changmai*c and Samuel Lalthazuala Rokhum (2021). Green synthesis of silver nanoparticles
using plant extracts and their antimicrobial activities: a review of recent literature. DOI:
10.1039/DORA09941D (Review Article) RSC Adv., , 11, 2804-2837.

Chung IM, Park I, Seung-Hyun K, Thiruvengadam M, Rajakumar G. Plant-Mediated Synthesis
of Silver Nanoparticles: Their Characteristic Properties and Therapeutic Applications.
Nanoscale Res Lett. 2016 Dec;11(1):40. doi: 10.1186/s11671-016-1257-4. Epub 2016 Jan 28.

Nanotechnology Perceptions Vol. 20 No.6 (2024)



Harnessing Plant-Based Silver Nanopatrticles.... Harikrishna R S et al. 2184

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

PMID: 26821160; PMCID: PMC4731379.

E.J. Calabrese,2014. Dose—Response Relationship. Encyclopedia of Toxicology (Third
Edition), Academic Press,Pages 224-226, ISBN 9780123864550,
https://doi.org/10.1016/B978-0-12-386454-3.00991- X.
https://www.sciencedirect.com/science/article/pii/B978012386454300991X.

Edwards, S., Tadesse, M., Demissew, S. and Hedberg, I. (eds.)., 2000. Flora of Ethiopia and
Eritrea, Volume 2, part 1. The National Herbarium Addis Ababa, Ethiopia and Uppsala,
Sweden. Pp. 10 -12.

Gardea-Torresdey, J.L., Eduardo, G., Jose, R., Peralta-Videa, Jason, G. P., Horacio Troiani.,
Miguel Jose-Yacaman., 2003. Alfalfa Sprouts: A Natural Source for the Synthesis of Silver
Nanoparticles, Langmuir, 19 (4), 1357-1361. DOI: 10.1021/1a020835i

Gardea-Torresdey, J.L., Parsons, J.G., Gomez, E., Peralta-Videa, J., Troiani, H.E., Santiago, P.,
Jose Yacaman, M., 2002. Formation and growth of Au nanoparticles inside live alfalfa plants,
Nano letters, 2002, 2, 397-401.

Ghotekar, S., Pansambal, S., Pawar, S.P. et al. Biological activities of biogenically synthesized
fluorescent silver nanoparticles using Acanthospermum hispidum leaves extract. SN Appl. Sci.
1, 1342 (2019). https://doi.org/10.1007/s42452-019-1389-0

Gomes HIO, Martins CSM, Prior JAV. Silver Nanoparticles as Carriers of Anticancer Drugs
for Efficient Target Treatment of Cancer Cells. Nanomaterials (Basel). 2021 Apr 9;11(4):964.
doi: 10.3390/nan011040964. PMID: 33918740; PMCID: PMC8069134.

Habeeb Rahuman HB, Dhandapani R, Narayanan S, Palanivel V, Paramasivam R, Subbarayalu
R, Thangavelu S, Muthupandian S. Medicinal plants mediated the green synthesis of silver
nanoparticles and their biomedical applications. IET Nanobiotechnol. 2022 Jun;16(4):115-144.
doi: 10.1049/nbt2.12078. Epub 2022 Apr 15. PMID: 35426251; PMCID: PMC9114445.
Hailong Tian, Tingting Zhang, Siyuan Qin, Zhao Huang, Li Zhou, Jiayan Shi, Edouard C.
Nice, Na Xie, Canhua Huang & Zhisen Shen . Enhancing the therapeutic efficacy of
nanoparticles for cancer treatment using versatile targeted strategies. J Hematol Oncol 15, 132
(2022). https://doi.org/10.1186/s13045-022-01320-5

Hanelt, M., Gareis, M., Kollarczik, B. 1994. Cytotoxicity of mycotoxins evaluated by the MTT
cell culture assay. Mycopathologia, 128: 164-174.

Harikrishna Ramaprasad Saripalli., 2007. Antimicrobial Spectrum of Bio-active metabolites
from Callus Cultures of Croton bonplandianum, Moringa pterigosperma, Physalis minima and
their chemical studies. PhD Thesis, Institute of Biotechnology, Magadh University, Bodh-
Gaya, pp. 56.

Hsin, Y. H., Chen, C. F., Huang, S., Shih, T. S., & Lai, P. S. (2008). Chao, Silver
nanoparticles: cytotoxicity, oxidative stress, and apoptotic responses in human cells.
Environmental Science & Technology, 42(24), 9309-9314.
http://www.blackherbals.com/graviola.htm "Graviola (Soursop)". Blackherbals. Retrieved 30
January, 20109.

Huang, J., Li, Q., Sun, D., Lu, Y., Su, Y., Yang, X., 2007. Biosynthesis of silver and gold
nanoparticles by novel sundried Cinnamomum camphora leaf. Nanobiotechnol., 18, 105104.
Jain, N., Jain, P., Rajput, D., Umesh Kumar Patil . Green synthesized plant-based silver
nanoparticles: therapeutic prospective for anticancer and antiviral activity. Micro and Nano
Syst Lett 9, 5 (2021). https://doi.org/10.1186/s40486-021-00131-6.

Javed H, Azimullah S, Haque ME, Ojha SK. Cannabinoid Type 2 (CB2) receptors activation
protects against oxidative stress and neuroinflammation associated dopaminergic
neurodegeneration in rotenone model of Parkinson’s disease. Front Neurosci. 2016;10:321.
doi: 10.3389/fnins.2016.00321, PMID 27531971.

Khan A. Q., Bury J. P,, Brown S. R., Riley S. A., Corfe B. M. Keratin 8 expression in colon
cancer associates with low faecal butyrate levels. BMC Gastroenterology. 2011;11(1):p. 2. doi:

Nanotechnology Perceptions Vol. 20 No.6 (2024)



2185 Harikrishna R S et al. Harnessing Plant-Based Silver Nanoparticles....

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

10.1186/1471-230X-11-2.

Kojima N., Tanaka T. Medicinal chemistry of Annonaceous acetogenins: design, synthesis, and
biological evaluation of novel analogues. Molecules. 2009;14(9):3621-3661. doi:
10.3390/molecules14093621.

Kumar, M. S., Raju, M. V., Kumatr, G. V. R., & Palivela, H. (2017). Evaluation of
Groundwater Pattern in Black Cotton Soils Using Geo Spatial Technology—A Model Study.
International Journal of Civil Engineering and Technology, 8(5).

La Fontaine S, Firth SD, Lockhart PJ, Brooks H, Parton RG, Camakaris J, Mercer JF (1998),
Functional analysis and intracellular localization of the human menkes protein (MNK) stably
expressed from a cDNA construct in Chinese hamster ovary cells (CHO-K1), Hum.Mol.Genet.
7:1293-1300 .

Lu, Y., Mei, Y., Schrinner, M., Ballauff, M., Moller, M.W., Breu, J., 2007. In situ formation of
Ag nanoparticles in spherical polyacrylic acid brushes by UV irradiation. J. Phys. Chem. C,
111, 7676-7681.

Mariadas, K., Rao, T. S., Raju, M. V., & Kumar, M. S. (2024). A Study On The Fluoride
Content Of The Groundwater In The Gurazala Division Of The Palnadu District, Andhra
Pradesh, India. Journal of Advanced Zoology, 45(3).

M. V.Raju, Mariadas, K., Palivela, H., Ramesh Babu, S., & Raja Krishna Prasad, N. (2018).
Mitigation plans to overcome environmental issues: A model study. International Journal of
Civil Engineering and Technology, 9(10), 86-94.

Moghadamtousi S. Z., Fadaeinasab M., Nikzad S., Mohan G., Ali H. M., Kadir H. A. Annona
muricata (Annonaceae): a review of its traditional uses, isolated acetogenins and biological
activities. International Journal of Molecular Sciences. 2015;16(7):15625-15658. doi:
10.3390/ijms160715625.

Mondal S. K., Mondal N. B., Mazumder U. K. In vitro cytotoxic and human recombinant
caspase inhibitory effect of Annona reticulata leaves. India Journal of Pharmacology.
2007;39(5):253-254. doi: 10.4103/0253-7613.37279.

Mosmann T (1983), Rapid colorimetric assay for cellular growth and survival: application to
proliferation and cytotoxicity assays, J.Immunol.Methods 65: 55-63 .

Mukesh N. Kher, Sandip P. Dholakia, Dipen K. Sureja, Vaibhav D. Bhatt, Nirav V. Patel
(2024). Chapter 5 - Green synthesis of silver nanoparticles, characterization techniques and
biological activities, Editor(s): Mital Kaneria, Kalpna Rakholiya, Chukwuebuka Egbuna,
Nanotechnology and In Silico Tools, Elsevier, Pages 61-74, ISBN 9780443154577,
https://doi.org/10.1016/B978-0-443-15457-7.00006- X.

Mustapha T, Misni N, Ithnin NR, Daskum AM, Unyah NZ. A Review on Plants and
Microorganisms Mediated Synthesis of Silver Nanoparticles, Role of Plants Metabolites and
Applications. Int J Environ Res Public Health. 2022 Jan 7;19(2):674. doi:
10.3390/ijerph19020674. PMID: 35055505; PMCID: PMC8775445.

Muthu lrulappan Sriram, Kalimuthu Kalishwaralal, Selvaraj Barathmanikanth & Sangiliyandi
Gurunathani (2012) Size-based cytotoxicity of silver nanoparticles in bovine retinal endothelial
cells, Nanoscience Methods, 1:1, 56-77, DOI: 10.1080/17458080.2010.547878

Nadagouda, N., Mallikarjuna., Rajender, S.V., 2007. Microwave-Assisted Shape-Controlled
Bulk Synthesis of Noble Nanocrystals and Their Catalytic Properties, Crystal Growth &
Design, 7 (4), 686-690. DOI: 10.1021/cg060506e.

Niu G., Yin S., Xie S, et al. Quercetin induces apoptosis by activating caspase 3 and regulating
Bcl-2 and cyclooxygenase-2 pathways in human HL-60 cells. Acta Biochimica of Biophysica
Sinica. 2011;43(1):30-37. doi: 10.1093/abbs/gmq107.

Noordhuis P., Holwerda U., Van der Wilt C. L., et al. 5-fluorouracil incorporation into RNA
and DNA in relation to thymidylate synthase inhibition of human colorectal cancers. Annals of
Oncology. 2004;15(7):1025-1032. doi: 10.1093/annonc/mdh264.

Nanotechnology Perceptions Vol. 20 No.6 (2024)



Harnessing Plant-Based Silver Nanopatrticles.... Harikrishna R S et al. 2186

44,

45,

46.

47.

48.

49,

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Panaek, A., Kvitek, L., Prucek,R., Kolar,M., Veerova, R., Pizurova, N., Sharma, V.K,
Nevena,T., Zboril, R., 2006. Silver colloid nanoparticles: synthesis, characterization, and their
antibacterial activity, J. Phys. Chem. B, 2006, 110, 16248.

Peters G. J., Backus H. H., Freemantle S., et al. Induction of thymidylate synthase as a 5-
fluorouracil resistance mechanism. Molecular Aspects of Chemotherapy. 2002;1587(2-3):194—
205.

Pieme C. A., Kumar S. G., Dongmo M. S., et al. Antiproliferative activity and induction of
apoptosis by Annona muricata (Annonaceae) extract on human cancer cells. BMC
Complementary and Alternative Medicine. 2014;14(1):p. 516. doi: 10.1186/1472-6882-14-516.
Porter A., Janicke R. U. Emerging roles of caspase-3 in apoptosis. Cell Death &
Differentiation. 1999;6(2):99-104. doi: 10.1038/sj.cdd.4400476.

Raju, M. V., VenuRatnaKumari, G., Kumar, M. S., & Kumar, D. N. (2017). Sustainble
Management of Ground Water Recourses Using Geospatial Technology. International Journal
of Civil Engineering and Technology, 8(9).

Raju, M. V., Neelakanta Rao, L., Mariadas, K., Siva Jagadish Kumar, M., & Ramesh Babu, S.
(2019). A study on metals recovery from the waste water effluents in electroplating industry.
International Journal of Civil Engineering and Technology (IJCIET), 10(2), 1020-1040.

Qayed W. S., Aboraia A. S., Abdel-Rahman H. M., Youssef A. F. Annonaceous acetogenins as
a new anticancer agent. Der Pharma Chemica. 2015;7(6):24-35.

Reddy. L (2005). Chemoprotective action of natural products on cultured human epithelial
cells exposed to aflatoxin B1. Doctoral thesis submitted to Durban University of Technology,
Pp 59-62.

Rosman, N. S. R., Harun, N. A, Idris, I., & Wan Ismail, W. I. (2021). Nanobiotechnology:
Nature-inspired silver nanoparticles towards green synthesis. Energy & Environment, 32(7),
1183-1206.

Ruppercht, J.K., Chang, C.J., Cassady, J.M and MecLaughlin, J.L.,1982. Heterocycles,
24:1197-1201.

Saripalli, Harikrishna & Dixit, Prasanna., 2016. Studies on Morphological Features and
Biological Activities of the Genus Annona of Ethiopia, N. E. Africa with a Special Emphasis
on Graviola: A Review. International Journal of Science and Research (IJSR). 5. 821-827.

S. S., Raju, M. V., Yugandhara Reddy, K., & Vasantha Rao, B. V. T. (2015). A decision
support spatial distribution model to assess heavy metals concentrations using geomatics.
International Journal of Applied Chemistry, 11(1), 45-62.

Satish Kumar, M., Raju, M. V., Asadi, S. S., & Vutukuru, S. S. (2014). A statistical evaluation
of binginipalle cheruvu soils and sediments pollution: A model study. International Journal of
Applied Engineering Research, ISSN, 0973-4562.

Shah M, Fawcett D, Sharma S, Tripathy SK, Poinern GEJ. Green Synthesis of Metallic
Nanoparticles  via  Biological Entities. Materials. ~ 2015;  8(11):7278-7308.
https://doi.org/10.3390/ma8115377.

Shankar, S.S., Ahmad, A., Sastry, M., 2003. Geranium leaf assisted biosynthesis of silver
nanoparticles. Biotechnol Prog., 19(6):1627-1631. d0i:10.1021/bp034070w

Shankar, S.S., Rai, A., Ankamwar, B., Singh, A., Ahmad, A., Sastry, M., 2004. Biological
synthesis of triangular gold nanoprisms. Nat Mater., 3(7):482-488. doi:10.1038/nmat1152.
Southon A, Burke R, Norgate M, Batterham P, Camakaris J (2004), Copper homoeostasis in
Drosophila melanogaster S2 cells, Biochem.J. 383: 303-3009.

Vutukuru, S. S., Asadi, S. S., Vasantha, R. B. V. T., & Raju, M. V. (2012). Plankton
biodiversity as indicators of the ecological status of River Moosi, Hyderabad, India.
International Journal of Earth Science and Engineering, 5(3), 587-592.

Wang, Q.F., Yu, HJ., Zhong, L., Liu, J. Q., Sun, J.Q., Shen, J.C., 2006. “Incorporation of
silver ions into ultrathin titanium phosphate films: in situ reductions to prepare silver

Nanotechnology Perceptions Vol. 20 No.6 (2024)



2187 Harikrishna R S et al. Harnessing Plant-Based Silver Nanoparticles....

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

nanoparticles and their antibacterial activity”, Chem. Mater., 18 (7), 1988-1994.

Willner, 1., Baron, R., Willner, B., 2006. Growing metal nanoparticles by enzymes. Adv.
Mater., 18, 1109.

Xiong Wen Lou, Chongli Yuan, and Lynden, A. A., 2006. An Unusual Example of
Hyperbranched Metal Nanocrystals and Their Shape Evolution, Chemistry of Materials, 18
(17), 3921-3923. DOI: 10.1021/cm0606880

Xu L, Wang YY, Huang J, Chen CY, Wang ZX, Xie H. Silver nanoparticles: Synthesis,
medical applications and biosafety. Theranostics. 2020 Jul 11;10(20):8996-9031. doi:
10.7150/thno.45413. PMID: 32802176; PMCID: PMC7415816.

Yahaya Gavamukulya, Fred Wamunyokoli, Hany A. EI-Shemy,Annona muricata: Is the natural
therapy to most disease conditions including cancer growing in our backyard? A systematic
review of its research history and future prospects, Asian Pacific Journal of Tropical
Medicine,Volume 10, Issue 9,2017,Pages 835-848,ISSN 1995-
7645,https://doi.org/10.1016/j.apjtm.2017.08.009. (https://www.sciencedirect.com/science/artic
le/pii/S1995764517306302).

Yao Y, Zhou Y, Liu L, Xu Y, Chen Q, Wang Y, Wu S, Deng Y, Zhang J, Shao A.
Nanoparticle-Based Drug Delivery in Cancer Therapy and Its Role in Overcoming Drug
Resistance. Front Mol Biosci. 2020 Aug 20;7:193. doi: 10.3389/fmolb.2020.00193. PMID:
32974385; PMCID: PMC7468194.

Yao Yihan, Zhou Yunxiang, Liu Lihong, Xu Yanyan, Chen Qiang, Wang Yali, Wu Shijie,
Deng Yongchuan, Zhang Jianmin, Shao Anwen. Nanoparticle-Based Drug Delivery in Cancer
Therapy and Its Role in Overcoming Drug Resistance. Frontiers in Molecular Biosciences,
V/0l.7(2020), DOI=10.3389/fmolb.2020.00193, ISSN 2296-889X.

Yee Y., Tan V. P. Y., Chan P., Hung I. F., Pang R., Wong B. C. Epidemiology of colorectal
cancer in Asia. Journal of Gastroenterology and Hepatology. (2009). 24(12):1810-1816. doi:
10.1111/j.1440-1746.2009.06138.x.

Yousaf A, Waseem M, Javed A, Baig S, Ismail B, Baig A, Shahzadi I, Nawazish S, Zaman 1.
Augmented anticancer effect and antibacterial activity of silver nanoparticles synthesized by
using Taxus wallichiana leaf extract. PeerJ. 2022 Nov 23;10:e14391. doi: 10.7717/peerj.14391.
PMID: 36444381; PMCID: PMC9700453.

Yuan S. S., Chang H. L., Chen H. W. Annonacin, a mono-tetrahydrofuran acetogenin, arrests
cancer cells at G1 phase and causes cytotoxicity in a Bax- and caspase-3-related pathway. Life
Sciences. 2003;72(25):2853-2861. doi: 10.1016/S0024-3205(03)00190-5.

Yuan SS, Chang HL, Chen HW, Yeh YT, Kao YH, Lin KH, Wu YC, Su JH. Annonacin, a
mono-tetrahydrofuran acetogenin, arrests cancer cells at the G1 phase and causes cytotoxicity
in a Bax- and caspase-3-related pathway. Life Sci. 2003 May 9;72(25):2853-61. doi:
10.1016/50024-3205(03)00190-5. PMID: 12697268.

Zorofchian Moghadamtousi S., Rouhollahi E., Karimian H. The chemopotential effect of
Annona muricata leaves against azoxymethane-induced colonic aberrant crypt foci in rats and
the apoptotic effect of acetogenin annomuricin E in HT-29 cells: a bioassay-guided approach.
PloS One. 2015;10(4):p. e0122288.

Nanotechnology Perceptions Vol. 20 No.6 (2024)



