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ABSTRACT

Background: In biomedical research, silver nanoparticles have attracted the attention of many
scientists in drug delivery and other applications. This study investigates the characterization of
biologically synthesized nanoparticles and their efficacy on cancer cells. Methods: The characteri-
zation of biologically produced silver nanoparticles was accomplished using UV— visible absorption
spectroscopy, which showed the maximum absorption at 422 nm. The structural morphology was
carried out by transmission electron microscope (TEM) and atomic force microscope (AFM), and
the anticancer efficacy of the biosynthesized compound was investigated on two cancer cell lines,
namely HT-29 (colon cancer) and EAC. Results: The morphological and structural examination re-
vealed spherical, three-dimensional nanoparticles ranging between 5 to 50 nm. The results of the
anticancer experiment, which was conducted using an MTT assay, revealed that the prepared sil-
ver had excellent anti-cancer activity against both tested cells, that is EAC cancer and HT-29 (colon
cancer) cell lines. Conclusion: This study confirms that silver nanoparticles can be biologically syn-
thesized using Rhizopus stolonifer and used as anticancer substances in cancer therapy and drug

delivery.
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INTRODUCTION

Silver nanoparticles have recently received consider-
able attention among scientists due to their unique bi-
ological properties!. The production and character-
ization of these nanoparticles is essential part to re-
search 2. Various methods have been used to produce
silver nanoparticles, including physical, chemical, and

newly established bio-mimetics processes>.

How-
ever, these approaches are ecologically hazardous (es-
pecially chemical methods) and cause the quick ag-
glomeration of nanoparticles, leading to the forma-
tion of large particles devoid of mono-dispersity *. Sil-
ver nanoparticles have been used for cancer therapy as
anticancer materials and in drug delivery®. The suc-
cession of tumors has been attributed to a series of al-
terations in some cells leading to a certain type of un-
usual gene expression 7. Ubiquitously targeting cells
inside malignant cells due to the inability of certain
drugs to disperse proficiently may not be reasonable,
as this possibly endorses multiple-drug resistance, re-
sulting from resistance to the chemotherapeutic treat-
ment of cancer cells®®. Furthermore, the expulsion
of the drugs inevitably reduces healing activity such
that tumor cells rapidly build up resistance to various
drugs1°.

Silver nanoparticles (AgNPs) have been used con-
siderably in cancer drug delivery. Owing to their

unique properties and antimicrobial characteristics,
many studies have used AgNPs’ inactive drug target-
ing and passive drug targeting . Many recent studies
have utilized AgNPs as a smart candidate for the tar-
geted and controlled delivery of many different ther-
apeutic agents, including proteins, lipids, carbohy-
drates, or even genes 1>~1°, Rajawat et al. 1 used silver
nanoparticles for the targeted delivery of breast can-
cer treatment and concluded that tumor volumes de-
creased significantly, with similar results in the pos-
itive control. Drug release from such nanoparticles
can be elicited using internal or external stimuli '7!8,
Green chemistry using plant extracts and microor-
ganisms has been steadily developed as an effective al-
ternative to the environmentally harmful processes of
silver nanoparticle synthesis !°. Moreover, using mi-
croorganisms such as fungi in silver nanoparticle pro-
duction is a low-cost process that helps to avoid gener-

ating. Recently, Roy et al.?®

reviewed the green syn-
thesized silver nanoparticles and their antimicrobial
properties and revealed numerous types of microor-
ganisms that could be utilized to produce different
particle sizes with different functionalities in terms of
antimicrobial and anticancer activity. The current re-
search presents the utilization of R. stolonifer, one of
the easiest fungi to grow, for silver nanoparticle pro-
duction and studies the properties of bio synthesized
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nanoparticles in potential anticancer therapy.

METHODS

Synthesis of silver nanoparticles

Rhizopus stolonifer was isolated from local soil sam-
ples and identified using microscopic and molecu-
lar techniques, and the fungi were inoculated into
an appropriate amount of malt glucose yeast peptone
broth (Oxoid, Basingstoke, Hampshire, UK), which
was prepared as mentioned in Karbasian et al.?!. The
biomass was washed thoroughly with distilled water
after 72 h of incubation at 25 °C. It was then placed
in flasks containing 100 ml of distilled water and in-
cubated again under the same conditions. Finally, the
fungal biomass was filtered, and the filtrate was mixed
in silver nitrate aqueous solution (Merck, Darmstadt,
Germany) of final concentration (1 mM AgNO3) and
then agitated at 40°C.

Characterization of silver nanoparticles

UV-visible absorption spectroscopy (Shimadzu
UV2000) was used for the characterization of the
prepared AgNPs; the experiment revealed the highest
absorbance at 422 nm, indicating that the incubation
of the AgNOj5 solution (Merck, Darmstadt, Germany)
with the occurrence of extracellular enzymes’ bio-
reduction of AgNOj3 solution had occurred. TEM
(Japanese JEM-3000 E, Jeol) was also used for the
structural characterization of the surface morphology
of the nanoparticles using drop-coated film. Atomic
Force Microscope (Japanese SMI3050SE FIB-AFM,
Hitachi) was used to visualize and characterize the

nanoparticles’ three-dimensional structures.

Trypan blue dye exclusion assay

To determine the number of viable cells present in
the cell suspension, the suspension was prepared with
a fixed volume of cells. Furthermore, 50 pL of cell
suspension was mixed with an equal volume of try-
pan blue (Merck, Darmstadt, Germany). The solu-
tion was mixed well using a micropipette, and then
the living cells were counted using a hemocytometer
(Hausser Scientific, Horsham, PA, USA), as live cells
have a clear cytoplasm, whereas dead cells give a blue
color?2, The percentage of cell viability was then cal-
culated using the following formula:

% viability = (live cell count / total cell count) x 100

MTT Assay

A spectrophotometer was used to measure the reduc-
tion of the yellow color of MTT tetrazolium dye (spec-
tra max, Molecular devices) at 570 nm absorbance,
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and the IC50 values were determined by plotting %
inhibition (from control) versus concentration. The
living cells reduce the yellow-colored MTT reagent to
a purple-colored formazan with the help of the mito-
chondrial reductase enzyme present in them. This ex-
periment was conducted in the dark because the MTT
reagent is sensitive to light. The absorbance of the col-
ored solution was measured using a spectrophotome-
ter at 560 nm.

Anti-cancer study

Two human cell lines were used: EAC and HT-29
(colon cancer); both were obtained from the Na-
tional Centre for Cell Science (NCCS), Pune, India.
MTT, Trypsin, EDTA, and DMEM (Dulbecco’s Mod-
ified Eagles Medium) were purchased from Sigma
Chemicals Co, and 96-well flat-bottomed tissue cul-
ture plates were purchased from Tarson. Fetal bovine
serum was purchased from Arrow labs. The cells were
transferred to the 96-well plates (10* cells/well in 100
ul of medium) and incubated for about 24 h for at-
tachment. After 72 h of incubation, the drug con-
centration was analyzed by constructing a graph for
it against the percent cell toxicity and performing re-
gression analysis.

Statistical analysis

Bonferroni’s post-hoc test single-way variance evalu-
ation (ANOVA) of all groups was carried out every
day.

RESULTS

Characteristics of AGNPs

The results of UV-visible absorption spectroscopy
showing maximum absorbance at 422 nm are pre-
sented in Figure 1. They indicate that the incubation
of the silver nitrate solution with the occurrence of ex-
tracellular enzymes’ bio-reduction of the AgNO3 has
occurred.

The TEM images indicate that the shape and size of
the AgNPs are clearly spherical and nano (5 to 50 nm),
respectively. Figure 2 presents the TEM of a single
drop of AgNP-coated film. No agglomeration is no-
ticed; all the particles are nicely separated, and the mi-
croscopic field shows size scales between 5 nm to 30
nm.

Figure 3 presents the images from the Atomic Force
Microscope (AFM) for the prepared silver nanoparti-
cles, showing the 3D structures and their arrangement
on the film.
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Figure 1: The UV-Vis spectrum of biosynthesized silver nanoparticles showing the maximum absorbance
at 422nm (red line). https://doi.org/10.6084/m9.figshare.16455723.v2

Figure 2: Transmission Electron Microscope (TEM) image of silver nanoparticles.

https://doi.org/10.6084/m39.figshare. 16456080

Cytotoxicity of AGNPs

The results in Table 1 present inhibition of the growth
of esophageal squamous-cell carcinoma (EAC) cell
lines with the use of the prepared AgNPs at different
concentrations. The minimum concentration of Ag-
NPs used was 0.5 ptg/ml, which caused a reduction of
13.21% in the viability of the EAC cell line, whereas
1 pg/ml of biosynthesized AgNPs decreased the per-
centage of viable cells to 26.03%. This cytotoxic effect

became even more significant with a 62.12% decrease
in viable cells at 4 pg/ml of AgNPs. The maximum
reduction of the EAC cell line viability was observed
at 8 pg/ml concentration, which was 68.13%.

Figure 4 presents the graph of IC50 values, which
show a cytotoxicity of more than 50% at the minimum
concentration (2.15 ug/ml) of AgNPs. It can also be
observed that this minimum concentration caused a
reduction in the EAC cell lines by 50%.
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Figure 3: Atomic Force Microscope (AFM) image showing the 3D structure of the spherical nanoparticles.
https://doi.org/10.6084/m9.figshare.16456086

Table 1: Cytotoxicity of silver nanoparticles on esophageal squamous-cell carcinoma
(EAC) cell lines

Control 196.1 28.76 13.02%

8 104.6 211.26 68.13%

4 117.6 183.16 62.12%

2 179.26 168.26 49.19%

1 223.76 76.1 26.03%

0.5 235.1 34.6 13.21%
80- Ic sy value-2.15 against EAC cell lines

o ™ v v
o 2 4 6

Concentration pg/ml
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10

Figure 4: 1Cs; values of AgNPs on esophageal squamous-cell carcinoma cell lines.
https://doi.org/10.6084/m9.figshare.16456152
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Table 2: Cytotoxicity of silver nanoparticles on HT-29 cell lines

Concentration (ug/ml)  Absorbance at 570 nm  Inhibition (%)
Control 3.81 —
8 0.921 68.46
4 2.123 61.24
2 2.329 53.88
1 2.541 46.74
0.5 2.678 41.95

ICzg value-1.60 against HI-29 cell lines
801
704
s
= 604
E 50
=2
40
30 T T T T J
0o 2 4 (- 8
Concentration pug/ml

10

Figure 5:Graphical representation of ICs)values of silver nanoparticles on HT-29 cell lines.

https://doi.org/10.6084/m9.figshare.16456167

Colon cancer cells (HT-29 cell lines) were mostly sim-
ilar to EAC cell lines (Table 2); the maximum in-
hibition of cells was observed at a concentration of
8 ug/ml of AgNPs, which caused an inhibition of
68.46% of the cancer cells. In contrast, the minimum
used dose of AgNPs (0.5 pg/ml) showed an inhibi-
tion of almost 42% of HT-29 cell lines; the reduc-
tion value was directly proportional to the increase
in AgNP concentrations. The ICs, values of silver
nanoparticles on colon cancer cell lines as presented
in Figure 5 show that a concentration of 2 pg/ml,
which is the middle concentration used in this study,
could inhibit more than 50% of all the viable cancer
cells.

DISCUSSION

The use of fungi as reducing and stabilizing agents in
the biogenic synthesis of silver nanoparticles is ad-
vantageous due to the production of large quantities
of proteins, high yields, easy handling, and low tox-

23, Results of the present study

icity of the residues
indicate that green synthesized silver nanoparticles
were spherical and 3Dranging in size between 5 and
50 nm. Similar results have been reported in other
2425 Qur find-

ings for the structural characterization of nanoparti-

studies with varying particle sizes

cles are in accordance with Sadowski et al. 26 and Mal-

127 who utilized different microorgan-

iszwaska et a
isms in the synthesis process. In a different study,
Mukherjee et al.?® used the same methodology as
used in this study and demonstrated an intense peak
of 410 nm. Bio-reduction of silver nitrate (AgNO3)
to synthesize silver in nano size and stabilization by
capping agents are the two processes for manufactur-
ing silver nanoparticles. The biological particles from
fungi could conceivably play a role in the stabiliza-

29,30 " Cytotoxicity results

tion of silver nanoparticles
of the present study were evaluated by inhibiting the
growth of EAC cell lines using the prepared AgNPs

at different concentrations. The maximum reduction
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of the EAC cell line was observed at 8 pg/ml con-
centration with an inhibition of over 68.13%, which
was significantly higher than the gold nanoparticles

used in the study conducted by Li et al. 3!

against the
same cell line. The cytotoxicity of biologically pre-
pared AgNPs was determined using MTT; the results
indicate that the AgNPs were competent to reduce the
viability of the Dalton’s Lymphoma Ascites cells in a
dose-dependent manner; the higher the AgNPs’ con-
centration, the more is the reduction rate. These re-
sults confirm findings by Priya et al.>2, who synthe-
sized AgNPs using a chitosan-mediated approach and
achieved dose-dependent inhibition. They concluded
that silver nanoparticles caused the up-regulation of
certain genes, leading to cell death via apoptosis. In
this study, the effectiveness of the biosynthesized Ag-
NPs on tumor cells was analyzed after six hours of
treatment at concentrations of 500 nM and higher. Bi-
ologically prepared nanoparticles at 500 nM dramat-
ically inhibited the viability and growth of Dalton’s
Lymphoma Ascites cells by more than 50%, which was
chosen as the ICsg. The toxicity to the cells increased
when exposed for a longer period of time, confirming
gene alteration even in the still viable cells.

CONCLUSIONS

The utilization of microorganisms for metal nanopar-
ticle synthesis is a comparatively modern innovation
for a cleaner and cost-effective synthesis method. The
easy scalability of such a method may help to reduce
the costs of production of viable anticancer agents
such as silver nanoparticles. Accordingly, this re-
search has shown the green process for the production
of AgNPs using R. stolonifer. Our study has shown
maximum absorbance at 422 nm with UV-Visible ab-
sorption spectroscopy. The size and shape of the silver
nanoparticles were revealed by Transmission Electron
Microscope as 5 to 50 nm and spherical, respectively.
The silver nanoparticles produced by the biological
method have extensive applications, including cancer
therapy. This study shows the activity of biologically
synthesized silver nanoparticles on the inhibition of

cancer cells.

ABBREVIATIONS

AFM: Atomic Force Microscope

AgNPs: Silver Nanoparticles

DMEM: Dulbecco’s Modified Eagle’s Medium
EAC: Esophageal squamous-cell carcinoma
NCCS: National Centre for Cell Science

R. stolonifer: Rhizopus stolonifer

TEM: Transmission Electron Microscope
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