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Abstract

Background: Silver nanoparticles (AgNP) are commonly used metallic nanoparticles
in health care systems. Colon cancer incidence is increasing worldwide. In this study,
AgNP was synthesized using B-sitosterol and its cytotoxic potential was evaluated in
human colon cancer (HT-29) cells.

Methods: Characterization of AGNP was analyzed by TEM and spectrophotometry
analysis. HT-29 cells were treated with different concentrations (2, 4, 6, 8 and 10 ng/
ml) of AgNPs and cytotoxicity was evaluated by MTT assay. The apoptosis was ana-
lyzed by the flow cytometry. The expression of p53 protein was analyzed by western
blotting.

Results: p-sitosterol mediated AgNP are spherical in shape and induced concentra-
tion-dependent cytotoxicity in HT-29 cells. AQNP caused apoptosis related morpho-
logical changes as evidenced by annexin positive staining. ANP treatments also in-
duced the p53 expression in HT-29 cells.

Conclusion: Our present result suggests that B-sitosterol mediated AgNP induce ap-
optosis in colon cancer cells and this finding may pave the way for further experi-
mental analysis in vivo.
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Introduction

Conventional anticancer therapies with the standard
chemotherapeutic drugs have several limitations in
terms of adverse and off-target effects against healthy
cells 1. Nanotechnology has made significant contribu-
tions to cancer treatment over the past decades 2. Silver
nanoparticles (AgNP) are commonly employed metal-
lic nanoparticles in health care systems due to their
unique physiochemical and biological properties and
are used as antibacterial, antifungal, antiviral and anti-
cancer agents. B-sitosterol is a phytosterol commonly
isolated from traditional Chinese herbs, such as Polyg-
onum hydropiper, Trifolium repens, Houttuynia cor-
data and Lasia spinosa 3. B-sitosterol has been used in
the treatment of several diseases due to its antioxidant,
anti-inflammatory, anti-proliferative and anticancer
properties 4. Despite significant clinical advancements,
colon cancer remains one of the most common causes
of cancer-related deaths. Therefore, there is an urgent
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need for the development of therapeutic drug candidate
for the treatment of colon cancer. Also, studies regard-
ing the anticancer potential of P-sitosterol-mediated
AgNP are not available. Therefore, this study was con-
ducted to explore the above lacunae.

Materials and Methods

Synthesis and characterization of f-sitosterol mediated
AgNP

First, 100 mg of B-sitosterol was (used as a reducing
agent) dissolved in 10 ml of distilled water and mixed
thoroughly. To this, 1 mM of 90 ml silver nitrate solu-
tion was added and mixed well and kept in a shaker for
nanoparticles synthesis at 300 RPM. The color change
of B-sitosterol with silver nitrate solution was observed
carefully under conditions of surface plasmon reso-
nance using UV-Vis spectrophotometer. The synthe-
sized nanoparticle was dried for the characterization of

Vol. 13, No. 1 January-March 2021


http://dx.doi.org/10.18502/ajmb.v13i1.4577
https://crossmark.crossref.org/dialog/?doi=10.18502/ajmb.v13i1.4577&domain=pdf&date_stamp=2020-12-01

Shathviha PC, et a/

morphology using transmission electron microscopy.
ImageJ software was used to measure different sizes
of nanoparticles and the graph was plotted.

Cell culture and maintenance

The human colon cancer (HT-29) was obtained
from National Centre for Cell Science (Pune, Mahara-
shtra, India). HT-29 cells were cultured using low glu-
cose DMEM containing penicillin (100 units/ml) and
streptomycin (100 ug/ml) and maintained under stand-
ard culture conditions with 5% CO, at 37°C. AgNP
were dissolved in distilled water and the treatments
were given for 24 hr.

MTT assay

MTT assay was done to evaluate AgNP induced cy-
totoxic effect in HT-29 cells 5. Briefly, 1x10* cells/well
were seeded in 96 well plates. After 24 hr, existing
medium was replaced with fresh expansion culture
medium containing different concentrations of AgNP,
i.e. 2,4, 6,8, 10 ng/ml and incubated for 24 hr. Then,
cells were incubated with MTT (0.5 mg/ml) for 4 hr
and after incubation, intensity of purple-blue formazan
was quantified using Perkin Elmer multimode Reader
(USA) at 570 nm.

Calcein-AM staining assay

Cell viability was analyzed by calcein-AM for live
cell staining according to manufacturer’s instruction
(BD Biosciences, San Jose, CA). Briefly, after treat-
ments, cells were washed twice with PBS and were
stained with calcein-AM (0.2 M) and incubated for 30
min at 37°C and then images were captured using Ni-
kon Eclipse Ti Fluorescence Microscope (Nikon In-
struments Inc., NY, USA)

Morphological analysis of apoptosis using annexin V staining

Cells were seeded at a density of 1x10* cells/well in
96 well plates for adherence. At the end of the treat-
ment period, cells were stained with FITC (fluorescein
isothiocyanate)-annexin V kit (BD Biosciences, San
Jose, CA) for 15 min. Then, cells were washed thrice
with PBS and representative fields were captured im-
mediately using Nikon Eclipse Ti Fluorescence Micro-
scope (Nikon Instruments Inc., NY, USA).

Apoptosis detection by flow cytometry

The apoptotic cells were quantified by annexin V-
FITC/PI (Propidium iodide) co-staining assay. Briefly,
at the end of the 24 hr incubation, the cells were centri-
fuged at 1800 rpm for 8 min. The pellet was resus-
pended in 50 u/ of binding buffer containing 0.5 u/ of
annexin V-FITC and then incubated at 4°C for 30 min
in the dark. P1 (50 ug/ml) in 200 w/ binding buffer was
added to each of the tubes and incubated for 5 min.
Finally, the cells were analyzed in flow cytometer (Cy-
An ADP Analyzer, Beckman Coulter, USA).

Western blot analysis

Total protein estimation was done using Bovine Se-
rum Albumin (BSA). Electrophoresis was done with
protein extracts and electroblotted onto polyvinylidene

difluoride membrane. Then, the membrane was block-
ed with 5% BSA and incubated overnight with mono-
clonal p53 primary antibody at 4°C for 2 hr with corre-
sponding secondary antibodies at room temperature.
The enhanced chemiluminescence with protein A-
horseradish peroxidase was used to detect the immuno-
reactive bands.

Statistical analysis

Data were expressed as mean+SEM and analyzed
by one way ANOVA followed by Dunnett’s multiple
comparison and p<0.05 was considered statistically
significant (Graph Pad prism 7.0, CA, USA).

Results

Cytotoxic potential of AGNP in HT-29 cells

The color transition confirmed the formation of -
sitosterol assisted AgNP (Supplementary file). The UV-
visible spectrophotometric analysis of AgNPs shows
the absorbance peak between 410 to 440 nm which in-
dicates the formation of AgNP (Figure 1A). TEM ana-
lysis illustrates that AgNP are spherical with a diameter
of 4-21 nm (Figures 1B and C). The control and AgNP
treated cells showed typical cancer cell morphology
(Figure 2A). Initially, to evaluate the cytotoxic poten-
tial of AgNP, treatment was given at different concen-
trations from 2, 4, 6, 8 to 10 ng/ml. The AgNP induced
a concentration dependent cytotoxicity in HT-29 cells
(p<0.001) (Figure 2B). The ICso of AgNP in HT-29
cells was calculated at concentration of 7 ng/ml. There-
fore, further studies were carried out with two different
concentrations of AgNP, i.e., 7 and 14 ng/ml.

Morphological analysis of apoptosis

Increased calcein release was noticed in control
cells which indicates that cells have high proliferation
index. AgNP treatments at two different concentrations
(7 and 14 ng/ml) caused prominent decrease in calcein
staining and cell viability when compared to control
cells (Figure 3). The control cells remained unstained
by annexin v as their cell membrane was intact. AgNP
treatments in HT-29 cells caused a concentration de-
pendent expression of annexin v (Figure 4A). The per-
centage of annexin v expressed cells increased in a
concentration dependent manner as compared to con-
trol (p<0.001) (Figure 4B). The unstained (without an-
nexin v and PI) control cells (With annexin v and PI

Supplementary file. B-sitosterol Mediated Silver Nanoparticles syn-
thesis and colour transition.
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Figure 1. Synthesis and characterization of AgNP using sitosterol. A)
UV-vis spectroscopic spectrum of AgNP. B) TEM image of AgNP.
C) Histogram shows the size distribution of nanoparticles. ImageJ
software was used to measure different sizes of nanoparticles.

without AgNP treatments) did not show any significant
change in their viability and their viability was 98.5
and 82.1%, respectively. AgNP treated cells at concen-
trations of 7 and 14 ng/ml showed prominent apoptotic
changes, i.e., 51 and 68.6%, respectively and decreased
viability of 41.7 and 25.8%, respectively (Figure 5).

AgNP treatments and increased p53 protein expression

The HT-29 colon cancer cells as control cells show-
ed reduced p53 protein expression. AgNP treatments
caused a significant and concentration dependent in-
crease in the p53 protein expression (Figure 6A). The
quantification of p53 expression also confirmed the
significant increase (7 ng/ml vs. p<0.05, and 14 ng/ml
vs. p<0.01) upon AgNP treatments (Figure 6B).
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Figure 2. B-sitosterol mediated silver nanoparticles (AgNP) induced
changes in the proliferation of HT-29 cells. A) Morphology of con-
trol and AgNP treated HT-29 cells, scale bar of 100 wm. B) Cytotoxi-
city analysis by MTT assay, n=3, *** p<0.001 vs. control.
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Figure 3. Cell viability analysis by calcein AM staining. Red arrow
showing green fluorescence indicates the viable cells.
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Figure 4. A) Morphological analysis of apoptosis by annexin V stain-
ing, B) Quantification of apoptotic cells, n=3, *** p<0.001 vs. con-
trol.

Discussion

In previous studies, AgNP were biosynthesized us-
ing medicinal plants, and their derived phyto-com-
pounds and microbes were demonstrated to induce cy-
totoxicity in a variety of cancer cells including HT-29
cells 8. It is likely that regardless of mode synthesis,
AgNP are cytotoxic to HT-29 cancer cells.

Viable cells convert calcein-AM into calcein by es-
terase enzyme and emit a strong green fluorescence .
In this study, the reduced green fluorescence was ob-
served in cells treated with AgNP indicating the fall in
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Figure 5. Flow cytometry analysis of apoptosis using annexin v and propidium iodide staining. Left upper quadrant percentage indicates the presence

of apoptotic cells.
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Figure 6. A) Western blot analysis of p53 expression. B) Quantifica-
tion of p53 protein expression by densitometry analysis, n=3, *p<
0.05 and ** p<0.01 vs. control.

cell viability. In early apoptotic stage, phosphatidylser-
ine residues migrate from the inner to outer leaflet of
the plasma membrane and annexin V precisely binds to
the exposed phosphatidylserine residues and therefore,
it has been used as a specific probe for morphological
investigation of apoptosis >2. In view of the above re-
ports, our current result also confirms the presence of
phosphatidylserine exposed on the surface of early
apoptotic cells only in the experimental groups.

p53 is a tumor suppressor protein and its functional
loss was observed frequently in a variety of human
cancers °. Studies have shown that AgNP has the po-
tential to induce p53 protein expression in human can-
cer cells . However, in this study, it was shown that

AgNP induced an increase in p53 protein expression.
The AgNP induced p53 expression could be the possi-
ble cause for the apoptosis observed in this study.

Conclusion

The present study demonstrates that B-sitosterol de-
rived AgNP are <21 nm in size and they can effectively
induce cytotoxicity in human colon cancer cells. AgNP
induced early apoptosis via enhanced p53 protein ex-
pression. The present study provides the support to
possible application of AgNP in colon cancer therapy
and further in vivo studies are warranted to substantiate
this notion.
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