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ABSTRACT

Aims: Nanoparticle composites are a recent research hotspot, with the potential to be drug-delivery
vehicles for more efficient treatment of malignant cancerous tumors. However, as this is a relatively
new field, the safety of these nanoparticles is of concern. In this study, we assess whether two
preparations of gold nanoparticles, HPN1 and HGN2, affect cell viability using a metabolic assay.
Study Design: We treated two breast cancer cell lines, MCF-7 and MDA-MB-231, with two
different nanoparticle preparations for five days. Following treatment, we assessed changes in
cellular metabolic activity using an MTT assay.

Methodology: HPN1 are 32 nm diameter colloidal gold nanoparticles, which reflect a purple hue,
while HGN2 are 10 nm diameter and reflect a yellow-orange color. We plated MDA-MB-231 or
MCEF-7 cells into a 6-well plate at 60% confluence. After 24 hours, we treated cells with fresh media
containing 5-10% of HPN1 or HGN2 nanoparticles or PBS control. After 120 hours, we assessed
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the metabolic activity of live cells using a standard MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) assay, performed in friplicate. Univariate analysis of variance
(ANOVA) was performed using SPSS, with P=0.05 indicating significant variation from the controls.
Results: Interestingly, we show little change in cell activity after exposure of human MDA-MB-231
breast cancer cells to fresh and aged nanoparticles for five days; however, MCF-7 breast cancer
cells responded to the two nanoparticles differently. After nanoparticles had been stored for several
months, treatment with HPN1 led to a loss of viability; in contrast, HGN2 increased proliferation.
Conclusion: We must be cautious moving forward in the development of new chemotherapeutic
techniques, since acute tests may not be indicative of the true toxicity of these compounds.

Keywords: Nanopatrticle; breast cancer; cytotoxicity; chemotherapy.

1. INTRODUCTION

From detection of pathogens to treatment of
cancers, the wuse of nanoparticles as a
component of new technology is evident [1-7].
Unfortunately, the American Cancer Society
reports that there will be more than 1.6 million
new cancer diagnoses in the United States of
America in 2017 (http://www.cancer.org). While
breast cancer mortality has decreased over the
past few decades, the statistics show more work
is needed to increase early detection and
maximize efficient treatment of malignant tumor
cells. While there are several specific and non-
specific chemotherapeutics available, most of
these are non-selective, thus damaging healthy
tissue such as the linings of the gastrointestinal
tract and bladder as well as destroying tumor
cells [8-12].

One of our goals is to develop novel mechanisms
for detecting and treating cancers using
nanoparticles. First, nanoparticles can detect
cancerous cells early in development. For

example, gold nanoparticles preferentially
bioaccumulate near cancerous lung cells
compared to normal cells [13,14]. Second,

nanoparticle composites may become drug-
delivery vehicles for efficient treatment of
malignant cancerous tumors. Most cancers
initially respond to chemotherapy; however, even
with  potent chemotherapeutics such as
paclitaxel, tumors develop resistance beyond
the reported negative side effects [15,16].
Synthesized nanoparticle-based  anti-cancer
composites, where the chemotherapeutic is
encapsulated in either a ftransiton metal
nanoshell or within a liposome tethered to metal
nanospheres, have brought new light to this area
of medicine (reviewed in Jin, et. al. amongst
others [1,7,17,18]). While this method proposes
to be relatively non-invasive, cost-effective, and
more accurate for cancer treatment, concern
exists regarding the safety of components of

these new composites,
degradation within the body.

especially upon

Previous studies in both murine and porcine
cells, as well as breast cancer cells, indicate that
although silver nanoparticles may be toxic, gold
nanoparticles are much safer [19-21]. For
example, gold and silver nanoparticles show no
negative effect on porcine oocytes and murine
blastomere development [20,21]. Additionally,
real-time PCR analysis of six genes involved in
apoptosis or development did not show an
influence in gene expression in the presence of
nanoparticles [20]. However, a problem arises
with these studies: to treat a human with these
methods requires a larger volume of composites.
Given that only an estimated 0.7% of dosed
nanoparticles reach their target, we must perform
more research to assess toxicity and the ability of
a nanoparticle to damage DNA structure [22].

As we work to synthesize a composite for
treatment of cancers, we must examine in detail
the toxicity of individual components before
taking our composite to a mammalian model. In
order to assess changes in metabolism with
these nanoparticles, we performed MTT assays
in two well-studied breast cancer cell lines (MDA-
MB-231 and MCF-7). We exposed cells to
varying amounts of either relatively fresh
nanoparticles, or nanoparticles that had been
synthesized several months earlier. We
assessed a five-day treatment instead of the
traditional forty-eight hours to ensure that
changes in metabolic activity were not missed
due to short treatment times.

2. MATERIALS AND METHODS

2.1 Synthesis of
Components

HGN/Liposome

Synthesis of hollow gold nanoparticles used a
modified version of the galvanic replacement
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reaction method first described by Prevo et al.
[23], completing the reaction at ambient room
temperature  (~25°C) instead of 60°C.
Nanoparticles with 10 nm diameters were
prepared by combining a 100 mM nanoparticle
solution of AgNO; with 180 pL of 25 mM HAuCl,.
The HAuCl, was added incrementally over an 8
min period (10 pL added every 45 seconds)
while stirring rapidly. The reaction mixture stirred
for an additional two hours after addition of the
final HAuCl, aliquot prior to overnight
refrigeration. Hollow gold nanoparticles with 32
nm diameters were produced by growing the
silver nanoparticles in 100 mM AgNO; followed
by addition of 800 yL 25 mM HAuCl,. The sizes
of the HGN samples were confirmed by UV-
visible spectrophotometry.

2.2 Cell Culture and Maintenance

We obtained MCF-7 and MDA-MB-231 human
breast cancer cells from ATCC (HTB-22 and
HTB-26, Manassas, VA). We maintained cells in
a humidified incubator at 37°C with 5% CO.,.
Growth media for MCF-7 cells was MEM-EBSS
(HyClone, Logan, UT, USA) supplemented with
5% calf serum, non-essential amino acids,
HEPES, NEAA, and antibiotics
(penicillin/streptomycin and gentamycin). Growth
media for MDA-MB-231 cells was DMEM/F12
media (Gibco/Life Technologies, Grand Island,
NY, USA) supplemented with 10% newborn
calf serum, HEPES, and antibiotics
(penicillin/streptomycin and gentamycin). Cells
were subcultured upon 80% confluence.

2.3 MTT Assay

We assessed changes in metabolic activity using
a standard MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium  bromide) assay. We
subcultured cells into a 6-well plate at 60%
confluence; after 24 hours, we treated cells with
fresh media containing 5-10% of HPN1 or HGN2
nanoparticles or PBS control. After 120 hours,
we added 200 ul of 5 mg/ml MTT to each well,
incubated for two hours at 37°C, and
resuspended precipitated formazan crystals in 1
ml DMSO. Absorbance readings of the dissolved
formazan crystals were taken at 570 nm in a
Thermo Scientific Genesys 10S UV-Vis
spectrophotometer. The assay was performed in
triplicate for initial studies (during separate
weeks), and again in ftriplicate after six months.
Univariate analysis of variance (ANOVA) was
performed using SPSS (IBM SPSS Statistics 21,
IBM Corp., Aramonk, NY, USA), with P=0.05
indicating significant variation from the controls.

3. RESULTS AND DISCUSSION

To identify whether nanoparticles had any effect
upon eukaryotic cells, we assessed changes in
cellular metabolic activity using two human
breast cancer cell lines, MDA-MB-231 and MCF-
7. We felt it important to utilize more than one
cell line, as while both cells are epithelial-derived
adenocarcinomas, they have a very different cell
milieu. MCF-7 cells are a non-metastatic cell line,
while MDA-MB-231 cells will metastasize [24-26].
Additionally, MCF-7 cells express both the
estrogen and progesterone receptors and are
hormone-dependent, while MDA-MB-231 cells
are hormone-resistant. Toxicity experiments
continued for five days, since although toxicity
may easily be determined in a 24-48 hour period,
any increased viability would require adequate
time for cell replication. Experimentation
continued over three weeks, with results
compiled and presented in Fig. 1. As expected,
we observed no statistically significant change in
viability when MDA-MB-231 cells were exposed
to the nanoparticles (Fig. 1, P>0.23 for all
treatments). This correlates with published work
indicating that gold nanoparticles are not
cytotoxic [27,28]. However, we did observe
several changes in MTT conversion in the MCF-7
cell line when compared to the control. At the
10% concentration of both nanoparticles, the
relative absorbance readings almost doubled
(Fig. 1, P=0.002), indicating an increase in
growth and metabolism in MCF-7 cells. This is in
strong contrast to the 5% HPN1 dosage, which
resulted in a 30% reduction (P=0.037).

Our results contrast with published work in
several mammalian systems, where gold and
silver nanoparticle exposure reduced viability of
cancer cells [19,29]. One possible explanation for
this difference is that our studies were longer
than previous examinations of nanoparticle
toxicity, and thus draw concern, although we
recognize that our treatment amounts were much
larger than would be given medically. Another
potential difference is due to the sizes of the
nanoparticles utilized. Research by Sonavane et
al indicates that smaller nanoparticles may
bioaccumulate and cross the blood/brain barrier
[30]. Our nanoparticles are within the range that
did accumulate in Sonavane’s study (less than
50 nm diameter). Lastly, there have been reports
of silver nanoparticles having both proliferative
and apoptotic effects that we dependent upon
dosage [31]. In human embryonic neural
precursor cells, treatment with 20 nm silver
nanoparticles increased cell proliferation by
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almost thirty percent, while simultaneously also
increasing TUNEL staining.

During initial review of our data, and due to the
strong differences observed between the 5%
and 10% HPN1 treatment within the MCF-7 cells,
we had some questions regarding the stability of
the nanoparticles. Thus, we allowed the
nanoparticles to sit at 4C for six months in PBS
prior to repeating the assays. As observed
previously, we saw no statistically significant
changes in MTT conversion when MDA-MB-231
cells were exposed to either nanoparticle for five
days (Fig. 2, P>0.37 for all treatments); thus, we
feel confident that the nanoparticles did not alter
cell growth and metabolism in that cell line.

Although we observed little change with MDA-
MB-231 cells, our results in the MCF-7 cells were
more dramatic than in our initial trials. Even at
only 5% treatment, the HPN1 (larger)
nanoparticles caused over 75 percent death (Fig.
2, P=0.009), compared to the 30% death initially
observed (Fig. 1). In stark contrast to the growth
seen in our initial trials, at the 10% treatment, an
average of 90% cell death occurred, with 100%
death in one trial (Fig. 2, P=0.005). However, the
HGN2 nanoparticles acted similarly to our earlier
results. HGN2 nanoparticle treatment caused a
statistically significant increase in viability
compared to wells treated with the PBS control.
An average 30% increase in MTT activity was
observed with the 5% HGN2 treatment and 60%
increase in the 10% HGN2 treatment (Fig. 2,
P=0.04 for both treatments).

Control m5% HPN1

200.0
175.0
150.0
125.0
100.0
75.0
50.0
25.0
0.0

Percent Viability

MDA-MB-231

Such dramatic differences in proliferation were
unexpected, and drew much concern about the
stability of the nanoparticles we had utilized;
additionally we note the importance of monitoring
safety in multiple cell lines. We know that gold
nanoparticles are naturally drawn to highly
proliferating cells such as those found in
cancerous tumors, and some nanoparticles are
able to utilize receptor-mediated endocytosis to
enter into the cells [32,33]. This may in part
explain the differences in responsiveness
between our two tested cell lines. While MCF-7
cells responded with either death or enhanced
proliferation, the nanoparticle treatment had
almost no effect on MDA-MB-231 cells. However,
this is not the first time we have observed
differences in responsiveness between these two
cell lines. In fact, in previous studies within our
lab, we have found that MDA-MB-231 cells are
much more resistant to treatment with toxic
substances than MCF-7 cells (discussed in
[34,35] and unpublished work). We are now
examining the stability of several different
nanoparticles developed by our colleagues to
identify preparations that are more stable in
solutions such as PBS as well as within cell
medias that are more complex. This is a critical
step within preparation of any potential
pharmaceutical, as a limited shelf life would
prohibit the usefulness of this a medication. The
WHO recommendation for stable shelf life of any
pharmaceuticals is twenty-four months at room
temperature, or with extensive real-time studies
to support variations from this recommendation
[36].

10% HPN1 m5% HGN2 m10% HGN2

X X

MCF-7

Fig. 1. Changes in metabolic activity in breast cancer cells after nanoparticle exposure
We applied HPN1 or HGN2 gold nanopatrticles (5 or 10% v/v) to MDA-MB-231 or MCF-7 human breast cancer
cells for 120 hours. PBS-treated controls were also included. Following treatment, an MTT assay was performed.
Viable cells with active metabolism converted the MTT to insoluble formazan crystals, which we resuspended in
DMSO and quantified by absorbance spectroscopy at 570 nm. We standardized the results by normalizing
control cells to 100%. Results represent three independent experiments and indicate cell viability + standard error
of the mean. Statistically significant variation from the PBS-treated controls is indicated (*, P<0.05)



Waszczuk and Schroeder; JPRI, 18(6): 1-8, 2017; Article no.JPRI.36154

Control m 5% HPN1

200.0
175.0
150.0
125.0
100.0
75.0
50.0
25.0

Percent Viability

10% HPN1 m5% HGN2 m 10% HGN2

il “
0.0 b

MDA-MB-231

MCF-7

Fig. 2. Changes in metabolic activity in breast cancer cells after aged nanoparticle exposure
HPN1 or HGN2 nanoparticles were stored at 4C for six months. We applied these aged HPN1 or HGN2 gold
nanoparticles (5 or 10% v/v) to MDA-MB-231 or MCF-7 human breast cancer cells for 120 hours. PBS-treated
controls were also included. Following treatment, an MTT assay was performed. Viable cells with active
metabolism converted the MTT to insoluble formazan crystals, which we resuspended in DMSO and quantified
by absorbance spectroscopy at 570 nm. We standardized the results by normalizing control cells to 100%.
Results represent three independent experiments and indicate cell viability + standard error of the mean.
Statistically significant variation from the PBS-treated controls is indicated (*, P<0.05)

As we proceed with further testing and
development of novel drug delivery models, we
must continue to ensure the safety of the patient
while maximizing the efficacy of the delivery
mechanism. One current focus of our research is
expanding the time of our toxicity studies.
Conflicting reports of gold nanoparticle toxicity
have complicated our understanding of these
compounds (reviewed in [37]). One concern we
have as we move forward in the synthesis of new
drug delivery models is that many of the tests
currently done are acute [38,39]. Additionally,
these studies are often performed in the
presence of either bacteria [40] or monolayer
cultures [41-43], where the nanoparticles may
come in direct contact with individual cells;
however, this does not necessarily mimic a tumor
environment and thus may not be indicative of
the true toxicity of these compounds. Further
studies in our laboratory will examine the
mechanisms through which any changes in
viability occur, such as through the assessment
of repair pathways in mammalian cells, i.e. both
base excision repair and nucleotide excision
repair pathways, which have a variety of
enzymes that could potentially be activated
[44,45].

4. CONCLUSION

We observed differences in the toxicity of two
nanoparticle preparations in a cell- and time-

dependent manner. This indicates that changes
in the nanoparticles may have occurred during
the lag period between experimentation, and
bodes caution towards selecting gold
nanoparticles in the development of drug delivery
mechanisms.
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