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Background: Cancer is a disease with an enormous worldwide impact. One of the fatal

complications in cancer patients are bacterial opportunistic infections. The use of chemother-

apeutic drugs made cancer remission more frequent and prolonged patient survival, but,

increased the risk of infections.

Purpose: Address the current problem with growing pandemic cancer and considering high

risks of complications with bacterial infections, the present study synthesized novel dendritic

assembly of silver (Ag)-platinum (Pt) nanoparticles.

Methods: Nanoparticles were characterized by TEM analysis, and the composition was con-

firmed by EDX. Bacterial studies were performed for Gram-positive Staphylococcus aureus,

Gram-negative Pseudomonas aeruginosa and Gram-negative multi-drug resistant Escherichia

coli. Cell experiments were performed with two different cancer cell lines, glioblastoma and

melanoma to determine anticancer activity. Finally, cytotoxicity with fibroblast was tested.

Results: The TEM analysis of silver-platinum (AgPt) nanoparticles showed dendrimer shape

nanoparticles with a mean size of 42 ± 11nm. Elemental composition was analyzed by EDX,

confirming the presence of both Ag and Pt metals. The synthesized nanoparticles significantly

inhibited the growth of medically important pathogenic, Gram-positive Staphylococcus aureus,

Gram-negative Pseudomonas aeruginosa and Gram-negative multi-drug resistant Escherichia

coli. Bactericidal effect of AgPt nanoparticles had greater effectiveness than silver nanoparticles.

MTS assay revealed a selective and dose-dependent anticancer activity of AgPt nanoparticles over

cancer cell lines glioblastoma and melanoma in the 10–250 µg/mL concentration range.

Cytotoxicity experiments with fibroblast cells showed no side effects of nanoparticles against

healthy cells at a range of concentrations from 10–50 µg/mL.

Conclusion: The newly synthesized AgPt nanoparticles have a promising future as a potent

anticancer agent with antibacterial properties.

Keywords: silver, platinum, nanoparticles, antimicrobial, anticancer, multi-drug resistant

bacteria

Background
Cancer is a disease with an enormous worldwide impact. According to the National

Cancer Institute (NCI), in 2016 around of 1.700.000 new cases of cancer were

diagnosed in the United States, and 595,690 people died because of this disease.

One of the fatal complications in cancer patients are bacterial opportunistic infec-

tions. The use of chemotherapeutic drugs made cancer remission more frequent and

prolonged patient survival, but, increased the risk of infections.1 One example is the

case of hepatocellular carcinomas, which is the most common type of primary liver

cancer, where up to 80% of these cases are associated with chronic infections.2
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The discovery of antibiotics is arguably one of the

most important and revolutionary events in the history of

medicine. However, their recent overuse has led to the

growing prevalence of antibiotic-resistant bacteria.3–6 In

fact, the Centers for Disease Control and Prevention

(CDC) has also predicted more deaths from microorgan-

isms than from all cancers combined by 2050. With the

growing prevalence of acquiring bacterial infections in

hospitals, especially in immunocompromised patients,

such as those with cancer, there remains limited treatment

options to combat these bacteria.7

Gram-negative bacteria are of particular interest

because they are resistant to numerous different antibiotics

and drugs (antibiotics containing β-lactum, such as peni-

cillin, ampicillin, and methicillin).4,8 The emergence of

multi-drug resistant (MDR) Gram-negative bacteria has

affected the practice of almost every field of medicine.9

Therefore there is a need for the same material to be both

antibacterial and anticancer.10 Consequently, there is

a substantial need to develop new ways to treat cancer as

well as infections caused by antibiotic resistant bacteria.3

Nanotechnology is a multidisciplinary field in chemis-

try, engineering, biology and medicine. There are a lot of

different applications such as cancer, for both detection or

treatment, and also combatting multi-drug resistance.11 To

address the growing threat of antibiotic resistant bacteria

and improve the treatment of cancer diseases, nanotech-

nology with biomedical applications is a very promising

strategy to solve these problems.12 To combat drug-

resistant bacteria, nanomaterials with antimicrobial effects

can be used, such as silver, copper, selenium, palladium,

and titanium dioxide.13,14 The antimicrobial activity of the

nanoparticles is based on their small size and high surface

area.15 Their small size and high surface area allow nano-

particles, to penetrate biofilms as well as bacteria cell

walls, influencing intracellular mechanisms. On the other

hand, nanoparticles can be used for cancer treatment

through the incorporation of hydrophilic polymers that

create a stealth surface for opsonization.11

The composition chosen for the presently fabricated

nanoparticles is an alloy of silver and platinum. This

composition was selected due to the high antimicrobial

effect of silver and for the anticancer properties of

platinum.16,17 The antibacterial activity of silver nanopar-

ticles is based on the penetration of the cell membrane,

which suppress the respiratory enzyme.18 Additionally,

nanoparticles interfere with the DNA inside the bacteria

cells, preventing the replication and transcription of the

genetic material.19 On the other hand, platinum has

a remarkable anticancer activity.20 For example, the use

of cisplatin is further studied as a chemotherapeutic

drug.21 The mechanism involve the binding to the DNA

producing cell death by apoptosis or necrosis.22 Also,

platinum can be used for imaging, Pt(II) complexes have

photostability for multiphoton excitation in cells.23 That

means, that using low-energy light in the visible region

enhances imaging depths.23 However, drugs like cisplatin

are not selective for cancer cells, and mammalian cells are

also affected.24 For these reasons, platinum nanoparticles

are a better option due to their lower toxicity and imaging

characteristics.17

Materials and Methods
Chemicals and Reagents
Silver nitrate, Potassium tetrachloropalatinate (II),

Ascorbic acid, Sodium chloride, Brij58, Tryptic soy

broth (TSB), Fetal bovine serum (FBS), Penicillin-

streptomycin solution, Trypsin and LIVE/DEAD™

Viability/Cytotoxicity Kit, were purchased from Sigma-

Aldrich, United States. Dulbecco’s Modified Eagle’s

Medium (DMEM) and Fluorescent solution BacLight™

bacterial viability kit, were obtained from Thermo Fisher,

United States. CellTiter 96® AQueous One Solution Cell

Proliferation assays (MTS) was acquired from Promega,

United States. All chemicals were used as received.

Mammalian Cells and Bacteria Strains
S. aureus (12600), Gram-negative P. aeruginosa (27853)

and multi-drug-resistant E. coli (#BAA-2471) were pur-

chased from American Type Culture Collection (ATCC).

Also, human dermal fibroblasts cells (HDF) (Detroit 551 -

CCL-110), melanoma cells (#A375) and glioblastoma cells

(U 87) were purchased from ATCC.

Characterization
Synthesis and Characterization of the Nanoparticles

The methodology for synthesizing the nanoparticles was

adapted from Shim et al.25 As described below, the mor-

phology, structure, and size of the nanoparticles was char-

acterized using Transmission electron microscopy (TEM)

(JEM 1010, JEOL, United States) with an acceleration

voltage at 80Kev. The composition of the nanoparticles

was measured by Scanning Electron Microscopy (SEM)

and Energy Dispersive X-ray analysis (EDX) (Hitachi

S-4800, Hitachi, Japan). The charge of the nanoparticles
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was measured by Zeta potential using Dynamic Light

Scattering (DLS) (90Plus Zeta, Brookhaven Instruments,

Holtsville, NY).

Antibacterial Activity in vitro

The antibacterial effect of the nanoparticles was tested

with three different kinds of bacteria Gram-positive

S. aureus, Gram-negative P. aeruginosa and multi-drug-

resistant E. coli. The first step was incubating a single

colony of bacteria selected from cultured agar plates with

TSB media for 8 hrs at 37 °C in a shaking incubator. After

this period of time, the concentration of bacteria was

determined by optical absorbance measurements at 600

nm (OD600) with a Spectrophotometer (SpectraMax

Paradigm, Molecular Devices, Silicon Valley, CA) and

then was diluted to obtain a final bacteria density of 105

CFU/mL.

Bacteria Growth Curve

For the bacteria growth curve, different concentrations of

nanoparticles (10, 25, 50 and 75 µg/mL) were added to

a 96-well plate containing 100 µL of bacteria suspension

with TSB. The plate was then incubated at 37 °C inside

a spectrophotometer. Bacteria measurements were taken

every 2 mins for 24 hrs with an optical density (OD)

600, and repeated three times three.

Bacteria Colony Counting

For colony counting, nanoparticles were used at a 10 µg/mL

concentration andwere added into a 96-well plate with 100 µL

of a bacteria suspension. The plate was incubated at 37 ºC for

8 hrs inside the incubator until the bacteria reached the expo-

nential growth phase. To prepare the agar plates, different

dilutions were performed, and once the agar plate was labeled

with the concentration of bacteria in every region, 30 µL was

introduced into each section of the plate. Then, the plates were

incubated for 9 hrs at 37 °C and measured for colony unit

formation. All the experiments were repeated three times.

Cytotoxicity

To determine the cytotoxicity of nanoparticles to healthy

human cells, MTS assays were performed with HDF. The

cells were cultured with DMEM, complemented with 10%

FBS and a 1% penicillin-streptomycin solution. For the

incubation, the cells were cultured at 37 °C in a 75 mL

flask. After the cells reached 80% confluence, they were

detached from the surface using trypsin 0.05% for 5 min.

The cells were collected by centrifugation (Centrifuge

5804 R, Eppendorf, Germany) at 222 rcf for 5 min.

MTS were performed for 1, 3 and 5 days. Cells were

cultured in a 96-well plate at a concentration of 50,000

cells/mL and then were incubated for 24 hrs at 37 °C.

After the incubation, the media was replaced with different

concentrations of nanoparticles (10, 25, 50, 75, 100, 150,

200 and 250 µg/mL) in cell media and incubated for 1, 3

or 5 days. After incubating for the time required (the

media was not changed between these days), the viability

of the cells was determined by removing media and adding

the MTS solution, which was then incubated for 3 hrs at

37 °C. To determine cell viability, the absorbance of every

well was measured at a wavelength of 490 nm using

a spectrophotometer. All experiments were performed

three times three (nine times in total).

Cancer Cell Assays

To determine the cancer cell response to the nanoparticles,

MTS assays were performed with two different kind of

cancer cells, melanoma and glioblastoma. The cultured

method used was the same for healthy cells. The cells

were cultured with DMEM, complemented with 10%

FBS and a 1% penicillin-streptomycin solution.

MTS assays were performed for 1, 3 and 5 days. Cells

were cultured in a 96-well plate at a concentration of 50,000

cells/mL and then were incubated for 24 hrs at 37 °C. After

the incubation, the media was replaced with different con-

centrations of nanoparticles (10, 25, 50, 75, 100, 150, 200 and

250 µg/mL) in cell media and incubated for 1, 3 or 5 days.

After incubating for the time required (the media was not

changed between these days), the viability of the cells was

determined by removingmedia and adding theMTS solution,

whichwas then incubated for 3 hrs at 37 °C. To determine cell

viability, the absorbance of every well was measured at

a wavelength of 490 nm using a spectrophotometer.

Fluorescence Microscopy Cell Assays

As a qualitative measurement, live/dead bacteria and cell

viability assays were performed using fluorescence micro-

scopy (Zeiss inverted fluorescence microscope, SpectraMax,

Molecular Devices, Silicon Valley, CA). For this, bacteria at

a 1×106 CFU/mL concentration and fibroblasts at 50,000

cells/mL were incubated with different concentrations of

nanoparticles for 24 hrs. After 24 hrs, the plate was centri-

fuged to remove the supernatant and 100 µL of 0.85% NaCl

was added (two times). Immediately thereafter, 1.25 µL of

each fluorescent solution dye, Calcein and EthD-1, from the

BacLight™ bacterial viability kit or LIVE/DEAD™

Viability/Cytotoxicity Kit in 1 mL of a 0.85% NaCl solution
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was added to each well and kept in the dark for 15 min.

Finally, the solution was centrifuged, washed with 0.85%

NaCl, and resuspended for fluorescence microscopy.

Statistics

Each experiment was performed at least three times three.

Data are presented as mean, standard error of the mean

was calculated, and also two-tailed Student’s t-tests were

used to evaluate differences between means, with a value

of p-value < 0.05 considered statistically significant.

Results and Discussion
Characterization of Silver/Platinum

Nanoparticles (AgPt)
Transmission electron micrographs of the synthesized AgPt

nanoparticles revealed the formation of dendritic shape nano-

particles, classifying them as a dendritic assembly of silver

and platinum nanoparticles (Figure 1). And a size distribution

of 42.5 ± 11 nm with a polydispersity index (PDI) of 0.2588

was calculated by analysis of TEM images. To determine

stability and charge of the nanoparticle dispersion, Zeta

potential was acquired showing a value of −30 mV, suggest-

ing that nanoparticles were negatively charged and moder-

ately stable in solution.26 The elemental composition of AgPt

nanoparticles was confirmed by EDX (Figure 2). Peaks at 2.1

confirmed the presence of platinum, while the peaks between

2.9 and 3.2 indicated the presence of silver. Also, peaks were

detected from carbon (C) and oxygen (O), from the polymer

Brij 58 and copper (Cu) from the grid.

Anticancer Assays
MTS Assays

In this research, the cytotoxic effect of AgPt nanoparti-

cles against two human cancer cells, melanoma and

glioblastoma, was carried out in vitro by MTS assay.

The results disclosed a high grade of cytotoxicity

against melanoma cell line (Figure 3). Cytotoxicity

increased with increase in concentration of AgPt nano-

particles. It is worth of mention that for concentrations

from 10 to 50 µg/mL, the AgPt nanoparticles demon-

strated a remarkable and statistically significant ability

to reduce the viability of cancer cells (Figure 3).

Although the results with melanoma and glioblastoma

cells were quite similar, the effect of the nanoparticles

was higher against glioblastoma cells, showing

a decrease in cell viability around 60%, compared to

control. The half maximal inhibitory concentration

(IC50) calculated for AgPt nanoparticles against cancer

cells was 50 µg/mL for the five days that the analysis

lasted.

Live/Dead Assays

The proliferation of glioblastoma and melanoma cells was

visualized under confocal microscopy after 1 day of treat-

ment with AgPt nanoparticles and was compared with

non-treated cells (control). The images obtained confirmed

the anticancer activity of the nanoparticles. Although glio-

blastoma showed a significant reduction on cell number

after treatment, the absence of cells stained in red can be

due to detachment and loss of such dead cells during the

processing of the samples (Figure 4). The results sug-

gested that the nanoparticles not only killed cancer cells,

Figure 1 TEM images of AgPt nanoparticles, imaged at a voltage of 60kV and

25000x magnification.
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Figure 2 EDX spectra of AgPt nanoparticles. Peaks at 2.01 indicate platinum while

between 2.8 and 3.35 indicate silver.
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but also prevented cell growth. A hypothetical mechanism

of the anticancer activity of AgPt nanoparticles against

glioblastoma and melanoma cells, could be related with

the direct interaction of the nano-scaled particles with the

cell surface, affecting and disrupting the cell membrane

and affecting the normal development of the cell.27
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Figure 3 Cell viability after treatment with AgPt nanoparticles. (A) Melanoma and (B) Glioblastoma.

Notes: *p-value <0.05 significant differences comparing each day of every concentration with the corresponding control day. Data = mean ± SEM; N = 3.
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Cytotoxicity
Human dermal fibroblasts are cells from the skin that are

responsible for generating connective tissue and allowing

the skin to recover from injury. This type of cells was

selected due to the interest about to test AgPt particles as

a novel treatment for skin cancer, but also, because HDF

are commonly used as a model cell type for cytotoxicity

tests with novel drugs. The results obtained from the

treatment of HDF with AgPt nanoparticles, are presented

in Figure 5. The analysis showed a high percentage of cell

viability after treatment with concentrations below of 75

µg/mL. No significant differences were found between

controls and treatments at 10, 25, and 50 µg/mL of

AgPt. Higher concentrations of nanoparticles exert toxic

effects over HDF cells. In addition, the viability of cells

after 1, 3 and 5 days of treatment was quite similar, thus, it

seems that prolongation on contact time with nanoparticles

do not have an effect on toxicity. The IC 50 calculated for

AgPt nanoparticles was 75 µg/mL, for all days measured.

According to the results obtained from the anticancer and

the cytotoxicity studies, it can be inferred that concentra-

tions from 10 to 50 µg/mL of AgPt nanoparticles will have

remarkable anticancer activity with no fibroblast

cytotoxicity.

Figure 4 Live/dead assays of melanoma and glioblastoma cells treated with AgPt nanoparticles at 10µg/mL for 1 day. Melanoma: (A) control, (B) AgPt nanoparticles.
Glioblastoma: (C) control, (D) AgPt nanoparticles. Magnification 10×.
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Antimicrobial Activity Assays
Bacteria Growth Curve Studies

To test the antibacterial effects of AgPt nanoparticles,

different concentrations (10, 20, 50, and 75 µg/mL) were

added to bacterial cultures and growth curves were gener-

ated. Two different nanoparticles were tested: AgPt and

Ag (as a control) on the three previously mentioned bac-

teria. It was observed that AgPt nanoparticles inhibited the

growth of each type of bacteria (Figure 6). Compared to

Ag incubation, which served as a control, AgPt demon-

strated significantly more antibacterial effects. On the

other hand, for Gram-positive bacteria, the antibacterial

effect was lower. This may be due to the thicker peptido-

glycan layer in the cell wall of Gram-positive bacteria and,

are thus, likely more difficult to kill. Furthermore, as the

concentration of nanoparticles increased, the bacterial

population decreased.

As a quantification of the OD measurements,

a modified Gompertz model was used to assess the effects

of nanoparticles on the bacterial growth curve:

y ¼ A exp � exp
μme
A

ðλ� tÞ þ 1
h in o

(1)

Where A is the asymptotic absorbance, µm is the max-

imum exponential growth rate, λ is the lag time, t is the

time and y is the absorbance.

According to the Gompertz model curve fitting results, the

calculated lag time was significantly higher as the concentra-

tion of nanoparticles increased. During lag phase conditions,

bacteria are not able to divide and consequently the concentra-

tion of bacteria is constant due to the effect of nanoparticles.

However, the maximum asymptotic absorbance was the

reverse, as with higher concentrations of nanoparticles, lower

A resulted. The maximum asymptotic absorbance determines

bacteria maximum growth value, so, the use of nanoparticles

decrease the final concentration of bacteria. With this value, it

was demonstrated that the use of AgPt nanoparticles affected

the bacteria growth, most impressively, for Gram-positive,

Gram-negative and multi drug resistant bacteria.

Colony Counting
In agreement with the results obtained with growth curve

assays, colony counting experiments (Figure 7) showed

a remarkable antimicrobial effect even for the minimum con-

centration used (10µg/mL). ForP. aeruginosa, incubationwith

AgPt nanoparticles resulted in 60% viability. For multi-drug

resistant E. coli, nanoparticle treatment showed a 1% viability.

Finally, for S. aureus, incubation with AgPt nanoparticles

resulted in a 12% viability. These experiments gave

a confirmation of what was already observed with growth

curve, with more accurate results. Collectively, these results

concluded that AgPt nanoparticles are an effective antimicro-

bial treatment. The most likely killing mechanism that could

take place over bacteria is the disruption on the bacterial cell

membrane and the release of metal ions. Metal ions, but also

nanoparticles are able to cross membranes due to their small

size and high surface, thereby interrupting a series of intracel-

lular processess.28 According to the results obtained from the

bacterial assays and the cytotoxicity studies, it can be inferred

that concentrations from10 to 50 µg/mL ofAgPt nanoparticles

will have remarkable antibacterial activity with no fibroblast

cytotoxicity.

Live/Dead Assays

As a qualitative test, live/dead assays were performed with the

nanoparticles at a 10 µg/mL concentration. As a confirmation

of the growth curve experiments and colony counting, data

from live/dead assays (Figure 8) demonstrate that the use of

nanoparticles killed bacteria, due to the increase in the number

of dead bacteria (red spots). Furthermore, the use of nanopar-

ticles not only killed bacteria, but also did not allow them to

grow, reducing the density of bacteria when using nanoparti-

cles more than for the control. That means, that the nanoparti-

cles are bacteriostatic agents that stop bacteria from

reproducing but not necessarily kill all of them. Also, with

this test it is possible to appreciate that AgPt nanoparticles are

more effective than Ag nanoparticles alone, due to the differ-

ence in bacteria density after the treatment with both

nanoparticles.

*
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Figure 5 Cell viability of fibroblasts after treatment with AgPt nanoparticles.

Notes: * p-value<0.05 significant differences comparing each day of every concen-

tration with the corresponding control Data – mean ± SD; N =3.
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Figure 6 Bacterial growth curves and Gompertz model lag phase (λ) and asymptotic absorbance (A). Growth curves of Gram-negative bacteria P. aeruginosa ((A) (AgPt

NPs), (B) (Ag NPs)), Gram-negative multi drug resistant E. coli ((C) (AgPt NPs), (D) (Ag NPs)) and Gram-positive S. aureus ((E) (AgPt NPs), (F) (Ag NPs)), was measured

over 24 hrs in the presence of different concentrations of AgPt NPs and Ag NPs. Light Blue (control), orange (10 µg/mL), green (25µg/mL), dark blue (50µg/mL) and yellow

(75µg/mL). Gompertz, graphs orange (lag time) and blue (asymptotic absorbance).
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Conclusions
In conclusion, it has been successfully demonstrated the synth-

esis and applicability of new silver-platinum nanoparticles as

anticancer and antibacterial agents. The characterization of the

physicochemical properties has been carefully assessed. And

biological experiments were performed to evaluate the anti-

bacterial activity against three bacteria strains of medically

relevance. The study, thus, showed that the newly AgPt nano-

particles possessed anticancer activity against melanoma and

glioblastoma cells without being harmful to healthy human

fibroblasts, while exhibiting at the same time antibacterial

activity over Gram-positive, Gram-negative and multidrug-

resistant bacteria.

The anticancer activity of such nanoparticles could be

allied with the interaction between particles and cell mem-

brane, preventing cancer spread or even killing the cancer

cells. The selectivity of cytotoxicity observed over human

cancer cells, compared with human healthy fibroblast, could

be due to the targeting of cancer cells, via enhanced perme-

ability and retention. Where nanoparticles tend to accumulate

in tumor tissue, because its higher permeability compared to

healthy tissue.27 In summary, the present nanoparticles could

be a promising selective anticancer agent able to overcome the

most important problem of most of the anticancer drugs, their

toxicity against healthy cells. Furthermore, the inhibitory effect

ofAgPt nanoparticles over bacteriawould allow the prevention

of infections by opportunistic pathogens in immunocompro-

mised patients. Furthermore, the effect of the presented nano-

particles against multi-drug resistant bacteria opens new ways

of treatment for infections. Considering the interesting pre-

vious results, it is necessary further investigations conducted

to in vivo research.

Figure 7 Colony counting of CFU of bacteria after treatment with AgPt nanoparticles for 9 hrs. E. coli MDR (A), P. aeruginosa (B) and S. aureus (C).

Notes: *p-value<0.05 significant differences compared to controls (bacteria no treated). Data = mean ± SD; N = 3.
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