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Surface reactivity of CuO NPs is responsible for
the early oxidative damages to A549 cells:
a Trojan-horse independent mechanism

Elisa Moschini, Paride Mantecca
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Presentation overview

1- Toxicity and mode of action of commercial forms of CuO NPs in human lung cells
CuO NPs are highly toxic to lung cells

Cytotoxicity is driven by abundant NP internalization and a Trojan horse-mediated autophagic cell death

2- A new copper oxide sonochemically synthetized showing enhanced antibacterial properties...
and toxicity?

... what happen to human cells? A comparative study between a commercial and a sonochemical form of CuO NPs

3- Oxidative damage as key phenomenon that drives cytotoxicity of sonochemical CuO
Protein and lipids as precocious targets of CuO: - SH oxidation
- Protein carbonylation
- Lipid peroxidation
4- beyond the Trojan horse mechanisms
CuO intracellular dissolution

Cell-particle interactions

5- Conclusion and final remarks
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Background
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Toxicity and mode of action of 1-.-nCuO enter cells
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Aim of the work

1.- Commercial CuO < 50nm
(sigma-aldrich)

2.- Sonochemical CuO < 50nm
sonochemically synthesized, antimicrobial,

used for textile coating (Bar-llan University, Israel)




Results

Particle characterization

Morphology-TEM Size distribution-TEM Crystalline phase-XRD
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¢ Both nCuO appeared with an irregular morphology

+» commercial CuO presented a mean diameter of 34,38% 0,76 nm while and a broad
size distribution

+* sonochemical CuO has a mean of diameter 24,01 0,76 with a NP size distribution
between 15 and 30 nm



Results

Particle characterization

Crystallinity - DSC . . .
sonochemical CuO NPs are crystallites with

more defects and less organized structure
than commercial CuO

ROS production-ESR . . .
; different ability to produce ROS in a cell free

system l

Commercial CuO
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are more toxic to the bacteria... e Son0-CuD

Perelshtein et al. 2014. NanoResearch

Perelshtein et al., 2014. NanoResearch.



Results

NP suspension characterization in culture medium

DLS analyses

z-average
(nm) pdi
commercial CuO  25ug/ml  342,7 0,248 < dose dependent particle aggregation

50 ug/mi 691,2 0,359

% sonochemical CuO finely dispersed
sonochemical CuO 25 ug/ml 157,7 0,376 than commercial CuO

50 ug/mi 230,3 0,298

ICP-OES analyses

mihO3h % dose dependent Cu** release for both CuO
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commercial sonochemical
..what about toxicity in human cells??



Results

Cell viability (1h,3h,6h) [MTT ASSAY]
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Oxidative potential N N Results

- SH oxidation  preincubation of cells with NAC significantly reduces citotoxicity
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+ significant decrease in reduced thiol content
induced by both CuO NPs (clear profiles)



Results

Oxidative potential

Protein carbonylation

+ significant increase of protein carbonylation
induced by both CuO NPs (dark profiles)

Immunocytochemistry of protein carbonylation

AB4S control cells 25 ug/ml cCul-exposed cells

nuclei

B DNP-carbonylated protein

Cud NPs

25 ugim| s Cul-mxposed cells

+ some evidence of protein carbonylation (green) in A549
exposed to commercial CuO; significant presence of
particles was also detected

% significant protein carbonylation in A549 exposed to
sonochemical CuO



Oxidative potential o "' Results

Lipid peroxidation — intracellular dissolution _ _
% sonochemical CuO induces

...remember... significant lipid peroxidation in A549
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in A549 exposed to cCuO despite - Commerclel CuO
the presence of NP aggregates i

+ significant morphological alteration in A549
exposed to sCuO even NP dissolution
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Results

Cell-particle interaction: commercial CuO

«» commercial CUONPs interact with cells
at early exposure time

«» commercial CUONPs was easily
internalized by A549 and appear as
aggregates free in the cytoplasm

s Particles cover entirely the cell surface
and appeared as large aggregates

* No evidences of significant
morphological changes were found



Cell-particle interaction: sonochemical CuO

Results

+ plasma membrane presents
significant blebbing ...

+» particle were detected on
plasma membrane as a very small
aggregates and only few sono CuO enter
cells during the first 3h of exposure

+» sonochemical CuO induced precocious
morphological changes in A549

* NP aggreagates deeply interact with PM

: 3

Surface reactivity and
cell-NP interaction
drive cytotoxicity of
sonochemical CuO



Conclusions

» The contribute of extracellular copper ions release to cytotoxic effect is negligible
for both the CuO NPs

» Oxidative damages to proteins and lipids occur very soon after CuO exposure
and bring to cell death

» Sonochemical CuO NPs resulted more toxic than commercial CuO NPs

» The oxidative stress mechanism drives CuO cytotoxicity independently
from intracellular dissolution of NPs

» Surface reactivity is the key factor to explain the very high cytotoxicity of
sonochemical CuO at early exposure time beyond the trojan horse
mechanism



Final remarks

- The knowledge of the modality of cell-NP interactions
and the molecular pathways driving toxicity are crucial
in assessing NM safety

- By coupling these toxicological data with the efficacy
in killing unwanted bacteria, it will be possible to
engineer nano-biocides with reduced impact on
environmental and human health

- the cooperation among scientists (physicians, chemists,

engineers, biologists, toxicologists...), and with
stakeholders, is fundamental in order to reach the goal of ‘ A L M
the “safe development of nanotechnologies”.
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WORK IN
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Thanks for your attention...

...any question?



