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Abstract: Considerable attention has been paid re-
cently to nanomaterials not only because of their ap-
plication possibilities but the potential toxicities to
humans and ecosystems. As an emerging environ-
mental pollutant with unknown eco-environmental
risks, nanomaterials should not relax our vigilance.
Some nanomaterials process similar properties as
persistent toxic substances (PTSs) such as less biode-
gradable and lipophilic. Pollutants like mercury, di-
chlorodiphenyltrichloroethane, hexachlorocyclohex-
ane have taught us enough lessons how they display
destructive forces to the environment (Chikuni et al.,
1997; Qiu et al., 2005; Phillips et al., 2005). The risk
of nanoparticles entering these environments, as well
as the effects on human health from people having
contact with the nanoparticles, needs to be carefully
assessed and investigated. Among all the food chains,
fish-crustacean is one of the pillars of the global
aquatic ecosystem. Besides, fish is an economically
important species that have long been consumed by
humans. Trophic accumulations of nanomaterials
from the preys to fish give rise to the possibility that
they may transfer finally to humans. In this study, we
investigated the trophic transfer of noble metal nano-
particles from fairy shrimp (Eubranchipus vernalis)
to Japanese medaka (Oryzias latipes). Four kinds of
nanoparticles, hexadecyltrimethylammonium bro-
mide (CTAB) coated silver nanospheres (CSNSs),
CTAB coated gold nanospheres (CGNSs), CTAB
coated gold nanorods (CGNRs), and poly(sodium-p-
styrenesulfonate) coated gold nanorods (PGNRs)
were employed to study the effects of shape, surface
coating and core in the trophic transfer. Our findings
hold the promise to highlight the potential for trophic
transfer as an ecological impact of nanomaterials.

Keywords: silver nanoparticle, gold nanoparticle,
uptake and depuration, bioaccumulation, biomagnifi-
cation, biotransformation, food chain.
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Figure 1: Figure illustrating the questions that we are
tempting to solve experimentally: For the four kinds
of materials, which one is likely to biomagnify?
Which are the target organs for higher trophic level
animals and what are the resulting effects for these
organs after accumulation? Will nanoparticles trans-
form chemically and physically as they travel up
through food chains?
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Abstract: Nanosciences and nanotechnologies are highly promising areas for research and industrial innovation, with
a potential both to boost the competitiveness of many industries which will lead to new emerging and fast growing
markets. It is predicted that nanotechnology production approaches will change about 25% of the food packaging
business in the next decade, which means a yearly over $ 30 billion market. The major market trends include
enhancing the performance of packaging materials, prolonging shelf life, antimicrobial packaging and
interactive/sensorial packaging.

One of the main priorities in food packaging technology is to keep the original properties of the food. This goal is
achieved by keeping all the nutrients in the original conditions, by ensure minimum interaction between environment
and the packaged food and reducing microbial growth

In the field of nanoparticles and nanotechnology-based thin films, new approaches using nanoscale effects can be used
to design, create or model nanocomposite systems with significantly optimized or enhanced properties of high interest
to the food, health and biomedical industry. With the development of nanotechnology in various areas of materials
science the potential use of novel surfaces and more reliable materials by employing nanomaterials and
nanostructured thin films in food packaging, security pharmaceutical labels, novel polymeric containers for food
contact, medical surface instruments, bio-implants, and even coated nanoparticles for bionanotechnology can be
considered.

The use of plastic containers in the food and beverage market has dramatically increased because they are lightweight,
unbreakable, convenient, resealable and they may be clear. PET bottles have gradually replaced glass bottles and
metal cans as the most common packaging for liquid foods, such as carbonated soft drinks, tea, water, soy sauce and
edible oil.In this field of new packaging technologies, nanostructured architectures coatings such as nanocomposite
films are given the unique role of enhancing food impact over the consumer’s health. For example, the unique
properties of diamond like carbon (DLC) film, including its chemical inertness and impermeability, make it possible
for new applications in food, beverage and medical market segments. The ability of using thin films and nanoparticles
with transparent properties a more flexible and transparent packaging materials will provide the consumers with
fresher and customized packs where the products can be observed as they are.

In this presentation it will be presented an overview of the nanotechnology approaches to produce nanostructured
materials for food and health industry. Topics to be discussed include introduction to nanocoatings concepts (from
functional nanocomposite and graded coatings to smart nanomaterial surfaces used in packaging and biomedical
industry) produced by clean PVD technologies (Physical Vapour Deposition) and other deposition techniques. An
overview of the current research, existing technological applications and future industrial materials and components
will be highlighted. As example for future trends in nanotech-based food packaging will also include research and
development on sensorial packaging which can monitor the food and transmit information on its quality. For instance,
the ultimate pH of meat greatly affects its quality. Monitoring this parameter can give to consumers information
regarding manner of transportation of animals from the farm to the abattoir; diet restrictions; mixing animals of
different lots and pathological conditions. With embedded nanosensors in the packaging surface materials, consumers
will be able to check the food quality inside or even to track the history of the pack. Electronics built on thin film
substrates could be used in future sensory packaging applications (examples include nanoRFIDs).
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Abstract: Gas sensing devices receive a considerable
interest and can be found in wide range of domestic
and industrial applications"*. Here we report on fully
printed carbon nanotubes gas sensors on flexible sub-
strate with improved ethanol sensing characteristics.
The sensors were fabricated via two simple steps:
printing of the electrodes and the sensor active layer.
The nanotubes were functionalised with carboxylic
acid, surfactant and PEDOT:PSS and their sensing
performance is investigated. The performance analy-
sis shows significant enhancement in the sensitivity
of the sensor with polymer wrapped nanotubes in
comparison with other functionalisation methods with
enhancement factor greater than 2.5. Moreover, a
remarkable improvement in the response and recov-
ery time of the sensor after polymer functionalisation
is noticed. The combination of inkjet printing tech-
niqgue and polymer functionalised nanotubes could
pave the way towards flexible, solution processable,
low cost and high performance gas sensors.

Keywords: carbon nanotubes, polymer functionaliza-
tion, inkjet printing, gas sensor.

Figure 1. Figure shows a photograph of the printed
gas sensor (left), optical microscope image of the
printed silver interdigitated electrodes (middle) and
SEM image of the printed carbon nanotubes (right).
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Abstract: The climacteric fruits undergo many mor-
phometric changes during its storage and processing.
Therefore, a method to evaluate the cell elastic prop-
erties is needed to explain the behavior of fruits dur-
ing handling and food processing after harvesting at a
micro and nanoscale. For this purpose, in this work it
is proposed to indent tissue and isolated cells of ap-
ple (Golden delicious) using an atomic force micro-
scope (AFM, Bruker, Bioscope Catalyst ScanAsyst,
USA) with an indenter probe (NP-10/Sanasyst,
Bruker, USA) was proved in order to obtain the cor-
responding force curves and Young’s modulus (YM).
The YM is an important parameter of stiffness al-
ready reported in literature as an important mechani-
cal property of biologic samples (Milani et al. 2011).
The benefit of the AFM is that it has the possibility to
combine nano-mechanical properties with topography
imaging, which could be very useful for the study of
structure-related mechanical properties of fruits at the
sub-cellular scale. The isolation of fruit cells in the
apple was developed by a simple isolation technique
(McAtee et al. 2009) and the tissue was obtained by
using a bi-shave which allows to obtain thin slices of
apple. Once the cells were isolated and thin tissue
were also obtained, the respectively structure was
observed in a light microscope for its morphological
characterization (Nikon Eclipse Ni , Japan) which is
adapted with a digital sight system (Nikon, DS-L3,
Japan) this allows the capture of cell images in RGB
color. These were analyzed with the software ImageJ
v. 1.47 (National Institutes Health, Bethesda, MD,
USA) and the shape of cells was characterized (di-
ameter and circularity). The nanoindentation was
carried out with the AFM in tissue cells as well as in
isolated cells and it was obtained its respective force
curves by using the Nanoscope analysis v1.4 software
(Bruker, USA) from which the YM was determined
by fitting each curve with Hertz model. In Figure 1a
and 1b it is shown a the corresponding height image
with a regular matrix (8 x 8 points) of nanoindenta-
tion points in apple tissue and isolated cell respec-
tively, from which it is obtained the individual force
curves as shown in Figure 1c. The force curve is
formed by an initial curve (approaching curve) and a
second curve (retraction curve) from which it is ad-
justed the Hertz model in order to obtain YM. The
characterization of the isolated cells in 250 total
samples showed a slighter difference in cell diameter
with 210 + 27 um and circularity of 0.68 against cells

in tissue with a diameter of 201.91 + 42 ym and a
circularity of 0.53. Otherwise, the YM was obtained
in 10 different areas of 5 um from tissue and isolated
cell and a total of 640 curves were obtained. The YM
average obtained was 0.740 = 0.59 MPa for
nanoindentation in tissue and 0.274 + 0.16 MPa in
isolated cells, these values correspond to some YM
already obtained in other studies (Zdunek and Ku-
renda 2013). In overall, these studies are particularly
useful in fruits because they could help us to explain
the mechanical behavior that exists at nanometric
level as well as the key of the mechanical changes
that occur during post-harvest.

Keywords: nanoindentation, AFM, young’s modulus
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Figure 1 a and b. Illustrates the typical matrix of
nanoindentation points from which it is generated the
force curves in apple tissue and isolated cell respec-
tively. c. Typical force curve obtained from the Na-
noScope Analysis software and fitted with Hertz
model.
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Abstract:

A detailed understanding of the tumor extravasation
mechanism is crucial for designing any therapeutic
treatment against circulating tumor cells (CTCs) in the
bloodstream. The endothelial glycocalyx (eGC) is an
intravascular sugar-rich compartment that facilitates
gliding of cells in the vascular network, particularly
the CTCs. For several pathophysiological states of
endothelial cells (ECs), such as inflammatory
processes, eGC collapses, gradually shrinks and drops
its negative charge. Under such conditions
permeability of CTCs trough endothelium is higher
and creation of metastases is much more likely.
Adhesive interactions between cancer cells and the
endothelium strongly depend on the structure of the
glycocalyx. Therefore, we characterized the eGC of
Primary Pulmonary Artery Endothelial Cells
(PHAEC) and the glycocalyx layer of lung carcinoma
cells (A549) cultured on fibronectin-rich surface.
Nanoindentation spectroscopy with a spherical AFM
probe was used to determine the eGC thickness and
eGC stiffness before (reference) and after treatment of
cells with heparinase I, heparin. Later, the adhesive
interactions between lung cancer cells and ECs have
been studied. A novel approach was employed to
attach the living interactions were validated for living
cells containing either a native, or enzymatically
digested glycocalyx. Multiparameter analysis of the
measured force-distance curves demonstrated that
reduction of the glycocalyx layer by heparinise |
caused stronger adhesive interactions between A549
cells and PHAEC. Adding to the measurement system
heparin instead of heparinase | caused renewal of the
glycocalyx and decrease of adhesive interactions
between cells. Therefore, we conclude that the
structure of the eGC strongly affects the adhesion
process between CTCs and the endothelium.

Keywords: glycocalyx, endothelial cells, cancer cells,
metastasis, nanoindentation spectroscopy, AFM-based
single cell force spectroscopy.
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Figure 1. Methodology of single-cell force

spectroscopy. A) Attaching a living cancer cell to the
tip-less AFM cantilever. B) Monitoring adhesive
interactions between cancer cell and ECs. C) Example
of the force-distance curve.



Changes of the endothelium nano-mechanics in response
to the vascular dysfunction — ex vivo studies for murine model of
diabetes

Magdalena Jaglarz!, Katarzyna Malek-Zietek *,Marta Targosz-Korecka? ,
Stefan Chlopicki? and Marek Szymonski*

Center for Nanometer-scale Science and Advanced Materials, Department of Physics of Nanostructures and
Nanotechnology, Institute of Physics, Jagiellonian University, Prof. Stanislawa Lojasiewicza 11, 30-348 Krakow,
Poland
2 Jagiellonian Centre for Experimental Therapeutics (JCET), Bobrzynskiego 14, 30-348 Krakow, Poland

Abstract:

Endothelium plays an essential role in regulating
blood pressure and vascular homeostasis.

The main purpose of the presented study was to re-
late the observations performed in vitro to classical
ex vivo and in vivo models of endothelial dysfunc-
tion. Characterization of the endothelial nano-
mechanics was performed for the non-fixed aorta in
a murine model of hypertension induced by N-nitro-
L-arginine methyl ester (L-NAME) as well as in dia-
betes model (db/db mice).

We have conducted analysis of changes in the mor-
phology and elasticity of the first (from the lumen
side) layer (endothelium + basal lamina ) of the
mouse aorta in healthy and pathological tissues. Elas-
tic properties (stiffness) of the inner tissue surface
were characterized using nanoindentation spectros-
copy with a colloidal AFM tip, for various areas of
the aortic wall.

Both models used in our studies are associated with
the development of endothelium dysfunction, which
affects the ability to contraction/diastole of the entire
vessel. Additionally, biochemical analysis was used
in order to determine NO production wich is corre-
lated to nano-mechanical properieties.

Based on AFM nanoindentation model, the stiffnes
parameters were determined for various stages of the
diabetes development.The nanoindentation measure-
ments revealed changes in stiffnes prameter of the
first layer prior to NO release.The qualitative analysis
of the tissue elasticity indicates that the above-
mentioned diseases induce nanomechanical changes
in the first layer of the aorta.

Figure 1: The morphology of the endothelial inner
wall surface of the mouse aorta - control sample.

Keywords: Atomic Force Microscopy, Hyperglyce-
mia, hypertension , vascular dysfunction.



