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Nanoparticles and nanosafety

A.M. Gatti,
Laboratory of Biomaterials — University of Modena and Reggio Emilia — Italy

Objectives

How nanoparticles interfere with human organism and, as a consequence, its health, has never been
fully assessed. Such objects, a few orders of magnitude smaller than a cell, in some instances even
smaller than cell membrane sensors and the size of some vital cellular components, exist naturally
in relatively small quantities, for example in the materials erupted by volcanoes or in natural
fullerenes, but, to our knowledge, it is only very recently that the human organism has been
confronted in a meaningful, not occasional, way with the intimate contact with those foreign bodies.
Technologies just recently introduced can fabricate in a reproducible ways and in a great variety of
chemical compositions such small particles, which, throughout all the stages from production to use
come, or may come, in contact with human subjects. It is also likely that current industrial processes
that have nothing to share with nanotechnologies, mainly, though not exclusively, linked to high-
temperature combustion, create and release into the environment particles as small.

Aim of this work was seeking for the possible presence of micro-and nanosized particles within
the tissues of people exposed to “nanopollution” and assessing their fate.

Results

After the casual finding of nanosized particles in pathological samples of human liver and kidney,
we strongly suspected that foreign bodies below a certain size can negotiate the so-called
physiological barriers and settle in some tissues. So, we developed a novel technique to detect,
photograph, measure and chemically analyse inorganic debris contained in biological specimens.
By means of an Environmental Scanning Electron Microscope and a Field Emission Gun
Microscope, we could observe and measure the particles, and an Energy Dispersive Spectroscope
allowed us to chemically characterise them. The cases we studied were nearly 300 of various
pathologies, such as deep vein thrombosis, Hodgkin’s and non-Hodgkin’s lymphomas, leukaemia
and solid cancers of the mouth, the colon, the liver, the brain, etc. that had been sent to our
observation. The thrombi examined were those contained in optional vena cava filters explanted.
Most lymphoma cases came from subjects exposed to war-originated pollution (high-temperature
explosions), while the cancer cases were obtained from either fresh or archived biopsies or
autopsies. Reference tissues were obtained from cadavers of (supposedly) healthy subjects, all
young, who had died in road accidents.

All the pathological specimens showed the constant presence of inorganic debris, whose size ranged
from 10 nm up to 10 microns. Their shape was multifarious: needle-shaped, irregularly sharp-edged
or spherical. In some cases the debris was more or less homogeneously disseminated in
comparatively large extensions of pathological tissue, while in other cases they were rather thickly
concentrated. Particularly small particles (200 nm) were phographed inside cellular nuclei.

As far as chemistry is concerned, all the foreign bodies we detected were inorganic, being
composed of metals, metal alloys or ceramics. Organic materials and atoms lighter than Berillium

are not detectable through our technique.
Reference tissues never showed any presence of debris.

Conclusions



The evidence collected had us put forward a theory to explain how such particles can enter the
human organism, according to which they can be unawares either inhaled or ingested. Once they
have reached the respiratory or the digestive system, they behave according to their size: The larger
particles penetrate the tissues only superficially, while the smaller ones can reach deeper or enter
the blood or the lymph circulation. Hence, they are in a situation to be able to reach virtually any
organ.

While in the blood, nanoparticles can interact with the blood components like any foreign body,
showing a thrombogenetic activity. While in the lymph, their fate is being captured by the lymph
nodes.

When trapped in a tissue, in that case behaving like a mechanical filter, those particles can stay
dormant or, as soon as they exceed a threshold concentration, like any foreign body they can trigger
an inflammatory reaction, often a mild one, which may revert to a definitely more severe pathology.
The chemical compositions we came across show clearly that those particles are neither
biocompatible nor biodegradable. Some particles we found were composed of very particular alloys,
not listed in any chemistry handbook. In one case, we came across particles made up of 14 different

elements.
Their constant presence in all the pathological specimens we had the chance to observe induced us

to think that they can have a pathogenetic activity.

All the cases we studied came from subjects who were exposed unawares to micro-and nano-
environmental pollution and, in some instances, we observed pathologies very likely to be derived
from nanoparticles, whose onset had occurred several years earlier and had grown chronic, as it
seems that the human body has no mechanisms to eliminate them, thus making the situation still
more critical.

The resnits we obtained may serve as a warning to people who produce, handle or, in any case, use,
nanoparticles. Nanotechnologies are, without any doubt, a very important breakthrough and can
represent a positive revolution in many different fields. It is of the utmost importance, though, to
take the indispensable precautions not to introduce unnecessary and, in many cases, rather easily
avoidable, elements of risk that, if left unchecked, could become hard to tackle. Nanosafety is,
therefore, a must not to bring about nanopathologies.



Nanopathology:
Evaluation of the risk assessment from nanoparticles on human health.

Gatti, AM".
2 Laboratory of Biomaterials, Dept. of Neurosciences,
University of Modena and Reggio Emilia, 41100 Modena,
Italy

Introduction. Nanotechnologies deal with the fabrication
of microscale devices with a nanolevel control. The results
can be nanopatterned new materials or surfaces with
increased properties or new biotechniques. Nobody knows
if during the fabrication or the use of these nanostructured
materials can represent also a risk for the human health. In
Medicine the tissue reaction to bulk biomaterials is a (thin
or thick) fibrous capsule, but when the wear starts as in
hip joint prosthesis, the wear debris induces a
granulomatous reaction that leads to the explantation of
the device itself.

The presence of micro, ceramic, foreign bodies in a
patient’s granulomatous liver by means of a new
Environmental Scanning Electron Microscopic technique
led to identify their origin in a super-worn porcelain dental
bridges. This finding opened the door to new evidences:
the physical entrance of biocompatible micro and nano-
particles into the human body through the physiological
bamiers. The study deals with the analyses of human
biopsies or surgical samples affected of unknown origin
disease by the ultramicroscopic technique and the
detection of micro and nanosized foreign bodies.

Materials and methods. More than 250 pathological
samples were analysed with the following pathologies:
1-cryptogenic granulomatosis and cancer of the liver, and
sarcoidosis, 2-colon cancer, or Chron’s disease and 3-
blood disorder as thrombosis, 4 Hodgkin and non Hodgkin
lymphoma in Patients affected by the Balkan syndrome.,
The samples were observed under a Environmental
Scanning Electron Microscope (ESEM-QUANTA, FEI
Company, the Netherlands) equipped with an Energy
Dispersive Spectrometer (EDS by EDAX) for the
elementa] analyses. This instrument can work also in air
(not only at high and low vacuum) and with humid
samples; for instance, fresh surgical specimens. The study
analysed “fresh” (not chemically processed) and dried
(fixed in formaldehyde, dehydrated in increasing
concentration alcohols, embedding in paraffin ) samples.
The observation of the histological sections helped in
pathological tissues and location of the particles
correlation. Specific care was taken on the sampling of the
surgical specimen in order to have the interface between
the healthy tissue and the pathological area.

Results and discussion.

All the samples showed the presence of micro and
nanosized foreign bodies, as suggested by the analysis of
their chemistries. They contained elements unknown to
the human body as Cr, Ag, Au, Si, Al, ti, Ba etc.. In liver,
particles ranged from 50 nm up to 20 pm; in colon cancer
from 800nm up to S0pm. In cancer, at the first stadium,
the particles were located at the interface between the

healthy and the pathological tissue. Their location was
indifferent with the progression of the disease. In blood,
the debris’ size was less than 7-10 pm and they were
inside the thrombus formed by platelets and fibrous tissue.
For some patients, it was possible to correlate a specific
chemistry of the particles with their possible origin: from
dental worn materials, from environmental pollution and
from food contamination. In the cases of the soldiers who
served in the Balkans the chemistry of the nanoparticles
found in the tissues was correlated to the war
environmental pollution namely pollution due to the blasts
of high technology weapons. In general the detected
chemistries belonged to two categories of materials:
ceramic and metallic. Plastic materials are very difficult to
detect.
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Fig.1 Nanoparticles of Silver in a colon cancer tissue.

Summary and conclusions. The impact of micro and
nanosized bodies on the human health was verified by
looking for particles in pathological tissues by means of a
new ultrastructural technique. Evidence of fine foreign
bodies was found in tissues as liver, colon and blood
affected by cancer or blood disorders. The debris were
studied as size, morphology, chemical composition and
pattern distribution in the tissue. Sometimes they showed
chemistries known as biocompatible, sometimes as toxic.
The presence of micro and nanosized foreign bodies
inside the human body may have effects on the immune
system and may be correlated with the inset of the
pathology as reaction of these unwanted presences coming
through the respiratory or digestive systems. Furthermore
the presence of these particles in the cytoplasm or in the
nucleus of some cells induces to put forward other
mechanisms of interactions, not yet known and that merit

further investigations.




