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Introduction. The development and intro-
duction of nanotechnology, as the basis for the
formation of a new production system of soci-
ety, is an element of the industrial revolution of
the 21st century [1]. These technologies will
help solve many problems, including energy
supply, environmental protection, and positive
developments in industry, science, technology,
medicine and other sectors of the economy.
According to forecasts, in the near future the
production of nanomaterials, their number
and variety will grow rapidly [2, 3, 4]. 

Over the last 30 years, thousands of species
of new particles smaller than 100 nm have been
obtained, but toxicological studies of many
nanoparticles (NPs) have not been performed.
Among more than 800 items of consumer
goods containing woofer, the most in demand
in the world are products that contain silver
nanoparticles (235 items), in second place –
fullerenes (71), then in the list of nanopowders
of titanium oxide (38), zinc oxide (29) and
others. [2]. 

Aim of the Research. To present and sum-
marize data on the problems of assessing the
toxicity and hazards of nanosized particles due

to the peculiarities of their activity and vari-
ability, which prove the need to develop a vec-
tor of research in vitro. With increasing pro-
duction of nanomaterials, the assessment of
their harmful effects by conventional classical
toxicological methods on laboratory animals is
complicated by the ambiguity of the results,
significant amounts of research, high cost of
work [5, 6, 7]. A significant problem in assess-
ing the safety of nanoproducts is the instability
of nanoparticles and the unpredictability 
of changes in their parameters, characteristics
and properties, and hence the pronounced
structural-dose biological effects. Therefore, it
is necessary to improve scientific approaches
to the study of toxicity and hazards of nanoma-
terials, to research and develop alternative
methods of biotesting (alternative approaches
to testing), in particular without the use 
of warm-blooded animals (non-animal meth-
ods). 

Materials and Methods. Various model test
systems are offered for use, the use of which is
possible to detect the harmful effects of man-
made nanomaterials, as well as for other
chemicals: 
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– cellular and subcellular elements (mito-
chondria, microsomes, DNA, vessels of the
chorioallantoic membrane);

– organs of laboratory animals;
– laboratory animals;
– the simplest (single-celled) organisms;
– microorganisms; – various aquatic organ-

isms;
– plants;
– insects;
– semen of cattle.

Biotesting is one of the methods of research
in the field of toxicology, which is used to
determine the degree of toxic effects of chem-
ical, physical and biologically unfavorable fac-
tors that are potentially dangerous to humans
and ecosystem components [8]. 

To assess the toxic effects of nanoscale
objects, their key properties such as cytotoxic-
ity and oxidative stress, which are considered
to be determinants of the mechanism of action
and the most informative indicators for identi-
fying and predicting the degree of danger to
the human body. 

To detect the toxicity of nanoparticles can
be used in vitro determination of the toxicity
index (It) on the analyzer AT-05 (Russia) on
the test object of short-term suspension culture
of bull sperm. The method allows to estimate
the total effect of the impact on the specified
culture of the whole set of different sized toxi-
cants present in the samples [9]. 

It should be noted that the modern develop-
ment of nanotechnology is ahead of the devel-
opment of approaches to assessing the toxicity
and hazards of nanoparticles and nanomateri-
als. Despite numerous studies conducted in
the world, the data obtained do not allow to
draw definitive conclusions about the danger
of these objects. 

Results and Conclusions. Recently, publica-
tions emphasize that the manifestations of bio-
logical effects depend on changes in the char-
acteristics and properties of nanomaterials.
These facts cannot be taken into account in
standard toxicological studies. One of the ways
to intensify tests and reduce their cost may be
the use of accelerated toxicological studies on
simple biological systems (models). In this
regard, the development and implementation
of alternative methods in vitro has become one
of the leading areas of toxicological research of
nanomaterials.

Recommended alternative methods of toxi-
city assessment involve the use of different

models for research. At the same time, it is
noted that among the existing methods and
test systems it is necessary to use those that
would be the most informative, standardized,
had an objective digital evaluation of the
results and correlated well with the data
obtained on animals. Despite the number of
proposed test systems for screening the impact
of nanoscale objects, the question of choosing
the most sensitive of them, depending on the
goals and objectives of the study. 

The harmful effects of nanomaterials can be
due to both the physicochemical properties of
nanoparticles and the components of the com-
posite medium [10]. However, there are no
general patterns regarding their effect on the
toxic properties of nanoparticles. According to
strategic forecasts published by Global
Industry Analysts Inc. and the National
Research University Higher School of
Economics [3, 11], there has been a recent
trend of steady growth in the development and
implementation of various nanoparticles and
nanomaterials, mainly due to the rapidly
growing interest in them from medicine and
the electronics industry. Therefore, special
attention is paid to the safety and potential
risks of objects resulting from the use of nano-
and biotechnology. Due to the large number
and variability of the characteristics and prop-
erties of new nanoscale agents, it is necessary
to develop approaches to accelerated testing
and assessment of their potential toxicity.

Assessing the danger of new chemicals and
their compounds of nanoscale quantities raised
two questions. First, nanomaterials have char-
acteristics that did not exist before and for
which test methods have not been developed
[12]. Modern technologies, which create and
develop materials in the nanometer range,
require testing of their toxicity, which is diffi-
cult to implement within existing approaches
to assess the danger of macro-objects. The
toxic properties of a nanosized material are
likely to depend on its physical characteristics
and not on the toxic properties of the sub-
stance itself or the element of which the mate-
rial is composed, as in the case of titanium or
carbon. With the new approach to testing,
nanoscale materials can be studied using in
vitro tests specifically designed to detect puta-
tive biological perturbations. Nanoscale mate-
rials may require targeted testing in animal
models to ensure that all biologically signifi-
cant effects are identified. Secondly, due to the
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annual replenishment of the market with new
chemicals, there is a need to quickly monitor
their potential toxicity. This will be possible
due to in vitro tests with high and medium
throughput to assess the safety of nanomateri-
als and excipients, as well as the products of
their interaction by deciphering molecular and
cellular mechanisms [13, 14].

Model studies have shown that the interac-
tion between NPs is largely determined by
their concentration in the dispersed system.
Almost all NPs when they enter the aquatic
environment are characterized by the forma-
tion of conglomerates (no longer nanoscale
values) with subsequent sedimentation and
elimination from active processes [15].

The number of tests, according to the existing
requirements (Regulation EC №1907/2006)
[16], depends on the volume of production. In
the production of one to 10 tons per year, it is
necessary to conduct short-term tests with
aquatic invertebrates (the predominant species
are daphnia) and photosynthetic organisms
(mainly algae). In the case of production of
more than 10 tons per year, additional short-
term tests are required, for example, on fish
and the study of oxygen consumption by acti-
vated sludge microorganisms. The above stud-
ies on water bodies should also be performed as
long-term experiments for substances pro-
duced in excess of 100 tons per year, as well as
tests involving fish at an early stage of life,
short-term tests on embryonic embryos, fry.
With the production of more than 100 tons per
year, short-term tests are required for such
land dwellers as invertebrates, plants and soil
microorganisms. Finally, if the production of a
given substance exceeds 1000 tonnes per year,
long-term toxicity tests should be performed
on invertebrates, plants, sediments and birds in
addition to all the aforementioned aquatic and
terrestrial studies.

One of the most important characteristics
of nanoparticles is their tendency to form
agglomerates – the adhesion of nanoparticles,
which increases the size of the particles in
solution, respectively, change their physical
and chemical properties. On the example of
two-day-old fry and young rainbow trout, it
was found that increasing the agglomeration of
silver nanoparticles leads to a decrease in toxi-
city [17,18]. Suspensions of powdered nanosil-
ver are more prone to agglomeration in com-
parison with colloidal silver. Thus, colloidal sil-

ver was 60–100 times more toxic than suspen-
sions of powdered substance; depending on the
exposure time, the EC50 values were 0,25–
2,75 mg/l and 28,25–186,42 mg/l, respectively.

To avoid agglomeration and precipitation of
nanoparticles, various stabilizing substances
and coatings are used, which contribute, on
the one hand, to maintaining the dimensional-
ity of nanoparticles, and on the other – can
increase their toxicity. Thus, when comparing
the level of toxicity of silver hydrosols and
nanoparticles with different coatings (citrate,
polyvinylpyrrolidone-PVP and EDTA), in
relation to aquatic organisms, it was found that
the most toxic of the presented samples was
colloidal silver, and the least toxic were silver
nanoparticles covered with PVP [19].
Comparing the ability of nanoparticles coated
with PVP and citrate to accumulate in mono-
and multilayers of primary gill cells of rainbow
trout, it was found that the absorption through
the monolayer epithelium of nanoparticles
with citrate is higher than with PVP, but
nanoparticles with PVP accumulate faster.
Also, after exposure to both types of nanopar-
ticles, an increased level of glutathione was
noted, as expected, because this is a reaction to
oxidative stress [20, 21]. 

The results of the effect of nanosized parti-
cles on the various test objects we obtained are
quite ambiguous. This is due not only to the
lack of uniform standards for research, biotest-
ing of nanoparticles, the choice of different
test functions and experimental conditions,
but also the characteristics of the nanoparti-
cles, their changes due to technological and
laboratory procedures and manipulations. 

Technogenic nanoparticles can have both
positive and negative effects on various test
objects or not detect it. According to the mod-
ern scientific literature, the reactions of organ-
isms to the action of nanoparticles are insuffi-
ciently studied; in the literature, contradictory
results of the influence of nanoparticles of dif-
ferent sizes on the performance of test organ-
isms are given. The corresponding reactions of
enzyme systems in the presence of nanoparti-
cles are practically not studied. All these issues
need further study. Given the changes in the
properties and activity of NPs (even through
laboratory manipulations), it is essential to
pre-assess their potential danger for the devel-
opment of a warning system. This will mini-
mize potential risks even before their accurate
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assessment as a result of experimental tests
[22]. Targeted testing can provide a broad cov-
erage of nanoproducts, reduce the cost and
time of research, as well as the number of ani-
mals used in experiments [23]. Targeted testing
can be used to study the mechanisms to detect
a chemical that causes toxicity, and to help
compare in vitro observations with molecular,
cellular, or physiological effects in animals. 

It is known that the interaction of chemical
compounds with specific receptors, enzymes,
other discrete proteins and nucleic acids or
with a wide range of molecules causes adverse
reactions of biological systems [24]. And the
development of in vitro test systems aimed at
studying the molecular interactions of chemi-
cals with cellular components, due to the need
to quickly obtain information about the dan-
gers of products being developed and reduce
significant costs in the development of
research objects [25, 26].

Cell-free or biochemical tests can provide
positive and reliable results reproduced in dif-
ferent laboratories [27]. A wide range of cell-
free tests have been developed and used in
pharmaceutical, biomedical and academic
laboratories [28–31]. Targeted testing can be
used to study the mechanisms by which a
chemical causes toxicity. It will help to com-
pare in vitro observations with molecular, cel-
lular or physiological effects in animals [23]. 

The new strategy, in which traditional labo-
ratory animal studies have been replaced by a
wide range of new toxicity testing methods, is
based primarily on in vitro assays, computa-
tional methods and targeted animal tests. This
is a difficult task. This strategy involves
research aimed at understanding and taking
into account the full range of perturbations
that can lead to NPs toxicity to humans,

caused in particular by their dimensional and
structural features and changes. Of particular
note are studies that help to understand how
individual differences (e.g., diet, health, or
stage of life) and exposure levels may affect
biological responses and toxicity. To date, sig-
nificant progress has been made in developing
and adopting a wide range of screening meth-
ods for chemical pollutants. But some of them,
in particular the cell culture method, have a
number of important limitations due to their
extreme sensitivity to environmental condi-
tions. According to forecasts, the global nan-
otechnology market will grow by about 18 per-
cent per year, by 2025 its volume will be some-
where around 174 billion US dollars [32].
Increasing the production and use of specially
designed nanomaterials in various industries is
likely to lead to their spontaneous release into
the environment at any time during the prod-
uct life cycle [33].

Since the safety assessment of nanoparticles
and nanomaterials is difficult due to uncer-
tainties associated with really low levels of
exposure, as well as changes in particle proper-
ties (including dispersion and surface proper-
ties) in biological matrices and laboratory
manipulations, the position on their study in
exposure systems in vitro has become more
attractive. The use of alternative toxicological
models (cell cultures, rapid tests, etc.) allows
to obtain information about the toxicity and
hazards of chemicals or materials in less
expensive ways or approaches, in a shorter
time and more humanely from the standpoint
of bioethics compared to traditional experi-
mental methods, laboratory animals. In vitro
experiments can be used to screen nanosized
materials as a “vector” for in-depth experi-
mental studies in vivo.
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ДО ПРОБЛЕМ ТЕСТУВАННЯ ТОКСИЧНОСТІ НАНОРОЗМІРНИХ ОБ'ЄКТІВ (oгляд літератури)
О.Б. Леоненко

ДУ «Інститут медицини праці імені Ю.І. Кундієва Національної академії медичних наук України », м. Київ, Україна

РЕЗЮМЕ. Мета. Представити та узагальнити дані з проблем оцінки токсичності та небезпеки нанорозмірних частинок
через особливості їхньої активності і мінливості, які доводять необхідність розробки вектора досліджень в умовах in vitro. 
Матеріали та методи. Цільове тестування може забезпечити широке охоплення нанопродукціі, зменшить вартість і час
проведення досліджень, а також кількість тварин, що використовуються в експериментах. Пропонуються до викори-
стання різні модельні тест-системи, застосування яких можливе для виявлення шкідливих впливів техногенних нанома-
теріалів, так само як і для інших хімічних речовин: клітинні та субклітинні елементи (мітохондрії, мікросоми, ДНК, суди-
ни хоріоалантоїсної оболонки), органи лабораторних тварин, лабораторні тварини, найпростіші (одноклітинні) організ-
ми, мікроорганізми, різні гідробіонти, рослини, комахи, сперма великої рогатої худоби.
Біотестування – один із прийомів дослідження в галузі токсикології, що використовується для встановлення ступеня
токсичної дії хімічних, фізичних і біологічно несприятливих чинників, потенційно небезпечних для людини і компонентів
екосистем.
Аналітичний огляд наукових публікацій виконаний з використанням реферативних баз даних наукових бібліотек Pub Med,
Medline і текстових баз даних наукових видавництв Elsevier, Pub Med, Central, BMJ group та інших VIP-баз даних.
Результати та висновки. Останнім часом у публікаціях акцентується увага, що прояви біологічних ефектів залежать від
зміни характеристик і властивостей наноматеріалів. Ці факти неможливо врахувати при стандартних токсикологічних
дослідженнях. Одним із шляхів інтенсифікації випробувань і зниження їхньої собівартості може бути застосування при-
скорених токсикологічних досліджень на простих біологічних системах (моделях). У зв'язку з цим розробка і впровадження
альтернативних методів in vitro стала одним із провідних напрямків токсикологічних досліджень наноматеріалів.
Ключові слова: наночастинки, токсичність, тестування.

К ПРОБЛЕМАМ ТЕСТИРОВАНИЯ ТОКСИЧНОСТИ НАНОРАЗМЕРНЫХ ОБЪЕКТОВ (обзор литературы)
О.Б. Леоненко

ГУ «Институт медицины труда имени Ю.И. Кундиева 
Национальной академии медицинских наук Украины», г. Киев, Украина

РЕЗЮМЕ. Цель. Представить и обобщить данные по проблемам оценки токсичности и опасности наноразмерных частиц
через особенности их активности и изменчивости, которые доказывают необходимость разработки вектора исследова-
ний в условиях in vitro.
Материалы и методы. Целевое тестирование может обеспечить широкий охват нанопродукции, уменьшит стоимость
и время проведения исследований, а также количество животных, используемых в экспериментах. Предлагаются к
использованию различные модельные тест-системы, применение которых возможно для выявления вредных воздействий
техногенных наноматериалов, так же как и для других химических веществ: клеточные и субклеточные элементы (мито-
хондрии, микросомы, ДНК, сосуды хориоалантоисной оболочки), органы лабораторных животных, лабораторные живот-
ные, простейшие (одноклеточные) организмы, микроорганизмы, различные гидробионты, растения, насекомые, сперма
крупного рогатого скота.
Биотестирование – один из приемов исследования в области токсикологии, используемый для установления степени ток-
сического воздействия химических, физических и биологически неблагоприятных факторов, потенциально опасных для
человека и компонентов экосистем.
Аналитический обзор научных публикаций выполнен с использованием реферативных баз данных научных библиотек Pub
Med, Medline и текстовых баз данных научных издательств Elsevier, Pub Med, Central, BMJ group и других VIP-баз данных.
Результаты и выводы. В последнее время в публикациях акцентируется внимание, что проявления биологических эффек-
тов зависят от изменения характеристик и свойств наноматериалов. Эти факты невозможно учесть при стандартных
токсикологических исследованиях. Одним из путей интенсификации испытаний и снижения их себестоимости может
быть применение ускоренных токсикологических исследований на простых биологических системах (моделях). В связи с
этим разработка и внедрение альтернативных методов in vitro стала одним из ведущих направлений токсикологических
исследований наноматериалов.
Ключевые слова: наночастицы, токсичность, тестирование.
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