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GEOMETRY OF NANOPARTICLES AS A DETERMINANT
OF THEIR CYTOTOXICITY

Leonenko N. S., Demetska 0. V., Tkachenko T. Yu, Leonenko O. B.
SI «Institute for Occupational Health of NAMS of Ukraine», Kyiv

Background. Today the study of toxicity of nanoparticles of different elements is of primary significance, as 1) a growing
number of workers contact professionally with nanomaterials; 2) the number of nanotechnology products is growing up,
which, in turn, are spread widely among consumers and can cause adverse effects on human health and the environment.
Toxicological properties of nanoparticles, in turn, are determined by chemical and physical properties, including geometric
characteristics: shape, critical diameter, crystal lattice parameters, etc.

Objective. To investigate the effect of geometry (shape, size) of silver nanoparticles on their cytotoxicity.

Materials and methods. Silver nanoparticles of different shape (sphere, decahedron, triangle) and size (13, 20, 40 nm), stabi-
lized by carboxylates, have been used. A particle size was determined, using Analysette 12 Dynasizer (Fritch, Germany). The
cytotoxicity was studied, using toxicity analyzer AT-05 (Russia).

Results. It was established that 40 nm spherical as well as 40 nm decahedral silver nanoparticles in native form did not dem-
onstrate any cytotoxicity. It is determined that 17 nm spherical silver nanoparticles are more toxic than 17 nm decahedral
ones, as they show a cytotoxic effect in the concentration, in which decaehedral are not toxic. It is found that 20 nm trian-
gular silver particles show a cytotoxic effect in 1:10 dilution and no effect in 1:1 dilution.

Conclusion. The geometry of nanoparticles, their shape and size (critical diameter), in particular, is one of important deter-
minants of their toxicity, which should be taken into consideration in risk assessment. In this, there are not any general regu-
lations concerning their effect on toxic properties of nanoparticles. So, their interrelations should be established individually

in each specific case.
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Introduction

At present time one of priorities of occupational
health researches is nanotoxicology. The study of
toxicity of nanoparticles, comprised of various ele-
ments, is of great importance due to: (1) a large
number of workers, which contact professionally with
nanomaterials; (2) a permanent growing of nano-
technology products, their wide spreading among
consumers and possible adverse effects on human
health and the environment. There is a need to carry
out an efficient toxicological risk assessment, associ-
ated with various non-tested nanoparticles and their
variations in size, composition, shape, etc[3, 6].
Nanotoxicology studies an interaction between
nanostructures and biological systems, aiming to
reveal a correlation between a nanoparticle physical
and chemical properties (such as size, shape, surface
characteristics, composition, and aggregation degree)
and a toxic response of biological structures. So, a
nanosystem toxicity includes physiological, physico-
chemical and molecular aspects. It is known, that
nanoparticles can penetrate into the body through
hematoencephalic barrier, skin, respiratory tract as
well as through gastrointestinal tract, characterized

by a long hali-life, accumulation in the bone marrow,
central and peripheral nervous systems, organs of
alimentary tract, lungs, liver, kidneys, and lymph
nodes [9]. A problem of the so-called nanotoxicity is of
special attention, because toxicity of nanoparticles
cannot be determined through simple transfer of the
known toxicological data to nanoscales.

[t is known that physicochemical properties of
nanoparticles cause formation of a pro-oxidative
medium in cells, causing instability of the energy
system, and, as a result, nanoparticles induce
adverse biological effects from inflammation initia-
tion to cell death [5]. In turn, the toxicity of metal
nanoparticles relates directly on their physicochem-
ical properties, i.e. on the size and, respectively, on
the free surface area, which stipulates high chemical
activity of the particle and its high ability to pene-
trate into the body. Thus, the smaller is the particle
size, the bigger is the surface area and degree of
toxicity of the material. In particular, in nano- and
macroparticles of the same composition the number
of physicochemical properties differs significantly.
For instance, considerable decrease of the melting
temperature is observed in nanoparticles of many
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metals and semiconductors (Ag, Au, Pb, Sn, In, Bi,
Ga, CdS); solidity of thread-like crystals and fibrils
can be several times higher as compared to solidity
of ‘macroscopic’ bodies; nanoparticles express high
chemical activity, which appears in acceleration of
chemical reactions with them (such nanoparticle
property is used in catalyst development); phases
which are not revealed in macromaterials can be
observed in nanoparticles [2].

[t should be considered that properties of dispersed
particles with dimensions larger than a critical diam-
eter (der) are determined by the laws of the classic
physics, while properties of particles with dimensions
smaller than der - by those of the quantum mechan-
ics. Thus, dispersed particles gain a new quality: they
become nanoparticles and their compact consolida-
tion makes it possible to produce nanomaterials. So,
a maximal diameter of a dispersed particle is critical,
below which the laws of the quantum mechanics
begin to operate under the predominant action of free
atom valences on the phase interface, which, by turn,
stipulates drastic changes of material’s properties.
For different substances, i.e. metals, dcr ranges from
17 to 20 nm (30—40 nm) [1]. The comparison of a
nanoparticle actual size with der is very important for
assessment of its physicochemical properties and
biological effects. In practice, nanoparticles are usu-
ally available in complex mixtures. Moreover, even
chemically inert nanoparticles can induce adverse
effects on the body, due to tiny size. However, it
should be mentioned that der is still not taken into
account in biomedical studies.

Thus, nanoparticles of the same chemical compo-
sition and of various size show different physico-
chemical and, respectively, toxicological properties.
These properties depend not only on size, adhesive,
catalytic and electrical parameters of nanoparticles,
but also on their geometry. In view of this the pur-
pose of the work was to study the effect of geometric
peculiarities (shape, size) of silver nanoparticles on
their cytotoxicity.

Materials and methods

Silver nanoparticles of different shape (sphere, deca-
hedron, triangle) and size (13, 20, 40 nm), stabilized
by carboxylates, were used. A particle size was deter-
mined with the use of Analysette 12 Dynasizer
(Fritch, Germany). The cytotoxicity was studied with
the toxicity analyzer AT-05 (Russia).

Results and discussion

The cytotoxicity of silver nanoparticles of different
shape (sphere, decahedron, triangle) and size (13,
20, 40 nm), stabilized by carboxylates, was studied.
At present, there is no any universal test-system able
to reveal all possible effects of artificial nanomaterials.
So, test kits, where there is used different test-organ-
isms (bacteria, algae, protozoa, Crustacea, fishes,
plants, etc), find wide applications in practice. The
data, obtained by express-methods (study of cytotox-
icity), do not diminish the importance of traditional
toxicological studies on nanosafety but provide for
preliminary information on cytotoxicity of nanomate-
rials, with which workers contact professionally.

In the express-method on cytotoxicity testing by
the toxicity analyzer AT-05 (Russia) there is used an
accessible, inexpensive, and standard biological
material (bull’s spermatozoids). The method makes it
possible to investigate non-sterile extracts and to
obtain results in less than 3 h.

The cytotoxicity degree of a substance is calculated
by a toxicity index It (in %), which amounts to the
ratio of spermatozoids mobility in the analyzed sam-
ple to spermatozoids mobility in the control sample.
The analyzed sample is considered as cytotoxic, when
It ranges from 1to 70% or exceeds 120%.

In the work it is determined that 40 nm spherical
silver nanoparticles as well as 40 nm decahedron sil-
ver nanoparticles do not show a cytotoxic effect in the
native form. The investigation of smaller nanoparti-
cles demonstrated that spherical silver nanoparticles
were more toxic than decahedron ones, since in the
equal concentrations the former showed the cytotoxic
effect and the latter one none (Table).

These data correspond to the results of our own
experiments as well as to the results of other studies,
which confirm that toxicity increases under particle’s
diameter decrease [3, 9]. This correlation can be
explained by relations between a particle size and a
free surface area. The decreasing of a nanoparticle
size leads to exponential increasing of the percent-
age of surface atoms. For example, the decrease of a
particle diameter from 30 nm to 3 nm increases a
percentage of surface atoms from 10 to 50% [5]. It
should be noted that It value at the level 119% for
the 17 nm spherical particles in dilution 1:100 is
interpreted formal as non-toxic, but actually repre-
sents the so-called ‘grey zone’ and, thus, does not
exclude adverse effects at the cell level. Interpreting
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Table
Cytotoxicity of silver nanoparticles of various size and shape
Silver Concentration IT, %
nanoparticles particles/ml mg/ml native 1:1 1:10 1:100
Spheres 40 nm 6-1010 0,03 105,3
Decaedra 40 nm 6-1010 0,01 109
Spheres 17 nm 6-10'0 0,14 1,9 11,5 57,5 119
Decaedra 13 nm 61010 0,03 35,13 62,18 102,7 110,8
Triangle 20 nm 41010 92,3 113,4 123,7 112

our results in the context of a nanoparticle critical
diameter, we can hypothesize that 40 nm spheres
and decahedrons appear to be non-toxic due to their
‘non-critical’” diameter.

The results of experiments, showing the effect of
silver nanoparticles of different size and geometry
(plate, sphere, thread) on the fish embryo cells, have
been presented by researchers from the USA[4]. They
have shown that plate-shaped nanoparticles are the
most toxic owing to surface defects, which increase a
particle reactivity. The results of defects of packing of
the crystal lattice as well as ‘point’ defects of the crys-
tal silver is a trigger in contacts with cells of the oxida-
tive stress. At the same time nanospheres have shown
a higher cytotoxic effect than nanothreads, but only in
high particles concentrations. In the other study it
was demonstrated that rod-shaped gold nanoparticles
were more toxic than cube-shaped ones, and spheric
nanoparticles were less toxic and characterized by
better biodistribution [8].

As regards 20 nm triangle silver nanoparticles they
showed a cytotoxic effect (activation of test-cells
mobility) in 1:10 dilution of the native solution, how-
ever were less toxic in 1:1 dilution, even though their
concentration in the native solution was lower than
concentrations of spheres and decahedrons. The lat-
ter can be explained by that the crystal lattice param-
eters can effect properties of nanoparticles, which, in
turn, depend on a particle’s size and shape. The latter
needs theoretical and experimental justification in
collaboration with physicists, in the first place. But it
can be hypothesized that the manifestation of the
cytotoxic effect in triangle nanoparticles after dilution
of the native solution can cause changes in the atom
surfaces, which can be shift as a whole. Such uncon-
trolled agglomeration can change an initial particle
size and shape accidentally and drastically.

It should be mentioned that a nanoparticle shape
can be important in nanomaterial manufacturing.
For example, the shape of nanoparticles, which

interact with light, should be taken into account in
developing optical limiting devices for protection of
sensitive subjects from the laser radiation. The
widely used coatings in these devices are superfine
films, composed of nanoparticles. The coating prop-
erties can be changed by altering the size and shape
of nanoparticles. Such coatings are used as filters:
nanoparticles are placed in the nodes of the solid
matrix. German scientists [10] have been found that
the optical limiting devices on the base of metal
spherical nanoparticles are the most effective,
because they are characterized by the low threshold
of ‘switching on’ with a strong attenuation.

Moreover, the shape of nanoparticles is impor-
tant in optimization of drug dosage as well as in the
targeted delivery of nanomedicines to tumor cells.
Up to this day it was considered that the delivery of
an active medicinal substance can be realized only
by spherical or granular nanoagents, however mul-
tiple modeling and experimental studies on intro-
duction of different nanoparticles gave important
practical results. It is found, in particular, that
extended cylindrical particles can reach cells and
move more effectively inside of them [ 1].

These studies emphasize an important tenden-
cy: geometry of nanoparticles is important in their
toxicity. Therefore accumulation of the data in this
field would help in future to ‘update’ nanotech-
nologies for improving their safety for human and
the environment. Particularly, now a method is
under development, allowing to watch shape
changes of nanoparticles in their growing. The
understanding of nanoparticle evolution of vari-
ous forms could help to predict and control future
electronic and catalytic properties of the produc-
ing nanomaterial [7].

Therefore, the obtained results show that the
geometry of nanoparticles can effect the cytotoxicity
parameters and require individual clarification and
studies for each specific type of nanoparticles.
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Conclusions

1. Geometry of nanoparticles is one of essential
determinants of their cytotoxicity, which should
be taken into account in the process of nanoma-
terial manufacturing and in risk assessment.
Moreover, there are no general regulations con-
cerning its effect on nanoparticle toxicity, so
these relations need to be defined individually in
each specific case.

2. It is found that 40 nm spherical silver particles
as well as 40 nm decahedron silver particles
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FEOMETPU4YECKUVNE XAPAKTEPNCTUKN HAHOYHACTUU KAK AETEPMVWHAHTDI
UNTOTOKCVNYECKOINo AENCTBUSI
Y «MIHCTUTYT MeanuvHel Tpyaa HAMH YkpaviHbi», . Knes

Cocmosinue npo6aems. CeromHs UCCIENOBAHNS TOKCUTHOCTA HAHOYACTHUIL PA3IMYHBIX 2JIEMEHTOB UMEET MePBOCTETICHHOE
3HauY€HUE, TTOCKOJIbKY, BO-TIEPBBIX, OOJIBIIOE KOJUYECTBO PabounX MMeeT MpodeccuoHaNbHbIN KOHTAKT ¢ HAHOMaTepua-
JIaMU, BO-BTOPBIX, PACTET KOJMYECTBO MPOIYKTOB HAHOTEXHOJIOTHIA, KOTOPBIE B CBOIO OUYepe/ib, ITOIyJaloT pacpocTpaHe-
HHE CPeAM PSIIOBBIX TPaKAaH M MOTYT OKa3bIBaTh HEOIArOMPUSITHOE BO3MEHCTBUE HA 3I0POBbE HACENEHUS U COCTOSTHUE
OKpyXarolleit cpeasl. B cBolo ouepenb, TOKCUKOJOTMYECKUE CBOMCTBA HAHOYACTHL] OOYCIOBIEHBI KaK XUMUYECKUMMU, TaK
1 GUBNYECKUMU CBOUCTBAMU, CPeY KOTOPBIX CYIIECTBEHHOE 3HaYeHUE MOTYT UTPATh FTEOMETPUIECKUE XapaKTePUCTUKHI
(bopMa, KpUTHUYECKUIT AMAMETP, MapaMeTPbl KPUCTANIMUECKON PeIleTKU U JIp.).

Llenv uccaedosanus. ViccnenoBath BIMSHUAE TeOMETPUIECKUX XapaKTePUCTHK HaHOYACTHUII cepebpa (popma, pasmep) Ha
LIUTOTOKCUYHOCTb.

Mamepuanovt u memoow: uccaedosanus. Hanouactuiisl cepedpa pazanyHoit (opMbl, CTaOMIM3UPOBAHHbBIE KapOOKCUIaTaMKU
(«cephl», «1eKasIphl», «TPEYTOJBHUKW» ), 1 pa3Mepa (13, 20, 40 HM). Pazmep yacTuil u3aMepsiiv ¢ TOMOIIIbIO HaHOCcali3epa
Fritch (Iepmanust). MccaenoBanue IMTOTOKCMYHOCTU MTPOBOAMIIN Ha aHaM3aTope TokcuuHoct AT- 05 (Poccus).
Pezyasmamer. YcTaHOBIEHO, YTO HaHOYACTUIIBI cepebpa 40 HM chepudeckoit hopMbl M1 HaHOUYACTHIIBI cepedpa 40 HM B
dopMe geKasaPOB He 00HAPYKUIIU LIUTOTOKCHUYECKOro 3¢ dekra B HaTUBHOM (hopMe. BbII0 ycTaHOBIEHO, YTO HAHOYACTULIBI
cepebpa chepuueckoir GopMbl pazmepoMm 17 HM SBJISIIOTCS Oojiee TOKCUYHBIMM, 4eM JeKasApbl 17 HM, IMOCKOJBbKY
TIEMOHCTPUPOBaHU 3(PEKT B KOHLIEHTPALINH, B KOTOPOIi AeKa3APhl ObLTM HETOKCUYHBIMU. YCTAHOBJIEHO, YTO HAHOYACTUIIBI
cepeopa 20 HM B (dopme TPeyroabHUKOB AEMOHCTPUPYIOT LUTOTOKCHYECKUl 3¢hdeKT mpu pa3BeAeHUU HATUBHOIO
pactBopa 1:10 rmpu OTCYTCTBUU LIMTOTOKCHUECKOTO 3(pheKkTa B HATUBHOI (hopMe U TIpu pa3BeaeHuM 1:1.

Boieoosr. TeomeTprueckre XapakKTepUCTUKU HAHOYACTUIL, B YaCTHOCTU, ¢opMa M pa3Mmepbl (KPUTHUYECKUI AUMaMeETp),
SIBJISTIOTCSI OMMHUMU U3 BaXKHBIX IETEPMUHAHT WX IIATOTOKCUIHOCTH, KOTOPBIE CJIEyeT YUUTHIBATh TIPU OIIeHKe prcka. [1pu
9TOM HE CYHIECTBYeT OOIIMX 3aKOHOMEPHOCTEil OTHOCUTENbHO WX BIUSIHUSI Ha TOKCMYECKHE CBOWCTBA HAHOYACTHIL,
MO3TOMY 3T B3aMMOCBSI3U ClielyeT YCTaHABIMBATh OTIAEIbHO B KaXIOM UHAMBUIYAIbHOM Clydae.

Kiarouessbie cioBa: HAHOYACTHUIIBI cepeﬁpa, RpMTH‘{eCKﬂﬁ AuaMeTpP HAHOYACTHUI, HIUTOTOKCUYHOCTH

AeoHeHko H. C., Aemeubka 0. B., Tka4eHko T. 0., AeoHeHKko O. B.

FrEOMETPU4YHI XAPAKTEPNCTUNKN HAHOYACTVUHOK SIK AETEPMIHAHTN
UNTOTOKCNYHOI All
AY «IHCTUTYT MmeanunHn npaui HAMH YkpaiHn», m. Kvis

Cman npobaemu. CbOTOJHI JOCTIIXKEHHSI TOKCUYHOCTI HAHOYACTUHOK Pi3HUX €JIEMEHTIB Ma€ MeplliovyeproBe 3HaYEHHS,
OCKiJIbKM, TIO-TIeplie, BeJUKa KibKiCTh MpalliBHUKIB Ma€ NMpodeciiiHuil KOHTAKT i3 HAaHOMaTepiajaMu, MO-Apyre, 3pOCTae
KiJIbKiCTh TIPOAYKTiB HAHOTEXHOJIOTIi, SIKi, Y CBOIO Uepry, OTPUMYIOTh PO3MOBCIOMKEHHSI cepell TIepeciyHuX rpOMasiH Ta
MOXYTb YNHUTU HECTIPUSITJINBUI BIUIUB HA 30POB’ST HACEJIEHHS Ta MOBKI/UISA. Y CBOIO Yepry, TOKCUKOJIOTiYHi BIaCTUBOCTI
HAHOYACTUHOK OOYMOBJIEHI SIK XiMiYHMMU, TaK i (Di3UIHUMU BJIACTUBOCTSIMM, CEpell SIKMX CYTTEBE 3HAYEHHSI MOXYTh
BillirpaBaT reOMETPUYHI XapaKTepucTuku (popMa, KpUTUYHUI TiaMeTp, mapaMeTpy KPUCTATIUYHOI PEIiTKY Ta iH.).
Mema oocnidncenns. JJocninuTu BIUIMB T€OMETPUYHUX XapaKTEPUCTUK HAHOYACTHMHOK cpibia (dpopma, po3mip) Ha
LIUTOTOKCUYHICTb.

Mamepiaau ma memoou docaioncenns. HanoyacTuHKuU cpibia, crabilizoBaHi KapOokcuaaTaMu pidHOI opMu («cepu»,
«JIeKaeIpu», «TPUKYTHUKHU»), Ta po3Mipy (13, 20, 40 am). Po3Mip yacTMHOK BUMiproBaM 3a JTOMOMOIOK HaHOcaii3epa
Fritch (Himeuuuna). JlocmimkeHHS] IUTOTOKCUYIHOCTI MPOBOIWIIA Ha aHami3aTopi TokcuuHocti AT-05 (Pocist).
Pezyaomamu. BctaHOBNEHO, 110 HAHOYACTUHKU cpibia 40 HM chepruyHOoi HopMU Ta HAHOYACTUHKHU cpidiia 40 HM y dhopMmi
JIeKaeIpiB He BUSIBUJIM LIMTOTOKCUYHOIO e(eKTy B HaTUBHiil ¢opmi. Byno BcTaHOBIEHO, 1110 HAHOYACTUHKHU Cpibia
chepuuHoi hopmMu po3mipom 17 HM € OUTbII TOKCMYHUMMU, HiX AeKaeapu 17 HM, OCKIJIbKM JEMOHCTPYBaJM e(eKkT y
KOHIICHTpAIlil, Y fKiii 1eKaeapyu € HeTOKCMYHUMU. BcTaHOBIeHO, 1110 HAHOYACTUHKU cpibsia 20 HM Y (popMi TPUKYTHUKIB
JIEMOHCTPYIOTh IUTOTOKCUYHWI e(DeKT Mpu po3BeeHHI HATUBHOTO po3unHy 1:10 3a BiICyTHOCTi IUTOTOKCUIHOTO e(eKTy
B HATWBHIi1 (hopMi Ta rpu po3BeneHHi 1:1.

Bucnogiu. TeomeTpudHi XapaKTeprCTUKN HAHOYACTUHOK, 30KpeMa, (hopMa Ta po3Mipu (KPUTUIHUN iaMeTp) € OMHUMU 3
BaXKJIMBUX JIETEPMiHAHT IXHbOI LIUTOTOKCUYHOCTI, SIKi CJIiJl BpaxOByBaTW MpHW OLIiHLI pu3uKy. Ilpy 11boMy He icHYye
3araJibHUX 3aKOHOMIPHOCTEM 1100 iXHOTO BIUIMBY Ha TOKCUYHI BJIaCTMBOCTI HAHOYACTUHOK, TOMY Lli B3AEMO3B’SI3KH1 CJIi/T
BCTaHOBJIIOBATH OKPEMO B KOXKHOMY iHAWBIyaIbHOMY BUITAIIKY.
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