Effects of nanoparticles on cognitive abilities

In today’s world, nanoparticles enter the human
body (including workers in numerous industries
dealing with nanoparticles) in small daily doses and
in natural ways (with food and water, as well as with
air). Due to their small size and low solubility, nano-
particles are not recognized by the body's defense
systems, do not undergo chemical decomposition
and are slowly or not at all excreted from the body,
thus posing a potential threat to human health, in-
cluding the health of children exposed to nanopar-
ticles while still in the womb.

The ability of nanoparticles to cross the blood-
brain and placental barriers poses a fundamentally

new task today — the task of studying the potential
danger of the development of previously unknown
defects of the central nervous system and disorders
of the brain, including cognitive dysfunctions in hu-
mans and animals.

For the first time, the effects of silver nanopar-
ticles received from the mother's body during the
prenatal and lactation periods on the offspring
were investigated. The assessment of the presence
or absence of cognitive dysfunctions in young ani-
mals exposed to nanoparticles coming through the
placenta from the mother's body before birth was
carried out according to one of the most commonly

Fig. 1. Examples of movement patterns of animals with different types of behavior in the Morris test:
1 — directional search, 2 — random search, 3 — thigmotaxis (strategy of incapable individuals).

Puc. 1. Mpumepbl TpaeKTOPWIA ABUMKEHUA XKUBOTHBIX C Pa3HbIMU TUMaMy NoBeAeHMA B TecTe Moppuca:
1 — HanpaBnNeHHbIN NMOWCK, 2 — CyYalHbIA MOUCK, 3 — TUrMOTAKCUC (CTpaTerns HecnocobHbIX ocoben).

BnnaHne HaHo4yacTuUL Ha KOFHUTUBHbIE CNOCOBHOCTU

B coBpeMeHHOM MMpe HaHOYaCTULbl NOCTY-
natoT B OpraHU3m YyesioBeka (B TOM uncsie paboTHU-
KOB MHOFOUMC/IEHHbIX MPOU3BOACTB, UMEIOLLMX AeNo
C HaHOYaCTULLAMM) B MalblX eXeJHEeBHbIX J03aX U
eCcTeCTBeHHbIMM NYTAMY (C NKWLLEN 1 BOAOW, a TaKxKe
C BO3ayxom). BBnay nx manoro pasmepa v HA3KOM
PacTBOPUMOCTM HAHOYACTULbl He pacno3HalTCA
3aWUTHBIMU CUCTEMaMW OpraHM3Ma, He nopaBep-
raloTCA XMMUUYECKOMY PA3/IOKEHUI0 U MeSIeHHO
WS BOBCE He BbIBOAATCA U3 OPraHn3ma, Takum 06-
pa3om npepcTaBaAa NOTEHUWANbHYO yrposy Ans
3[,0POBbA YeNIoBEKa, B TOM YNC/e 1 ANA 340POBbA
JeTeln, NoABePraloWwmXca SKCNO3NLUM HaHOUYaACTU-
Lamu eLle B yTpobe maTtepu.

CnocobHOCTb HaHOYACTULL K NPEOSONEHNIO Fe-
MaTo3HUedannueckoro 1 niaueHTapHoro 6apb-
€pOoB CTaBUT CErofHA NMPUHLMUNNANbHO HOBYIO 3a-
Jauy — 3afjauy U3yyeHus noTeHUnanbHOM onacHo-
CTV Pa3BUTKA HEM3BECTHbIX paHee fedeKToB LeHT-
panbHOWM HepPBHOW CUCTEMbI U HAapyLLeHUI paboTbl
MO3ra, B TOM UMCJie KOTHUTUBHBIX AUCPYHKLMIN Y Ye-
NOBEKA Y >KMBOTHbIX.

Bnepsbie 6binv uccnefoBaHbl NOCNeACTBUA
BAUAHMA Ha MOTOMCTBO HaHoYacTuL cepebpa, no-
CTYNUBLLUMX N3 OPraHn3ma MaTepu B NpeHaTanbHbIN
nepuofd u nepuopg naktauum. OueHka Hanmuua nnm
OTCYTCTBUA KOTHUTUBHBIX AUCHYHKLNIA Y MOSTOABIX
XUBOTHbIX, 0 POXAEHNA NOABEPrHYTbIX BO3AeN-
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used and reliable behavioral tests for assessing cog-
nitive functions — the Morris water maze. The com-
parison of the cognitive abilities of experimental
young animals exposed to the effect of nanoparti-
cles and control animals showed that in the prena-
tal period the brain regions responsible for the
formation of spatial memory are more vulnerable
to silver nanoparticles than after birth, which can
be explained by the incomplete development of
the blood-brain barrier in the fetus (Fig. 1).

The silver content in different organs (blood,
liver, lungs, kidneys and brain) of female mice and
their offspring was determined by neutron activa-
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Fig. 2
Mass content of silver in the brain of

female mice and their offspring determined
by neutron activation analysis.
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Puc. 2

MaccoBoe cofiepaHue cepebpa B Mo3re
CaMOK U X MOTOMCTBA, ONpeAeneHHoe
METOAOM HEMTPOHHOIO aKTUBALIMOHHOIO
aHanm3sa.
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tion analysis. In female mice, the highest silver con-
centration was determined in lungs, followed by
brain, liver, kidney and blood. In the offspring, silver
bioaccumulation changed in the following order:
lungs>brain>blood>liver>kidneys. The average
specific mass content of silver, which crossed the
blood-brain barrier was 37375 ng (for female mice)
and 385+57 ng (for offspring). The obtained results
are important for assessing the toxic effect of nano-
materials on the human reproductive system.
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CTBMIO HAHOYACTUL, MOCTYMNABLMX Yepe3 MIaLeHTy
13 opraHn3ma matepu, bbina NpoBefeHa CornacHo
efVHOMY, 06bEMHOMY 1 HafleXKHO 3apEKOMEH[0-
BaBLUEMY Ce0S B MMPOBOW NPaKTMKE METOAY TECTU-
poBaHus — BogHOMY NnabupuHTy Moppuca. Mony-
UeHHble pe3ynbTaTbl MoKasaau, YTo B NpeHaTab-
HbI Neprog obnacTu Mo3ra, oTBevatoLue 3a Gop-
MUPOBaHME MNPOCTPAHCTBEHHONW NamATU, Gonee
yA3BUMbI Mepej HaHouacTMLamMu cepebpa, yem
nocsie POXAEHNA, UTO MOXKET OblTb 00YCNOBNEHO
He3aKOHUYEHHbIM pa3BMTEM remaTosHuedanmye-
cKkoro 6apbepa y nioga (puc. 1).

CopepraHune cepebpa B pasfinNyHbIX OpraHax
(KpOBb, NeYeHb, Nerkre, NoYKM 1 MO3r) CaMoK 1 UX
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noToMcTBa 6bls10 onpeaeneHo MeTo4OM HENTPOH-
HOro aKTMBALMOHHOIO aHanm3a. B camkax camoe
BbICOKOE cofiepaHue cepebpa 6b110 onpeneneHo
B JIETKMX, 3aTEM B MO3re, NeyeHu, NoyKkax 1 Kposu.
Y notomcTBa HakonneHne cepebpa N3MeHANoCh B
cnepytolem nopagke nerkne > Mo3r > KpoBb > ne-
yeHb > nouku. CpeiHee MacCcoBOe cofepxaHue ce-
pebpa B Mo3re caMok coctaBuno 373 £+ 75 Hru s
MO3re noToMcTBa 385 + 57 Hr. [onyyeHHble AaHHble
BaXKHbI /1 OLEHKM ToKCcMUeckoro a¢deKkTa HaHo-
MaTepunasioB Ha PenpoayKTUBHYIO CUCTEMY Yeso-
BeKa.






