Is there a macro impact

of nanoparticles on plants?

The neutron activation analysis method
proved that a multielemental approach can provide
valuable information on the effect of CuO nanopar-
ticles obtained by chemical and biogenic methods
on plants, in particular on wheat. Over the past
decades, metal oxide nanoparticles (NPs) have been
widely used as industrial catalysts, chemical sensing
devices, in medical applications, disinfection, as an-
timicrobial agents, fillers, opacifiers, catalysts, semi-
conductors, as well as in the development of
cosmetics and microelectronics. The widespread
use of NPs in various fields leads to their release into
the environment.

Fig. 1

TEM micrographs showing the
ultrastructure of the wheat leaves;
C—chloroplast, Cw-cell wall,
g-grana, p-plastoglobule.
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MukpodoTorpadpum MM,
rokasblBatoLme ynbTpacTpyKTypy
NACTbEB NLEHNLbI;
C-xnoponnactbl, Cw—KneTouHas
CTEHKa, g—TpaHbl,
p-nnactornobysnbil.

Copper oxide NPs have attracted attention
mainly because, due to their antimicrobial and bio-
cidal properties, they can have a variety of biomed-
ical and agricultural applications. In addition, Cu is
a trace element present in plants in various
amounts. The intensive use of NPs is causing grow-
ing concern about their interaction with the flora
due to the significant toxic effects that may occur.
Due to their physiological and morphological prop-
erties, plants can have different capacities of inter-
acting with NPs.

Recently, there has been an increased interest
in NPs obtained by green synthesis, including those

CyllecTByeT /I MaKpoBO3aencTeme

HaHoOYaCTUL, HA pacTeHuna?

MeTop HeMTPOHHO-aKTMBALMOHHOIO aHann3a
[OKa3as, YTO MyJIbTUIIEMEHTHbIV MOAXOA MOXeT
JaTb LieHHYo MHGOPMAaLMIO O BINAHUN HaHOYACTUL,
CuO, NONyYEHHbIX XUMUYECKUMU 1N BUOTEHHbBIMM
MeTOo4amu, Ha paCcTeHUA, B YaCTHOCTU, Ha MLLIEHNLLY.
B TeueHne nocnegHnx aecATUNETUIN HaHOYACTULbI
(HY) okcrnaoB MeTannoB WNPOKO NUCMOSb3YOTCA B
KauecTBe NMPOMbILLIEHHbIX KaTafin3aTopOoB, XUMW-
YeCKMX CEHCOPHbIX YCTPOWNCTB, B MeAuLMHe, Ae3UH-
deKumm, B KayecTBe NPOTUBOMUKPODOHbIX CPefCTB,
HanosnHuTenewn, 3aMmyTHUTENEN, KaTann3aTopos., No-
NYNPOBOAHUKOB, a TakXe B pa3paboTKe KOCMETUKN
N MUKPO3JIEKTPOHMKN. LLUnpokoe nprmeHeHne HY
B pa3nnYHbIX 06acTAX NPUBOAUT K UX BbIGPOCY B
OKpyatoLLyto cpegy.

HY okcrpa mepy npuBneKknn BHMMaHMe rnas-
HbIM 06pa3oM NOTOMY, UTO 6rarogapa CBOUM aHTU-

MUKPOOHbIM 11 6UOLMAHBIM CBOMCTBAM OHW MOTYT
NMeTb MHOXeCTBO BMOMEANLIMHCKIMX U CENbCKOXO-
3AMCTBEHHbIX NpuMeHeHnn. Kpome Toro, Cu — 370
MUKPO3JIEMEHT, NPUCYTCTBYIOLWNIA B PacTEHNAX B
pa3NnyHbIX KonmyecTBax. /13-3a MHTEHCUBHOTO KnC-
nonb3oBaHua HY pacTteT 6eCnoKoncTBO Mo nosogy
1X B3aMOLEeNCTBUA C GIIOPOI 1N3-3a 3HAUNTENBbHbIX
TOKCMYecknx 3dppeKToB, KOTOpble MOTYT BO3HUK-
HyTb. bnaropgapsa csom ¢u3smonornyecknm n mop-
donornyeckum cBOMCTBaM pacTeHnsa MoryT obna-
[aTb Pa3NNYHON CNOCOBHOCTLIO Nornowats HY.

B nocnepnHee Bpems Bo3poc nHTepec K HY, no-
NyYEeHHbIM NMyTeM 3e/1IeHOr0 CUHTE3a, B TOM YmMCIie K
TeM, KOTOpble UCMONb3YIOT IKCTPAKTbl pacTeHU, a
3TO O3HaYaeT, YT N3YUYeHUE NX TOKCUYHOCTU TaKKe
CTaHOBUTCA OYEHb BaXKHbIM. [103TOMY C 3Konornye-
CKOW TOYKU 3pEeHNA MOHMMaHUe ToKCMYHocT HY
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in which plant extracts are used, which means that
the study of their toxicity is also becoming very im-
portant. Therefore, from an environmental point of
view, understanding the toxicity of CuO NPs and
their impact on environmentally significant plant
species is of great importance. Bioactive compounds
in plants are compounds produced by plants that
have pharmacological or toxicological effects on
humans and animals, therefore it is important to un-
derstand the effect of CuO on these compounds, as
well as on the ultrastructure of the plant.
Analyzing plants exposed to NPs obtained by
chemical and biogenic methods, by adding them
into the soil, it was found that the amount of chloro-
phyll and carotenoids decreased, while the amount
of polyphenols and antioxidant capacity increased
compared to the control group. As for bioactive
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CuO 1 1x BO34eNCTBMA Ha SKONOrMYeCKn 3HaunuMble
BUAbl pacTeHUn nmeet 6onblioe 3HaveHue. bro-
aKTUBHbIE COeIHEHNA B PAcTEHMAX — 3TO COeau-
HeHVA, BblpabaTbiBaemble pacTeHUAMU, KOTOpbIe
OKa3blBalOT papMaKoIornyeckoe uim ToKCUKoso-
rmyeckoe AeNCTBUE Ha NOAEN U XXUBOTHbIX, MO-
3TOMY BaXXHO NMOHVMATb BIVAHKE Pa3fINYHbIX TUMOB
CuO Ha 3Tn coefiIHeHMA, a TaKXKe Ha YNbTPaCcTPyK-
TYpY pacTeHus.

AHanmsupysa pacteHus, NoaBepriuMecs Bo3-
gencteuto HY, mnonyyeHHbIX XUMUyeckummn 1 6mo-
reHHbIMU MeToAamu, nyTem fOo6aBNeHNA NX B NOYBY,
6b110 06HaAPYKEHO, YTO KOIMUYECTBO XJIopodusiia 1
KapOTMHOWAO0B YMEHbLUNIOCh, @ KONMYeCTBO Mon-
beHONoB 1 aHTMOKCMAAHTHAA CNOCOOHOCTL yBe-
JINYWITACb MO CPABHEHMIO C KOHTPOJIbHOW FPYMnon.
Yto KacaeTcs 6UoNornyeckn akTUBHbIX COeauHe-
HW, 6onblue BCero NoCTpagany pacTeHus, Bbipa-
weHHble B npucytctBum CuO-HY, nonyyeHHoro ¢

compounds, plants grown in the presence of CuO-
NP obtained with a solution of celandine extract
suffered the most. In addition, ultrastructural analy-
sis showed that some changes occurred in the
leaves of the treated plants compared to the con-
trol. All wheat samples exposed to chemical or bio-
genic CuO NPs showed changes in the accumu-
lation of elements in plant tissues. Soil amending
completely inhibited the accumulation of some el-
ements, regardless of the type of NPs applied. Ex-
posure to chemically obtained CuO NPs led to a
more obvious alteration of the element profile in
comparison to the control and biogenic CuO NPs.

Taking into account the results obtained, it can
be concluded that CuO NPs have a negative effect
on the ultrastructure of wheat plants, which can af-
fect the level of yield and product quality.
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pacTBopoMm umcToTena. Kpome Toro, ynbtpacTpyk-
TYPHBbI aHaNM3 NoKasar, YTo B IMCTbAX 06paboTaH-
HbIX PACTEHMI NPOUN3OLLIN HEKOTOPbIE N3MEHEHNSA
MO CPaBHEHMIO C KOHTPOJbHbIMU. Bce 06pa3upl niue-
HMUbI, NoABeprwneca BO34enCcTBMI0 XUMNYECKIMX
unun 6uoreHHbix HY CuO, nokazann n3meHeHus B
HAKOM/IeHWM 3N1IeMEHTOB B TKaHAX pacTeHunin. BHece-
HU1e N3MEHEHNI B NOYBY NOJSTHOCTbIO MOAABMANO Ha-
KornneHve HeKOTOPbIX 3/1IEMEHTOB, HE3aBUCUMO OT
TMna npumeHaembix HY. Bo3gencreme xmmmnyeckn
nonyyeHHbix HY CuO npmBeno k 6onee oyeBMaHO-
My U3MeHEeHU0 NPOodUNA 3N1eMeHTa No CPaBHEHWIO
C KOHTPOJbHbIMY 1 6uoreHHbiMu HY CuO.

[MprHMMana BO BHMMaHMeE NONyYeHHbIe pe3yrib-
TaTbl, MOXHO CAenaTb BbIBOJ O HEraTMBHOM BIUA-
Hum HY CuO Ha ynbTpacTpyKTypy pacTEHUN MIUEeHW-
Libl, YTO MOXET OTPAKATbCA Ha YPOBHE YPOXKaNHOCTMN
1 KayecTse npogyKunm.






