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This article has been devoted to the research of the formation of iron oxide nanoparticles in some
of the plant and soil samples and the impact of stress factors in this event. Studied element analysis of
leaves plants, which widespread in the territory of Lankaran - lemon, orange, magnolia, kiwi and feijoa.
Taken EPR spectra of these plant samples and taken from they are grown soil samples. This specters
prove that the magnetic nanoparticles is formed in plants and at the same time they some extent
accumulation in plants from the soil. In addition in this article was studied the formation of magnetic
nanoparticles in chloroplasts, as well as wheat and maize plantlets and impact of various factors
(various concentrations of FeCl, FeCl; and of NaCl) to the formation of nanoparticles. Has been

known, that a certain dose of stress factor that stimulates the formation of nanoparticles in plants.
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Nanotechnology is a field of fundamental,
at the same time applied science and technology.
There is no area of human activity, where should
not be applied the nanotechnology. The rapid de-
velopment of nanotechnology is resulted to the
production of new nanomaterials, nanostructures
and nanoparticles applied in many areas. Cur-
rently, needed to the use of nanoparticles in dif-
ferent fields is synthesized by different methods.
It is known that the synthesis of nanoparticles in
biological way is very favorable of ecolo-gical
safe and economically. Therefore, biosynthesis of
various nanoparticles now is one of the areas in-
terested world scientists [5,6].

In addition to the biosynthesis of nano-
particles, the study of their generation in biolo-
gical systems are of great interest. Our studies
was dedicated to the study of the generation of
different nanoparticles in living systems, to
clarify the molecular mechanism of this event,
to the implementation of the biosynthesis of
different nanoparticles in living systems and to
study the impact of stress factors (radioactive
contamination, gamma-radiation, UV radiation,
etc.) to all these events.
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Materials and methods

Our research samples has been fresh leaves
of wide-spread plants in the territory of Lankaran —
lemon, orange, magnolia, kiwi, feijoa and soil
samples collected from those territories. In these
areas the exposure dose rate has been appoin-
ted with dosimeter-radiometer (MKC-AT 1125,
Atomtex, Belarus). Samples were pulverized after
drying at room temperature and with EPR (Elec-
tron Paramagnetic Resonance) spectrometer were
taken their spectra (Varian E-4-US, Bruker - Ger-
many). Element composition of samples have
been identified through XRF-Analyzer, Innov-X
(USA) X-ray fluorescence spectrometry. In ex-
periments conducted with wheat and maize seeds
they are germinate in water added of different
concentrations (0.05 M, 0.IM, 0.2 M) NaCL
Then dried at room temperature and has been into
powder. EPR spectra of the prepared samples
were considered. The next experiments carried
out by chloroplasts separated from higher plants
(spinach). In experiments were prepared the chlo-
roplast solutions. To the 50 mkl chloroplast solu-
tion have been added FeCl,, FeCl; (10'2M, 107
M, 10* M, 10° M) and metilviologen (as elec-
tron acceptor).
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Result and discussions

Above-mentioned plants and soil samples
when collecting from the territory of Lankaran,
radiation background has been designated by
the dosimeter-radiometer. In these areas, radia-
tion background has changed in the range of 2-
4 mkR/h and this corresponds to the normal
natural radiation background for our Republic.
Were registered EPR spectra of the collected
samples after drying at room temperature in the
summer months (fig.1). Note that the first time
formation of iron oxide magnetic nanoparticles
in plants is shown by the EPR method by us.
According to parameters we can say, that re-
ceived signal (fig.1A) belonged to the magnetic
nanoparticles. At the same time we have ob-
served EPR signals of paramagnetic centers
that characterizes of iron components in the
collected soil samples in the field, where plants
grown (fig.1B).
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Fig.1. The EPR signals of the dried leaves of lemon (A)
and soil samples taken at this territory (B)
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In fig.1 given EPR signals of dried leaves
of lemon (A) and soil samples taken at this ter-
ritory (B). Parameters of received EPR signals
(g = 2.32, AH = 500 Gs) from lemon leaves
shows the existence of iron oxide magnetic na-
noparticles in this leaves. In addition by us was
examined the EPR signals of the dried leaves
plants collected in Lenkoran - tangerine, king
kong, magnolia and feijoa. Receiving wide
EPR signals characterizes magnetic nano-
particles also on these plants is of great interest.
To study the properties of special wide EPR
signals characterizing iron oxide nanoparticles
we have researched EPR signals of magnolia by
changing parameters of radiospectrometer. So
to determine the effect of the angle in the reso-
nator, when researching in different angles (90°,
180°) glass ampoule with samples, we have ob-
served a change the form of EPR signal (fig.2).
It shows that paramagnetic centers responsible
for EPR signal have a complex structure. In
future researches continued clarification of this
"angle effect".

Has been appointed element composition
of plant samples collected from Lankaran and
soil samples taken from this area (table 1). As a
result of element analysis of soil and plants
each one of them were found in large quantities
K, Ca, Mn, Fe and Sr.

In leaf samples K and Ca, but in soil
samples Mn and Fe have been identified most
of all. Elements Ti and Ba has not been in plant
samples, but in soil samples they were found
sufficiently.
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Fig.2. The EPR signals of the dried magnolia leaves
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Table 1
Sample title vahid | S Cl K Ca Ti Cr Mn Fe
Limon - leaf | ppm 35070 | <LOD | 102672 259999 <LOD | <LOD | 247 1508
Orange - leaf | ppm 21269 | 21363 63102 186844 <LOD | 58 163 1901
Magnolia - leaf | ppm 41502 | <LOD | 37558 77087 <LOD | 80 588 852
Feijoa - leaf ppm <LOD | 5565 76709 24189 <LOD | 89 229 913
Kiwi - leaf ppm 68829 | 11132 108096 137689 <LOD |<LOD | 348 1807
Magnolia - soil | ppm <LOD | <LOD | 26306 29523 5839 165 863 47659
Lemon - the soil | ppm <LOD | <LOD | 23042 28890 6589 193 738 56607
Orange - the soil | ppm <LOD | <LOD | 27429 23310 5179 109 940 47455
Kiwi - soil ppm <LOD | <LOD | 21349 28296 4732 143 765 38774
Feijoa - the soil | ppm <LOD | <LOD | 26305 34335 5635 157 1115 | 51033
Sample title vahid Co Zn Rb Sr Zr Mo Ba
Limon - leaf ppm <LOD 71 20 633 60 <LOD <LOD
Orange - leaf ppm <LOD 244 17 528 61 63 <LOD
Magnolia - leaf | ppm <LOD 63 22 141 82 &3 <LOD
Feijoa - leaf ppm <LOD 59 37 69 65 67 <LOD
Kiwi - leaf ppm <LOD <LOD <LOD | 297 88 93 <LOD
Magnolia - soil | ppm <LOD 72 67 476 101 <LOD 456
Lemon - soil ppm <LOD 52 63 523 87 <LOD 499
Orange - soil ppm 373 199 79 445 139 <LOD 553
Kiwi - soil ppm <LOD 181 68 384 108 <LOD 361
Feijoa - soil ppm <LOD 95 64 584 83 <LOD 506

When we studying the formation of iron
oxide magnetic nanoparticles in plants, along
with plants collected from Lankaran, we have
conducted experiments with wheat and maize
seeds. We studied the impact of different con-
centrations of NaCl to the formation of mag-
netic nanoparticles in seedlings of this plants.

Wheat and maize seeds were grown in
water into which added in different concen-
trations (0.05 M, 01M, 0.2 M) NaCl. Then seed
shoots and roots dried at room temperature, was
ground to a powder and registered EPR spectra
of them. Influence of the NaCl in different
concentrations to the EPR signals characterizes
magnetic nanoparticles were analyzed by
means of this spectra (fig.3).
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When we comparing the EPR signals of
wheat seeds (9 day) we see that amplitude of
EPR signals seedlings growing in distilled water
significantly smaller of the amplitude EPR sig-
nals seedlings growing in the water, into which
added different concentrations (0.05 M, 01M)
NaCl (fig.3A). This difference more clearly has
been observed in signals of roots (fig.3B, C).

The results show that the amplitude of
characteristic broad range EPR signal’s of seed,
as well as root samples with increasing of NaCl
concentration is even higher. As received signals
characterizing metal nanoparticles, we can say
that stress factor has a stimulating effecton the
formation of magnetic nanoparticles in plants.
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Fig.3. EPR spectra of wheat and maize seedlings

It should be noted that in previous studies
we also received analogical results when study-
ing the impact of radioactive contamination and
ionizing gamma radiation on the formation of
iron oxide magnetic nanoparticles in plants. We
showed that radiation factor until a certain dose
(lethal dose) has a stimulating effect to the for-
mation of nanoparticles in plants [2, 3].

In fig. 3 we have identified the dependence
of the behavior free radical signal and the pow-
er of electromagnetic waves. By us in addition

to the in vivo studies have been fulfilled in vitro
studies also. In this case, experiments were con-
ducted with chloroplasts obtained from higher
plants (spinach). After adding the salts FeCl, and
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FeCl; in concentrations 10~ - 10°M to the chlo-
roplasts (spinach) considered EPR spectra of
them. When adding FeCl, the amplitude of
chloroplast’s EPR signal on light which charac-
terizes magnetic nanoparticles was high than
the amplitude of the signal in the dark. But with
the addition of FeCl; the amplitude of chloro-
plast’s EPR signal on light has been considera-
bly smaller in comparison with signal in the
dark (fig.4).

We have observed magnetic nanoparticles
in chloroplasts in the initial experiments con-

C
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ducted by Transmission Electron Microscope
(fig.5).
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Fig.4. EPR spectra after adding to the chloroplast FeCl,
and FeCl; in the dark and light.

Fig.5. TEM description of chloroplast solution addition
of iron salt

On the basis of conducted experiments
has been identified that the formation of mag-
netic nanoparticles may be associated with ac-
tivities photosynthetic apparatus in plants and
in the process of incubation of samples depends
of their lighting conditions. The results show
that the formation processes of magnetic nano-
particles in plants can be connected with viola-
tion of intactnesst chloroplasts and other com-
ponents. As a result, is provided the availability
of the precursors of nanoparticles (eg., iron
ions) in electron transport chain of chloroplast
membranes, during of the oxidation-reduction
reactions are formed magnetic nanoparticles.
Any stress factor until definition dose has a
stimulating effect to this event.

This work have been carried out with the
assistance of the Science Development Foundation
under the President of the Republic of Azerbaijan -
Grant EIF-2012-2(6)-39/20/3-M-11
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BIiOLOJi STRUKTURLARDA NANOHISSOCIKLORIN GENERASIYASINA
STRESS AMILLORIN TOSIiRi

A.N.Nasibova, B.V.Trubitsin, S.M.ismayilova, 1.Y.Fridunbayov,
U.M.Qasimov, R.i.Xslilov

Maqals bazi bitki va torpaq niimunaslerinds domir oksidi nanohissaciklarinin formalagsmasinin vo bu hadisays stress
amillarin tasirinin tadqiqina hesr edilmisdir. Lonkaran torpaglarinda genis yayilmis — limon, portagal, maqgnoliya, kivi va
feyxoa bitkilarinin element analizi dyranilmis, bu bitkilorin vo onlarin bitdiyi yerden gétiirilmiis torpaq niimunslasrinin
EPR spektrlari ¢gokilmisdir. Alman spektrlor bitkilorde maqgnit nanohissaciklorinin amals goldiyini va onlarn eyni zamanda
torpaqdan da miisyyan qadar bitkilara daxil oldugunu siibut edir. Bundan basqa maqalods xloroplastlarda, eloca do bugda
vo qargidali ciicartilorinds maqnit nanohissaciklorinin amolo golmasi va bu nanohissaciklorin omalo golmasina miixtolif
amillerin (miixtalif qatiliqlarda FeCl,, FeCl; vo NaCl-un) tosiri dyronilmigdir. Molum olmusdur ki, stress amil miioyyan
dozada bitkilords nanohissaciklorin amale golmasina stimullasdirict tasir gostarir.

Acar sozlar: bitkilar, xloroplast, nanohissaciklar, stress amil, paramaqnit markazlor, EPR signallari, element
analizi

BJIMSIHUE CTPECC ®AKTOPOB HA TEHEPAIIMIO HAHOYACTHI
B BUOJIOTNYECKHUX CTPYKTYPAX

A.H.Hacu6oBa, b.B. Tpyounun, C.M.UcmannoBa, U.JO.®punynodexos,
Y.M.Kacymos, P.U.Xanunos

Pabora mocBsieHa uccneroBaHUi0 (POPMHUPOBAHMS HAHOYACTHI[ OKCHJIOB Kejle3a B oOpa3lax IMOYBBI M pac-
TEHUH, a TaKXKe BIMSHUA cTpece (JaKTOPOB Ha 3TOT Iporecc. V3ydeH 31eMeHTHBIH aHainn3 pacTeHUH, IMPOKO pacipo-
CTpaHEHHBIX B JIeHKapaHe — JIMMOHA, anelbCHHa, MarHOJINH, KUBH U Qefixoa. 3apeructpupoBansl crekrpsl IIIP 006-
pas3loB pacTeHUH W TIOYBBI, B KOTOPHIX PACTyT 3TH pacTeHus. [loydeHHbIe CIIeKTphI JOKa3bIBAIOT 00pa3oBaHUE Mar-
HHUTHBIX HAHOYACTHUI] B PACTCHUSX M OJHOBPEMEHHO MX HAKOIUICHWE M3 MOYBBl B HEOONBIIOM KoimdecTBe. M3ydeHo
(opMHpOBaHIE MATHUTHBIX HAaHOYACTHI] B XJIOPOIUIACTAX, & TAKXKE B MPOPOCTKAX KYKYpY3bl M IILCHHLBI, H BIUSIHHE
pasmuusbix (axTopoB (FeCl,, FeCl;, NaCl B pa3HbIX KOHIIEHTpaunusax) Ha oOpa3oBaHME dTHX HAHOYACTHI. BrIicHEeHO,
4To cTpecce (GakTop OKa3bIBaCT CTUMYIIUpYIOIIee AeHCTBHE Ha (OPMUPOBAHNE HAHOYACTHIL] B PACTCHHUSIX.

Knroueewle cnoea: pacmenus, X10poniacmel, HAHOYACMUYbL, CMpecc QaKmop, NapamMazHUmHble YeHmpbl, cue-
nanvt 1P, snemenmuviil ananus
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