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Abstract: The article is devoted to the study of the effects of stress factors such as ionizing gamma
radiation and ultraviolet radiation on some plant samples. The studies were conducted using the
Electronic Paramagnetic Resonance (EPR) method. Spectrums of the studied plant samples were
registered at room temperature. The signals characterizing of magnetic nanoparticles were observed in
stress-exposed samples. Characteristics of EPR signals of biogenic magnetite and forms of their
collection have been determined.
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1. Introduction

It is known that live matter consists of natural iron oxide nanoparticles which are formed
as a result of biomineralization. Biomineralization of magnetite (Fe304) is a genetically
controlled biochemical process. During biomineralization, perfect ferrimagnetic crystals form in
the living organism. The most spreading magnetic nanoparticles in living and non- living nature
are magnetite and magmatite (y-Fe203). They play an important role in the functioning of living
systems, as well as in the development of pathological conditions [1,2]. The mechanism of
magnetite formation is not yet known. However, there are various opinions. It is assumed that
ferritin protein is involved in magnetite formation and that magnetite is an intermediate product
in the formation of ferrihydrite crystalline’s nucleus. It has also been shown in an experience
that, magnetic nanoparticles can be formed from Fe ferritin ions with the presence of DNA and
can participate in biomineralization processes in living systems [3-6].

In our experiments, we found that these nanoparticles cause magnetic properties in
biological systems and the first time it was detected that it causes the broadest EPR signal in
plants [7,8]. The present paper aimes to investigate the mechanisms of action of stress factors on
the formation of biogenic origin nanophase particles in natural living systems.

2. Materials and methods

Researching objects in the experiments were seeds of wheat (Triticum Vulgare), beans
(Phaseolus L.), maize (Zea mays), and juniper which is one of the medicinal plant (Juniperus
communis). As stress factors, the effects of ionizing gamma radiation and ultraviolet (UV)
radiation on plants were studied.

Seeds were irradiated at different doses (10 Gy, 50 Gy, 100 Gy, 150 Gy, 200 Gy, 300
Gy) and were grown at room temperature (Figure 1). Irradiation with gamma radiation of the
samples was carried out on the device K-25. The source of radiation was isotopes 60Co and
57Co.
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Fig. 1. 10-day sprouts of seeds irradiated at different doses by ionizing gamma radiation.
A-wheat, B-beans, C-corn.

The EPR spectrums were registered on an X-range Bruker ECS-106 EPR spectrometer at
room temperature (293K) and at liquid nitrogen temperature (77K). When studying the effects of
UV radiation, the samples were irradiated using high-pressure DRT-230 mercury-quartz lamps.
The UFS-2 filter was used in experiments to obtain environmental UV rays.



3. Conclusion and discussion

As mentioned above, the presented work has investigated the effects of ionizing gamma
radiation and ultraviolet radiation on living systems as stress factors.

After 10-day sprouts of irradiated seeds of the above-mentioned plants were dried at
room temperature, EPR spectra of samples were registered and their characteristics were studied.

Based on these characteristics, the method of detection and identification of crystalline
iron oxide nanoparticles has been developed by the EPR method for use in biomedical research
and medical diagnostics.
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Fig.2. EPR spectra of sprouts of wheat seeds irradiated at 200 Gy

As shown in Figure 2, at a certain radiation value (100, 200 Gy), a broad EPR signal (g=
2.29; AH = 320 Gs), characterizing iron oxide magnetic nanoparticles, was recorded in the
samples. As another stress factor, the effects of UV radiation have also been studied (Figure 3).

Fig.3. UV-irradiated sprouts of wheat and corn seeds
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Fig.4. EPR signals of dried samples of wheat seedlings exposed to UV radiation at different doses

It was found that during the exposure to UV radiation, two types of signals are observed
in the EPR spectrums of leaf samples (Fig. 4). One of these is a narrow signal corresponding to g
= 2.0 and corresponds to the signal of free radicals. The other is an intensive signal
corresponding to g = 2.32.

The parameters of the signals which we receive during stress (g = 2.32, AH = 500 Gs)
allow us to assume the existants of iron oxide magnetic nanoparticles in these leaves. Thus, it is
found that the signal which we receive due to the parameters corresponds to the magnetic
nanoparticles.

We investigated the EPR signals of plants by changing radiospectrometer parameters to
investigate the specific broad EPR signal characteristic of iron oxide nanoparticles and found
that this signal had magnetic anisotropy.

So that, for determine the variation of the angle in the resonator, when we were
investigating at different angles (90°, 180°, 270°, 360°) the glass ampoules where samples are
placed, we observed that the shape of EPR signal changes slightly and moved slightly to the left.
This behavior of the signals has been found for the superparamagnetic nanoparticles Fe304 and
v-Fe203. This indicates that the paramagnetic centers in charge of the EPR signal have complex
structures.

At the same time, we investigated the medicinal plant Juniper (Juniperus communis).
Spectra of the seeds, shells, and also seeds and shells together were registered. In the recorded
spectra, we observed two types of signals obtained in biomaterials. One of these is the EPR
signal received when g = 2.01. This signal is characterized by a six-component structure in
enzymes containing Mn. This signal was observed only in the seeds of the Juniperus communis
plant. At the same time, at g = 2.28, we observed a broad EPR signal, characteristic of the



paramagnetic species SPION particles (superparamagnetic iron oxide nanoparticles). This signal
was observed in the shells of the seeds. It should be noted that SPIONs which found here play an
important role in the development of pathological conditions and are mainly used for biomedical
applications [9,10]. These magnetic nanoparticles cause magnetic properties in plant systems and
lead to the formation of a characteristic EPR signal.

Research has shown that magnetic nanoparticles are as much presence in natural systems
as well as in living systems. However, any stress factor and the pathological condition leads to
the biogenic generation of nanophase magnetic nanoparticles.

For the first time, we found that under the influence of the stress factors anomalous
magnetic properties occur in living systems. Characteristics of EPR signals of biogenic
magnetite and forms of their collection have been identified.
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®OPMHUPOBAHUE MATHUTHBIX CBOMCTB B BUOJIOTMUYECKHUX CUCTEMAX
O CTPECC ®AKTOPAMU

A.H. HacuooBa

Peztome: CtaThs NOCBSIIEHA W3YyYCHUIO BIMSHUS TaKUX cTpecc (akTOpOB, KAK MOHU3UPYIOIEE ramma-
u3IydYeHrne W yJabTpaduoneToBoe oONIydeHHe, Ha HEKOTOphle 00paslbl pacTeHuid. MccnemoBanus
MIPOBOAMINCH MeTooM OJnekTpoHHoro IlapamarnutHoro Pesonanca (OIIP). Cnextpel HccnemyeMbix
00pa3LoB pacTeHUH PErUCTPUPOBAIIH IIPU KOMHATHOH TeMIieparype.

B oOpasuax, moaBeprmmxcst crpecc (akropam HaONMIOAANNCh CHTHAJBI, XapaKTepU3YIOLIHe
MarHuTHble HaHo4acTHHbL. OmpeaeneHbl XapakTepucTUKH curHaioB OIIP OGuoreHHoro marHetuTa u
(bopMBI HX CyMMHUPOBAHUS.

Knrwouesvle cnosa: Owomorndyeckas CHCTEMa, MarHUTHBIE CBOWCTBa, curHaubl OIIP, MarHuTHbIE
HaHOYACTHIIBI, CTPECC (haKTOPHI.

STRES AMILLORIN TOSIRI ZAMANI BiOLOJi SISTEMLORDO MAQNIT
XASSOLORININ YARANMASI

A.N. Nasibova

Xiilasa: Maqalo stress amillordon ionlasdirict gamma radiasiyanin vo ultrabondvsoyi siialanmanin bozi
bitki niimunslorine tasirinin tadqiqine hasr edilib. Tadgiqatlar Elektron Paramaqgnit Rezonans (EPR)
metodu ilo aparilib. Otaq temperaturunda todqiq olunan bitki niimunolorinin spektrlori qeyds alinib.
Streso moruz qalmis niimunslorde maqnit nanohissaciklorini xarakteriza edon signallar miisahids edilib.
Biogen maqnetitin EPR signallarinin xarakteristikalar1 vo onlarin toplanmasmin formalari miioyyan
edilmisdir.

Acar sozlar: bioloji sistem, maqnit xassalori, EPR signallari, maqnit nanohissaciklari, stress amillar.
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