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Abstract: The effect of different doses of ionizing gamma radiation was studied on laboratory rats by
electron paramagnetic resonance (EPR) spectroscopy. Paramagnetic centers were studied in the internal
organs of control and irradiated rats. A stress factor, ionizing gamma radiation, has been determined to
cause the generation of broad-spectrum EPR signals which characterize iron oxide magnetic nanoparticles
in the liver organs of laboratory rats. At the same time, blood samples of control and irradiated rats were
analyzed. Their clotting time was determined, the rate and number of erythrocyte sedimentation were
determined.
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1. Introduction

In our previous work, the effects of stress factors (ionizing gamma radiation, radioactive
contamination, etc.) on plant systems were studied. Studies using the EPR method have shown
that the stress factor causes the formation of crystalline iron oxide magnetic nanoparticles. The
results can be used in environmental assessment and biomonitoring, as well as in the formation
of functional magnetic nanoparticles [1, 2, 3].

At the same time, the effect of various stress factors on animal organisms was studied.
During the initial research, pelvic snails (Helix Pomatia) were the object of research. In studies
conducted by the EPR method, paramagnetic centers were studied in the pelvis and body parts of
snails exposed to different doses of ionizing gamma radiation (100 Gy, 300 Gy, 500 Gy, 800
Gy). Free radical EPR signals (g =2,023; AH = 10 G) was recorded in them. In the spectra taken
from the pelvic parts of snails, a linear increase in the amplitude of the free radical signal was
observed depending on the amount of radiation dose. This result can be used as a dosimetric tool
in the future. Thus, the pelvic parts of grape snails can be used as a bioindication parameter to
measure the radiation background of the environment [4, 5].

As a continuation of the experiments, in subsequent studies, the effect of stress factors on
laboratory rats of animal organisms as a living system was studied by the EPR method. In
experiments with animal organisms, the selection of laboratory rats as the object of study is
considered very convenient. It is known from the literature that, in research, the most commonly
used laboratory animals are rodents [6, 7, 8]. Among laboratory animals, 80% are rats and mice.
Thus, they can easily adapt to laboratory conditions. Rodents are nocturnal organisms (active at
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night, passive during the day). Due to their small size, their physiological parameters are very
high (heart rate, respiratory rate, etc.). Paramagnetic centers have been studied in laboratory rats
exposed to different doses of ionizing gamma radiation by the EPR method. The EPR spectra of
their internal organs were identified and blood tests in control (non-irradiated) and irradiated rats
were compared.

2. Materials and methods.

In the experiments, the rats were divided into four groups, each with two rats. 1) control;
2) 3 Gy irradiated; 3) 6 Gy irradiated; 4) 8 Gy irradiated. The rats were irradiated on a ®Co
source RHUND 20000 device (P = 0,286 rad / sec). It should be noted that newborns in rats and
mice are more resistant to radiation. Newly weaned from milk (20-30 days old) rats are the most
sensitive to radiation. Adolescents (3-4 months) are the most resistant to stress, and then when
they age increases (after 6 months) their resistance to any stress factor, including radiation,
decreases.

Rats, which were irradiated at different doses were kept in the laboratory (30 days) at
room temperature (fig. 1). 37-day-old rats were used in the experiments.

Fig. 1. Laboratory rats, which irradiated in different doses and kept in cages

During this period, the vital activity and behavior of rats were monitored and the morpho-
physiological changes caused by this effect were observed after irradiation. Thus, their vitality,
activity decreased, nutrition deteriorated. They even failed to clear the secretion of the Harder
gland (a brownish-red substance containing porphyrin inside the eye sockets). In general, this
secretion is not seen in healthy animals, because they often clear this secretion. However, if this
secretion is observed in animals, it means that they have a health problem.

No mortality was observed in the control and 3 Gy doses of irradiated samples within one
month after irradiation. One of the rats irradiated at a dose of 6 Gy died on the 22nd day, and the
rat irradiated at a dose of 8 Gy died on the 8th day.
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Fig.2. Internal organs of the rat (heart, spleen, kidneys, lungs, liver)

Their internal organs (heart, liver, lungs, spleen, and kidneys) were cut and collected
separately in Petri dishes and dried under natural conditions at room temperature.

It should be noted that the rules of bioethics (anesthesia with 10% ketamine) were
followed during the cutting. Morphological changes were observed in the internal organs of rats,
which were irradiated at different doses. So, there were differences in their colors and sizes.
After 7 days of drying, they were ground and prepared for EPR studies. EPR studies were
performed at room temperature on 3 cm range BRUKER-EMX (Germany) EPR spectrometers.
The samples were placed inside a special capillary ampoule and placed in a resonator located
between the electromagnetic poles of the spectrometer.

At the same time, blood samples from control and irradiated rats were studied
comparatively (fig. 3). Their coagulation times were determined: control sample - 10-15 sec.; 3
Gy irradiated sample - 60 sec; 6 Gy irradiated sample - 60 sec.

Fig.3. Control (left), 3 Gy (center) and 6 Gy (right) irradiated rat blood samples
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The experiment was carried out under a microscope in five stages, the average score was
calculated. The average value obtained determines the number of erythrocytes.

Fig.4. Microscopic view of erythrocytes of 3 Gy (right) and 6 Gy (left) irradiated rats

The rate of erythrocyte sedimentation rate was determined on a Panchinkov device, and
hemoglobin was determined on a hemometer device. The results are given in Table 1.

Table 1
Hematological parameters of blood samples in control and irradiated rats

Hematological
parameters

Erythrocyte 8,1-10° | 7,6-10° | 7,3-10% |
Leukocytes 7.6- 1071 3,8 1071 3,3-1071
Hemoglobin 16 gr/l 15,2 gr/l 12 gr/l
Erythrocyte 10 mm/hour 2 mmy/hour 2 mm/hour

sedimentation rate

3. Conclusions and discussions

EPR spectra of internal organs dried at room temperature were recorded under natural
conditions. These spectra are given in Figures 5 - 8. Signals of free radicals, manganese ions, and
iron oxide magnetic nanoparticles in liver samples were observed in the internal organs of
control and irradiated rats.
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Fig.5. EPR spectra of the internal organs of a non-irradiated (control) rat.
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Fig. 6. EPR spectra of the internal organs of a rat irradiated at a dose of 3 Gy.
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Fig.7. EPR spectra of the internal organs of a rat irradiated at a dose of 6 Gy.
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Fig.8. EPR spectra of the internal organs of a rat irradiated at a dose of 8 Gy

Examination of the spectra of control samples shows that signals of free radicals and six-
component manganese ions are observed in lung and heart samples. Radiation at doses of 3 Gy
and 6 Gy, along with a free radical signal in the spectra obtained from liver samples, reveals the
formation of a broad EPR signal characterizing crystalline magnetic nanoparticles.

Summarizing the results, we can say that an increase in the radiation dose leads to an
increase in the intensity of the free radical signal in the samples. In addition, the formation of
new paramagnetic centers, signals of iron oxide nanoparticles as a result of the influence of
radiation in liver samples was revealed. At a radiation dose of 8 Gy (lethal dose), this signal
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disappears. This indicates the formation of abnormal magnetic properties in the liver during
stress.

The results obtained can be widely used and applied in biomedical research, treatment,
and diagnostic purposes.
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W3YUYEHWUE HEKOTOPBHIX BUO®M3NYECKHUX M BUOXUMHUYECKHNX
MMAPAMETPOB Y JIABOPATOPHBIX KPBIC (Wistar albino)
MOABEPTIIIMXCS CTPECCY

A.H. Hacu6oBa, P.1. Xanuuaos, M.A. baiipamos, M.®. Baiipamoga,
JI.T. Kazumumm, P.C. KacymoB

Pezrome: Metogom OIIP crnekTpockonmuu HCCIeOBaHbl AEUCTBUS PA3IUYHBIX 103 HOHU3UPYIOIIEH
raMMa-pagualiy Ha J1abopaTopHbIe KPBICEL. Bo BHYTpEHHHX OpraHax KOHTPOJBHBIX M 0OTy4eHHBIX KpPbIC
W3y4YeHbl MMapaMarHUTHBIE LEHTPHI. YCTAHOBJICHO, YTO CTPECCOBBIM (pakTop - MOHHU3MpYIOLIee ramMma-
M3JTy4YeHHe B OpraHax IedeHH JabOopaTOpHBIX KpBIC BBI3bIBaeT reHepauuio curHanos DIIP mmpokoro
JMana3oHa, XapaKTEpU3YIOIIMX MAarHUTHBIE HAaHOYACTHUIIBI OKcHIa kese3a. OIHOBPEMEHHO ObuIn
NPOaHAIU3UPOBAaHbl 00pa3lbl KPOBH KOHTPOJBHBIX W OONyYeHHBIX Kpbic. Ompenensiii Bpemsl HX
CBEPTHIBAHUS, CKOPOCTh U KOJIMYECTBO OCENAHUS 3PUTPOLIUTOB.

Knrwouesvie cnosa: Cnextpol DIIP, ctpeccoBblil ¢akTop, ramMma-m3iydeHue, J1a0OpaTOpPHbBIE KpPBICHL,
00pasibl KPOBU.
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STRESS AMiLLGRG.MQRI'JZ.QALN.IIS LABORATORiYA SiCOVU.LLARIN]?A.
(Wistar albino) BOZI BIOFIZIKI VO BIOKIMYOVI PARAMETRLORIN TODQIQI

A.N. Nasibova, R.I. Xalilov, M.A. Bayramov, M.F. Bayramova,
L.T. Kaziml, R.S. Qasimov

Xiilasa: Elektron Paramaqnit Rezonans (EPR) spektroskopiyast metodu ilo ionlagdirici gamma
radiasiyanin miixtalif dozalarinin laboratoriya si¢ovullarina tasiri dyronilmigdir. Kontrol ve siialanmig
sicovullarin daxili orqanlarinda paramaqnit morkozlor toadqiq edilmisdir. Miioyyon edilmisdir ki, stress
faktor olan ionlagdirict gamma radiasiya laboratoriya sicovullarinin qara ciyar orqanlarinda domir oksidi
magqnit nanohissaciklorini xarakterizo edon genis EPR signallarinin generasiyasina sabab olur. Eyni
zamanda kontrol vo siialanmis sigovullarin gan niimunslorinin analizi aparilmisdir. Onlarin laxtalanma
miiddatlori miioyyan edilmis, eritrositlorin ¢okma siirati vo say1 toyin edilmisdir.

Acar sozlar: EPR spektrlori, stress faktor, qamma-radiasiya, laboratoriya sicovullari, gan niimunalori.
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