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Abstract. This article investigates the effects of licorice root (Glycyrrhiza L.) syrup on laboratory rats
exposed to ionizing gamma radiation, focusing on its potential radioprotective properties. lonizing
gamma radiation induces oxidative stress, characterized by an increase in free radicals and subsequent
tissue damage, which can contribute to the development of various diseases such as neurodegenerative,
cardiovascular, diabetes and kidney diseases. The body’s antioxidant defense mechanisms, including
superoxide dismutase (SOD), catalase (CAT) and malondialdehyde (MDA), play crucial roles in
combating oxidative stress. Historically recognized for its medicinal properties, licorice root may
mitigate the harmful effects of radiation. The research employed Electron Paramagnetic Resonance
(EPR) spectroscopy to analyze structural and functional changes in various biological systems under the
influence of radiation and other stressors. This investigation aims to provide insights into the protective
effects of licorice syrup, contributing to the understanding of potential therapeutic strategies against
radiation-induced oxidative damage. As a continuation of the experiments, the levels of antioxidant
enzymes in the rat’s erythrocytes were measured using various methods. Biochemical analyses
conducted on the erythrocytes of the rats indicated positive effects of licorice syrup on the levels of SOD,
CAT and MDA.

Keywords: Licorice syrup, biochemical analyse, ionizing gamma radiation, laboratory rat, EPR spectra.

*Corresponding Author: Rovshan Khalilov, Department of Biophysics and Biochemistry, Faculty of
Biology, Baku State University; Institute of Radiation Problems, Ministry of Science and Education,
Baku, Azerbaijan, e-mail: hrovshan@hotmail.com

Received: 23 September 2024; Accepted: 22 November 2024; Published: 5 December 2024.

1. Introduction

lonizing gamma radiation causes significant structural and functional changes in
living systems. As a result of these changes, oxidative stress occurs in cells, the amount
of free radicals increases and tissue damage ensues. The accumulation of free radicals is
a consequence of oxidative stress, which can lead to the pathogenesis of various diseases,
including neurodegenerative, cardiovascular, diabetes and kidney diseases (Hasanzadeh
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et al., 2017; Nasibova et al., 2015). The body's antioxidant defense system serves as the
primary line of defense against the harmful effects of free radicals. Key components of
this system include superoxide dismutase (SOD), catalase (CAT) and malondialdehyde
(MDA). Licorice root (Glycyrrhiza L.) has been recognized for its medicinal properties
since ancient times. The aim of this research was to investigate the radioprotective effect
of licorice syrup in laboratory rats exposed to ionizing gamma radiation. To date,
structural-functional changes arising in various living systems under the influence of
ionizing gamma radiation, UV radiation, radioactive contamination and other stress
factors have been studied (Nasibova et al., 2016, 2021, 2023; Khalilov et al., 2011).
During our study, we examined the structural and functional changes induced by ionizing
gamma radiation in various living systems (Hasanzadeh et al., 2017; Nasibova et al.,
2024). Different biological systems plants and some animal organisms were studied using
Electron Paramagnetic Resonance Spectroscopy (Khomutov et al., 2014; Mammadova et
al., 2022; Aliyeva et al., 2023; Nasibova et al., 2015). In recent years, certain studies
involving laboratory rats have been conducted, focusing on the EPR spectra recorded
under the influence of stress factors (Nasibova et al., 2024; Khalilov et al., 2022).

2.  Materials and Methods

Experiments were conducted using 3-month-old laboratory rats (Wistar Albino).
These rats are commonly used in medical, pharmacological, genetic and toxicological
research, as well as in neurology. The rats were divided into 4 groups, each containing 6
individuals: control - fed with syrup made from licorice root and not irradiated; rats
irradiated with a dose of 3 Gy gamma radiation (1) and rats irradiated with a dose of 3 Gy
gamma radiation and at the same time fed with licorice syrup (2); rats irradiated with a
dose of 6 Gy gamma radiation and fed with licorice syrup; rats irradiated with a dose of
8 Gy gamma radiation and fed with licorice syrup.

After being kept in the laboratory for 90 days in accordance with bioethical
guidelines, the internal organs of the rats (liver, lungs, heart, kidneys and brain) were
studied using the Electron Paramagnetic Resonance (EPR) spectroscopy method.

EPR spectra were then analyzed. The Electron Paramagnetic Resonance (EPR)
method is a sensitive spectroscopic technique used to study the response of electrons in
free radicals or paramagnetic ions to a magnetic field. In the studies, the levels of SOD,
CAT and MDA in the rat’s erythrocytes were also measured using spectrophotometric
methods.

3. Results and Discussion

The EPR spectra of the internal organs of control, irradiated and licorice syrup-fed
laboratory rats were recorded. The signals observed in liver and brain samples are shown
in the figures below (Figures 1 and 2). Free radical signals (g=2.0023) and signals from
iron oxide magnetic nanoparticles (g=2.4) were identified (Figure 1).
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Figure 1. EPR spectra obtained from the liver organs of the laboratory rats

Experiments conducted with the

EPR method showed that biomineralization
processes are more active in the liver tissues of irradiated rats fed with juice made from
licorice root, resulting in the formation of more magnetic nanoparticles. In analyses
conducted on the brain, the formation of paramagnetic centers in the brain tissues of rats
fed with licorice juice was observed under the influence of free radicals. These changes
were also evident in the EPR spectra at angles of 90°C and 180°C. The results indicate

that licorice juice has a radioprotective effect on living systems (Figure 2).
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Figure 2. EPR spectra of the brain organs of laboratory rats
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As a continuation of the experiments, the levels of antioxidant enzymes in the rat’s
erythrocytes were measured using various methods.

Table 1. MDA Biochemical Indicator
3 Gy (1) - rats irradiated with a dose of 3 Gy gamma radiation;
3 Gy(2) - rats irradiated with a dose of 3 Gy gamma radiation and at the same time fed with licorice syrup

Control 3,49 umol/l
3Gy (1) 4,96 umol/l
3Gy (2) 5,42 pmol/l
6 Gy 6,77 umol/l
8 Gy 4,22 pmol/l

Table 2. SOD Biochemical Indicator

Control 20,1 pmol/1
3Gy (1) 3,65 pmol/l
3Gy (2) 11,45 pmol/l
6 Gy 4,83 umol/l
8 Gy 0,266 umol/1

Table 3. CAT Biochemical Indicator

Control 13,79 pmol/l
3Gy (1) 16,59 pmol/l
3Gy (2) 18,45 pmol/l
6 Gy 69,61 umol/l
8 Gy 38,86 pmol/l

The MDA level was determined based on the “Suplova” method, the SOD enzyme
was measured according to the “Dubinina” method and catalase was determined based
on the “Korolyuk™ method. The biochemical indicators of catalase were measured at a
wavelength of 410 nm on a spectrophotometer, while MDA and SOD were measured at
wavelengths of 540 nm.

4.  Conclusion

Biochemical analyses conducted on the erythrocytes of the rats indicated positive
effects of licorice syrup on the levels of SOD, CAT and MDA (Tables 1, 2 and 3). In
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irradiated rats fed with licorice syrup, oxidative stress induced by free radicals was
reduced, while the levels of antioxidant enzymes increased.

The results of the study indicate that licorice root juice plays a significant role in
reducing oxidative stress in rats exposed to ionizing gamma radiation. Licorice juice
possesses radioprotective properties and has the ability to prevent damage caused by free
radicals. The biomineralization and formation of paramagnetic centers detected in liver
and brain tissues may demonstrate the specific protective effect of licorice juice on these
tissues (Ahmadkhani et al., 2017; Hosainzadegan et al., 2020; Montazersaheb et al.,
2023; Maleki Dizaj et al., 2021).

The findings of this research prove that licorice root is an effective radioprotector
against oxidative stress caused by gamma radiation. Licorice syrup can be considered a
potential natural agent for preventing cellular damage and protecting the body from the
harmful effects of radiation.

References

Ahmadkhani, L., Baghban, A., Mohammadpoor, S., Khalilov, R., Akbarzadeh, A., Kavetskyy, T.
& Nasibova, A.N. (2017). Synthesis and evaluation of a triblock copolymer/ZnO
nanoparticles from poly (e-caprolactone) and poly (Acrylic Acid) as a potential drug
delivery carrier. Drug Research, 67(04), 228-238.

Aliyeva, N., Nasibova, A., Mammadov, Z., Eftekhari, A. & Khalilov, R. (2023). Individual and
combinative effect of NaCl and y-radiation on NADPH-generating enzymes activity in corn
(Zea mays L.) sprouts. Heliyon, 9(11).

Hasanzadeh, A., Khalilov, R., Abasi, E., Saghfi, S., Nasibova, A. & Akbarzadeh, A. (2017).
Development of doxorubicin-adsorbed magnetic nanoparticles modified with
biocompatible copolymers for targeted drug delivery in lung cancer. Advances in Biology
and Earth Sciences, 2(1), 5-21.

Hosainzadegan, M., Eftekhari, A., Khalilov, R., Nasibova, A., Hasanzadeh, A., Vahedi, P. &
Zadegan, H.H. (2020). Are microbial infections and some antibiotics causes
cancer. Advances in Biology & Earth Sciences, 5(1), 58-61.

Khalilov, R.I., Nasibova, A.N. & Gasimov, R.J. (2011). Magnetic nanoparticles in plants: EPR
researchers. News of Baku University, 4, 55-61.

Khalilov, R.1., Nasibova, A.N. (2022). The EPR parameter's investigation of plants under the
influence of radiation factors. Acta Botanica Caucasica, 1(1), 48-52.

Khomutov, G.B., Potapenkov, K.V., Koksharov, Y.A., Trubitsin, B.V., Tikhonov, A.N.,
Mamedov, M.D. & Khalilov, R.l. (2014). Magnetic nanoparticles in biomimetic and
biological systems: Generation of iron oxide magnetic nanoparticles in DNA complexes,
isolated chloroplasts and high plants. XII International Conference on Nanostructured
Materials (Nano-2014), Moscow, Russia.

Maleki Dizaj, S., Eftekhari, A., Mammadova, S., Ahmadian, E., Ardalan, M., Davaran, S. &
Mostafavi, E. (2021). Nanomaterials for chronic kidney disease detection. Applied
Sciences, 11(20), 9656.

Mammadova, S., Nasibova, A., Khalilov, R., Mehraliyeva, S., Valiyeva, M., Gojayev, A. &
Eftekhari, A. (2022). Nanomaterials application in air pollution remediation. Eurasian
Chemical Communications, 4(2), 160-166.

Montazersaheb, S., Jafari, S., Aytemir, M. D., Ahmadian, E., Ardalan, M., Zor, M. & Aghdasi, S.
(2023). The synergistic effects of betanin and radiotherapy in a prostate cancer cell line: An
in vitro study. Molecular Biology Reports, 50(11), 9307-9314.

Nasibova, A., Bayramova, M., Kazimli, L., Fridunbayov, I. & Khalilov, R. (2024). Investigation
of biophysical and biochemical parameters in laboratory rats exposed to gamma

317



ADVANCES IN BIOLOGY & EARTH SCIENCES, V.9, N.3, 2024

radiation. Proceedings of the IV International Scientific and Practical Conference, 9.
Estonia.

Nasibova, A., Khalilov, R., Abiyev, H., Trubitsin, B. & Eftekhari, A. (2021). Identification of the
EPR signals of fig leaves (Ficus carica L.). Eurasian Chemical Communications, 3(3), 193-
199.

Nasibova, A., Khalilov, R., Bayramov, M., Mustafayev, l., Eftekhari, A., Abbasov, M. &
Selakovic, D. (2023). Electron paramagnetic resonance studies of irradiated grape snails
(helix pomatia) and investigation of biophysical parameters. Molecules, 28(4), 1872.

Nasibova, A., Khalilov, R., Qasumov, U., Trubitsin, B. & Tikhonov, A. (2016). EPR signals in
plant systems and their informational content for environmental studies. European Journal
of Biotechnology and Bioscience, 4(2), 43-47.

Nasibova, A.N., Fridunbayov, I.Y. & Khalilov, R.1. (2017). Interaction of magnetite nanoparticles
with plants. European Journal of Biotechnology and Bioscience, 5(3), 14-16.

Nasibova, A.N., Trubitsin, B.V., Ismailova, S.M., Fridunbekov, I.Y., Qasimov, U.M. & Khalilov,
R.1. (2015). Impact of stress factors on the generation of nanoparticles in the biological
structures. Reports of ANAS, 71(2), 35-41.

318



