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Abstract. An innovative approach based on the effect of bio-mineralization as a response reaction of cells 

to decrease their damage upon stress was applied for Juniperus communis and related biomaterials. The 

electron spin resonance (ESR) method was used as the main experimental tool for detecting the 

paramagnetic species as a result of existence of antioxidant activity system, represented by superoxide 

dismutase with manganese, catalase etc., and formation of superparamagnetic iron oxide nanoparticles 

(SPIONs). The ESR signals for the Juniperus communis shell and seeds and their mixture were recorded 

and analyzed. The SPIONs were found in the Juniperus communis shell, while the antioxidant activity 

due to manganese-containing enzymes was detected in the Juniperus communis seeds. For comparative 

analysis, the Juniperus communis based biomaterials, such as Nefrovil and Immunostan drugs were also 

investigated by ESR spectroscopy. As a result, the same features were obtained for Nefrovil (manganese-

containing enzymes, prevailing superoxide dismutase with manganese) and Immunostan (prevailing 

SPIONs), when the choice of Nefrovil and Immunostan drugs has been made to increase the antioxidant 

activity and to improve the immune system of human organism respectively. The influence of 

temperature on the intensity of ESR signals from manganese-containing enzymes and SPIONs has also 

been examined. The detected bio-functionality of the Juniperus communis shell and seeds as well as 

biomaterials on its basis could be recommended for pharmaceutical and biomedical applications.  

Keywords: Electron spin resonance spectroscopy, Biomaterials, Juniperus communis, Superoxide 

dismutase with manganese, Superparamagnetic iron oxide nanoparticles. 
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1.      Introduction 

 

The natural biologically active dietary supplements (BADS) are very useable now 

for the eco-biomedicine and eco-human health applications. As a rule, BADS are 

important for improving physiological, healthy and prophylactic properties with aim to 

stabilize a normal functionality of human organism. There are a lot of companies in all 

over the world producing the bioactive dietary supplements. Having a huge choice to 

use BADS, physicians can introduce them into the ration of diet or rational food for 

optimization of exchange processes and functions of human organism, taking into 

account of its health state. However, as a practice experience shows, in many cases 

usefulness and prophylactic functions of BADS are determined by physicians through a 

chemical compound only, that is not enough to be as a basis for estimation of biological 

action of natural dietary supplements.  

The influence of physical (stress) factors (e.g., temperature, humidity, strong UV 

and/or lower level of illumination, radiation, soil salinity, etc.) on such plant as 

Juniperus communis has formed an antioxidant system with a larger activity than for 

other plants. The presence of such antioxidant enzymes as catalase and superoxide 

dismutase (SOD) – iron SOD (FeSOD), manganese SOD (MnSOD), copper-zinc 

(CuZnSOD), and nickel SOD (NiSOD) (Abreu et al., 2010) – in Juniperus communis, 

makes it as a model biomaterial object with potential biomedical applications. As an 

example, many pharmacological effects of Juniperus communis are antitumor 

properties, antioxidant, antitoxic and anticarious activities. 

Pharmacological activity of Juniperus communis could be significantly changed 

in dependence as one using a shell and/or seeds. Also, by adding the Juniperus 

communis into composition of other BADS, it is possible to distinguish the bio-

functionality of the drug for medical purposes. For instance, the screening of Juniperus 

communis based drugs Nefrovil and Immunostan has been made (Roslyna Karpat Co., 

Ltd, Ukraine, http://roslynakarpat.com.ua) to increase the antioxidant activity and to 

improve the immune system of human organism respectively. But, if stress factors are 

affected on the Juniperus communis bioactivity (that is expectedly happened in different 

seasons), the properties of Nefrovil and Immunostan could be uncontrolled. The present 

research will focus on the resolving this problem by using a new approach based on the 

effect of bio-mineralization as a response reaction of stress-damaged cells (Khalilov et 

al., 2010; Khalilov et al., 2011a; Khalilov et al., 2011b; Khalilov et al., 2015). This 

effect is coupled with electron-transport chain of photosynthesis that leads to a decrease 

the Fenton’s reaction due to the transformation of iron ions (Fe
2+

, Fe
3+

) to maghemite 

(-Fe2O3) and magnetite (Fe3O4) superparamagnetic iron oxide nanoparticles (SPIONs). 

Among all analytical tools, electron spin resonance (ESR) spectroscopy is the only 

technique that directly detects free radicals and paramagnetic species. Thus, ESR 

method is used in the research as the main experimental tool for detecting the 

mailto:hrovshan@hotmail.com
mailto:kavetskyy@yahoo.com
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paramagnetic species due to the presence of antioxidant enzymes and SPIONs as a 

result of bio-mineralization effect.  

 

2.  Experimental 
The methodology of the present work is based on the application of the above 

mentioned effect of bio-mineralization for the Juniperus communis samples of 

Carpathian region of Ukraine. The Juniperus communis based Nefrovil and Immunostan 

drugs were used as provided by Roslyna Karpat Co., Ltd, Ukraine 

(http://roslynakarpat.com.ua). The ESR spectra of the biomaterials studied were 

registered with the aid of an X-range ESR spectrometer ECS-106 (Bruker, Germany) at 

the following conditions of registration: magnetic field HF-modulation amplitude 0.5 

mT, field center 260 mT, field scanning 290 mT, temperatures 293 and 77 K, and gain 

10
4
 and 510

5
, respectively. 

 

3.  Results and discussion 

 

Juniperus communis 
Figure 1 shows the ESR spectra of the Juniperus communis shell and seeds and 

their mixture along with differential spectrum between shell and seeds at room 

temperature (Fig. 1a). We may emphasize on the two ESR signals registered in the 

biomaterials. Namely, the ESR signal at g = 2.01 is attributed to the paramagnetic 

species of Mn (Khalilov et al., 2011a), characterized by six-component hyperfine 

structure, in the Mn-containing enzymes that is found only in the Juniperus communis 

seeds. At the same time, the broad ESR signal at g = 2.28 is attributed to the 

paramagnetic species of SPIONs (Khalilov et al., 2011b) that is found only in the 

Juniperus communis shell.  

 

 

http://roslynakarpat.com.ua/
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Fig. 1. ESR spectra of the Juniperus communis shell, seeds, and mixture of shell and seeds   

at temperatures (a) 293 K (1 - mixture of shell and seeds, 2 - shell,  

3 - seeds, and 4 - differential spectrum (curve 2 -curve 3)) and (b) 77 K  

(1 - mixture of shell and seeds, 2 - shell, and 3 - seeds) 

 

It must be noted here that the SPIONs detected in the investigated material have 

an important role in development of pathological conditions and are frequently used for 

biomedical applications, where their toxic potential is still a major concern (Ito et al., 

2005; Huber, 2005; Gupta & Gupta, 2005; Liu et al., 2006; Hautot et al., 2007; Roca et 

al., 2009; Berry, 2009; Singh et al., 2010; Soenen & De Cuyper, 2010; Ankamwar et 

al., 2010; Mahmoudi et al., 2011; Kandasamy & Maity, 2015). The SPIONs have also a 

promising application in food science (Miller, 2010; Hilty et al., 2010; Zimmermann & 

Hilty, 2011). These magnetic nanoparticles lead to appearance of the magnetic 

properties in plant systems and emergence of ESR signals (Khomutov & Koksharov, 

2009). Magnetic nanoparticles are present in various natural systems including living 

organisms of all levels and types of organization. Biogenic generation of nanophase 

magnetic oxides is associated with physiological processes including a number of 

pathologies, in particularly, human neurodegenerative diseases, Type 2 diabetes, 

premature ovarian insufficiency (POI), and hemochromatosis. As a result, the 

investigation of mechanisms of formation iron oxide nanoparticles in living systems is 

important from fundamental viewpoint and also is necessary for development of novel 

efficient methods in pharmacy. The appearance of ESR signal characteristic for 

magnetic nanoparticles has been found (Khalilov et al., 2011b; Nasibova & Khalilov, 

2016) in various plants as a result of effects of external stress factors. 

In the present study, the stress factors affecting on the Juniperus communis shell 

are also directly confirmed by ESR detected SPIONs as a result of bio-mineralization 

effect under stress. In other words, the Juniperus communis shell with externally-

attained functionality, resulting in formation of SPIONs, plays a role as protection for 

the Juniperus communis seeds. On the other hand, Mn-containing enzymes, 

representing the antioxidant activity, are normally identified to be in the Juniperus 

communis seeds. Therefore, the SPIONs in the drugs based on the Juniperus communis 

shell and the antioxidant activity detected by enzymes in the case of the Juniperus 

communis seeds could be applied for pharmaceutical and biomedical purposes.  



R.I. KHALILOV et al.: DETECTION OF MANGANESE-CONTAINING ENZYMES… 

 

 
171 

 

Figure 1 also shows the ESR spectra of the Juniperus communis shell and seeds 

and their mixture at low temperature (Fig. 1b). As it was expected, the measurement 

performed at 77 K showed the enhancement of the ESR signal from enzymes (g = 2.0) 

for the Juniperus communis seeds. At the same time, the intensity of the ESR signal 

from SPIONs (g = 2.28) for the Juniperus communis shell is reduced at 77 K. Also, the 

intensity of the broad ESR signal at g = 3.26 for the Juniperus communis shell is found 

to be decreased at low temperature. Note, that in all dried soil samples at room 

temperature the broad ESR signal with half-width 150 mT and the position of maximum 

of the low-field component at g = 3.3 has been observed (Khalilov et al., 2011b), while 

upon lowering the temperature from room to 80 K the intensity of this broad signal was 

reduced. Registration of the broad ESR signal at g = 3.3 in soil samples has been 

interpreted (Khalilov et al., 2011b) due to a high content of iron aggregates, among 

which there could be magnetic nanoparticles (SPIONs) in the soil on which plants grew. 

As seen in our case for the Juniperus communis shell, the behavior of the ESR signals at 

g = 2.28 and g = 3.26 at 77 K is quite similar, supporting the finding of the authors 

(Khalilov et al., 2011b) that these both signals are connected with SPIONs and iron 

aggregates (containing SPIONs). Besides, a weak signal of Fe
3+

 at g = 4.3 (recording at 

80 K in the works of Khalilov et al., 2011b) is also detected for the Juniperus communis 

samples at 77 K (Fig. 1b). A broad ESR signal with the position of maximum of the 

low-field component at g = 2.58 is assigned to the SPIONs too, as that signal is the most 

close to that at g = 2.69 detected for the samples with magnetic nanoparticles (Khalilov 

et al., 2011b).  

 

Nefrovil and Immunostan 
Similar ESR study as for the Juniperus communis shell and seeds was performed 

in the case of the Juniperus communis based Nefrovil and Immunostan drugs, where the 

preparation of Nefrovil and Immunostan has been made (http://roslynakarpat.com.ua) to 

increase the antioxidant activity and to improve the immune system of human organism 

respectively. 

Figure 2 shows the ESR spectra of the Nefrovil at temperatures 293 and 77 K. It is 

clearly seen that the dominant contribution into the ESR spectra demonstrates the Mn-

containing compounds (g = 2.0, characterized by six-component hyperfine structure) 

compared to the contribution of SPIONs (g = 2.30). The presence of both signals from 

Mn-containing compounds and SPIONs in the Nefrovil drug is due to the mixture of 

Juniperus communis shell and seeds used during the drugs preparation. Thus, the 

obtained results testify that the purpose of preparation of Nefrovil to increase the 

antioxidant activity is strongly confirmed using the approach developed in the present 

work.  

In the case of Immunostan drug, we also confirmed its bioactivity to improve the 

immune system of human organism as shown in Figure 3. Indeed, the dominant 

contribution into the ESR spectra demonstrates the SPIONs (g = 2.28) and iron 

aggregates (g = 2.58 and 3.26) compared to the contribution of Mn-containing 

compounds (g = 2.0). Moreover, the behaviour of the ESR signals at room and low 

temperatures for the Immunostan is in consistent with the results obtained for the 

Juniperus communis materials.  

 

 

 

http://roslynakarpat.com.ua/
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Fig. 2. ESR spectra of the Nefrovil at temperatures 293 and 77 K 

 

 

 

 
 

 

Fig. 3. ESR spectra of the Immunostan  at temperatures 293 and 77 K 
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Fig. 4. Comparison of ESR spectra of the Nefrovil and Immunostan  

at temperatures (a) 293 K and (b) 77 K 

 

Finally, for comparative analysis, Figure 4 shows the ESR spectra of the Nefrovil 

and Immunostan at temperatures 293 and 77 K. The dominant roles of MnSOD for the 

Nefrovil and SPIONs for the Immunostan are plausibly verified. Moreover, comparing 

the ESR signal from Fe
3+

 at g = 4.34, which is resolved better at low temperature, for 

the Immunostan and Nefrovil drugs, it is established that the prevailing role of SPIONs 

and Fe
3+ 

ions in the Immunostan are fully correlated. It may be considered as an 

additional experimental evidence of the bio-mineralization effect under physical stress 

factors for the biomaterials studied, which is coupled with electron-transport chain of 

photosynthesis that leads to a decrease the Fenton’s reaction due to the transformation 

of ferric ions (Fe
3+

) to magnetite (Fe3O4) SPIONs. 

 

4.  Conclusion 

 

An innovative identification method for bioactivity of natural BADS has been 

proposed on the example of Juniperus communis based biomaterials (Juniperus 

communis shell and seeds, Nefrovil and Immunostan drugs). Due to the effect of bio-
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mineralization under stress factors, the presence of antioxidant activity system, 

represented by MnSOD and other enzymes, and formation of SPIONs in the 

biomaterials studied has been examined by means of ESR spectroscopy. The SPIONs in 

the Juniperus communis shell are only detected, while the Mn-containing enzymes are 

found only in the case of the Juniperus communis seeds. The same features have been 

discovered for the Nefrovil (prevailing MnSOD) and Immunostan (prevailing SPIONs), 

when the screening of Nefrovil and Immunostan drugs based on the Juniperus 

communis, both produced by Roslyna Karpat Co., Ltd (Ukraine), has been made to 

increase the antioxidant activity and to improve the immune system of human organism 

respectively. It has been shown that the intensities of the ESR signals from SPIONs and 

iron aggregates (containing SPIONs) as well as Mn-containing enzymes are sensitive to 

the influence of temperature. It has been established that the prevailing role of SPIONs 

and Fe
3+

 ions in the Immunostan are fully correlated, showing an additional 

experimental evidence of the bio-mineralization effect under stress (i.e., transformation 

of Fe
3+

 ions to Fe3O4 SPIONs) for the investigated biomaterials. The results obtained 

demonstrate the possibilities and perspectives for development and functionalization of 

innovative Juniperus communis based drugs with controlled properties for 

pharmaceutical and bio-medical applications, in particular, for goals where antioxidant 

enzymes and SPIONs should be involved. 
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