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Abstract. The regularities of changes of not irradiated and irradiated with low doses of radioactive radiation 
Chara fragilis cells membrane potential (φm) and resistance (Rm) in the standard conditions and under the 
influence of extracts of sage, roots of licorice and danaya. has been studied with microelectrode technique.  
The average value of these parameters were -183	േ 4.9 mV and 9 ± 1.2 Оhm·m2 under the standard 
conditions. For Chara fragilis cells irradiated with a low dose of γ - rays, these values were 
φഥ୫	= -202 ± 9.4 mV and Rഥ୫ = 11.7 ± 3.6 Оhm·m2. The components of the primary active transport system 
of Chara fragilis cells, irradiated with a low dose of γ - rays, turned out to be sensitive to the action of 
phytoprotectors and the effective concentration, causing a reliable electrophysiological reaction was 1 mg/l.  
Activation ranges of K+ - channels to the inward and outward rectification were -130 ÷ -50 and  
-300 ÷ -162 mV. The cytosolic activity of K+ ions was 61.6 mM / l. Electrophysiological reactions of the 
PM were qualitatively and quantitatively determined by the initial level of φm and the concentration of 
phytoprotectors. 
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The large size of Chara fragilis interstitial cells provide wide opportunities for the identification of membrane 
processes in conditions of their intactness. One of the important aspects of research in this plan is the determination of 
the cellular mechanisms of the pathogenic and protective effect of some exogenous factors of a physicochemical nature, 
since the first phase of their influence occurs at the level of the cell membrane. Therefore, the main purpose of these 
researches was to identify the cellular mechanisms of such interactions by using the results of electrophysiological 
measurements. For this purpose, we studied the patterns of changes in the functional activity of the components of the 
primary active transport of plasma membrane (PM) of Chara fragilis cells under the influence of these factors. The 
components of primary active transport system of PM consist mainly of 2 types of K+ - channels and H+ - pumps. Control 
of the functional activity of these components was carried out by regular measurement of membrane potential (φm) and 
resistance (Rm) of Chara cells, both under standard environmental conditions and under the influence of the above 
mentioned exogenous factors. 

 
MATERIAL AND METHODS 

 
The experiments were conducted on internodal cells of Chara fragilis collected from a pond called “Katib Bulagy”, 

which formed from sewage water of several mountain springs in the Tovuz region. The Chara fragilis cells were for the 
first time used in the electrophysiological research by us. The species and families of algae were determined by the 
Gollerbach determinant [1]. It turned out that, Chara fragilis belongs to the family of Characeae Ag. Emand Hollerb of 
Charaphyceae class [1]. The bioelectric parameters of Chara fragilis cells were measured by using standard 
microelectrode techniques [2]. The essence of this method is that the registration of the parameters φm and Rm is carried 
out by introducing 2 microelectrodes into the cylindrical interstitial cell Chara [2]. Through one microelectrode 
introduced into the center of the cell, the direct current pulses with a density of 10–4 A/m2 in a duration of 2-3 seconds 
was transmitted. Via the second microelectrode was recorded the φm of cell and the electrotonic potential ΔU generated 

by passing a direct current through the cell. Rm of cells is calculated by the formula R୫ ൌ
୼୙

୍
πdl, where I – strength of 

current transmitted through the middle of the cell, l, d – the length and the diameter of the experimental cell.  
The use of this method allows the measurement of the potential and resistance of the PM and tonoplast by 

introducing a measuring microelectrode into the cytoplasm and vacuole.  
In this study plant extracts from the flora of Azerbaijan which are rich with antioxidants are used as a phytoprotector. 

As raw materials for the extracts were used sage leaves (Folia Salvia officinalis), liquorice roots (Radix glycyrrhizae) and 
danae leaves (Danae racemosa). These phytoprotectors revealed antioxidant, antimicrobial and antimutagenic, 
hypoglycemic and hypolipidemic features [3-8]. The screening of alcoholic extracts of dried plant: sage leaves with 
predominant content of saponins (ursolic oleanine acid, carotene, vitamin C), roots of liquorice with saponine – 
glycyrrhizin and leaves of Danae racemosa with predominant content of carotenoids [9, 10] was performed. The 
extraction of crumble material was undertaken with 95% ethanol during 7 days in the dark and at room temperature. To 
clarify the extracts, they were filtered. The concentration of the extracts, which caused the most effective 
electrophysiological reaction, was obtained by diluting the alcohol extract 200 times with artificial pond water (APW). 
This concentration can be expressed as 2 mg/10·200 ml=10-3 mcg/ml=1 mg/l. 
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For the testing of the action of small doses of γ - radiation, Chara fragilis cells are located in a glass test tube with 
a 100 mm length and 25 mm diameter inside a steel sleeve in the γ - device “URI”. The exposure time in our experiments 
was 2 min 55 s, the average radiation dose rate was 19 rad/s, and the dose rate of 60Co isotopes was 33.25 Gy/s. It should 
be noted here that the concept of “low dose”, the dose causing a statistically significant bioelectric “effect” may not 
coincide [4].   

The laws of variation statistics, the computer programs Excel-2016 and SigmaPlot12.0 were used for plotting of 
graphs. 

 
RESULTS AND DISCUSSIONS 

 
The stationary values of φm and Rm scattered in a rather wide range: -90 ÷ -300 mV and 1 ÷ 32,6 Ohm·m2, 

respectively. According to these values, the average values of the potential and the resistance of the membrane were 
 φഥ୫= -183±4,9 mV и Rഥ୫= 9±1,2 Оhm·m2. Measurements of φm and Rm were held in 106 and 45 cells, respectively. A 
detailed description of the statistical analysis of the electrophysiological parameters of these cells are given in our previous 
publications [12, 13].  

The average values of membrane potential and resistance of Chara fragilis cells irradiated with a low dose of  
γ - rays were φഥ୫= -202±9,4 mV (n=17) и Rഥ୫= 11,7±3,6 Оhm·m2 (n=15). Thus, as a result of irradiation, the absolute 
value of φm of Chara fragilis cells increased by 10,4%, and Rm - by 18,2% (Fig. 1). These figures show that the ion - 
transport system of cells irradiated with a low dose of γ - rays is represented mainly by K+ -channels of inward rectification 
(KCİR). As seen, the adaptive response of Chara fragilis cells to a low dose of γ - rays consists of the inactivation of the 
K+ -channels of outward rectification (KCOR) and the activation of the KCIR PM, which is accompanied by its 
hyperpolarization. Membrane potential is the main source of free energy of PM. Consequently, the hyperpolarizing effect 
of the γ - rays dose is a manifestation of the energization of the PM. On the other hand, it is also a manifestation of 
radiation hormesis in plant objects. The exact mechanisms of these effects on plant objects have not been established. 
Obviously, in this case, the energization of the PM occurs due to the restriction of the leakage of ions through the small 
resistance of the KCOR. In all likelihood, an increase in the productivity of some agricultural crops and the stimulation 
of cellular processes [11] under the influence of low doses of radioactive radiation occurs due to the restructuring of the 
primary active transport system leading to the energization of the PM.   

The components of the primary active transport system of Chara fragilis cells, irradiated with a low dose of γ - rays, 
turned out to be sensitive to the action of phytoprotectors. Their effective concentration, causing a reliable 
electrophysiological reaction was 1 mg/l. For an objective quantitative representation of the kinetics of the 
electrophysiological effects of phytoprotectors, the results of our measurements obtained for 10 cells were averaged (by 
using the computer program SigmaPlot 14.0). 

 

 
 

Figure 1. The histogram of average values (φഥ୫	and Rഥ୫) of electrophysiological parameters of Chara fragilis algal 
cells under standard environmental conditions (A) and irradiated with a low dose of γ - rays (B) 

 
During the introduction of 1 mg/l the concentration of sage extract into the medium, in Chara fragilis cells, which 

φm was in the activation range of KCIR, φഥ୫ did not change, while	Rഥ୫ decreased by 17% (fig. 2). In other words, the 
adaptive response of the PM of Chara fragilis cells apparently reflects the repair of the KCOR channel protein under the 
influence of the protector. At the same time, the PM remains in the energized state. The exact identification of this case 
can be established by using bioinformatic methods. 

The introduction of liquorice root extract into the medium after washing the sage extract led to depolarization of PM 
by 11 mV and an increase in Rഥ୫ by 25%. Undoubtedly, this electrophysiological reaction of PM is the result of the 
combined action of both protectors. Introduction to the medium of the mentioned concentration of the Danae racemosa 
extract hyperpolarized Chara fragilis cells by 12 mV and reduced Rഥ୫ by 15%. Changes of φഥ୫ and Rഥ୫ are signs of partial 
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activation of H+ - pumps of PM. Therefore, it can be established that in the range of KCIR of membrane potential the 
resistance of H+ - pump and KCIR are comparable. 

If the hyperpolarization of the PM is accompanied by a decrease in its resistance, then it can only be associated with 
a decrease in the internal resistance of H+ - pump. The decrease of the KCIR resistance would be accompanied by 
depolarization of the PM. Thus, the activation of H+ - pump should be considered as a proton flux gain, through the PM. 
It can be assumed that the stimulating effect of phytoprotectors is due to an increase in fluidity (decrease in viscosity) of 
the lipid phase of PM, leading to an increase in the mechanical frequency of the hydrophobic part of the H+ - pump, 
accompanied by an increase in the turnover of the protein complex as an enzyme.  

 

Figure 2. Changes in the kinetics of average values of membrane potential φഥ୫	and resistance Rഥ୫	of Chara fragilis 
cells under the influence of 1 mg/l of concentrations of extracts of sage, roots of licorice and danaya. The dots in the 
figure show the average values of the experimental quantity for 10 cells. The standard deviation of their values did not 
exceed 8-9% of the main value 

 
In conclusion, we note that the stimulation of transport processes under the influence of phytoprotectors at the PM 

level was also found on cells that were not exposed to radioactive radiation [14, 15]. 
Data on the effect of phytoprotectors on PM cells irradiated with a low dose of γ - rays confirmed the previously 

established position that the initial phase of phytoprotectors influence at the cellular level can be considered as a 
stimulating effect on the primary active transport system. The established stimulating effect consists in increasing the 
functional activity of the H+ - pump, which increases the mobility of the electromotive force of the primary active transport 
system and in improving the perfection of the membrane in relation to selectivity and conductivity. 

Along with all the above, it is easy to see that plant extracts used as a phytoprotector can be successfully applied to 
the stimulation of the transfer of ions to PM, and their protective effects can be successfully applied to radiation protection 
of plants not irradiated and irradiated with low doses of radioactive radiation. 
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