Chapter 4. Model presentation of systemic action �of ECA-solutions on the body’s internal medium

4.1. Possible range of ORP changes in organs and tissues.

In biological substrates approximate (s range from (–250) to 1000 mV, CSE is most common. Spread in biological media pH values usually does not exceed 6.0–8.0. Intracellular acidosis accompanied by pH shift to values lower than 6.0 (for instance, in acute myocardial ischemia) is associated with necrobiosis formation (35). Liver cells’ pH decrease to values lower than 7.0 results in essential functional hepatic disorders. Blood values over 7.6 are life threatening (36). Thus, pH-dependent ORP variations of biological media in conformity with ((st/pH regression (see formula (6)) may reach up to 100 mV. (Not counting commitant changes of the [Ox]/[Red]) ratio.

Permissible ORP variations of internal body media are explored insufficiently. According to G.V. Sumarukov (37) small laboratory animals (mice, rats) survive after intraperitoneal introduction of radioprotectors associated with ORP regression in the tissues of brain, liver, kidneys, muscles, bone marrow of about 100–200 mV.

In acute ishemia the ORP of mammalian brain tissue increases by 60–80 mV (38, 39). On the whole, judging by the data presented one may suggest that microecological conditions of the body internal medium with pH<6.0 and ORP>400 mV, CSE, are incompatible with normal cell life activity. Formal upper physiological limit of tissue ORP in the range of 6.8–8.0 is not established. The lowest permissible physiological limits of ORP in the body are also unclear. In protein-cellular media of mammals at pH<6.0 and pH>8.0 gross functional impairment grows. At pH range of 3.0–4.0 most dissolved proteins undergo irreversible coagulation. When pH values of protein media shift to the range of 9.0–10.0 there occurs protein molecules aggregation, which is mostly of irreversible nature (40). The above stated facts are definitely applied only to the situations when acidulation or alkalization of protein solutions takes place in the absence of ECA methods, i.e. with the help of routine acid and base solutions. But there are all reasons to expect anolyte and catholyte with a pH shift (and, consequently, an ORP one) to possess abiotic properties in the area of extremal values.

4.2. Compatibility of ECA-solutions with cellular test-object life.

Motility range of monomolecular algae Euglena viridis in ECA-media.

Euglena is a monomolecular green water-plant living in open water pools, in aqueous media with pH close to neutral values, and ORP(200–400 mV, CSE. Under laboratory conditions euglena is cultivated in a multi-component aqua-mineral medium containing vitamin microadditives and having pH=6.90–6.95; ORP=350–370 mV, CSE. Euglena cells move with the help of a flagellum, in ecologically unfavorable conditions get rid of the flagellum, lose motility and spherulate. Spherulated euglenas preserve viability for some time. Killed euglena cells exposed to ultraviolet rays of a fluorescence microscope are characterized with red fluorescence.

Euglenas’ motility remains good in samples of common drinking water containing neither active chlorine compounds nor other abiotic admixtures. Placed into Moscow piped water taken straight from the tap, of pH=6.8–7.5 and ORP=200–450 mV, CSE, and active chlorine concentration (C.a–Cl) of about 0.5–1.0 mg/l, euglena cells taken from a normal cultural medium mostly spherulate in the course of seconds and their motility is never restored. Single euglenas remain motile even in these conditions. In the course of active chlorine elimination from water the euglenas, which have survived, proliferate and go on actively moving during 9–11 days until the medium's nutritive resource is depleted.

In the process of electrochemical treatment of aqua-saline solutions stable and metastable active chemical compounds are formed, among them active chlorine compounds that are cytotoxic. Total concentration of strong oxidants (C.ox–Cl) formed at the anode is found with the help of the following calculation:

Specific power consumption (q C/l) is calculated with the formula:

q=I/Q,�(11)��in which	I – is current strength, A; Q – is volume feeding of an aqua-saline solution into the anodic chamber, l/sec;

C.ox–Cl -magnitude (mol/l) is calculated with the equation:

C.ox–Cl =q/F,�(12)��where	F – is Faraday’s number (96,500 C/mol)

Between C.ox–Cl and C.a–Cl parameters there is a certain connection suggesting that active chlorine compounds (for instance sodium hypochlorite, NaClO) are a particular case of strong oxidants, whose assemblage in ECA-solutions includes stable and metastable molecules containing no chlorine. As one sodium hypochlorite mol corresponds to 74 mg of this substance, C.a–Cl of hypochlorite which is 74 mg.l is equivalent to 1·10–3 mol/l. If C.ox–Cl value, calculated with the formulas (11, 12) or determined by some other method is equivalent to 1·10–3 mol/l for hypochlorite it is 74 mg/l, but, in this case, for other strong oxidants their weight concentration equivalent will be different. Comparison of biological and abiotic activity of strong oxidants of different origin is easier performed on the basis of molar concentrations’ parameters. But in practice biocidal activity of chlorine-containing antiseptics and ECA-solutions is routinely determined with the help of active chlorine parameters, That is C.a–Cl. That is why we shall further transform C.ox–Cl (mol/l) molar concentrations into an arbitrary coefficient C.a–Cl (mg/l) for cases when strong oxidants would be presented only by hypochlorite. For instance, C.ox–Cl of a complex composition ECA-solution is 0.0108 mol/l, sodium hypochlorite solution of 800 mg/l concentration (C.a–Cl) also has C.ox–Cl =0.0108 mol/l. These solutions, different in their chemical composition, are equivalent in strong oxidant molar concentrations, whose biocidal action in one solution is different from that in another one.

Effects of C.ox–Cl of products, synthesized at the anode, on euglenas’ motility were investigated in the following experiment. With the help of a STEL device an AN-type ECA-solution was produced with pH=6.5; ORP=600–650 mV, CSE; C.ox–Cl =0.004 mol/l, which is equivalent to C.a–Cl=300 mg/l for an inactivated hypochlorite solution. The obtained AN was added to euglenas’ culture diluted at ratios of 1:1000; 2:1000; 3.5:1000; 6:1000 and thus C.ox–Cl values = 4·10–6; 8·10–6; 1.4·10–5; 2.4·10–5 mol/l were achieved in the cultural medium. Similar molar concentrations could be received in hypochlorite solutions of C.a–Cl =0.3; 0.6; 1.0 and 1.8 mg/l, respectively.

Euglenas’ motility dependence on the intensity of a cultural medium primer was the following. At C.ox–Cl = 4·10–6 mol/l cell motility was not considerably affected or was affected insignificantly. At C.ox–Cl of the medium = 8(10–6 mol/l euglenas’ motility greatly decreased, some part of the cells spherulated. Further C.ox–Cl elevation in the cultural medium up to 1.4·10–5 –2.4·10–5 mol/l resulted in complete lack of motility and spherulization of euglenas. These data well comply with the results of observation of euglenas’ cell motility changes in chlorinated tap water – the cells’ motility ceased completely at C.a–Cl (=1.0 mg/l which is equivalent to 1.35·10–5 mol/l.

When AN was added to a cultural medium for euglenas at a ratio of 1:1000–6:1000, pH and ORP values of the medium did not alter, and both before and after adding an ECA-solution varied between 6.95(0.1 and 360(10 mV, CSE, correspondingly. Consequently, in this situation variations of micro-algae cells motility were not pH- or ORP-dependent and were associated only with the degree of polluting artificial euglenas’ habitat.

In fresh catholyte produced by a STEL device on the basis of undoubtedly ecologically safe drinking water at q=up to 80 C/l (pH=8–9; ORP=from (–100) to (–350) mV, CSE), motility of Euglena viridis cells is preserved for a long time (up to 10 days).

To study the effect of pH and ORP factors on euglenas in ECA-solutions independent on the presence of cytotoxic by-products, the obtained anolyte and catholyte samples of no higher than 1 g/l mineralization were subjected to additional treatment with the help of carbon sorbents SKN (Kiev) or synthetic zeolites. ECA-solutions were mixed with sorbents at a weight ratio of 1 g sorbent per 10 ml solution. Exposure of ECA-solutions with sorbents took place for 45 min in capacities made of laboratory glass at a room temperature. In these conditions ECA-solutions preserved anomalous combinations of pH and ORP values. After exposure of ECA-solutions with sorbents they were tested on euglena motility. The cells of the algae were caught with a pipet and introduced into sorbent-treated anolyte or catholyte solutions. The cells’ motility was assessed with the help of light-optic microscopy, by the “pressed drop” method.

In Fig. 4.1 the area of pH+ORP covariants’ distribution limited by contour E, corresponds to perfect parameters of euglenas’ motility in ECA-solutions treated with sorbents, with the given pH and ORP combinations. In the same figure contour B delineates the area of pH+ORP combinations favorable for bacterial growth on nutrient media (13). Contours E and B only partially coincide. In the pH range from 3.5 to 9 euglenas’ motility is restricted from above by ORP values=400–500 mV, CSE. At pH=7–10 euglenas remain motile in ECA-media with ORP parameters from (–500) to �(–800) mV, CSE. At pH=5–7 euglenas’ motility is preserved in ECA-media having ORP values=up to (–450) mV, CSE. 
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Fig. 4.1.�The area of ORP values compatible with euglenas’ motility in aqueous media. E-area of euglenas’ motility, B-area of microorganism growth.



In pH range <3.5 and >10.5 euglenas become perfectly motionless. Unlike euglenas acidophilous bacteria are capable of growing on media with pH=2–3.5 at �ORP=800–1100 mV, CSE. pH values from 3.5 to 10.5 are compatible with the life activity of the majority of examined microorganisms and Euglena viridis micro-algae. A peculiar feature of euglenas is their ability to maintain motility in catholyte with �pH=9–10.5 at ORP=(–500)–(–800) mV, CSE, purified from admixtures with the help of sorbents. Therefore, judging by euglenas’ motility test and indicators of microorganisms’ survival, abiotic conditions in catholyte medium occur at pH over 10–10.5. Anomalous electron-donor ORP parameters up to (–800) mV, CSE, themselves are not a sign of cytotoxicity.

Action of aqueous media electrochemical treatment factors on bovine sperm motility.

To assess cytotoxic ECA-media effects on isolated mammalian body cells, bovine sperm motility evaluation was performed with the method of A.P. Yeskov and R.I. Kayumov (41). Granulated bovine sperm frozen in nitrogen vapors is subjected to defrosting in a saline solution. The obtained suspension of motile cells is incubated in tested aqueous media rendered isotonic through adding sodium chloride. Incubation is carried out in an optic cuvet under normothermal conditions. With the help of a special measurement – registration system automatic counting of the number of sperm passages through an infrared laser probe. Laser beam parameters are such that they are indifferent to cell object life activity. 

Sperm motility index is calculated as a ratio of mean motility time in a tested solution to mean motility time in a control solution: mean motility time in the control solution is estimated as 100%. Usually distilled ampoule water for injections, also rendered isotonic, serves as such water.

Sperm motility indices integral is also determined (integral motility index Is) as percentage of the control value. It’s deviations outside the range limits of 60–120% relative to the standard value are regarded as a sign of toxicological risk.

Since the influence of solutions subjected to electrolysis on a cell object is multifactorial, it is expedient to consecutively analyze some isolated factors of electrochemical action on biological objects. Therefore, the following objectives were determined:

to reveal the dependence of sperm motility in a catholyte based isotonic solution on specific quantity of electricity (q, C/l) consumed for unipolar cathodic treatment of a prior pure ultrafresh water with initial mineralization of up to 0.1 g/l;

to find out the dependence of sperm motility on the content of electrochemically synthesized sodium hypochlorite (CNaClO, mol/l) in a physiological sodium chloride solution; hypochlorite is known to be a typical product of anodic oxidation.

The above named models were chosen due to the following parameters: tested aqueous media are comparable in pH values in the range of 8–9; q values which according to calculations with the help of formula (11) are necessary for production of the given (tested) hypochlorite concentrations by anodic synthesis, are equivalent in the present case to q values during unipolar cathodic treatment of ultrafresh water.

Ultrafresh water catholyte was produced in the cathodic chamber of a FEM module at a constant current strength of 0.01; 0.03; 0.09 A from stabilized current source B5–47 at water discharge volume of 0.00067 l/sec. Correspondingly, q was equivalent to 15–134 c/l. Initial hypochlorite solution of 10–2 mol/l concentration produced by a no-diaphragm EDO electrolyzer, was diluted with a saline solution up to 10–5; 5·10–5; 10–4; 5·10–4; 10–3 mol/l concentrations. Theoretical q values, needed for production of such hypochlorite concentrations were calculated with the help of formula (12), CNaClO being regarded as a particular case of C.ox–Cl. Consequently, relative rated q values for predetermined hypochlorite concentrations were: 1.0; 4.8; 9.6; 48 and 96 C/l.

Estimation of Is index for sperm incubated in ultrafresh water catholyte and in a saline solution with hypochlorite additives was performed in the Department 23 Laboratory of VNIIIMT NPO EKRAN (42). Dependence of Is on q values, actual during catholyte production and rated for predetermined hypochlorite concentrations is given in Table 4.1. The same table contains the ORP values of tested media before incubation.

Table 4.1

Is of bovine sperm in tested electrochemically treated media depending �on q and ORP parameters

q C/l�Testing ultrafresh water catholyte�Testing hypochlorite solutions���Is, %�ORP, mV, CSE�Is, %�ORP, mV, CSE��0 (Control)�100�240 – 260�100�250 – 300��(1)*�–�–�80 – 102�260 – 280��(4.8)�–�–�0 – 20�310 – 350��(9.6) – 15**�102�(–150) – (–160)�20 – 92�500 – 600��45 – (48)�95 – 110�(–160) – (–180)�0�650 – 700��90 – (96)�0 – 55�(–190) – (–210)�0�700 – 750��134�0�–700�–�–��Notes:	*in brackets – rated q values for tested hypochlorite dilutions, **close values of real and rated q values are combined in a common range.

According to Table 4.1 cathodic treatment of pure ultrafresh water at q up to 45 C/l has practically no effect on cell test-object motility. At q=90 C/l, sperm Is index in a suspension based on catholyte decreases, and at q=134 C/l, sperm motility in a suspension based on catholyte is completely depressed, which corresponds to permanent ORP transfer into value range lower than (–200) mV, CSE.

Incubated sperm is insensitive to hypochlorite as to motility index at a concentration of about 10–5 mol/l, which corresponds to a rated q value of about 1 C/l. When CNaClO=5·10–5 mol/l (rated q=4.8 C/l), considerable Is decrease is observed in a sperm suspension, but when hypochlorite content rises to 10–4 mol/l (rated q=9.6 C/l) there occurs a significant activation peak of flagellate cells coinciding with the ORP values passage through a range of 500–600 mV, CSE. 

At hypochlorite concentrations of 5·10–4 – 10–3 mol/l (rated q=48–96 C/l) Is values of sperm suspension fall to 0, which complies with ORP>650 mV, CSE.

Thus, permanent suppression of cell test-object motility in electrochemically treated media in this case is achieved when ORP values exceed lower or upper limits of value range of (–200) – 600 mV, CSE. These data well conform with ORP range, ecologically compatible with bacterial life activity on redox-media with predetermined ORP values at pH=8.0–8.5 (13).

Isolated mammalian cells (blood erythrocytes) are sensitive to hypochlorite at concentrations of about 10–7 mol/l, but in the presence of protein protection factor (albumin molecule) in an incubated medium, they can remain relatively resistant to hypochlorite at concentrations of up to 10–2 mol/l (43). Low concentrations (about �5·10–5mol/l) of hypochlorite are evident to cause reversible disorders of an isolated flagellate cell (spermatozoon) motility in the presence of protein protection factors (protein components of defrosted ejaculate). A considerable ORP increase when hypochlorite concentration becomes 10–4 mol/l to 500–600 mV, CSE, is likely to stimulate oxidation processes in the cells, among them oxidation phosphorylation. It results in mobilizing intracellular energy resources and enhancing cell test-object motility, in spite of incubation medium toxic background associated with hypochlorite effect. Further toxic background increase in the incubate at hypochlorite concentration of �5·10–4 mol/l and higher advances physiological disorders of incubated sperm; flagella’s motion mechanisms lose their activation ability due to higher electron-acceptor medium properties, since its oxidation potential exceeds all limits.

CONCLUSIONS. In an incubational medium based on catholyte, sperm motility parameters are stable at ORP values up to (–180) mV, CSE. A more intensive cycle of cathodic treatment (q>45 C/l) stipulates rapid regression of cell test-object motility. Anodic oxidation product – hypochlorite at 5·10–5 – 10–4 mol/l concentration leads to reversible disorders of isolated spermatozoons’ motility function. Higher hypochlorite concentrations in incubational medium cause a complete and steady depression of cell test-object motility. Defrosted bovine sperm loses motility at incubational media of pH<5 and maintains motility at incubational media of pH up to 9–9.5 (41). Bearing these data in mind, an approximate area of sperm viability in media with different pH and ORP values is depicted in Fig. 4.2.
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Fig. 4.2.�Area of ORP values compatible with bovine sperm motility �in isotonic aqueous media in vitro.�� EMBED Word.Picture.6  ��� – area of sperm motility, E – area of euglenas motility.



Stability of human blood erythrocytes during incubation in ECA-media.

Fresh donor human blood erythrocytes were incubated in isotonic sodium chloride solutions (9 g/l) prepared on the basis of ECA-media produced by STEL and “Emerald”- range devices. Concentration of erythrocytes in tested suspensions was 1:500–1:1000. For control tests samples prepared with distilled or tap water were used. Incubation lasted up to 24 h, at 20�symbol 176 \f "Times New Roman" \s 12�°�C. 

Erythrocyte resistance to the action of the following hemolytical factors in incubated media was investigated:

osmotic shock by the method of instant dilution of isotonic erythrocyte suspension to 4.5 g/l mineralization level;

acidic erythrolysis by the method of adding hydrochloric acid suspension to isotonic erythrocyte suspension to achieve 0.002 mol/l concentration.

Erythrocyte suspension’s state was investigated with the help of photometry by a KFK-2 spectrophotometer (cuv. 10.070; (=315 nm) with microscopic control.

In an isotonic sodium chloride solution based on distilled water, erythrocyte resistance to hemolysis factors quickly fell to the minimum, i.e. a complete destruction of erythrocytes in a medium, at pH(5. Acid erythrolysis in a saline solution based on distilled water in the presence of 0.002 H HCl takes about 5 minutes, which conforms to the data from literature (44). When erythrocytes are incubated in an isotonic solution based on tap water (pH(7), their osmoresistance and acid resistance gradually decrease: at the end of incubation period osmoresistance is no less than 50%, complete acidic hemolysis takes 9 minutes.

In isotonic medium based on tap water catholyte, at low intensity of electrochemical treatment (q=35 C/l, pH=7.5–8.0; ORP=0–100 mV, CSE), erythrocyte’s osmoresistance during first 3 incubation hours exceeded control indices, but marked hemoglobin modification was observed in combination with enhanced pink coloring.

Daily erythrocyte incubation of the given parameters in the conditions of isotonicity on catholyte produced the following changes:

considerable hemoglobin modification;

reduction of acid hemolysis time index to 2 minutes;

no lower than 60% erythrocyte membranes’ resistance to osmotic shock (50% in control).

In isotonic solutions on the basis of ECA-media of A and AN types, produced at electricity specific consumption of 35–70 C/l, as well as on the basis of drinking water purified by an “Emerald” device there took place rapid hemoglobin modification associated with more intensive gray coloring. At the same time, erythrocyte osmoresistance lowered, but erythrocyte membranes’ resistance to the action of acid in the above media rose. Hemolytic activity of water purified by an Emerald device maintained only during 2–3 hours after production and after further standing the parameters of the water’s effect on isolated erythrocytes were not different from the control ones.

In isotonic conditions, with the help of acid erythrolysis water purified by an Emerald device depended on buffer qualities of a tested medium. When purified water was enriched with hydrocarbons due to atmospheric CO2 in the course of adding 0.17 ml/l – 0.002 mol/l concentrated HCl the solution’s pH value remains at a level over 5.0. Under these conditions acid erythrolysis didn’t take place.

A day’s incubation of fresh erythrocytes on ECA-media of C, A and AN types in isotonic conditions produced at q=90–720 C/l (by a STEL-device with 1–8 A current, at 40 l/h water discharge) led to the following results.

In ECA-media synthesized at 1 A current, residual resistance of erythrocytes to incubation (that is, the share of survived cells) was approximately equal in all the media and was 25% accompanied by a slight hemoglobin modification. In catholyte of pH over 11.0 (current of 3 A or higher) complete hemolysis rapidly took place with free hemoglobin modification. In acid anolyte at pH below 4.0 (current over 3 A, C.ox–Cl =1·10–4 – 3·10–3 mol/l) in isotonic conditions, erythrocytes were completely destroyed after 30 minutes and macroscopic coagulation flakes appeared in the suspension, and then underwent lysis.

In AN synthesized at 1–3 A current magnitude in isotonic conditions (pH=6.2(0.2; C.ox–Cl=3·10–4 mol/l) after 0.5 h incubation there occurred partial erythrocytes’ lysis with hemoglobin modification, but with no coagulation flakes being deposited. In a “harder” AN (5–8 A current; C.ox–Cl =1.5·10–3 – 3·10–3 mol/l) in isotonic conditions a quick hemoglobin modification takes place without cell membrane destruction and coagulation flakes formation. Erythrocytes in suspensions were preserved as “shadows”, about 1/3 of modified hemoglobin leaked through the cell membranes during a day’s exposure. That is, AN action on a biological substrate presented by erythrocyte suspension was more subtle in comparison with the action of acid anolyte. In an electron-donor medium (catholyte) there is a tendency towards increased erythrocytes osmoresistance and reduced erythrocytes’ acid resistance excluding cases when pH shift towards acid values is compensated with buffer alkaline medium reserve. In neutral electron-acceptor media of AN type there is observed reduction of erythrocyte osmotic resistance and enhancement of their acid resistance (to be more precise, higher acid resistance of cell membranes). In acid electron-acceptor media (in acid anolyte with strong oxidants’ concentration of 0.001–0.003 mol/l) acid erythrolysis takes place, which is analogous to erythrocyte lysis in a 0.002 H solution of HCl. Concentration parameters of stable oxidants acting on erythrocytes in the present case coincide, but erythrocyte lysis in acid anolyte takes a longer time: 30 minutes instead of 5 minutes in an equimolar hydrochloric acid solution.

4.3. Complex description of physiological homeostasis systems �as an object of electrochemical regulation and potential spheres �of ECA-solutions’ application.

In 1945, J.S. Grey (45) who studied oxygen requirements of Air Force pilots, developed a theory of respiratory system homeostasis. Physically strong trained individuals at rest manifest alveolar ventilation intensity (Qa l/min) which can be expressed with the following formula:

Qa =1.1[H+] + 1.31pCO2 – 90 + 1.06(10–7(104 – pO2)4.9,�(13)��where	[H+] is hydrogen ion concentration in arterial blood, nmol/l; pO2 and pCO2 – tension (partial pressure) of oxygen and carbon dioxide in arterial blood, mm. Hg.

Calculations with the formula (13) show that slight down-ward reduction of arterial blood pO2 has little effect on alveolar ventilation amount, that is, the formula’s (13) parabolic member at first grows slowly. Arterial hypoxemia enhancement accompanied with pO2 decrease to 65 mm Hg and lower causes an abrupt parabolic increase of rated lung functional tension, and at the same time theoretical values of Qa exceed man’s physical abilities. So, in a stationary physiological state actual negative variations of oxygen tension in arterial blood of man can’t exceed (–40)–(–45) mm Hg in absolute values for a long period of time. Analogous calculations with formula (13) indicate that a pH shift towards acidosis in arterial blood and, evidently, in tissue media doesn’t exceed (–0.2)–(–0.3) pH units in absolute values. Of course, these calculations describe a physiological state of studied pilots of American Air Force of fifty years ago. Since then, the biological nature of man has undergone few changes, but emergency physiological situations a modern man can find himself in are entirely different (for example, overloads of athletes, exertion during space flights, under intensive care, etc.) However, we are going to proceed from analysis of human body systemic connections, which is close to well-known routine variations, regarding formula (13) as a principal expression of multifactorial correlation, of parameters indicated in it.

ORP regression during oxygen tension decrease in the tissues of warm-blooded animals is 1.0–1.5 mV/mm Hg (22). Consequently, pO2 reduction of 40 mm Hg in a biological fluid stimulates electron-donor activity at a degree equal to that of ORP reduction, i.e. approximately 40–60 mV. But associated with hypoxia a pH shift towards acidosis makes a 15–20 mV contribution to electron-acceptor activity. On the whole, total shift of internal medium’s ORP towards reductional values in hypoxia will not exceed this parameter regression ((ORP<0) by 40–45 mV in absolute values. It is known that pH body changes are likely to be forced by introduction of acid products, alkalizing compounds into internal medium, by alteration of respiratory regime and the composition of inhaled gas mixture, as well as by pharmacological and other experimental effects on general and regional blood circulation. Thus, in an acute experiment on anesthetized dogs during thoracotomy we managed to reveal the main types of pH and blood gases (pO2 and pCO2) dependence on forced acute disturbances of acid-base balance (ABB), gas-exchange and general circulation (46).

The following pathological states were imitated:

metabolic acidosis (1.5 mg/kg of 0.2 H citric acid, intravenously);

metabolic alkalosis (10 mg/kg of 5% sodium bicarbonate solution, intravenously);

arterial hypoxemia (forced ventilation with hypoxic gaseous mixture – 10% O2; in normal ventilation regime);

combined (gaseous-metabolic) acidosis (forced lung hypoventilation with common atmospheric air);

gas acidosis without metabolic components (forced lung hypoventilation through inhaling pure medical oxygen);

gas alkalosis (forced lung hypoventilation with atmospheric air);

general hypoperfusion of the body in the regime of extracorporeal circulation (EC) – (total blood flow rate – TBR – 50% of normal rate)

Test animals of control group were anesthetized and were in a state of operational injury caused by intrathorax insertion of physiological information sensors. Initial parameters in this group corresponded to physiological standards. But after 15–30 minutes injured animals developed a mixed-type acidosis associated with the normal indices of arterial blood oxygenation, of lung ventilation and general circulation. Resulting physiological changes in the body were ranged according to arterial blood pH (pHa) parameters from minimal in decompensated metabolic acidosis to maximal in decompensated metabolic alkalosis. A respective range of physiological parameters in test animal bodies is presented in Table 4.2.

Table 4.2

Physiological parameters of anesthetized dogs in the presence �of pHa shifts associated with different types of ABB disturbances

Type of experimental exposure�pHa�Types of physiological parameters’ changes��1�2�3��Intravenous injection of citric acid�7.15 ( 0.04�Decompensated metabolic acidosis, buffer base deficiency BE=(–15.5) mmol/l, hemodynamic collapse, TBR-30% of normal rate; O2 utilization – 28% of the norm; blood gases – normal)��General hypoperfusion with EC�7.20 ( 0.05�Mixed-type acidosis, arterial hypercapnia, �BE=(–12.2), predetermined TBR-50% of the norm; O2 utilization – 82% of the norm, arterial blood oxygenation – normal.��Hypoventilation of lungs with pure O2�7.22 ( 0.04�Arterial hypercapnia, BE=0.5, “pure” gas acidosis, TBR – 174% of the norm, O2 utilization – 82% of the norm, arterial blood oxygenation – normal.��Hypoventilation of lungs with atmospheric air�7.26 ( 0.03�Combined acidosis, arterial hypercapnia, �BE=(–4.6), TBR – 146% of the norm; O2 utilization – 107% of the norm, arterial blood oxygenation – normal.��Operational injury in the control group�7.28 ( 0.01�Combined acidosis, slight arterial hypercapnia, BE=(–8.0), TBR and O2 utilization – 100% of the norm; arterial blood oxygenation – normal.��

��(continued)��1�2�3��Inhalation of hypoxic mixture, normoventilation�7.35 ( 0.04�Arterial hypoxemia, ABB indices – close to normal, BE=(–3.0), TBR – 124% of the norm; O2 utilization – 60% of the norm.��Physiologically normal state�7.37 – 7.42�ABB – no pathology; BE=0; TBR, O2 utilization, blood gases – normal.��Hyperventilation of lungs with atmospheric air�7.47 ( 0.02�Arterial hypocapnia, gas alkalosis, BE= (–3.5), TBR – 93% of the norm; O2 utilization – 109% of the norm, arterial blood oxygenation – normal.��Intravenous injection of sodium bicarbonate�7.55 ( 0.01�Metabolic alkalosis, BE=13.5, TBR – 165% of the norm accompanied by a relative vascular tone decrease; O2 utilization – 180% of the norm, blood gases – normal.��Interpretation of Table 4.2 data is founded on the following premises. Hydrogen ions are pharmacologically active and manifest themselves as sympatholytic agents, since they block membranous adrenoreceptor surfaces. Therefore, a well marked decompensated metabolic acidosis causes a vascular collapse, impairs tissue microcirculation and lowers oxygen utilization by the body mainly because of its upset delivery to tissues and organs. Primary TBR decrease during EC at first has no affect on pH values and gas parameters of arterial blood. In this case, a lower oxygen transport into tissue mass is associated with strictly mechanical reasons (a lower capacity of the perfusion pump of EC apparatus). Further, extracorporeal hypoperfusion is accompanied by metabolic acidosis development due to insufficiently oxidized products accumulated in the tissues, aggravating microcirculatory disturbances and promoting tissue hypoxia growth.

While inhaling hypoxic mixture arterial hypoxemia occurs and TBR rises as a compensatory reaction. As a result, O2 utilization is 60% of the norm, which is sufficient to maintain stability of ABB system (there is minute metabolic acidosis and in these conditions lower oxygen utilization is mainly due not to microcirculatory disturbances, but to insufficient blood oxygenation).

Presence of insufficiently oxidized energy products (mostly lactic acid) in the tissues creates prerequisites for higher oxygen demand. To assess this conception, test dogs subjected to EC for 30 minutes with TBR of 50% from the normal level by way of forced increase of a perfusion pump capacity underwent TBR return to 100% (i.e. initial level, corresponding to physiological standard). A state of mixed acidosis during transfer from hypoperfusion to normoperfusion was practically not corrected, but oxygen utilization parameters of the body after several minutes rose from 82% of hypoperfusion to 142% (approximately 1.7 fold). Therefore, severe ABB disturbances of this type do not interfere with satisfying oxygen demands, if tissue supply of oxygen delivered with blood is adequate.

Blood hypercapnia (pCO2 increase) causes sympathomimetic effect, improves microcirculation, stimulating more intensive oxygen utilization by the body in spite of pH decrease in the conditions of gaseous acidosis. Metabolic alcalosis resulting in a considerable decline of hydrogen ions concentration in fluid biological media dramatically restricts their sympatholytic action and favors CO2 sympathomimetic action. In this case, there takes place enhancement of microcirculation and O2 utilization. 

On the whole, physiological homeostasis is known to be produced as a result of adequate supply of energy to functioning organs and tissues and the level of energy demands. A signal of the energy demand level is a combined one and carries information on the ratio of TBR and vascular resistance relative to arterial and venous pressure parameters, on oxygen saturation of blood (glomus carotis receptors), on blood glucose content (“sugar contour” of neuroendocrine regulations), on the action of physiological stress factors (hypophysial-adrenal system), as well as data on the effectiveness of using energetic substrates. Biological oxidation in the body manifests itself as transition of carbon dioxide from the tissues to the blood , production of metabolic water, metabolic slag and accumulation of the products of incomplete biological oxidation such as organic acids mostly presented by lactic acid. If blood did not possess buffer properties, acid or alkaline products of excessive concentrations (about 10–7 – 10–8 mol/l) formed in the internal medium would be associated with pH drifting within a range of 7.0–8.0 pH units, i.e. [H+] parameter fluctuation by an order of magnitude in formula (13). Under such conditions homeostasis maintenance of pulmonary respiration function would be physically impossible due to dramatic alveolar ventilation value differential. The capacity of bicarbonate blood buffer system is about 10–2 mol/l, which is sufficient for a relative pH stabilization at considerable disturbances of energy balance. This is associated with deficiency or excess of blood buffer bases (BE). Body requirements for alkaline compounds in conditions of acidosis is determined with the help of Millelemgaard–Astrup formula:

Dbc = 0.5 (BE( W�(14)��where	Dbc – is a 5% (0.6 mol/l) bicarbonate (NaHCO3) solution, necessary for BE deficiency compensation, ml;

	(BE( – BE value module, mmol/l;

	W – mass of the patient’s body, kg.

In conformity with a well-known Siggaard–Andersen nomogram, hardly compensated ABB disturbances occur at blood BE deviations overstepping the limits of �(–5) – 5 mmol/l. That is why for a healthy individual weighing 70 kg a physiologically permissible dose of bicarbonate should not exceed 0.5(5(70=175 ml of a 5% solution, or 0.105 mol per volume of circulating blood (VCB). Regarding catholyte as a common alkaline drink, we can state that at pH=10 its hydroxyl concentration is 10–4 mol/l, and at pH=9 the catholyte’s hydroxyl concentration is 10–5 mol/l. Since a permissible dose of alkaline products for an adult is, in conformity with formula (14), about 10–1 for the VCB, it is evident that alkaline load while drinking catholyte of pH=9–10 at a quantity of one liter is, correspondingly, 10,000–1000 times lower than critical, as buffer capacity of this ECA-solution is negligible. In fact, this calculation is confirmed by a well-known GOST regulation for drinking water, that permits drinking water at pH=9 without any restrictions according to one’s physiological needs. But as for bicarbonate mineralized waters, doses and duration of their drinking are very much restricted by clinical indications.

Analogous calculations concerning acid anolyte indicate that the risk of metabolic acidosis during drinking such ECA-solutions is also negligible.

It follows that direct action of ECA-solutions on the pH value of biological fluids inside the body is hardly probable. Indirect effect of ECA-solutions on ABB via altering the ORP of the internal medium with subsiquent altering the ratio of [Red]/[Ox] is more likely. That is, the action of ECA-solutions on biochemical and energetic homeostasis is likely to be carried out through the action on the ratio of lactate/pyruvate, on BE value and further on pharmacologically active factors of ABB (pH and pCO2) and on microcirculation.

Tissue hypoxia of different origin correlating with ORP regression towards reductive values is accompanied by accumulation of lactic acid, BE reduction, tendency to metabolic acidosis and increased tissue oxygen requirements. Such phenomena are certain to be associated with the physiological action of catholyte, which, probably, imitates electron-donor background elevation during hypoxia not affecting the body’s oxygen supply, because actual transport of oxygen with blood to tissue structures while drinking catholyte is not subjected to primary alterations. Under such conditions metabolic acidosis is easily compensated by hypocapnia associated with enhanced alveolar ventilation, and increased oxygen requirements combined with a possibility of their satisfaction ultimately result in enhanced tissue respiration. Correspondingly, physiological action of anolyte on the body will be characterized by a different physiological direction reflecting its electron-acceptor qualities.

4.4. Possible pathophysiological consequences of ECA-solutions’ action on biochemical and cellular level.

In 1975, Yu.P. Kozlov (47) drew forth numerous data on the way of action of different biooxidants, in particular, free radicals in the body tissues and biological fluids. Augmented processes of free radical oxidation on the tissue level are followed by accumulation of lipoperoxides or the products of peroxide oxidation of lipids (POL) in cell membranes, organoids, particularly mitochondria, resulting in a greater rate of oxygen utilization and dissociated oxidative phosphorylation. Enhanced oxygen consumption by the tissues also intensifies POL products formation, which is associated with certain pathophysiological consequences. At that, enhanced oxygen utilization may become inadequate to oxygen delivery to the tissues with blood.

On the background of peroxide oxidizing activation, energetic efficiency of the body oxygen utilization decreases due to the fact that part of oxygen is spent on direct (non-enzymatic) interaction with substrates of low energetic value. Lipoperoxides possess high cytoplasmic toxicity, irreversibly denature enzymatic proteins, easily cause enzymes’ polymerization, produce destructive action on the main enzymes of glycolysis, tricarbonic cycle, as well as on the basic macroergic compound of the body – ATP. Severe depletion of tissue respiration in this case is inevitable.

By their nature free radicals and lipoperoxides are the agents of electron-acceptor action. Anolyte is an electron-acceptor medium with anomalously enhanced electron-acceptor properties. But it doesn’t automatically follow that anolyte upsets tissue respiration in all cases. Common oxygen is known to be one of the strongest biooxidants, but its toxic action manifests itself only as a response to overdosage. Similarly, anolyte action on a biological substrate should be dual. Anolyte with relatively weak or moderate electron-donor characteristics can stimulate biological oxidation, in particular, oxidative phosphorylation, thus increasing intensity of tissue respiration. Anolyte with increased concentration of strong oxidants, including peroxide compounds, and with pathologically high ORP values is to cause cytotoxic and antimetabolic effect. In this case, anolyte’s action will be accompanied with suppressed tissue respiration, elevated anaerobic energogenesis, accumulated underoxidized slags, decreased BE, ABB shift towards metabolic acidosis, tissue microcirculation disturbances, forced pulmonary respiration function.

In the conditions of metabolic acidosis, circulatory tissue hypoxia, including probable metabolic disturbances, demonstrates the trend to enhanced electron-donor background of the body’s internal medium, and in this manner makes up for the trend to enhancing electron-acceptor background, associated with pH value reduction, and also acts as one of natural mechanisms of antioxidant defense. Catholyte elevating the electron-donor background of fluid biological media similarly manifests itself as a factor of antioxidant defense. However, under certain conditions of electrochemical treatment catholyte may contain free radicals possessing cytotoxic and antimetabolic action. Excessive depression of the ORP of biological media during catholyte overdosage is capable of imposing a thermodynamic ban on normal processes of biological oxidation. That is why formal division of ECA-solutions into “live” and “dead” water depending on the type of electrochemical treatment (anodic or cathodic) is very relative. A likely pathogenesis scheme of biochemical and physiological disturbances caused by electron-acceptor factors, including strong oxidants of ECA-media and ORP anomalous deviations, is presented in Fig. 4.3.

Fig. 4.3 shows that electron-acceptor factors including free radicals in excessive doses induce formation of non-enzymatic oxidation products in the tissues (among them POL products), cause increased oxygen demand on the background of circulatory disturbances due to metabolic acidosis and hypocapnia. If under such conditions oxygen delivered to the tissues is inadequate to its increased utilization, tissue hypoxia aggravates and becomes the last link in the vicious circle of: increased oxygen demand ( tissue microcirculation disturbances ( oxygen deficit ( metabolic acidosis ( tissue microcirculation disturbances ( increased oxygen demand.
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Fig. 4.3�A pathogenesis scheme of physiological homeostasis disturbances �at overdosed factors of electron-acceptor action.



Therefore, introduction of excessive free radicals (including introduction with ECA-solutions) into the internal body medium can destroy the endogenic mechanisms of anti-oxidant defense. In such situations intracellular energogenesis is destroyed to such an extent that there begin irreversible necrobiotic processes in the cells: lipo-peroxides, accumulated in the process of free radical oxidation, oxidate sulfhydryl groups (SH) to sulfones unable to be reactivated. (47)

4.5. Sanogenetic model of ECA-solutions’ action �in the body internal medium.

In 1968, S.M. Pavlenko offered definition of sanogenesis as the whole complex of the mechanisms of stabilizing normal physiological functions and restoration of pathologically altered physiological functions. Sanogenetic (therapeutic) role of electron-acceptor factor of electrochemical treatment can be seen from the example of electrochemically synthesized sodium hypochlorite, relative to which therapeutic dosage range has been established (11). Consequently, it is right to assume that there may be optimal, physiologically beneficial doses of ECA-solutions of A, AN, C and other types. A diagram of sanogenetic action of therapeutic doses of anolyte and other electron-acceptor factors is presented in Fig. 4.4.

Therapeutic doses of anolyte and other electron-acceptor media, when ingested enterally, are supposed to disinfect gastro-intestinal tract, promote terminal oxidation of under-oxidized toxic products of metabolism, thus performing oxidative detoxification, removing thermodynamic restrictions from enzymatic oxidation processes, stimulate energogenesis and general catabolic processes. 

Detoxification mechanism of the internal medium under the action of anolyte can be seen from the example of oxidative hydroxylation of hydrophobic organic toxins taking place with the help of hypochlorite usually present in anolyte’s composition. Oxidative phosphorylation reaction goes on according to the following formula: RN +NaClO (ROH + NaCl, where R stands for organic radical, RH is organic hydrophobic compound, ROH – oxidative hydroxylation product. ROH derivatives are low toxic, hydrophilic and can be easily removed thanks to physiological excretion.
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The whole complex of electron-donor factors of catholyte when ingested at optimal doses may affect metabolic processes favorably in two ways: creation of thermodynamic benefits for reductive biochemical reactions; blocking the processes of excessive oxidation, in particular, peroxidal.

Sequence of likely biochemical and physiological changes in the body after ingesting catholyte in optimal doses is demonstrated in Fig. 4.5.
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According to a likely scheme catholyte, after being ingested at an optimal dose, creates thermodynamic advantages for reductive (anabolic) biochemical reactions, inhibits excessive, including peroxide, oxidation, stimulates POL products’ reduction, eventually leading to a better general metabolic situation in the body.

One of possible specific points of catholyte efficiency in the body is its ability to restrict accumulation of non-enzymatic oxidation products. Therapeutic action of anti-oxidants is well known to be carried out by way of blocking the tissue formation of such compounds as peroxides, aldehydes, ketones, oxidized fatty acids (48). It is also necessary to take into account that presence or absence of one, an individual electron-acceptor or electron-donor compound in the internal medium means that a corresponding shift of electron equilibrium is possible, but nothing is said about the inevitability of such a shift. Integral “background” values of (s characterize physical conditions contributing or not contributing to electron transfers. Judging by today’s notions, antioxidant system is a well determined anti-radical chain of antioxidant agents, performing transport of electrons and protons from metabolites-participants of enzymatic oxidation to free radical compounds, not necessarily associated with pathology. They are formed as intermediate products during synthesis of hormones, nervous excitation mediators, in phagocytosis, pinocytosis, etc.

Anti-radical chain inhibiting free radical oxidation on the side of enzymatic oxidation processes is presented by the following biochemical components: glutathione (cysteine, and other SH-compounds), ascorbate, tocopherol (polyphenols, ubichinol) (49). Relationship of enzymatic and free-radical oxidation via anti-radical chain is demonstrated in Fig. 4.6.
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In this figure physiological antioxidant system is presented as a mono-contour one. Omission of at least one component of anti-radical system interrupts H-atom transport from enzymatic oxidation route to free radicals. Index (s characterizes internal biological medium in which anti-radical chain functions, and regulates activity of proton and electron transfer. When (s falls, proton and electron transfer along the anti-radical chain elements becomes more intensive. 

Pathogenesis of peroxide homeostasis disturbances in conditions of antioxidant factor deficiency in the body can be described in the following way (49). Introduction of only one sulfur-containing exogenous antioxidant (cystamine) into the internal medium in the absence of ascorbate and tocopherol is inefficient, since failure of the system of free-radical oxidation inhibition occurs if at least one component of anti-radical group is missing. Peroxidase used in cases when the diet lacks antioxidants, spends glutathione and ascorbate thus destroying peroxides. These conditions induce failure of the main anti-radical group of inhibition system, accelerating development of free-radical oxidation, in spite of augmented peroxide breakdown.

It can be added that balance of anti-radical chain elements seems to be a necessary but insufficient prerequisite for efficient suppression of free radicals’ activity, since electron transfer in accordance with the system: enzymatic oxidation products ( NADP-H ( glutathione ( ascorbate ( tocopherol, depends on the ORP value of fluid media, among which there is an anti-radical defense system. Catholyte is the only means of non-reagent shift of biological fluids ORP towards electron-donor values. Increased tissue reductive potential ((ORP<0) stimulates the transfer of two hydrogen atoms from the substrate to NADP. At that, NADP is reduced: a proton and an electron add to a nicotine-amide radical, and another electron adds to its N-atom, which due to that loses its charge. A proton corresponding to this electron remains in the medium and raises its [H+] content. (51).

NADP reduction is a two-electron reaction and according to Table 2.1 for such reactions (n=2) ORP shift of only (–0.029V) corresponds to thermodynamic conditions, favorable for a clear prevalence of a reduced NADP-H form over an oxidized form of NADP+ ([Red]/[Ox]) = 90:10. Thus, ORP must exert a strong influence on the dynamics of electron-proton transport along the whole chain of anti-radical (anti-oxidant) biochemical defense.

4.6. Hypothetical mechanisms of ECA-solutions’ action on a cellular level.

Action of ECA-solutions on cellular objects seems to be carried out in several conventional ways. Stable and metastable products of electrochemical synthesis directly affect lipid membranes, cell organoids and intracellular molecular complexes and chemical compounds. Oxidizing and reducing agents of ECA-solutions alter the ORP of peri- and intracellular media, thus regulating the activity of endogenous biooxidants and bioantioxidants. Shifts of ORP gradient on biological membranes affect transfer of substances in the cell due to electroosmosis. Penetration of structurally altered water inside the cell activates aqueous media of cytoplasm and speeds up biochemical reactions taking place there.

Electronic equilibrium of cellular membranes is determined by the ratio of unsaturated and saturated fatty acids in them. C=C type diene bonds of unsaturated fatty acids’ molecules possess electron-donor properties. Therefore, depending on the level of saturation or nonsaturation of external membrane lipids a cell may be to a greater or lesser extent an electron-donor object relative to intercellular fluid.

Electron-donor properties of a living cell are likely to correlate with its negative electric charge. Electrostatic charge of a typical cell of a mammal is (–60) mV (52). Electron-donor characteristics of lipid membranes are local, since diene bonds are fixed on the membranes’ surface. In solutions, coming into direct contact with a biological membrane, electron-balanced properties not necessarily coincide with electron equilibrium of this membrane. This fact is illustrated by measuring the ORP of the some cell suspensions in model physiological media and in cell-free filtrates of these media.

The tests were performed with baking yeast suspension in 5% pharmaceutical glucose (1 g per 100 ml) and with defrosted bovine sperm in glucose-citrate physiological solution (50(106 cells per 100 ml). Samples were incubated for 2.5 hours at 22(C. With the help of “pH-150” and “pH-340” ionometers pH and ORP values were measured in the samples of:

initial model physiological media,

cellular suspensions in the given media at the initial moment of incubation,

cellular suspensions in the process of incubation,

cellular suspensions before the end of incubation period (2.5 hours after the test’s start),

cell-free filtrates of cellular suspensions collected immediately after incubation.

Cell-free filtrate of yeast mix was produced with the help of a double sol-free paper filter (“red tape”) in conformity with TU 6-09-1678-68. Filtrate of sperm suspension – in a vacuum cell with a polysulfone (PSU-140) membrane filter. The results of the measurements in the beginning and the end of the test on cell incubation in model physiological media are given in Table 4.3.

Table 4.3

The ORP values of the suspensions of yeast cells and bovine sperm

Cellular suspension, model medium�Parameter�Init.m.m.�t0�t2.5�F��Yeast in a 5% pharmaceu�tical glucose solution�pH�ORP, mV, CSE�3.3 ( 0.1�365 ( 20�3.2 ( 0.1�370 ( 30�3.4 ( 0.2�–175 ( 25�3.5 ( 0.2�240 ( 20��Bovine sperm in a glucose-citrate medium�pH�ORP, mV, CSE�7.7 ( 0.05�265 ( 10�7.6 ( 0.05�255 ( 10�7.7 ( 0.05�130 ( 20�7.7 ( 0.1�250 ( 20��Notes: Init.m.m. – initial model medium, t0 – the beginning of incubation, t2.5 – 2.5 hours after incubation, F – cell-free filtrate after the end of incubation.

The table indicates that the pH value of cellular suspensions in the process of observation remained almost unchanged. Added cellular material hardly affected the pH of source solutions. In cell-free filtrates of cellular suspensions after 2.5-hour incubation, pH values didn’t change either. ORP of initial model physiological media corresponded to pH. In the first moment of (t0) after introducing living cells into model media, the ORP of produced cellular suspensions was not different from the ORP of source solutions. But in the process of cell suspension making, the ORP values of cellular suspensions decreased in accordance with exponential curve, and after 1.5–2 hours this parameter became stable. In the yeast tests the ORP of the cellular suspension achieved the area of negative (reductive) values. In the sperm suspension the ORP remained positive, but in the end of the experiment it decreased by 125 mV.

In cell-free filtrates of cellular suspensions after 2.5- hour incubation, the ORP greatly exceeded an analogous parameter of a non-separated cellular suspension. This fact proves that in the given case, the ORP regression in cellular suspensions depended on the presence of the cells themselves, and was not affected by molecular products of cell metabolism, since such products having molecular mass lower than 10 amu (atomic mass units) pass through paper filters and a PSU-140 membrane. Thus, electron-donor yeast cells and sperm were present in an intermediate medium with a relatively high background of electron-acceptor activity.

During incubation the cells seemed to adsorb on the surface of a platinum electrode, which acquired electron-donor characteristics of cellular membranes in the process of direct contact. Consequently, in heterogenous cellular media the parameters of electronic equilibrium must be well defined in relation to certain microscopic and submicroscopic structures and liquid media filling the space between them. 

The membranes of living cells are highly sensitive to the presence of biooxidants. It has been noted that in such pathological conditions as radiation sickness, toxic chlor-alkane or benzene poisoning, in oxygen intoxication, exposure to ozone, peroxide compounds and other strong oxidants, the disturbances of lipid cellular membranes are to some extent similar. As a result, endogenous antioxidants’ content in cellular membranous structures decreases, lipid peroxides accumulate, morphological stability and resistance to environmental factors are upset (47, 53, 54, 55). It results in numerous disturbances of cell metabolism, up to necrobiosis development.

As an example of a reaction between an electron-acceptor compound and a lipid molecule let us examine the process of ozonization of a carbohydrate chain of a fatty acid containing two-carbon bonds (56):

� EMBED Word.Picture.6  ���



















After intermediate transformations:
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A peroxide compound breaks a diene carbon bond, which results in the formation of modified fatty-acid chains with hydrophilic oxygen-containing clusters. The latter, having come into contact with external aqueous media, will be ousted by hydrophobic environment causing essential failure of a lipid matrix structure (47).

Strong oxidants, among them electron-acceptor anolyte factors, cause cell membranes’ damage, which, in its turn, negatively affects electron-donor properties of the cell. Electron-acceptor action of anodically activated solutions on bio-membranes is universal, since anolyte contains a variety of over-oxidized chemical forms, dissolved in a medium with a pathologically high ORP value. Because of that, acids and peroxides being a part of anolyte react with a cell object on the background of enhancing electron-donor qualities of biological fluids, which are a basis of biological substrate of peri- and intracellular system.

Anolyte is a complex of stable and metastable strong oxidants in an aqueous medium of super-high electron-acceptor activity, capable of quick propagation through biological barriers and passing of its electron-acceptor abilities via amorphous substrates. That creates prerequisites for a totally penetrative oxidation effect similar to that of general irradiation radiolysis. Therefore, anolyte (oxidant) and radiation load on the body or particular tissue systems are to have a number of common pathophysiological or therapeutic effects. 

There is evidence that the cell’s loss of electron-donor properties is followed by its transfer into such a phase of individual development (ontogenesis) whose histological characteristics are similar to those of the phenomenon of functional-morphological differentiation associated with the loss of normal proliferation activity and subsequent aging or malignization. So, collagen aggregating at D2 hypervitaminosis is believed to be due to excessive formation of peroxides and aldehydes in tissue systems. The way collagen changes in the presence of D2 hypervitaminosis is similar to that during aging and atherosclerosis (57). In the liver of rats after Higgins’ hepatotomy (removal of 2/3 of the liver) antioxidant activity of tissue lipids underwent a stage of a two-phase elevation corresponding to the curve of mitotic activity. In the points of mitotic activity decrease in the final period of regeneration liver hypertrophy (day 4 after the operation) and during a second functional tension (on days 8–9 after the operation) antioxidant activity of lipids in the body subsided. Antioxidant background rise correlated with a relative “rejuvenation” of hepatocytes starting the cycle of proliferation, whereas antioxidant activity suppression was evident during periods of prevailing processes of functional differentiation associated with hepatocytes’ exit from proliferation pool (58). Rapidly growing HeLa culture possessed the highest antioxidant efficiency in a lag-phase. Aging, slowly growing HeLa culture contained a lipid fraction of high oxidant efficiency (59). De-differentiation of hepatic cells in conditions of induced carcinogenesis 6–9 days after the introduction of a chemical carcinogenic substance to rats is accompanied with raised antioxidant activity in the initial period of hepatoma formation followed by deep depression of antioxidant lipids in the growing tumor and an organ affected by it(58).

Fractions of aging erythrocytes demonstrate minimal resistance to the action of an acid hemolytic (0.004 H HCl), whereas fractions of young erythrocytes coming from the bone marrow depot are extremely resistant to the given oxidant (44).

4.7. Oxidants, aging, physiological stress.

Continuous exposure of man or animals to the action of a medium containing toxic oxidizing compounds is associated with a series of symptoms reminding of senile degeneration. Overstrain, intensive physical loads, muscular contractions, stimulation of excitable physiological substrate, oxygen intoxication are accompanied with accumulation of lipoperoxides in different tissues (liver, omentum, muscles, eye retina) (47). Participation of free-radical oxidation toxic products in aging processes is confirmed by the fact of accumulating a sum of oxidized unsaturated fatty acids by aging mitochondria (48). Correspondingly, bioantioxidants (antioxidants) are regarded as factors preventing aging, stimulating physiological and repair regeneration. Antioxidants reduce peroxide compounds’ content in the tissues, create the conditions for metabolism shift to enzymatic oxidation (the Pasteur effect) (48, 60). Normobaric hypoxia advancing tissue ORP regression is also regarded as a procedure contributing to slower aging (60).

In 1936, H. Selye, a Canadian pathophysiologist, described a stereotype syndrome of physiological stress observed in test animals under acute or chronic exposure to strong stressors, including strong oxidants, free-radical compounds, factors activating free-radical oxidation and so on. Selye conducted his classical tests on laboratory rats, for primer a formaldehyde solution was used (61). Stress syndrome (or, in Selye’s terms “general adaptation syndrome”) begins with the “phase of excitement” manifested as a sum of functional stress symptoms of the system “pituitary body – adrenal cortex”. If exposure to the stress factor continues, after several days test animals enter the adaptation period. At this time the animals look practically healthy, but they maintain a raised level of pituitary-adrenal activity. In case of still further exposure to stress factors there occur functional breakdown and decompensation, pituitary-adrenal system depletes its plastic and energetic resource, degenerative and dystrophic type processes become prevalent in the body, reminding of senile pathology (62). That is why H. Selye called stress “an accelerated version of aging”.

This definition is true to a certain extent. Damaging factors – stressors – are not necessarily chemical oxidants themselves. But stress mediators are always chemical processes with the participation of free radicals – aging mediators. Free radicals are formed in the process of excitation spreading along nerve fibers. Their number increases as the intensity of nervous and conductive tissue elements’ stimulation grows (63). Therefore, chemical agents with electron-acceptor properties responsible for wear and tear of biological structures, are constant companions of life and concomitant processes of age involution.

4.8. Model experiment on studying the effect of ECA-solutions �on tissue mass.

To study the effect of ECA-solutions on tissue mass, an experiment on soaking raw meat (pork, beef, salted pork fat) in anolyte and catholyte was performed at Biryulyovo meat plant in Moscow. (64) The experiment was aimed at studying the possibilities of better meat products’ preservation. Simultaneously, the effect of ECA-solutions’ direct action on animal tissues was to be analyzed. The parameters of ECA-solutions produced by a STEL device were the following: A–pH=2.6–5.4; ORP=1160–725 mV, CSE, correspondingly; AN–pH=7.8; ORP=810 mV, CSE; C–pH=10.0–11.3; ORP = from (–830) to (–930) mV, CSE, correspondingly.

After treating meat with A solution the total microbial number decreased proportionally to bactericidal action of active chlorine, but deep inside raw meat putrefactive processes went on, since surface layer coagulation prevented meat tissues from contact with the surrounding medium. AN caused no coagulation of the surface layer of raw meat and hence its decontaminating ability was even greater. But at the same time accelerated aging of fatty components was observed, particularly in the case with salted pork fat (phosphatide oxidation, accumulation of aging pigments).

C solution was found to be universal for treating different sorts of raw meat. It provided considerable slowing down of putrefaction processes while conserving organoleptic properties. Simultaneously, microbial flora was washed off from the meat surface, ensuring an adequate level of decontamination.

Effect of A-solution action on meat products is likely to be due to enhanced non-enzymatic oxidation in hypoxic meat tissue on the background of relatively low pH values resulting in autolysis. In other words, peroxide exposure combined with deep hypoxia increased the risk of irreversible tissue denaturation. AN actively oxidized animal fats, but it was not associated with increased autolysis, because the contact of tissue mass and external medium was not affected and residual metabolic processes were still observed in the meat products. At the same time, C plays the role of protector in relation to factors of autolysis and aging of meat products.

4.9. Disturbances of fluid biological media peroxide homeostasis in some types of pathology and experimental exposure.

Irradiation of the body with ionizing radiation or growth of a malignant tumor are followed by elimination of free-radical oxidation products into blood and different internal media of the body, as well as by a lowered anti-inflammatory lipid activity. In the tissues of animals with tumors (in the liver, omentum, brain) lipid peroxide concentration increases as the tumor grows. However, in the tumor itself lipid peroxide content is reduced in comparison with normal tissues (65).

Irradiation of blood plasma by an “Uzor” infra-red laser with impulse frequency of 1500 Hz, power of 0.0829 J/cm2 in a thin layer for 2 minutes, in the course of one day brings about a 3.5–4 fold rise in the content of diene conjugants (C=C bonds) and Schieff bases, while vitamin E concentration decreases by 50–60%. It indicates considerable failures of the protective antioxidant system of the given biological fluid. Lipoperoxides formed in the process of irradiation can react with unsaturated bonds C=C, inducing a row of further chemical transformations giving rise to such compounds as aldehydes and organic acids. Diene groups possess electron-donor properties and react with strong oxidants, for instance, ozone. The quantity of ozone, which has reacted, with two-carbon bonds of blood lipid fractions, shows the degree of their nonsaturation. 

In an irradiated protein solution peroxide factors gain an advantage. Correspondingly, biochemical processes in irradiated tissues and biological media go on in the direction of non-enzymatic degradation and denaturation of proteins, and formation of lipofuscin, a brown pigment of lipid wear. Diffusion of electron-donor medium (catholyte) into tissues is equivalent to mass-transfer of electron-donor characteristics to biological solutions, coming into direct contact with cell membranes, which is to increase their anti-oxidant defense ability.

The blood plasma lipid fraction saturation level of 260(20 arbitrary units (a.u.) at the vibration range of 200–300 a.u., taken for a standard value, was determined with the help of the ozonization method (66). Lipid nonsaturation index is designated as DB. In diseases, associated with tissue destruction resulting from microbial inflammation, thermal or mechanical injury (suppurative septic processes, burn injury, coexistent shock-associated trauma), DB index tended to decrease to 70 a.u. in critical cases. At the same time, DB of patients with comparatively insignificant pathological alterations of the indicated types gradually became normal and in these cases there were no complications after the recovery. If on the third day of illness DB index rose to 300 a.u., complications followed (66).

In same cases, in patients with suppurative-septic diseases on days 7–14 of the illness DB index increased by 2–3 times, whereas further it fell to levels lower than standard. In such situations using CO2 laser made it possible on the first day to reduce, and on the seventh – to normalize DB (low-frequency laser irradiation of (m = 0.69 and 0.89( – was performed) (66).

Laser irradiation used for therapeutic purposes is sure to be indicated to patients suffering from a variety of diseases. In analogous situations extracorporeal ultra-violet blood irradiation (67) or indirect electrochemical oxidation of blood with a hypochlorite solution (11) are used, that proving the biophysical nature unity of quantum and electrochemical therapeutic methods. The difference in the given case is that irradiation causes chaotic activation of fluid substrates, whereas electrochemical exposure, in particular unipolar ECA is characterized by modification directivity of electron-acceptor or electron-donor properties of a biological object. 

Concentration of POL products in the body indicates the intensity of free-radical oxidation, but not necessarily reflects redox qualities of the whole system. Thus, in dogs with an acute experimental burn injury elevated content of malic dialdehyde (MDA) belonging to POL products’ class is observed. At the same time, total anti-oxidant hemopotential indirectly measured with the help of B.B. Martynyuk’s et al. method decreased in the period of early burn toxemia. (68) Indirect electrochemical oxidation of burnt animals’ blood with a 0.06% solution of sodium hypochlorite, introduced by intravenous drip, led to a 25% decrease of MDA level, but it was not associated with correlation of antioxidant blood serum parameters. That is, concentration of POL products did not correlate with antioxidant parameters of blood serum. It is evident that suppression of endogenous antioxidants’ activity and their resource depletion under stress are to some extent conservative.

4.10. Social and ecological aspects of monitoring electronic state �of the body’s internal medium.

Theoretical and experimental modeling of electron-donor and electron-acceptor influence on biological object shows that, in this case, there are raised questions overstepping the limits of regulating redox equilibrium of the internal media of individual organisms. To correct and stabilize peroxide homeostasis of a certain patient the following conditions should be fulfilled:

adequate mutual conformity between nutrient caloric products’ and oxygen body intake and enzymatic oxidation intensity indices;

creation of thermodynamic advantages for endogenous and exogenous anti-oxidants;

elimination of POL-products and other radical-type compounds with the help of the processes of terminal oxidation, sorption binding and other means of detoxification;

introduction of lipid compounds taking part in the reduction of the lipid matrix of biological membranes into the body.

Meeting these hygienic, dietetic, pharmacological and other requirements eventually depends on the environment an individual lives in, on what he eats and drinks, and what mode of life is guaranteed to him in the given socium. Formal attempts to follow all physiological and physico-chemical regulations of human existence known today results in choosing social, hygienic and ecological models close to standards of life in Japan or Iceland. Pure air, minimum of ecologically harmful effects, ruling out excessive physical loads on one hand, and hypodynamia on the other, elimination of psychic stress (not always successfully in Japan), well-balanced diet with fish dishes prevailing, purified water, high level of medical care – all those things are actually socially and biologically optimum in the contemporary world. 

Nevertheless, in affluent, technologically developed countries a man only implements the opportunity to live to a certain ultimate age (on the average about 82 years). Still, there are some diseases which take their course in definite periods, and eventually, the life of a Japanese, a Scandinavian, a Swiss (let us regard them as a standard of health and wealth) comes to its end accompanied by failure of physiological functions leading to an unavoidable tragic finale. Now, in the midst of economic crisis in Russia (in 1995) mean age of the people in this country is under 60, in rural areas this index is under 50 years. By the beginning of 1995, the population of the Earth had been over 5.5 billion people. The highest technical and social indices had been achieved in countries with population not exceeding 800 million people (total). But even in such super-powerful country as the USA demographic indices and parameters of the citizens’ health are not the best ones in the world. Guaranteed life expectancy to the age of 80 has been achieved only in few oases of social affluence. Propagation of similar conditions all over the world in the framework of existing technologies is impossible due to various ecological, energetic, geopolitical, connected with material sources, informational and other restrictions.

About 10–15 years ago it was noted that in the developed countries the latest achievements in medicine give people a chance to live to the age which is ultimate in the given conditions, but no longer. Various hobbies associated with health technologies (dieting, aerobics, medical fasting, Herbalife, vitamins, antioxidants, biostimulators, microelements, exercise, different exotic workouts, etc.) have been of some use (not all of them), but they were not a revolution in gerontology. Meanwhile, in the most obscure parts of the world (in Abkhazia, for instance) there exist closed endemias of active long life, sufficiently well studied but not giving an answer to the question: why are there so few of such endemias , and why are they so strictly localized?

One may suggest a micro-geographic factor, essentially supporting physiological homeostasis in the parameters keeping the body from age decay.

Earlier, the issue of peroxide compounds in the wear of cell structures was dwelled upon. It is clear that the residents of developed countries living to the age of 80 are approximately equally subject to the action of free radicals to the degree at which it is associated with the energy exchange of 3000–4000 kcal per day. A lower level of food consumption by an adult person is, firstly, insufficient for fulfillment of the work that is needed to maintain his social and economic state. Secondly, adequate nutrition is mandatory in order to satisfy plastic demands of functioning organs and tissues. Therefore, an individual needs a definite, rather high level of metabolic activity. At the same time it is universally acknowledged that a characteristic feature of actively metabolic tissues is a relatively high level of free-radical processes (47). Direct action of oxygen on bio-substrate is accompanied by formation of toxic radicals and hydro-peroxides, which is, according to A.I. Zhuravlyov “after all, the essence of the greatest biological paradox of oxygen: its toxicity and, simultaneously, absolute necessity for tissues” (48). To exclude oxygen from the habitat of man and animals and even to reduce oxygen consumption lower than the level needed to perform social and economic functions is out of the question. So, to overcome physiological wear of the organism due to the effects of metabolic by-products, actions of double nature are necessary: removal of toxic products from the body and raising the level of cell resistance to endogenous and exogenous cytotoxicity factors.

Modern civilization has supplied a part of mankind with a complete set of traditional means of physiological anti-oxidant protection, capable of prolonging human life 20–30 years. However, the unidentified factor existing in some territorially limited regions favorable for longevity extends the human life by 50 and more years. The principal features of this longevity factor are the following:

stable endemicity, existing during centuries and entire historic ages,

independence on the formal parameters of society and scientific medicine development,

isolated position in comparison to known factors determining the background of biological well-being.

At the same time, due to theoretical reasons, endemic longevity is to be associated with anomalously high reliability of physiological anti-oxidant defense system in persons living in the given area.

4.11. On the possibility of natural redox activation of spring waters �(on the example of studying water from spring “Kurkino” and samples �of Martial water from Karelia).

There are multitudinous examples of aqueous endemias affecting health parameters. Such endemias are caused either by the absence of some microelement (iodine, magnesium) in the given area, or by excessive content of certain microelements (fluorine, calcium and so on) in water, grounds, mountain rocks. In all above stated cases deficiency or excess of microelements cause endemic diseases in people and animals (goiter, blood vessel injuries, fluorosis, nephrolithiasis, etc.) In addition to famous sources of medicinal mineral waters there are regions with “good water”, as well as salubrious sources of spring water especially popular among local population. Beneficial qualities of water are commonly attributed to the presence of silver. However, there can be made other suggestions to this effect, which are founded on ecological prerequisites and the latest investigations in the field of aqueous media ECA. 

Water from open sources, pools, shallow wells and pipelines through the ages contained and particularly now contains biogenic, anthropogenic and technogenic admixtures negatively affecting the organism. Water from deep strata, including spring water, is well protected from foreign admixtures and is useful because they are a priori ecologically pristine. Thus, in Zubtsovsky district of Tver region, on a bank of the Derzha River, near the village of Kurkino (or Kurkovo) at the fracture of limestone rocks there is a spring with clear tasty water. Local residents claim the water of “Kurkino” spring to be capable of treating dermatosis, gastro-intestinal disorders, hypertension, generally improves health parameters.

Examination of “Kurkino” water samples collected and delivered in glass capacities gave the following results:

pH of water in a closed capacity –6.7; in an open vessel –7.6;

ORP of water – 280 mV, CSE;

electro-conductance – 0.52 mCm(cm–1 versus 0.25–0.3 mCm(cm–1 in Moscow water;

integral motility index of defrosted bovine sperm (Is) determined with the method of A.P. Yeskov and R.I. Kayumov (41), was 97.4% relative to index of super-pure water standard counted as 100%.

Elemental composition of “Kurkino” water according to the findings of the analysis performed in the Institute for Microelectrode Technology and Super-pure Compounds situated in the village of Chernogolovka, Moscow region, is given in Table 4.4.

Table 4.4

Elemental composition of “Kurkino” water, concentration in mg/l

Element�Concentration�Element�Concentration��Boron�0.008�Nickel�0.015��Barium�0.0319�Phosphorus�0.19��Calcium�87.46�Sulfur�1.73��Magnesium�17.02�Silicon�3.83��Sodium�5.23�Strontium�0.1335��

Therefore, “Kurkino” spring water has no cytotoxicity background, contains no silver, aluminum, arsenic, cadmium, cobalt, chromium, copper, iron, mercury, manganese, lead, tin, tungsten, zinc, rare-earth metals. Strontium present in the water of the spring is of natural origin and is not radioactive. Thus, “Kurkino” spring is ecologically pure, free from technogenic admixtures, and contains no anomalous admixtures, except natural nickel in micro-concentration. Any specific factor determining the useful properties of the given sample of spring water has not been identified.

Presence of nickel micro-admixture in combination with routine mineral components – calcium, magnesium, and natural strontium – in “Kurkino” water suggests existence of geo-chemical mechanism of spring water activation, affecting its biological properties.

Prerequisite for a hypothesis.

On the basis of bimetallic elements “zinc – copper” or KDF Media (13) in the USA an industrial prototype of a redox-filter for drinking water purification was developed (70).

Since electrode potential differential of zinc and copper is (–1.1 V), elementary portions of water in the redox-filter in the process of continuous contact with copper and zinc therefore undergo anodic–cathodic exposure, where zinc possesses electron-donor properties, and copper – electron-acceptor ones. As a result, electronic state of water at the moment of contact with a bimetal shifts towards reductive values.

Formulation of the hypothesis.

Such mineral components of “Kurkino” water as barium, strontium, and calcium have approximately equal electrode potentials (E(Ba = –2.90 V; E(Sr = –2.89 V; E(Ca = –2.87 V). The electrode potential of magnesium is not very different from them (E(Mg = –2.37 V). At the same time, nickel demonstrates considerably more pronounced electron-acceptor abilities (E(Ni = –0.25 V). Correspondingly, chemical compounds composing crystal rocks, through which “Kurkino” spring water is filtered, may contain redox-pairs of high electrode potential differential. That is, thanks to nickel micro-admixtures, the rocks in the vicinity of Kurkino village are likely to contain a natural redox-filter.

A technical prototype of a redox-filter decontaminates water from bacteria, rids it from organic admixtures, heavy metals, and performs electron-donor activation of an aqueous solution (70).

Samples of KDF Media were investigated in VNIIIMT NPO “Ekran”. The following facts were stated. pH and ORP values of drinking water after contact with KDF Media practically changed insignificantly, evidently, due to very quick relaxation of electron-unbalanced qualities acquired at the moment of contact. Source Moscow tap water (the samples were delivered to VNIIIMT in February 1995) had cytotoxicity background relative to mono-cellular algae Euglena viridis due to the presence of residual strong oxidants (up to the concentration of 1 mg/l), used to decontaminate water at the stages of routine water treatment. Filtration of source tap water through KDF Media restored the motility of mono-cellular algae. The results of testing water filtered through redox-filter (element KDF-55) are given in Table 4.5.

Table 4.5

Effect of bimetallic redox-filter KDF Media on pH, ORP values, �and ecological compatibility of water with Euglena viridis

Filter KDF-55, mass, g.�Filtering time, min.�pH�ORP, mV, CSE�Euglenas’ state in a water sample��No filter�–�7.6�320�Motionless, complete spherulization��20�0.5 – 1.0�7.67�300�Motionless, partial��40�1.0 – 1.5�7.8�300�Motionless, single��80�1.5 – 2.0�8.05�280�Good motility��

So, a bimetallic redox-filter carries out efficient antioxidant protection of hydrobios’ cells not considerably affecting the pH and ORP values of incubation media.

In an experiment with defrosted bovine sperm, for control, the latter was incubated in a common saline solution of sodium chloride, prepared from distilled water and NaCl of ChDA type. Such physiological solution conventionally contain no free-radical agents. Source saline solution was incubated with KDF Media at a ratio of 10 mg per liter during 20 minutes. In a source (control) saline solution prepared on the basis of distilled water (pH=5.8; ORP=330 mV, CSE) the motility of defrosted sperm was low. After the saline solution had been treated with KDF Media pH and ORP parameters practically did not change. The motility of defrosted sperm in a saline solution treated with KDF Media increased by a factor of 102 (P.I. Kayumov’s observation). Consequently, the saline solution kept “memory” of redox-activation in spite of pH and ORP alterations.

The mechanism of the action of a natural redox-filter is close or identical to the technical analogue. Spring water is supposed to get filtered through rocks and to come into contact with metallic or other inclusions for which abrupt E° differentials are characteristic, also causing redox-effect. Coming to the surface redox-activated spring water has common (not anomalous) parameters of pH and ORP, but maintains biological activity similar to that of aqueous solutions, which have passed through a technical redox-filter.

Indirect proof of probable existence of natural electron-donor activation was received while investigating a sample of Martial water brought from Karelia (a day after the sample’s collection). This sample had the following characteristics:

pH = 6.1; ORP = 125 mV, CSE; ( = 0.7 mCm(cm–1

Calculations with the help of formula (10) show that in inorganic solutions of pH=6.1 minimal expected ORP value is 294 mV, CSE (770–60 ( 6.1–110). At the same time real ORP value of a relatively fresh sample of Martial water was 169 mV lower than the rated one, indicating a metastable state of the sample, with ORP shift towards reductive values. Deep in the Karelian mountain rocks filtered water interacts with ore body and complex crystal structures, which is sufficient for abrupt redox potential differentials. As a result, iron compounds of Martial waters turn out to be present in a medium with reductive properties, due to which reduced iron quickly (during 1.5–2 days) deposits as brown flakes. However, local population and the patients of a sanatorium in the area of Martial waters have an opportunity to drink fresh redox-activated water, the latter circumstance being the reason of its unique therapeutic abilities.

In the caves of Abkhazia one can see many outlets of deep waters that leave on the stones runs of nearly all spectrum colors. An experienced geochemist can easily detect the presence of quite various microelements in water. In such conditions probability of natural redox activation of Abkhazian spring waters is very high. It follows that the population of this region for ages consumes natural activated water producing an anti-radical protection background in the body. In combination with practically ideal ecological situation in mountain area, a well-balanced diet rich in vitamins and bile-expelling spices, hypoxia of medium-high mountains (1500–2500 meters above sea-level) and mode of life excluding hypodynamia, the endemic focus of natural water activation generate in Abkhazia a unique complex of factors elevating resistance of the body’s internal medium to bio-oxidants. Its apparent consequence is famous longevity of Abkhazian high-landers.

Exclusiveness of Abkhazia as a region of health may be brought into question, because similar geographic, climatic and geochemical conditions are found in many areas where the life span of the population is not as considerable. But, perhaps, not always local geochemical factors guarantee activating spring waters. The findings of “Kurkino” spring water analysis suggest that a likely feature of natural water redox-activation is presence in it of non-toxic micro-admixture of metal with high E° value, providing a high (E° module relative to routine metal-containing mountain rock components.
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