Chapter 5. EXPERIMENTAL STUDY OF “LIVE” �AND “DEAD” WATER QUALITIES. APPLICATION �OF ECA-SOLUTIONS FOR ZOOTECHNICAL PURPOSES

5.1. Effect of ECA-solutions on the organism of small laboratory animals, according to the findings of Tashkent branch of All-Union Research Center of Surgery, USSR Academy of Medical Sciences.

Medical and biological investigation of ECA solutions was carried out in Tashkent branch of All-Union Research Center of Surgery in 1978 (71). Anolyte and catholyte of tap water were produced with the help of an ELHA–038 diaphragm electroactivator. ECA solutions were intra-gastrically (i/g) and intra-peritoneally (i/p) introduced into the bodies of non-linear white rats, routine skin injuries were treated with catholyte, myocardial tissue cut very small was extracted in ECA solutions, suspension of hemolized erythrocytes’ membranes was treated in anolyte. The findings of the investigations are presented in Table 5.1.

Table 5.1

Indicators of the effect of ECA solutions when introduced into the organism �of white rats, while extracting myocardial tissue cut small, and in their action �on hemolized erythrocytes’ membranes.

Type and parameters of ECA solutions, character of their action on a biological object�Resulting biological effect��1�2��Catholyte of tap water, ORP=(–400) mV, CSE.�I/g introduction in doses of 2 ml three times a day.�Increase of the rats’ body weight from 145.5 g. to 356.7 g. in 13 weeks as compared to the control mean figure of 299.0, at equal initial values.��Catholyte of tap water, ORP=from (–100) to �(–800) mV, CSE.�I/p introduction of 2 ml doses three times a day for 5 days.�Hypertrophy of villi and recess of crypts of duodenal mucosa, increase of thymidine-H3 marking index. The indicated effect is most pronounced under action of catholyte with ORP=(–400) mV, CSE. At extremely low or high ORP values this effect is not observed.��Catholyte of tap water, ORP=(–400) mV, CSE.�I/p introduction of 2 ml doses daily during a month.�Activation of tissue respiratory enzymes. Medium increase of phospholipines’ content in myocardial and hepatic tissues.��Anolyte of tap water, ORP=700 mV, CSE.�I/p introduction of 2 ml doses daily during a month.�Suppression of respiratory enzymes’ activity of 24±8% (on the average) in blood serum, extracts of myocardial and hepatic tissues. Suppressed oxidative phosphorylation. Increased phospholipine content in erythrocyte membranes, decreased phospholipine content in myocardial and hepatic tissues.��Catholyte of tap water, ORP=from (–500) to �(–820)mV, CSE.�Treatment of routine skin injuries�4 days’ faster injury healing. Increased thymidine-H3 marking index in proliferation zone and accelerated epidermal cell migration into the area of injury defect.���

1�2��Anolyte of tap water, ORP=700 mV, CSE�Extraction of myocardial tissue�Suppressed activity of aldolase, lactate-dehydrogenase, glutamine-oxalic-acid and glutamine-pyro-racemic aminotranspherases. After bringing pH values of the extracts to 7.1–7.3 at ORP=500–600 mV, CSE, enzymatic activity remains decreased.��Catholyte of tap water, ORP=from (–300) to 
�
(–600) mV, CSE.�Extraction of myocardial tissue�Suppressed activity of aldolase, lactate-dehydrogenase, glutamine-oxalic-acid and glutamine-pyro-racemic aminotranspherases at ORP < (–500) mV, CSE. After bringing pH values of the extracts to 7.1–7.3 at ORP=from (–300) to (–400) mV, CSE enzymatic activity becomes normal.��Anolyte of tap water, ORP=600 mV, CSE�Direct action on a suspension of hemolized erythrocytes’ membranes.�A 20% decrease of phospholipine content, considerable loss of non-etherified fatty acids.��

Table 5.1 shows that, in conformity with expectations based on model experiments and theoretical analysis (see Chapter 4), catholyte manifesting electron-donor properties corresponding to ORP=(–400) mV, CSE at doses of about 20–40 ml/kg (for a rat’s organism) produces a well-marked anabolic action, stimulates physiological regeneration processes, elevates the possibility of entering DNA synthesis phase (S-phase of cell cycle) for the cells of duodenal mucosa. At doses of 5–10 ml/kg catholyte with the same parameters stimulates tissue respiration and contributes to higher safety of anti-oxidant defense of liver and myocardium, which is demonstrated by elevated phosphatide content in the tissues of the indicated organs. Direct action of catholyte on an injury enhances repair processes. Catholyte of weak electron-donor abilities (ORP > (–400) mV, CSE) has low efficiency. Catholyte with excessive electron-donor properties (ORP < (–400) mV, CSE) possesses anti-metabolic action.

5–10 ml/kg doses of anolyte inhibit tissue respiration, reduce anti-oxidant ability of the tissues of essential organs and cellular membranes, i.e. performs anti-metabolic action in the body. On the given experimental model direct catabolic action of anolyte, which could be expected to manifest itself in enhancing the processes of enzymatic oxidation due to ORP value elevation, was not registered. Free-radical anolyte activity was certain to prevail. Raised phosphatide content in erythrocytes’ membranes in the process of intra-peritoneal anolyte introduction is likely to be associated with compensatory enforcement of anti-oxidant defense system in the organism under continuous electron-acceptor exposure. However, in these conditions general failure of anti-oxidant defense system presents itself as a lower phosphatide content in liver and myocardium. Direct action of anolyte on erythrocytes’ membranes in a suspension outside the body causes considerable impairment of their anti-oxidant qualities. 

5.2. Indirect assessment of human blood ORP value, regulating blood ORP value during hemodialysis.

Probability of transmitting electron-donor properties of human organism internal medium through the mucous membrane of the mouth was studied. The studies were conducted on practically healthy people. The volunteers were asked to take 50 ml of boiled water into their mouths and after 10 minutes to return the sample into a measuring glass. 6 studies were carried out. The pH and ORP values before and after incubation in the oral cavity were estimated in the water samples (Table 5.2).

�Table 5.2

Values of drinking water pH and ORP before �and after incubation in the oral cavity

Sample�pH�ORP,mV,CSE��Before incubation�7.05 ( 0.2�350 ( 10��After incubation�6.35 ( 0.25�70 ( 50��Test of significance�< 0.05�< 0.001��

Thus, after incubation in the oral cavity the water was acidulated by 0.7 pH units, which was to cause ORP rise by 42 mV, according to calculations. But in reality ORP regression in water sample after incubation in the oral cavity was (–280) mV. This experiment also proves that the body internal medium possesses explicit electron-donor properties relative to environmental factors.

Further studying the parameters of electronic equilibrium of the body internal medium was carried out on the basis of clinical monitoring patients subjected to chronic hemodialysis in Hemodialysis Department of Moscow City Clinical Hospital No. 50. Acetate dialysis was performed to patients suffering from chronic renal failure (CRF).

Parameters of hemodialysis regimen were the following:

	pH of dialyzate	7.37 ( 0.02;

	ORP of dialyzate, mV, CSE	290 ( 7;

	volume feed of dialyzate into a dialyzer’s contour, l/min	0.5;

	volume feed of blood into a dialyzer, l/min	0.2;

	duration of hemodialysis procedure, h	4;

	number of procedures, 1/day	1/2.

In a dialyzer, blood purified from uremic slags passed through capillaries made of cuprofan with walls 10 micrometers thick. On the outside a capillary filled with blood was washed by dialyzate of pre-determined mineral composition. Through the wall of a semi-permeable cuprofan dialyzer membrane between blood and dialyzate mass-exchange took place: dialyzate components arrived in blood, uremic slags and some metabolic components from blood diffused into dialyzate, which was discharged. At the outlet from the dialyzer the pH and ORP values of waste dialyzate were measured. The measurements were performed with ionometers Ciba-Corning (USA), “pH-150”, “pH-340” (USSR).

Comparison of the dialyzate pH and ORP initial values with those measured at the outlet of dialysis contour after transmembranous contact of the solution and blood are given in Table 5.3.

Table 5.3

Parameters of acetate dialyzate pH and ORP at the inlet and outlet �of the dialysis contour of an “artificial kidney” dialyzer.

Parameters�Solution (dialyzate)�WilC.a–Cl on’s P-test���at the inlet�at the outlet���pH�7.37 ( 0.02�7.33 ( 0.03�< 0.05��ORP, mV, CSE�290 ( 7�140 ( 5�< 0.01��

At the outlet of the dialysis contour of a dialyzer slight acidulation of dialyzate due to the patient’s body acidosis was observed. Mean ORP regression in a dialysis contour was 150 mV. It may be concluded that the blood of patients with CRF is electron-donor medium relative to dialyzate. In its turn dialyzate produces transmembranous oxidizing action on blood and creates thermodynamic conditions in the body for depleting the system of anti-oxidant defense. To eliminate the above disadvantage of hemodialysis procedure electrochemical method of pH and ORP regulation of water purified for hemodialysis was applied, based on unipolar cathodic treatment.

Electrochemical treatment of arriving into an “artificial kidney” apparatus water of 30–50 mg/l mineralization was carried out with the help of a “Bazex” electrochemical device. Volume feed of demineralized water coming to the cathodic chamber at 0.3 MPa pressure was 0.5 l/min. A minor part of water was filtered through a separating membrane into the anodic chamber and removed for discharge at a rate of 0.5–2 l/h. Anodic chamber filtrate fulfilled the function of compensatory electrolyte, closing an electric circuit.

In the process of cathodic water treatment, strength of current was regulated in the range of 0.10–0.53 A. Water coming from the cathodic chamber of an operating “Bazex” device was alkalized due to hydroxyl formation. The ORP value of cathodically treated water fell to the level between (–50) and (–250) mV, CSE depending on the current strength. Further cathodically activated water arrived into “artificial kidney” monitor mixer, where it was mixed with acetate dialyzate concentrate at a ratio of 34:1. Dialyzate produced on the basis of cathodically activated water had pH=7.47 ± 0.10, at cathodic current of 0.10 A. As current strength increased, pH index of dialyzate coming to a dialyzer gradually rose and achieved 7.56 ± 0.20 A. At the dialyzer’s outlet pH indices of dialyzate prepared on the basis of activated water were regularly lower than the inlet ones on the average by 0.16 ± 0.03.

The dialyzate “memorized” a tendency towards lowering the ORP of cathodically treated water. Mean statistical dependence of dialyzate ORP at the inlet and outlet of a dialysis contour at different current strength in the working chambers of a “Bazex” device is presented in Fig.5.1.
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Fig. 5.1. �Dialysis contour inlet and outlet dependence of purified for hemodialysis water, cathodically treated by a “Bazex” device, on current.�1 – dialyzate ORP values at the inlet to an “artificial kidney” dialyzer; �2 – dialyzate ORP value at the outlet of an “artificial kidney” dialyzer 10–15 minutes after the beginning of hemodialysis procedure; 3 – dialyzate ORP value at the outlet of an “artificial kidney” dialyzer 2–3.5 hours after the beginning �of hemodialysis procedure.

Inlet ORP values of dialyzate produced from water cathodically treated by 0.10 A current were on the average 45 mV, CSE as compared to 290 mV, CSE of dialyzate based on untreated water. When cathodic current rose the dialyzate ORP parameters shifted to the area of negative values and ranged from (–165) to (–170) mV, CSE, at 0.50–0.53 A current (the current did not exceed the indicated limits due to the risk for dialyzate’s pH and ORP values to leave a physiologically permissible range).

At the initial and final stages of observation period at current of ( 0.20 A the outlet ORP values of dialyzate were systematically about 70 mV lower than the inlet ones. At 0.30 A current the inlet and outlet ORP parameters at the initial stage of hemodialysis became similar – an equilibrium point of the electronic state of patients’ blood and dialyzate was achieved at ORP=(–135) mV, CSE (= –335 mV, CSE). If the current in a “Bazex” device increased to 0.35–0.53 A, the ORP of dialyzate remained at the initial stage of hemodialysis at a level of (–135) mV, CSE and overstepped the inlet ORP. It meant that in the beginning of a hemodialysis procedure the ORP of a patient’s blood in an extracorporeal bypass was on the average (–135 mV, CSE).

At the end of hemodialysis (3–3.5 h. after the procedure’s beginning) there was no equality of the inlet and outlet dialyzate ORP values in the tested range of current strength. The dialysis contour outlet ORP values remained lower than the inlet ones. Expected similarity of curves 1 and 3 (see Fig. 5.1) was to take place at current above 0.53 A, in the range of ORP values no higher than (–200) mV, CSE. Consequently, as a result of prolonged treatment of blood with dialyzate of ORP=from (–135) to (–170) mV, CSE, the ORP value of the patients’ blood fell on the average by over 65 mV, that is, the body internal medium acquired extra electron-donor activity.

Physiological effects of “catholyte dialysis” following a 2–3 month course were as follows:

30–40 mm Hg reduction of arterial pressure in patients susceptible to hypertension;

0.02–0.05 unit increase of arterial blood pH;

general well-being improved;

decreased feeling of thirst and reduced need of water;

relieved symptoms of dermatosis.

Sometimes “catholyte dialysis” was accompanied by a short period of weakness. No complications were noted.

In Section 2.2 there are rated data, according to which the ratio of oxidized and reduced hemoglobin forms in venous blood is achieved when ORP=0.15 V, SHE (350 mV, CSE). In conformity with data of Table 3.1 direct measurement of venous blood ORP with the help of platinum and silver-chloride electrodes system gave the following result: (–30 mV, CSE). Indirect estimation of the ORP of venous blood flowing through a dialyzer in the beginning of hemodialysis indicated: (–135 mV, CSE). Discrepancy between these two results is likely to be due to the following reason: blood (similarly to any other biological fluids) is not uniform and contains components which are basically different from each other in their electron-donor and electron-acceptor characteristics. Therefore the term “blood ORP” or “tissue ORP” is generally speaking incorrect. Measuring the ORP value of tissue or a complex biological fluid is successful depending on what elements of the biological medium are in direct contact with electrodes. Consequently, the ORP dynamics of a biological system can be followed only via a series of observations using a routine method. A most typical example of heterogeneity of oxidation-reduction equilibrium parameters in the framework of one micro-object is a mitochondrion with abrupt pH differentials at the outer contour of mitochondrial membrane, at its inner contour and in inter-contour space.

Electron-donor and electron-acceptor microscopic bio-molecular complexes seem to be capable of transmitting their electronic properties for some distance. Thanks to that, electrode placed into a biological medium undergoes the influence of complex resultant electric vectors. On the whole, such living system is characterized by long-existing electron-unbalanced properties that are necessary for physiological processes. Establishment of thermodynamic equilibrium in a live medium is a symptom of necrobiosis.

5.3. Motility of a cellular test-object in a dialyzate prepared on the basis of cathodically activated demineralized water.

Biological testing of de-ionized water cathodically treated by a “Bazex” device was performed with the method of assessing the motility of defrosted bovine sperm (41). Sperm suspension Is values, determined in isotonic conditions, of dialyzate prepared on the basis of source de-ionized water (control) and of samples based on de-ionized water treated by cathode current are presented in Table 5.4. Studies were performed on samples of dialyzate prepared from water produced by different devices of Fresenius firm (Germany), used in hemodialysis departments of RF Ministry of Public Health Research Center of Surgery and Moscow City Hospital No. 50. Respective samples are designated by indices 1 and 2.

Table 5.4

Motility parameters of defrosted bovine sperm in samples of dialyzate prepared on the basis of source and cathodically treated water purified for hemodialysis

Tested sample�Current, A�q, C/l�Is,
 
% of standard��Control (1)�0�0�66.0 ( 3.0��Cathodic Treatment (1) �0.25�30�83.2 ( 2.5��Control (2)�0�0�216.6 ( 16.7��Control Treatment (2)�0.25�30�252.3 ( 16.1��Test of significance (P)�–�–�< 0.001��

Designations: q – specific power consumption during cathodic treatment of water purified for hemodialysis; Is – index of sperm motility in dialyzate based on source and cathodically treated water.

Thus, dialyzate based on de-ionized water cathodically treated by a “Bazex” device stimulates the motility of incubated sperm, which is associated with increased utilization of inter-cellular energy necessary for the work of the flagellate apparatus of cells in motion.

5.4. Effect of ECA-solutions on the morphology and viability of bacteria.

In the course of 1nd and 2nd All-Russian Conferences on “Methods and Means of Sterilization and Disinfecting in Medicine” which took place in 1992–1993 in Moscow there were presented materials about the action of ECA solutions on the morphology of suspension bacteria. ECA solutions were produced with the help of electrolyzers of different types. Electronic microscopy demonstrated that in the process of treating suspension of Pseudomonas aeruginosa with catholyte (pH=12.4; ORP=–800 mV, CSE) all microbial cells remained intact, their ultrastructure did not change. Anolyte (pH=3.7; ORP=950 mV, CSE) damaged the fine structure of bacterial cells at the level of intracellular membranes. When cellular membranes were damaged by peroxide compounds composing anolyte, their ability to form complexes: “bacterial cell (anti-gene) – antibody” rose.

Adding catholyte to nutritive media stimulated growth and increased viability of slowly growing mycobacteria (leprosy and tuberculosis pathogens), and anolyte inhibited their growth (73).

The given data indicate, in particular, the risk of provoking foci of cryptogenic infection while treating pathologically altered tissues with catholyte. Anolyte is capable of suppressing bacterial growth and sensitize microbial cells to immune factors.

5.5. Decontaminating properties of activated anolyte.

In the All-Union Research Institute of Preventive Toxicology and Disinfection and medical institutions of Moscow, electroactivated solutions, produced by STEL devices, were tested for their decontaminating ability: A (pH
=2.4; ORP=1130–1180 mV, CSE) and AN (pH=7.5; ORP=840–950 mV, CSE). Testing was carried out on routine suspension and cambric test-objects, as well as on the surface of various materials contaminated with B.cerius spores. All other conditions being equal (including close pH and ORP values), sporicidal activity of anolyte was found to rise as C.a–Cl grew. Sporicidal efficiency of A also exceeded that of AN. Duration of A and AN sporicidal action is indicated in Table
 
5.5.

Table 5.5

Parameters of sporicidal activity 
of A and AN on B. cerius spores


Type of solution�C.a–Cl, mg/l�Time of sporicidal action, min��



A�200–290

485–570

590–660�5–10

3–8

1–5��



AN�240–277

400–520

590–660�8–17

4–10

7–8��

Sporicidal efficiency best manifested itself when treating suspension test-objects and metal surfaces. While treating cambric test-objects, time of sporicidal action was maximum.

Disinfectant action of A on E.coli and Staphylococcus aureus contaminating medical items made of metal and glass (scissors, forceps, packers, pipettes, slides, test tubes) was also better marked in comparison with that of AN. Time of decontaminating action of A was 15–30 minutes, at C.a–Cl = 300–400 mg/l, respectively. Time of decontaminant action of AN was 15–60 minutes, at C.a–Cl = 400–500 mg/l. Under other equal conditions time needed to decontaminate items made of metal and glass is the same.

Experiments were carried out on disinfecting by A and AN solutions plastic toys, glass articles used in medical purposes, under-sheet (bed) oilcloth, rubber items etc. Disinfecting was performed through wiping the articles once or twice, or by immersing them into a solution. For test-virus, 1 type poliomyelitis virus (vaccine strain) was used. The most efficient disinfection was achieved by immersing an object into a solution (See Table 5.6).

Table 5.6

Diagram of disinfectant properties of A and AN solutions while decontaminating various objects contaminated by poliomyelitis virus

Object�Decontamination time (min.) at…���wiping�immersion��Slides�(once)�30��Rubber bed cloth�(twice, with a 30-minute interval)�60��Plastic toys�(once)�30��

AN has a relatively weak chlorine odor, is better tolerated by personnel than any other disinfectant agents, possesses good washing abilities increasing disinfection and sterilization efficiency. Therefore, AN is more preferable as an anti-microbial agent. While treating kitchen crockery, linoleum, glass, glazed and ceramic tiles, oil-painted wood, as well as articles of medical use, after wiping the objects once or twice AN �(C.a–Cl = 400–900 mg/l) requires exposure for a period from 15 minutes to 2 hours (74).

Sterilizing effect of AN (C.a–Cl = 300–500 mg/l) depends on treated material (glass, metal, polymers, rubber) and is provided by exposure lasting from 15 minutes (for most materials) to 4 hours (rubber). Anti-microbial properties of A are higher, but it causes quick corrosion of metal instruments (75).

Based on specially worked out methodical recommendations AN (C.a–Cl = 300–500 mg/l) is successfully applied for disinfection and sterilization purposes in intensive care units and ENT surgeries (76, 77). At that, the cost value of AN production by STEL devices at the site of application was 6 times lower than the expenditures for commercial chloramine. Using STEL devices with the capacity of 7–9 tons of disinfectant solutions monthly in the conditions of a clinical complex demonstrated:

alteration of microbial state of the premises (rarer isolation of gram-positive forms);

a better quality of general cleaning (reduction of unsatisfactory washings’ frequency to 3.5% as compared with initial 8%);

lower morbidity of new-borns and puerperae in comparison with indices of other city hospitals;

economic effectiveness and improved conditions and management of labor.

Sodium hypochlorite solutions produced by EDO devices (C.a–Cl = 600–900 mg/l) are used for sterilizing medical instruments, catheters, tracheotomy tubes and so on (sterilization by 15-minute immersion) (78). Application of EDO devices for these purposes is limited due to their low capacity. There are no data on washing efficiency of hypochlorite.

According to the data presented by Riga Clinical Hospital No. 7, profitability of STEL devices is 150–300% relative to the cost of chloramine application. 1500 examinations confirmed a higher efficiency of AN as compared to routine prototypes. Corrosion abilities of A and AN can be corrected by adding special inhibitors (79).

5.6. Toxicological assessment of ECA-solutions synthesized by STEL devices.

Experiments performed at All-Union Research Institute of Preventive Toxicology and Disinfection revealed the following facts.

Intra-peritoneal introduction of K solution to rats (pH=10–10.5; ORP=from (–700) to (–750) mV, CSE) demonstrated no signs of toxic effect.

Toxicity of A (pH=3.0–3.15; ORP=1150–1160 mV, CSE, C.a–Cl = 180–500 mg/l) and AN (pH=7.4–7.9; ORP=890–900 mV, CSE, C.a–Cl = 100–1100 mg/l) solutions was tested on mice, rats, guinea pigs and rabbits. In their acute toxicity parameters both solutions were not considerably different from each other and belonged to the class of low-toxic ones. When A or AN of C.a–Cl = 500–550 mg/l was introduced into the stomach of mice until filling, the animals did not perish. A single application of A and AN to the skin did not cause local irritation.

Repeated skin applications of A with C.a–Cl = 350–500 mg/l caused irritation in rabbits after 2 procedures, and with C.a–Cl = 130–270 mg/l skin irritation was observed after 10 applications. However, in rats A with C.a–Cl = 270–310 mg/l caused no skin irritation being applied for a month.

Applications of AN with C.a–Cl = 400 mg/l in rabbits and guinea pigs after 7 days were followed by the development of xeroderma and skin peeling. 20–25 AN applications did not have this effect in rats.

Thus, at C.a–Cl value of about 400 mg/l, A had a stronger irritant action on the skin than AN.

When A and AN were dropped into a conjunctival sac of a rabbit, a weak and transient effect of irritation was observed.

General resorptive action of A on skin is more prominent than that of AN. Regular treatment of rats’ skin with A (C.a–Cl = 300 mg/l) was accompanied by reduction of the animals’ body weight, growing listlessness and blood eosinophilia (the latter is typical for the cases of adrenocortical insufficiency and general sensitization). Treating rats’ skin with AN (C.a–Cl = 400 mg/l, i.e. slightly higher than in the previous case) led to analogous tendencies, which did not exceed permissible limits, though. A and AN solutions suppressed alanine aminotransferase and alkaline liver phosphatase activity.

A and AN solutions had specific sensitizing action (leukocyte agglomeration and lysis) after their intracutaneous injections followed by applications at the site of the injections.

While performing natural experiments on disinfection treatment, with A samples, considerable UPC (ultimate permissible concentration) of air chlorine was registered. Under similar conditions AN caused excessive UPC of active chlorine in the atmosphere only at C.a–Cl > 1100 mg/l.

A higher toxicity level of A in comparison with AN is due to a considerable content of gaseous chlorine (Cl2, (o =1.0 V, SHE) in the former, whereas AN mostly contains hydrochlorous acid (HClO) and ion-hypochlorite (ClO–, (o =1.1 V, SHE) for active substances. Consumption of water with Cl2 = 0.5–50 mg/l (0.014–1.43 mmol/l) in rats was found to lead to the development of chronic poisoning symptoms (gastritis, reduced content of DNA and glycogen in the liver, anemia). At the same time introduction of sodium hypochlorite at a concentration of 5000–40000 mg/l (68–540 mmol/l) with drinking water to rats in the course of 14 days caused dehydration in the organism, but with no severe morphological abnormalities (80).

According to V.I. Sergienko (Institute for Physico-Chemical Medicine, Moscow) an infusion solution containing about 10 mmol/l (about 740 mg/l) of sodium hypochlorite establishes concentrations of about 2 ( 10–1 mmol/l (10–20 mg/l) in the body that are relatively compatible with living tissues. Chlorine is known to possess a broad spectrum of oxidation stages (–1, +1, +3, +5 +7) and, coming into contact with biological substrates yields a lot of intermediate products, such as xenobiotics. HClO/ClO– system makes it possible through interaction with biological and toxic substrates to produce various biochemical products oxidized by oxygen, and anion C1–, which can be illustrated with the example of oxidation by phenol hypochlorite:

C6H5OH + 8ClO– ( CHCOOH = 8Cl– + 2CO2 + H2O

| |

CHCOOH

In the process of the action of natural detoxifying mechanisms such products are continuously formed in the body and are either low- or non-toxic at all. This factor seems to determine a lower AN toxicity as compared to A one.

5.7. Effect of catholyte on immunogenesis mechanisms.

Effect of catholyte on immunogenesis indices in SVA mice was investigated in the medical center of “Espero” firm (Tashkent). Isotonic catholyte solution based on sodium chloride physiological solution was produced with the help of an “Espero-1” electrochemical device (81). Sheep blood erythrocyte suspension in a common saline solution (control) and in catholyte based on saline solution was once injected to mice intramuscularly. Sheep blood erythrocytes are antigens and cause an immune response in mice. When erythrocyte suspension was introduced to mice in catholyte, increase of antibody forming cells in the spleen was 4–6 times higher than in the control group. As ORP of catholyte, which was the base for erythrocyte suspension decreased to (–800) mV, CSE, relative content of unsaturated fatty acids in splenocytes’ cellular membranes was 15–30% higher than the initial level. This fact indicates elevated anti-oxidant activity of splenocytes’ cellular membranes resulting from the action of a cathodically activated solution. There were no signs of destruction of splenocytes’ cellular membrane lipid phase in animals receiving injections of erythrocyte suspension prepared with catholyte.

Intramuscular introduction of catholyte isotonic solution to mice with anemia caused by hydrochloric phenylhydrazine was associated with hemopoiesis stimulation. This was accompanied by a 2–3 times more intensive immune response to additional introduction of sheep blood erythrocyte suspension. Catholyte increased T- and B-lymphocyte interaction in the process of immune response to sheep erythrocytes’ antigen when lymphoid cells were introduced to lethally irradiated SVA mice, and inhibited the formation of antigen-specific T-suppressors.

On the background of toxic CCl4-induced hepatitis in SVA mice catholyte injections produced correcting action on immunogenesis reduced in animals with the given form of experimental pathology. After catholyte injections performed to sick mice, the intensity of immune response to sheep blood erythrocyte antigen returned to a normal level.

5.8. Radioprotector and radiosensitizing properties of ECA-solutions.

In 1981, the scientists of Tashkent branch of All-Union Research Center of Surgery, USSR Adademy of Medical Sciences carried out investigations of radioprotector and radiosensitizing properties of ECA solutions (82). With this purpose SVA mice were subjected to a lethal dose (DL95) of X-ray irradiation. Control group of animals received common (non-activated) water. Test mice received catholyte and anolyte based on low-mineralized water. Aqueous solutions were fed to the cages through special riffles.

As a result, in the control group mortality rate was 96%, and in the group of irradiated mice drinking catholyte – 10%, respectively. That is, 90% of mice receiving catholyte survived after exposure to lethal doses of irradiation.

After lethal irradiation all (100%) mice drinking anolyte perished very quickly in comparison with the control group. Thus, catholyte manifested itself as an efficient radioprotector, whereas anolyte accelerated the course of radiation sickness and enhanced the lethal effect of radiation.

Physical and chemical radioprotectors are known to prolong the life of irradiated organisms (83, 84). On the contrary, emergence of active radicals in the tissues causes radiosensitization effect. “Radiosensitization method with the help of electron-acceptor compounds (EAC) is one or the most widely studied methods today. Among the most prominent features of EAC is that they do not sensitize cells in the presence of oxygen because of their non-competitiveness with oxygen in the interaction with target (tissue) radicals. Since hypoxic cells are present only in tumors and are practically absent in normal tissues, there are prerequisites for selective radiosensitization of tumors as compared to normal tissues.” (85) It is worth mentioning that activated anolyte can be used for this purpose.

5.9. Effect of catholyte and anolyte on leaf catalase activity of wheat grown from seeds soaked in ECA solutions.

Wheat grains before germination and in the process of growing on nutrient media were moistened with non-activated drinking water (control), with weak solutions of hydrochloric acid and sodium hydroxide, acid anolyte and drinking water catholyte (86). Parameters of ECA solutions were the following: A–pH=4.7; ORP=640 mV, CSE; �C–pH=9.3; ORP=(–580) mV, CSE. Catalase activity was assessed in triturated leaves of green plants. The experiments result: the rate of oxygen liberation in the process of breaking down hydrogen peroxide by the catalase of wheat grown on activated water (catholyte and anolyte) is twice higher than in the control group. Specific oxygen consumption for a unit of green mass was also 6–12% higher for wheat grown on ECA solutions. In the given case, increased catalase activity of wheat leaves seemed to be hardly dependent on water activation sign when the grains were soaked before germination.

5.10. Effect of ECA solutions on the kinetics of proteolysis in vitro.

The laboratory of electrochemical and membranous technologies of VNIIIMT AO NPO “Ekran” conducted studies of the proteolysis kinetics of protein suspension produced by way of thermal treatment of horned cattle blood serum. 20–40 ml of serum was swiftly injected into 0.5 l of boiling distilled water. The resulting turbid suspension of protein coagulated particles of 2–3 micrometers in size was diluted at a ratio of 1:10 with the following solutions:

a saline solution of sodium chloride;

a saline solution of sodium chloride with pH brought to 11.0 by adding KOH;

catholyte of sodium chloride saline solution with pH=11.0 and ORP=(–600) mV, CSE;

a saline solution of sodium chloride prepared on catholyte of low-mineralized tap water by way of bringing it to isotonic state (parameters of the saline solution based on catholyte : pH=10.8; ORP=(–570) mV, CSE).

To the indicated dilutions a proteolytic enzyme (-chemotrypsin was added at a weight ratio of 1:105. The enzyme was not added to the tested dilutions in control samples. Protein particles’ lysis was carried out in test tubes in the presence of the enzyme at t = 22 (C. Dynamics of enzymolysis was assessed by alterations in the optic density of the solution which decreased as protein particles’ lysis went on. Measurement of optic density, which could change due to the solutions getting old and pH altering, was also performed in control samples.

Measurement of optic density of the tested samples was done with the help of a KFK�2 spectrophotometer.

Adding a suspension of coagulated protein particles to a source saline solution with pH=5.8–6.1 was followed by pH increase to 6.9–7.6. At that, the optic density of protein suspensions mostly did not change for several hours. In some samples the suspension dispersion of a source saline solution changed towards increasing the size of suspended protein particles, which quickly deposited on the bottom of a test tube, correspondingly clearing the liquid above the sediment. That is, in these samples protein suspension after standing in a common saline solution became coarse disperse. To clear the suspension for 90%, enzymolysis of a source saline solution should take 55–60 minutes. In coarse disperse suspensions enzymatic decomposition of protein particles either did not occur, or was extremely slowed down.

In a saline solution alkalinized to pH=11.0, as well as in saline solution catholyte and a saline solution prepared on catholyte, addition of protein suspension decreased pH value to 10.2–10.5. In these conditions, the suspension’s optic density remained steady throughout the whole period of observation, with no enzyme added. Enzymolysis in a common (non-activated) saline solution alkalinized by KOH lasted 120–140 minutes, until the suspension became clear by 90%. When enzymolysis was performed in the catholyte of a saline solution, 90% clearance of protein suspension took 30–40 minutes (much shorter than in non-activated medium). Residual optic density of a protein suspension after catholyte enzymolysis had been over was 2–3 times lower than residual optic density of the suspension after the end of enzymolysis in a saline solution, a common or an alkalinized one (see Fig. 5.2). Consequently, in the given case, sublimation of protein particles was especially profound.

The enzyme acted most efficiently in a saline solution based on catholyte of low-mineralized water (i.e. in catholyte of water rendered isotonic). Under these conditions enzymolysis up to 90% suspension clearance lasted 15–20 minutes. Residual optic density in these tests was analogous to that during enzymolysis in non-activated solutions.
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Fig. 5.2.�Finitics of protiolysis in model solutions in vitro.�1. Based on non-activated saline solution, 2. in catholyte of saline solution, 3. in saline solution prepared in drinking water catholyed.�D – optical density of model solution

In acid anolyte of a saline solution (pH=2.0; ORP=950 mV, CSE), as well as in acid anolyte of fresh water rendered isotonic (pH=2.2; ORP=930 mV, CSE) protein suspensions underwent additional coagulation, protein aggregates became consolidated and swiftly deposited on the test tube bottom. In such conditions no enzymolysis occurred.

A study of interaction between enzymatic agent acidin-pepsin, and drinking water and catholyte of low-mineralized water was undertaken. In drinking water tablets of acidin-pepsin (1 tablet for 50 ml) were dissolved as big macroscopic flakes. In fresh catholyte of drinking water the tablets of this preparation were dissolved during 1–2 minutes as finely dispersed suspension. “Live water” in stomach cavity is likely to induce nutritive substrates’ digestion due to their greater dispersion. Considerable influence of drinking water catholyte on gastric juice pH is unlikely because of high acid capacity of gastric milieu (at normal secretion) and low catholyte buffer ability. Table 5.7 shows the values of pH and ORP of source drinking water, catholyte of drinking water (of 0.2 g/l mineralization) and the pH and ORP values of 5% solution of acidin-pepsin in drinking water and in the catholyte of drinking water. Acidin-pepsin solutions simulate gastric milieu, which is formed in the process of drinking common fresh water and the catholyte of drinking water.

Table 5.7

The pH and ORP parameters of 5% acidin-pepsin solution �in common drinking water and in the catholyte of drinking water

Parameters�Source solvents�5% acidin-pepsin���water�catholyte�in water�in catholyte��pH�7.6 ( 0.2�10.2 ( 0.3�2.4 ( 0.1�2.4 ( 0.2��ORP, mV, CSE�270 ( 20�–50 ( 10�280 ( 20�130 ( 15��

The table indicates that alkaline catholyte of ultra-fresh water does not affect the pH of the solution simulating gastric juice, but the ORP of model solution decreases by 150 mV.

5.11. Watering broiler chickens and meat hens with cathodically activated drinking water.

At the experimental farm of Research and Technology Institute for Poultry Farming (Sergiev Posad) watering broiler chickens with activated drinking water (of mineralization up to 0.7 g/l) was carried out. With this purpose the catholyte of drinking water of �pH=8–9 and ORP=from (–225) to (–530) mV, CSE was produced with the help of ELHA electrochemical activators (immersion, static and flow). Broilers drinking catholyte with the above mentioned parameters manifested marked increment of live mass. C in the alimentary tract of birds in the process of its contact with fodder is assumed to stimulate its digestion and assimilation, which is likely to be caused by improved sublimation of nutritional mass in the gastric contents. Watering chickens with C having pH=9–12 and ORP=from (–550) to (–700) mV, CSE; or A with pH=2–3 and ORP=850–950 mV, CSE induces severe inhibition of digestive enzymes.

Watering birds with weak anolyte of tap water (ORP not exceeding 275 mV, CSE) stimulates increase of body weight. In this case, anodic activation of water was minimal, ORP shift relative to initial values being only several dozen mV. Further elevation of anolyte ORP negatively affects body weight increase.

Optional regimen of watering broilers with catholyte is the following: C with pH=8�9; ORP=from (–500) to (–600) mV, CSE, watering sessions of 1.5 hours every 1.5 hours, combined with periodic feedings for 1 hour with intervals of 2 hours each. In other words, catholyte watering had been finished half an hour before the following feeding started. Raising chickens of “Gibro” cross at this regimen of feeding and C watering ensured weight gains of 8.4±0.05% when fodder consumption was reduced by 10.8±0.2%. Watering requirement of birds decreased by 4.8±0.1% rated for 1 kg of gain. Yield of first grade carcasses increased by 8.1±0.1%, while conserving poultry stock at 98.2±1.4%. Raised content of vitamins A and B2 in the liver by 20.4% and 9.7% as compared to control was observed in chickens drinking C. Assimilation of nitrogen, fat, calcium, phosphorus rose. In the blood of poultry watered with C hemoglobin concentration increased by 9% and erythrocyte number by 12%. Cost effectiveness was about 10%.

In further experiments (88) meat hens were given water treated in the cathodic chamber of a diaphragm electrolyzer, with ORP=from (–400) to (–800) mV, CSE. Each group of birds was watered with C having only one fixed ORP parameter. The birds of the control group received common water with ORP=120 mV, CSE. It was experimentally found that the best results of fodder consumption and its expenditure for every 1000 eggs were obtained in hens which were watered with C having ORP not lower than (–600) mV, CSE. In this group of birds, fodder expenditure was 6.4% lower in comparison with the control group. The given effect greatly depended on regularity of watering and feeding periods. The most efficient are time intervals of C feeding to drinking bowls 3 hours prior to and 2 hours after feeding (89).

To prevent salmonellosis of meat hens they were watered with C and A solutions in conformity with the following regimen (90). The birds received C with ORP from (–400) to (–800) mV, CSE. Watering the poultry with C was performed on feeding days during feeding and for two hours after it. On fasting days in the period of pubescence the birds were given A with ORP=500–1100 mV, CSE. Pullets whose oval follicles were affected with salmonellas, and receiving C with ORP over 600 mV, CSE, made up 1% of an entire flock as compared to 4% of the control group drinking common water. Anolyte produced in the course of weak anodic treatment, with ORP not higher than 600 mV, CSE, is inefficient in salmonellosis prevention.

Salmonellas and other pathogens of infectious diseases penetrate into the egg both in the process of its formation in the oviduct, and during its passage through the uterus, the vagina and the cloaca. Anolyte reduces salmonella seeding of the birds’ small intestine by approximately 10–20 times. At the same time the risk of contaminating oval follicles decreases 4 fold.

Watering chickens with C having ORP from (–500) to (–600) mV, CSE, which contributed to raising blood hemoglobin and erythrocyte content, caused some reduction of leukocyte count that could be regarded as a tendency towards lowering inflammation potential of the body (91). The most complete assimilation of nitrogenous fertilizers, vitamins, fats and mineral components by broilers, as well as the maximum general anabolic effect was achieved when chickens were watered with C having �ORP=(–500(50) mV, CSE (92, 93, 94).

5.12. Application of STEL devices in Latvia.

In 1988–1991, Latvian authorities for application in the farmers’ economy purchased a batch of first generation STEL devices. Catholyte produced by STEL devices was successfully used for watering weakened calves. In Limbage region of Latvia C was used for watering milk-fed calves (reported by Zootechnician M. Rudaite), the gains increased by 17–32% in 3 months’ time. In a group of weakened calves drinking C, no mortality cases were registered. Mortality rate in the control group was about 75%.

In “Uzvira” sovkhoz of Limbagi region of Latvia Zootechnician G. Dupuzhe watered pigs with C and registered double gain. He attributed this fantastic effect to the fact that the animals were relieved from diarrhea caused by inadequate feeding.

In “Ulbroka” sovkhoz (Chief Zootechnician Ya. Paulane) A and C were given to different groups of pigs. Thanks to that the farm got rid of dysentery and problems associated with diarrhea of pigs. In 4 months, medications’ saving alone made up 15 thousand rubles in prices of 1989. High extracting ability of C was discovered while treating agricultural raw materials (95).
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