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Abstract

Since the sensitivity of pathogenic bacteria to antibiotics creates intractable problems, doctors are forced to look for other
anti-inflammatory means. Considering this, the anti-inflammatory properties of copper metal and its alloys deserve
attention. At the same time, the lack of acceptable ideas about the nature of the phenomena that determine the anti-
inflammatory properties of metallic copper and its alloys complicates their medical use. Given this state of affairs, it is
proposed here to link the anti-inflammatory effect of metallic copper and its alloys with their ability to negatively electrify
both human tissue and the bacteria and viruses present in them. This article presents the facts and ideas on which this

proposal is based.
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Introduction

It was previously established that a number of microorganisms pathogenic
to humans quickly die upon contact with the surfaces of metallic copper
and copper alloys at room temperature. In particular, it has been shown
that contact with such surfaces is fatal both for pathogenic bacteria such
as Salmonella enterica, Campylobacter jejuni, Escherichia coli,
Staphylococcus aureus, Clostridium tetani, Listeria (along with their
forms insensitive to antibiotics), and for polio viruses, influenza A,
bacteriophage T7, etc. [1-14]. These properties of metallic copper and its
alloys were usually associated with the direct effect of copper ions on
biological molecules, as well as with the indirect effect of ROS that occurs
upon contact with metallic copper and its alloys [2, 15-21].

Although these explanations have become generally accepted, their
universality is questionable, since the application of corrosion-resistant
copper alloys, which are not capable of releasing copper ions, to human
skin also produces an anti-inflammatory effect [22]. In addition, these
explanations do not take into account the fact that it is ROS that contribute
to various human diseases, including inflammatory diseases [23-25], as
well as the fact that the contact of copper metal and copper alloys with
human skin is beneficial for humans [22]. Taking all this into account, it
was suggested that the healing properties of metallic copper and its alloys
are due to their electron-donating ability in relation to aqueous media.

It is worth noting here that this assumption was based on Kyon's rule:
when two phases come into contact, the phase with a higher dielectric
permeability acquires a positive charge, and the phase with a lower
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dielectric permeability acquires a negative charge [26]. So, since the
dielectric permeability of water is ~ 81 at room temperature and ~ 75 at
37 °C [26-28], while the dielectric permeability of metals is usually taken
equal to oo [28], all corrosion-resistant metals, i.e. not releasing the
corresponding ions into aqueous environments must acquire a positive
charge, and their aqueous environment must acquire a negative charge. At
the same time, this assumption took into account the fact that copper is
located immediately after hydrogen in the electrochemical voltage series
and, therefore, gives up electrons more easily than other corrosion-
resistant metals [26].

Thus, an explanation for the antifungal, antibacterial and antiviral
properties of metallic copper and its alloys was proposed that differs from
the generally accepted one. Given the unusual nature of this explanation,
it needed obvious evidences. Taking this into account, experiments were
carried out, the results of which can be considered as necessary evidence.
I hope that the presented results and their interpretation will be useful to
doctors of various specialties.

Materials and methods

Firstly, the previously established dependence of the shape of salt crystals
on the electrical potential of the water used to dissolve it was used here
(Figures 1-3).
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Figure 1. It is the crystals that formed after the drying of solutions of KH2POs prepared on the water with potentials of +250 mV (left) and —250 mV
(right) [29].

Figure 2. Left: intensely blue (i.e. more hydrated [26, 27]) prismatic crystals formed in a CuSOa solution prepared with positively charged water.
Right: pale blue or colourless (i.e. less hydrated or completely dehydrated [26, 27]) vegetable crystals formed in a CuSOj4 solution prepared with
negatively charged water).

Figure 3. Real "bouquets of flowers" are formed in drying NaCl solutions prepared in negatively charged water [30].

Apparently, all these results (Fig. 1-3) may be of interest to doctors who
use phenomena known as “arborization” or “ferning” for diagnostic
purposes [31-36].

In addition, the previously established dependence of the UV absorption
spectra of DNA on the electrical potential of the water used to prepare
DNA solutions [29, 30, 37, 38] was used here.

Sodium salt of DNA was purchased from Fluka (Switzerland); the
remaining reagents were purchased from the “Ukrrekhim” (Ukraine).
Since contact with “copper” coins, which are not actually made of pure
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metallic copper, but of corrosion-resistant copper alloys, cannot a priori
be harmful to humans, they were used in this study.

UV absorption spectra of aqueous DNA solutions were recorded using
Specord UV VIS (Carl Zeiss Jena, Germany).

Results
Negative electrization of aqueous media in contact with coins.

The results of numerous experiments have made it possible to verify that
coins cause arborization in aquatic environments (Figures 4 — 8).
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Figure 4. This is a "copper" coin surrounded by a dried K2COs solution prepared in uncharged water; in this case, distinct needle-shaped crystals
form around the coin [39].

Figure 5. This is a "copper" coin surrounded by a dried MgSO4 solution prepared in uncharged water; in this case, needle-shaped crystals also form
around the coin.

Figure 6. This is a "copper" coin surrounded by a dried CuCl» solution prepared in uncharged water; in this case, distinct plant-type crystals are formed
[39].
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Figure 7. This is a "copper" coin surrounded by a dried collagen solution containing KCl, prepared in uncharged water; in this case, plant-like
crystals also form around the coin.

Figure 8. This is a "copper" coin surrounded by a dried collagen solution containing CuSOa, prepared in uncharged water; in this case, both needle-
like and plant-like crystals form around the coin.

It appears that the results presented in Figures 7 and 8 are worth comparing with the result presented in Figure 9.

Figure 9. These are branches on the inner surface of the test tube formed during the drying process of a collagen solution prepared in negatively
charged water.

So, the obtained results (Figures 4 — 8) make it possible to verify the  negative electrization in their aquatic environment.
arborization of aqueous media in contact with coins. Considering the UV absorption of aqueous DNA solutions in contact with coins

results presented above (Figures 1 — 3), this means that the coins cause . . . .
P (Figu ) The UV absorption of aqueous solutions of DNA in contact with “copper”
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coins was also studied. Thus, it was found that there was not only a
noticeable decrease in the UV absorption of aqueous solutions of DNA in
contact with “copper” coins, but also a complete disappearance of peaks
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at a wavelength of 260 nm in the UV absorption spectra of such solutions
(Figure 10).
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Figure 10. UV absorption spectra of aqueous solutions with the same DNA concentration (~20 °C): 1 — solution not in contact with the “copper” coin
(control); 2 — solution that was in contact with a “copper” coin for 48 hours.

Both spectra were recorded against air and were not processed after
recording.

Both of these spectra (Figure 10) should be compared with previous
results, which showed that bubbling aqueous DNA solutions with oxygen
gas is accompanied by an increase in their Aze0, while bubbling aqueous
DNA solutions with nitrogen gas is accompanied by a decrease in their
Azeo [40,41]. Apparently, it is precisely this comparison that indicates that
the decrease in Axeo of aqueous DNA solutions upon contact with
“copper” coins (Figure 10) cannot be associated with the appearance of
ROS in these solutions. At the same time, a comparison of both of these
spectra (Figure 10) with the UV absorption spectra of aqueous DNA
solutions prepared in oppositely charged waters [29, 37], as well as with
the UV absorption spectra of aqueous suspensions of lymphocytes in
healthy people and patients with B-cellular chronic lymphocytic leukemia
[38] indicates negative electrization of aqueous solutions of DNA upon
contact with “copper” coins.

Discussion

Thus, there are enough results (Figures 4 — 8, 10) indicating the ability of
“copper” coins to negatively electrify the aquatic environment. This,
accordingly, allows assuming that it is this ability of metallic copper and
its alloys that provides their anti-inflammatory properties. Since this
assumption does not seem obvious, it deserves separate discussion.

So, it is believed that it is the proton motive force (PMF) that ensures the
active transport of glucose into bacteria, the synthesis of ATP in bacteria,
and, finally, the motility of bacteria [42]. It is also believed that the
existence of PMF is ensured by the extracellular concentration of protons,
which determines the steepness of proton gradients around bacterial
membranes [43 — 45]. Therefore, it is quite expected that a decrease in
this steepness will weaken the PMF with all the expected consequences.
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Taking all this into account, it seems quite reasonable to assume that the
anti-inflammatory effect of “copper” coins is determined by their ability
to enrich the bacterial environment with electrons that can neutralize the
protons present there:
H*+e— H* (1).

(It is worth noting here that assumption fits well with the idea that
bacterial antimicrobial resistance is controlled by bacterial PMF [42].)
It is also worth considering that the human body has a buffer system based
on the chemical properties of bicarbonates [46 — 48], which allows the
irreversible removal of protons from the human body:

H" + HCO3s~ — H2CO3— H20 + CO21 (2).

Thus, “copper” coins can be perceived as a means of helping a person’s
bicarbonate buffer system rid his body of excess protons and thereby
complicate the life of bacteria.

At the same time, all of the above allows expecting that “copper” coins
are capable of reproducing the therapeutic effects of dimethyl sulfoxide
(DMSO) [49 — 51], based mainly on its ability to attach aqueous protons
[26], in particular those that are pathogenic to humans [52, 53].

On the other hand, equation (1) allows perceiving “copper” coins in
contact with the human body as a source of hydrogen gas, the anti-
inflammatory properties of which are well known [54 — 57]. Moreover,
the same equation (1) allows considering “copper” coins as substitutes for
hydrogen therapy, in particular anti-cancer therapy [58 — 66].

Conclusion

Recognizing the fact that the proton gradient around bacterial membranes
determines the intensity of bacterial metabolism, including energy
metabolism [42 — 45], it can be foreseen that the destruction of such a
gradient will reduce bacterial pathogenicity. Therefore, the destruction of
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such a gradient with the help of negative electrization of the bacterial
environment seems quite desirable both for patients and for their doctors.
Thus, “copper” coins, which combine pronounced electron-donating
properties in relation to aqueous environments (Figures 4 — 8, 10) and
corrosion resistance, seem to be a completely acceptable antibacterial
agent.

Taking into account all these considerations, one can expect from
“copper” coins the same antiviral properties that are inherent in metallic
copper [9], assuming, of course, that any antiviral activity is based on
negative electrization [67].

Thus, it is likely that any anti-inflammatory effect of “copper” coins is
associated with their ability to electrify the human body as negatively as
any aquatic environment. This, in turn, suggests that copper coins used as
anti-inflammatory agents need to restore their electron-donating abilities;
experience shows that this restoration occurs quite successfully in water-
ethanol solutions of citric acid stored in the dark. Apparently, it is also
worth noting that the anti-inflammatory effect of “copper” coins can be
enhanced by geomagnetic forces that direct electrons downward [58, 68];
thus, the location of the "copper" coins on the patient's body also matters.
(Naturally, all this must be taken into account when expecting the
restorative effect of “copper” coins on neurons [39], in particular, those
damaged during surgery.)

References

1. Avakyan Z.A. and Rabotnova V. (1966). Determination of the
Copper  Concentration  Toxic to  Micro-Organisms.
Microbiology. 35;682-687. In Russian.

2. Domek M.J., Robbins. J.E., Anderson M.E., McFeters G.A.
(1987). Metabolism of Escherichia coli injured by copper.
Canadian Journal of Microbiology. 33(1); 57-62.

3. Ug A. Ceylan O. (2003). Occurrence of resistance to
antibiotics, metals, and plasmids in clinical strains of
Staphylococcus spp. Archives of Medical Research, 34(2); 130-
136.

4. Faundez G., M. Troncoso, P. N. Figueroa G. (2004).
Antimicrobial activity of copper surfaces against suspensions
of Salmonella enterica and Campylobacter jejuni. BMC
Microbiology. 4.

5. Wilks S.A., Michels H., Keevil C.W. (2005). The survival of
Escherichia coli O157 on a range of metal surfaces.
International Journal of Food Microbiology. 105(3); 445-454.

6. Michels H.T., Wilks S.A., Noyce J.O., Keevil C.W. (2005).
Copper alloys for human infectious disease control. Materials
Science and Technology Conference. Pittsburgh, 25-28.

7. Wilks S.A., Michels H.T., Keevil C.W. (2006). Survival of
Listeria monocytogenes Scott A on metal surfaces: implications
for cross-contamination. International Journal of Food
Microbiology. 111(2);93-98.

8. Noyce J.O., Michels H., Keevil C. W. (2006). Potential use of
copper surfaces to reduce survival of epidemic methicillin-
resistant Staphylococcus aureus in the healthcare environment.
Journal of Hospital Infection. 63(3); 289-297.

9. Noyce. J.O., Michels H., Keevil C.W. (2007). Inactivation of
Influenza A Virus on copper versus stainless steel surfaces.
Applied and Environmental Microbiology. 73(8);2748-2750.

10. Weaver L., Michels H.T., Keevil C.W. (2008). Survival of
Clostridium difficile on copper and steel: futuristic options for
hospital hygiene. The Journal of Hospital Infection. 68(2);145-
151.

11. Michels H.T., Noyce J.O., Keevil C.W. (2009). Effects of
temperature and humidity on the efficacy of methicillin-
resistant Staphylococcus aureus challenged antimicrobial
materials containing silver and copper. Letters in Applied
Microbiology. 49(2);191-195.

12. Weaver L., Michels H.T., Keevil C.W. (2010). Potential for

Auctores Publishing — Volume 4(1)-103 www.auctoresonline.org
ISSN: 2693-2156

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Copy rights@ Yuri Pivovarenko,
preventing spread of fungi in air-conditioning systems
constructed using copper instead of aluminum. Letters in
Applied Microbiology. 50(1);18-23.

Michels H., Moran W., Michel J. (2015). Antimicrobial
properties of copper alloy surfaces, with a focus on hospital-
acquired infections. International Journal of Metalcasting,
2;47-56.

Intisar S., Parkin L.P. and Allan E. (2021). Copper as an
antimicrobial agent: recent advances. RSC Advances.
11(30);18179-18186.

Samuni A., Aronovitch J., Godinger D. et al. (1983). On the
cytotoxicity of vitamin C and metal ions. A site-specific Fenton
mechanism. European Journal of Biochemistry. 137(1-2); 119-
24.

Samuni A., Chevion M., Czapski G. (1984). Roles of copper
and O (2) in the radiation-induced inactivation of T7
Bacteriophage. Radiation Research. 99(3);562-572.

Thurman R.B., Gerba C.P. (1989). The molecular mechanisms
of copper and silver ion disinfection of bacteria and viruses.
Critical Reviews in Environmental Control. 18(4);295-315.
Manzl C., Enrich J., Ebner. H., Dallinger R., Krumschnabel G.
(2004). Copper-induced formation of reactive oxygen species
causes cell death and disruption of calcium homeostasis in trout
hepatocytes. Toxicology. 196(1-2);57-64.

Barker J., Vipond [.B. AND Bloomfield S.F. (2004). Effects of
cleaning and disinfection in reducing the spread of Norovirus
contamination via environmental surfaces. The Journal of
Hospital Infection. 58(1);42-49.

Chudobova D., Dostalova S., Ruttkay-Nedecky B. et al. (2015).
The effect of metal ions on Staphylococcus aureus revealed by
biochemical and mass spectrometric analyses. Microbiological
Research. 170;147-156.

Ngwewa F., Kasali G., Mkupasi E.M. and Katakweba A.A.S.
(2022). Effects of heavy metals on bacterial growth,
biochemical properties and antimicrobial susceptibility.
Journal of Applied & Environmental Microbiology. 10(1); 9-16.
Safonova N.M. (1993). Report at the institute of health resort
on February 19, 1982; Summary of the report in the book
"Healer of the Spirit and Body." Kharkov: Basis. In Russian.
Mittal M., Siddiqui M.R., Tran K. et al. (2014). Reactive
oxygen species in inflammation and tissue injury. Antioxidants
& Redox Signaling. 20(7);1126-1167.

Chelombitko M.A. (2018). Role of reactive oxygen species in
inflammation: a minireview. Moscow University Biological
Sciences Bulletin. 73;199-202.

Liu J., Han X., Zhang T. et al. (2023). Reactive oxygen species
(ROS) scavenging biomaterials for anti-inflammatory diseases:
from mechanism to therapy. Journal of Hematology &
Oncology. 16(1).

Nekrasov B.V. (1974). General chemistry, 1.
Chemistry. In Russian.

Nekrasov B.V. (2003). Bases of general chemistry. St.
Petersburg: Lan. In Russian.

Kuchling, H. (1980). Physik. Leipzig: VEB Fachbuchverlag. In
German.

Pivovarenko Y. (2018). £Water: Demonstration of Water
Properties, Depending on its Electrical Potential, World Journal
of Applied Physics, 3(1);13-18.

Pivovarenko Y. (2020). Influence of glass and air on our
perception of DNA. European Journal of Biophysics. 8(1);10-
15.

Zondek B., Rozin S. (1954). Cervical mucus arborization; its
use in the determination of corpus luteum function. Obstetrics
and Gynecology. 3(5);463-470.

Heron H.J. (1963). The fern phenomenon or arborization test.
The Australian & New Zealand Journal of Obstetrics &
Gynecology. 3;35-39.

Moscow:

Page 6 of 4


https://europepmc.org/article/med/6002782
https://europepmc.org/article/med/6002782
https://europepmc.org/article/med/6002782
https://cdnsciencepub.com/doi/abs/10.1139/m87-010
https://cdnsciencepub.com/doi/abs/10.1139/m87-010
https://cdnsciencepub.com/doi/abs/10.1139/m87-010
https://www.sciencedirect.com/science/article/pii/S0188440903000067
https://www.sciencedirect.com/science/article/pii/S0188440903000067
https://www.sciencedirect.com/science/article/pii/S0188440903000067
https://www.sciencedirect.com/science/article/pii/S0188440903000067
https://link.springer.com/article/10.1186/1471-2180-4-19
https://link.springer.com/article/10.1186/1471-2180-4-19
https://link.springer.com/article/10.1186/1471-2180-4-19
https://link.springer.com/article/10.1186/1471-2180-4-19
https://www.sciencedirect.com/science/article/pii/S0168160505003466
https://www.sciencedirect.com/science/article/pii/S0168160505003466
https://www.sciencedirect.com/science/article/pii/S0168160505003466
https://www.academia.edu/download/82857496/michels-cu-infectious-control.pdf
https://www.academia.edu/download/82857496/michels-cu-infectious-control.pdf
https://www.academia.edu/download/82857496/michels-cu-infectious-control.pdf
https://www.sciencedirect.com/science/article/pii/S0168160506002431
https://www.sciencedirect.com/science/article/pii/S0168160506002431
https://www.sciencedirect.com/science/article/pii/S0168160506002431
https://www.sciencedirect.com/science/article/pii/S0168160506002431
https://www.sciencedirect.com/science/article/pii/S0195670106000375
https://www.sciencedirect.com/science/article/pii/S0195670106000375
https://www.sciencedirect.com/science/article/pii/S0195670106000375
https://www.sciencedirect.com/science/article/pii/S0195670106000375
https://journals.asm.org/doi/abs/10.1128/aem.01139-06
https://journals.asm.org/doi/abs/10.1128/aem.01139-06
https://journals.asm.org/doi/abs/10.1128/aem.01139-06
https://www.sciencedirect.com/science/article/pii/S0195670107004173
https://www.sciencedirect.com/science/article/pii/S0195670107004173
https://www.sciencedirect.com/science/article/pii/S0195670107004173
https://www.sciencedirect.com/science/article/pii/S0195670107004173
https://academic.oup.com/lambio/article-abstract/49/2/191/6701055
https://academic.oup.com/lambio/article-abstract/49/2/191/6701055
https://academic.oup.com/lambio/article-abstract/49/2/191/6701055
https://academic.oup.com/lambio/article-abstract/49/2/191/6701055
https://academic.oup.com/lambio/article-abstract/49/2/191/6701055
https://academic.oup.com/lambio/article-abstract/50/1/18/6701217
https://academic.oup.com/lambio/article-abstract/50/1/18/6701217
https://academic.oup.com/lambio/article-abstract/50/1/18/6701217
https://academic.oup.com/lambio/article-abstract/50/1/18/6701217
https://link.springer.com/article/10.1007/BF03355432
https://link.springer.com/article/10.1007/BF03355432
https://link.springer.com/article/10.1007/BF03355432
https://link.springer.com/article/10.1007/BF03355432
https://pubs.rsc.org/en/content/articlehtml/2021/ra/d1ra02149d
https://pubs.rsc.org/en/content/articlehtml/2021/ra/d1ra02149d
https://pubs.rsc.org/en/content/articlehtml/2021/ra/d1ra02149d
https://febs.onlinelibrary.wiley.com/doi/abs/10.1111/j.1432-1033.1983.tb07804.x
https://febs.onlinelibrary.wiley.com/doi/abs/10.1111/j.1432-1033.1983.tb07804.x
https://febs.onlinelibrary.wiley.com/doi/abs/10.1111/j.1432-1033.1983.tb07804.x
https://febs.onlinelibrary.wiley.com/doi/abs/10.1111/j.1432-1033.1983.tb07804.x
https://meridian.allenpress.com/radiation-research/article-abstract/99/3/562/48103
https://meridian.allenpress.com/radiation-research/article-abstract/99/3/562/48103
https://meridian.allenpress.com/radiation-research/article-abstract/99/3/562/48103
https://www.tandfonline.com/doi/abs/10.1080/10643388909388351
https://www.tandfonline.com/doi/abs/10.1080/10643388909388351
https://www.tandfonline.com/doi/abs/10.1080/10643388909388351
https://www.sciencedirect.com/science/article/pii/S0300483X03005006
https://www.sciencedirect.com/science/article/pii/S0300483X03005006
https://www.sciencedirect.com/science/article/pii/S0300483X03005006
https://www.sciencedirect.com/science/article/pii/S0300483X03005006
https://www.sciencedirect.com/science/article/pii/S0195670104002087
https://www.sciencedirect.com/science/article/pii/S0195670104002087
https://www.sciencedirect.com/science/article/pii/S0195670104002087
https://www.sciencedirect.com/science/article/pii/S0195670104002087
https://www.sciencedirect.com/science/article/pii/S0944501314000895
https://www.sciencedirect.com/science/article/pii/S0944501314000895
https://www.sciencedirect.com/science/article/pii/S0944501314000895
https://www.sciencedirect.com/science/article/pii/S0944501314000895
http://article.appliedenvironmentalmicrobiology.com/pdf/jaem-10-1-2.pdf
http://article.appliedenvironmentalmicrobiology.com/pdf/jaem-10-1-2.pdf
http://article.appliedenvironmentalmicrobiology.com/pdf/jaem-10-1-2.pdf
http://article.appliedenvironmentalmicrobiology.com/pdf/jaem-10-1-2.pdf
https://www.liebertpub.com/doi/10.1089%2Fars.2012.5149
https://www.liebertpub.com/doi/10.1089%2Fars.2012.5149
https://www.liebertpub.com/doi/10.1089%2Fars.2012.5149
https://link.springer.com/article/10.3103/S009639251804003X
https://link.springer.com/article/10.3103/S009639251804003X
https://link.springer.com/article/10.3103/S009639251804003X
https://link.springer.com/article/10.1186/s13045-023-01512-7
https://link.springer.com/article/10.1186/s13045-023-01512-7
https://link.springer.com/article/10.1186/s13045-023-01512-7
https://link.springer.com/article/10.1186/s13045-023-01512-7
https://www.terrahumana.ru/arhiv/15_01/15_01_38.pdf'
https://www.terrahumana.ru/arhiv/15_01/15_01_38.pdf'
http://rexresearch.com/stuff/92018stuff/PivovarenkoWater.pdf
http://rexresearch.com/stuff/92018stuff/PivovarenkoWater.pdf
http://rexresearch.com/stuff/92018stuff/PivovarenkoWater.pdf
https://pdfs.semanticscholar.org/a5a3/62129d3ab080ae7a5e684f7419e65edf016e.pdf
https://pdfs.semanticscholar.org/a5a3/62129d3ab080ae7a5e684f7419e65edf016e.pdf
https://pdfs.semanticscholar.org/a5a3/62129d3ab080ae7a5e684f7419e65edf016e.pdf
https://journals.lww.com/greenjournal/citation/1954/05000/cervical_mucus_arborization__its_use_in_the.1.aspx
https://journals.lww.com/greenjournal/citation/1954/05000/cervical_mucus_arborization__its_use_in_the.1.aspx
https://journals.lww.com/greenjournal/citation/1954/05000/cervical_mucus_arborization__its_use_in_the.1.aspx
https://obgyn.onlinelibrary.wiley.com/doi/abs/10.1111/j.1479-828X.1963.tb00211.x
https://obgyn.onlinelibrary.wiley.com/doi/abs/10.1111/j.1479-828X.1963.tb00211.x
https://obgyn.onlinelibrary.wiley.com/doi/abs/10.1111/j.1479-828X.1963.tb00211.x

J. Thoracic Disease and Cardiothoracic Surgery

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Vasilchenko G.S.
Medicine. In Russian.
Shatokhina S.N., Shabalin V.N., Buzoverya M.E. and Punin
V.T. (2004). Bio-liquid morphological analysis. The Scientific
World Journal. 4;657-661.

Pivovarenko Y. (2016). Nature of the polymorphism of salt
crystals in the aspect of arborization diagnostic method.
Morphologia, 10(1);72-76.

Pivovarenko Y. (2018). The electric potential of the female
body liquids and the effectiveness of cloning. Research and
Reviews on Healthcare: Open Access Journal. 1(2); 22-26.
Pivovarenko Y. (2015). UV absorbance of aqueous DNA.
European Journal of Biophysics. 3(3);19-22.

Terentyeva Y. and Pivovarenko Y. (2015). UV absorbance of
lymphocytes. European Journal of Advanced Research in
Biological and Life Sciences. 3(4);20-24.

Pivovarenko Y. (2024). Electrical forces that build and recover
neurons. Journal of New Medical Innovations and Research. 5
2).

Doshi R., Day P.J.R. and Tirelli N. (2009). Dissolved oxygen
alteration of the spectrophotometric analysis and quantification
of nucleic acid solutions. Biochemical Society Transactions.
37(2);466-470.

Doshi R., Day PJR., Carampin P. at al. (2010).
Spectrophotometric analysis of nucleic acids: oxygenation-
dependant hyperchromism of DNA. Analytical and
Bioanalytical Chemistry. 396(6);2331-2339.

Yang B., Tong Z, Shi J. et al. (2023). Bacterial proton motive
force as an unprecedented target to control antimicrobial
resistance. Medicinal Research Reviews. 43(4);1068-1090.
Maloney P.C., Kashket E.R., Wilson T.H. (1974). A
protonmotive force drives ATP synthesis in bacteria. PNAS.
71(10); 3896-3900.

Farha M.A., Verschoor C.P.,, Bowdish D. and Brown W.D.
(2013). Collapsing the proton motive force to identify
synergistic combinations against Staphylococcus aureus.
Chemistry & Biology. 20(9);1168-1178.

Guo H., Suzuki T. and Rubinstein J.L. (2019). Structure of a
bacterial ATP synthase. eLife. 8.

Rhoades R.A. and Bell D.R. (2012). Medical Physiology:
Principles for Clinical Medicine, 4" Edition. Lippincott
Williams & Wilkins.

Biga L. M., Bronson S., Dawson S. at al. (2019). Acid-base
balance. Chapter 26.4 in Anatomy and Physiology. USA: Co-
published by OpenStax and Oregon State University.
Pivovarenko Y. (2024). CO: as an evolutionarily proven means
of protection against adverse external factors. Basic and
Clinical Pharmacy Research. 2(1).

Wang C.-C., Lin S.-Y,, Lai Y.-H. et al. (2012). Dimethyl
sulfoxide promotes the multiple functions of the tumor
suppressor HLJ1 through activator protein-1 activation in
NSCLC cells. PLoS ONE. 7(4): €33772.

Lin G.-J.,, Sytwu H.-K., Yu J.-C. et al. (2015). Dimethyl
sulfoxide inhibits spontancous diabetes and autoimmune
recurrence in  non-obese diabetic mice by inducing
differentiation of regulatory T cells. Toxicology and Applied
Pharmacology. 282(2);207-214.

Villarroel A., Duff A. and Hu T. (2020). DMSO inhibits human
cancer cells and downregulates the expression of cdk2 and
cyclin A. The FASEB journal. 34(S1).

Pivovarenko Y. (2023). Catalytic properties of positively
charged water promoting tumor growth. Journal of Cancer

(1990). Sexual pathology. Moscow:

Auctores Publishing — Volume 4(1)-103 www.auctoresonline.org
ISSN: 2693-2156

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Copy rights@ Yuri Pivovarenko,
Research and Cellular Therapeutics. 7(5).
Pivovarenko Y. (2024). Cancer and thrombosis can be
associated because both have a common cause, which is the
positive electrization of a person's internal environment.
Journal of Cancer Research and Cellular Therapeutics. 8(3).
Gharib B., Hanna S., Abdallahi O.M.S. et al. (2001). Anti-
inflammatory properties of molecular hydrogen: investigation
on parasite-induced liver inflammation. Premiére mise en
évidence des propriétés anti-inflammatoires potentielles de
I’hydrogéne moléculaire. Comptes Rendus de 1'Académie des
Sciences — Series III — Sciences de la Vie. 324(8);719-724.
Ishibashi T. (2013). Molecular hydrogen: new antioxidant and
anti-inflammatory therapy for rheumatoid arthritis and related
diseases. Current Pharmaceutical Design. 19(35); 6375-6381.
Tian Y., Zhang Y., Wang Y. et al. (2021). Hydrogen, a novel
therapeutic molecule, regulates oxidative stress, inflammation,
and apoptosis. Frontiers in Physiology;12.
Ohta S. (2011). Recent progress toward hydrogen medicine:
potential of molecular hydrogen for preventive and therapeutic
applications. Current Pharmaceutical Design. 17(22);2241-
2252,
Pivovarenko Y. (2019). Biochemical and physiological basis for
treating hydrogen gas as a medicine. European Journal of
Preventive Medicine. 7(6); 100-107.
Li H,, Luo Y., Yang P. and Liu J. (2019). Hydrogen as a
complementary therapy against ischemic stroke: A review of
the evidence. Journal of the Neurological Sciences. 396;240-
246.
Yi Ming, Qi-Hang Ma, Xin-Li Han and Hong-Yan Li (2020).
Molecular hydrogen improves type 2 diabetes through
inhibiting oxidative stress. Experimental and Therapeutic
Medicine. April;359-366.
Hirano S., Yamamoto H., Ichikawa Y. et al. (2021). Molecular
hydrogen as a novel antitumor agent: possible mechanisms
underlying gene expression. [International Journal of
Molecular Sciences. 22(16);8724.
FuZ. and Zhang J. (2022). Molecular hydrogen is a promising
therapeutic agent for pulmonary disease. Journal of Zhejiang
University-Science B. 23(2);102-122.
Pluta R., Januszewski S. and Czuczwar S.J. (2022). Molecular
hydrogen neuroprotection in post-ischemic neurodegeneration
in the form of Alzheimer’s disease proteinopathy: underlying
mechanisms and potential for clinical implementation — fantasy
or reality? International Journal of Molecular Sciences.23(12).
Noor M.N.Z.M., Aladdin S.A., Wong Y.H. et al. (2023). A
systematic review of molecular hydrogen therapy in cancer
management. Asian Pacific Journal of Cancer Prevention.
24(1); 37-47.
Ji H., Zhao Z., Liu Z. et al. (2023). Real-world effectiveness
and safety of hydrogen inhalation in Chinese patients with type
2 diabetes: A single-arm, retrospective study. Diabetes,
Metabolic Syndrome and Obesity. 16; 2039-2050.
Zhao Z.,Ji H., Zhao Y. et al. (2023). Effectiveness and safety of
hydrogen inhalation as an adjunct treatment in Chinese type 2
diabetes patients: A retrospective, observational, double-arm,
real-life clinical study. Frontiers in Endocrinology. 13.
Pivovarenko Y. (2022). Negative electrization of air as a means
of counteracting airborne viral infections. European Journal of
Preventive Medicine. 10(1);34-39.
Pivovarenko Y. (2020). The use of electromagnetic forces of the
Earth in manual and physiotherapy. Journal of Human
Physiology. 2(1);10-15.

Page 7 of 4


https://www.taylorfrancis.com/chapters/edit/10.4324/9780203096833-13/sexual-therapy-russia-temkina-anna-rotkirch-anna-elina-haavio-mannila
https://www.taylorfrancis.com/chapters/edit/10.4324/9780203096833-13/sexual-therapy-russia-temkina-anna-rotkirch-anna-elina-haavio-mannila
https://onlinelibrary.wiley.com/doi/abs/10.1100/tsw.2004.118
https://onlinelibrary.wiley.com/doi/abs/10.1100/tsw.2004.118
https://onlinelibrary.wiley.com/doi/abs/10.1100/tsw.2004.118
http://morphology.dma.dp.ua/article/view/138528
http://morphology.dma.dp.ua/article/view/138528
http://morphology.dma.dp.ua/article/view/138528
http://www.rexresearch.com/pivovarenkowater/uvabsaqdna.pdf'
http://www.rexresearch.com/pivovarenkowater/uvabsaqdna.pdf'
http://www.idpublications.org/wp-content/uploads/2015/11/UV-ABSORBANCE-OF-LYMPHOCYTES.pdf
http://www.idpublications.org/wp-content/uploads/2015/11/UV-ABSORBANCE-OF-LYMPHOCYTES.pdf
http://www.idpublications.org/wp-content/uploads/2015/11/UV-ABSORBANCE-OF-LYMPHOCYTES.pdf
https://books.google.com/books?hl=en&lr=&id=h1IagT8_fNwC&oi=fnd&pg=PT6&dq=Pivovarenko+Y.+(2024).+Electrical+forces+that+build+and+recover+neurons.+Journal+of+New+Medical+Innovations+and+Research.+5+(2).+&ots=2KL4OS5hBI&sig=_kSVgxulLQJ1nRUgDW7Z516rNAM
https://books.google.com/books?hl=en&lr=&id=h1IagT8_fNwC&oi=fnd&pg=PT6&dq=Pivovarenko+Y.+(2024).+Electrical+forces+that+build+and+recover+neurons.+Journal+of+New+Medical+Innovations+and+Research.+5+(2).+&ots=2KL4OS5hBI&sig=_kSVgxulLQJ1nRUgDW7Z516rNAM
https://books.google.com/books?hl=en&lr=&id=h1IagT8_fNwC&oi=fnd&pg=PT6&dq=Pivovarenko+Y.+(2024).+Electrical+forces+that+build+and+recover+neurons.+Journal+of+New+Medical+Innovations+and+Research.+5+(2).+&ots=2KL4OS5hBI&sig=_kSVgxulLQJ1nRUgDW7Z516rNAM
https://books.google.com/books?hl=en&lr=&id=h1IagT8_fNwC&oi=fnd&pg=PT6&dq=Pivovarenko+Y.+(2024).+Electrical+forces+that+build+and+recover+neurons.+Journal+of+New+Medical+Innovations+and+Research.+5+(2).+&ots=2KL4OS5hBI&sig=_kSVgxulLQJ1nRUgDW7Z516rNAM
https://portlandpress.com/biochemsoctrans/article-abstract/37/2/466/64230
https://portlandpress.com/biochemsoctrans/article-abstract/37/2/466/64230
https://portlandpress.com/biochemsoctrans/article-abstract/37/2/466/64230
https://portlandpress.com/biochemsoctrans/article-abstract/37/2/466/64230
https://link.springer.com/article/10.1007/s00216-010-3461-x
https://link.springer.com/article/10.1007/s00216-010-3461-x
https://link.springer.com/article/10.1007/s00216-010-3461-x
https://www.pnas.org/doi/abs/10.1073/pnas.71.10.3896
https://www.pnas.org/doi/abs/10.1073/pnas.71.10.3896
https://www.pnas.org/doi/abs/10.1073/pnas.71.10.3896
https://www.pnas.org/doi/abs/10.1073/pnas.71.10.3896
https://www.cell.com/ccbio/pdf/S1074-5521(13)00273-1.pdf
https://www.cell.com/ccbio/pdf/S1074-5521(13)00273-1.pdf
https://www.cell.com/ccbio/pdf/S1074-5521(13)00273-1.pdf
https://www.cell.com/ccbio/pdf/S1074-5521(13)00273-1.pdf
https://elifesciences.org/articles/43128
https://elifesciences.org/articles/43128
https://books.google.com/books?hl=en&lr=&id=1kGcFOKCUzkC&oi=fnd&pg=PP2&dq=Rhoades+R.A.+and+Bell+D.R.+(2012).+Medical+Physiology:+Principles+for+Clinical+Medicine,+4th+Edition.+Lippincott+Williams+%26+Wilkins.&ots=5sQMgK5toS&sig=uO3ZBUDoZZrsHa47jtmoYaJI3l4
https://books.google.com/books?hl=en&lr=&id=1kGcFOKCUzkC&oi=fnd&pg=PP2&dq=Rhoades+R.A.+and+Bell+D.R.+(2012).+Medical+Physiology:+Principles+for+Clinical+Medicine,+4th+Edition.+Lippincott+Williams+%26+Wilkins.&ots=5sQMgK5toS&sig=uO3ZBUDoZZrsHa47jtmoYaJI3l4
https://books.google.com/books?hl=en&lr=&id=1kGcFOKCUzkC&oi=fnd&pg=PP2&dq=Rhoades+R.A.+and+Bell+D.R.+(2012).+Medical+Physiology:+Principles+for+Clinical+Medicine,+4th+Edition.+Lippincott+Williams+%26+Wilkins.&ots=5sQMgK5toS&sig=uO3ZBUDoZZrsHa47jtmoYaJI3l4
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0033772
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0033772
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0033772
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0033772
https://www.sciencedirect.com/science/article/pii/S0041008X1400427X
https://www.sciencedirect.com/science/article/pii/S0041008X1400427X
https://www.sciencedirect.com/science/article/pii/S0041008X1400427X
https://www.sciencedirect.com/science/article/pii/S0041008X1400427X
https://www.sciencedirect.com/science/article/pii/S0041008X1400427X
https://faseb.onlinelibrary.wiley.com/doi/abs/10.1096/fasebj.2020.34.s1.03158
https://faseb.onlinelibrary.wiley.com/doi/abs/10.1096/fasebj.2020.34.s1.03158
https://faseb.onlinelibrary.wiley.com/doi/abs/10.1096/fasebj.2020.34.s1.03158
https://www.sciencedirect.com/science/article/pii/S0021979722009080
https://www.sciencedirect.com/science/article/pii/S0021979722009080
https://www.sciencedirect.com/science/article/pii/S0021979722009080
https://www.sciencedirect.com/science/article/pii/S0764446901013506
https://www.sciencedirect.com/science/article/pii/S0764446901013506
https://www.sciencedirect.com/science/article/pii/S0764446901013506
https://www.sciencedirect.com/science/article/pii/S0764446901013506
https://www.sciencedirect.com/science/article/pii/S0764446901013506
https://www.sciencedirect.com/science/article/pii/S0764446901013506
https://www.ingentaconnect.com/content/ben/cpd/2013/00000019/00000035/art00013
https://www.ingentaconnect.com/content/ben/cpd/2013/00000019/00000035/art00013
https://www.ingentaconnect.com/content/ben/cpd/2013/00000019/00000035/art00013
https://www.frontiersin.org/articles/10.3389/fphys.2021.789507/full
https://www.frontiersin.org/articles/10.3389/fphys.2021.789507/full
https://www.frontiersin.org/articles/10.3389/fphys.2021.789507/full
https://www.ingentaconnect.com/content/ben/cpd/2011/00000017/00000022/art00002
https://www.ingentaconnect.com/content/ben/cpd/2011/00000017/00000022/art00002
https://www.ingentaconnect.com/content/ben/cpd/2011/00000017/00000022/art00002
https://www.ingentaconnect.com/content/ben/cpd/2011/00000017/00000022/art00002
https://www.sciencedirect.com/science/article/pii/S0022510X1830457X
https://www.sciencedirect.com/science/article/pii/S0022510X1830457X
https://www.sciencedirect.com/science/article/pii/S0022510X1830457X
https://www.sciencedirect.com/science/article/pii/S0022510X1830457X
https://www.spandidos-publications.com/10.3892/etm.2020.8708
https://www.spandidos-publications.com/10.3892/etm.2020.8708
https://www.spandidos-publications.com/10.3892/etm.2020.8708
https://www.spandidos-publications.com/10.3892/etm.2020.8708
https://www.mdpi.com/1422-0067/22/16/8724
https://www.mdpi.com/1422-0067/22/16/8724
https://www.mdpi.com/1422-0067/22/16/8724
https://www.mdpi.com/1422-0067/22/16/8724
https://link.springer.com/article/10.1631/jzus.b2100420
https://link.springer.com/article/10.1631/jzus.b2100420
https://link.springer.com/article/10.1631/jzus.b2100420
https://www.mdpi.com/1422-0067/23/12/6591
https://www.mdpi.com/1422-0067/23/12/6591
https://www.mdpi.com/1422-0067/23/12/6591
https://www.mdpi.com/1422-0067/23/12/6591
https://www.mdpi.com/1422-0067/23/12/6591
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10152878/'
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10152878/'
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10152878/'
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10152878/'
https://www.tandfonline.com/doi/abs/10.2147/DMSO.S412898
https://www.tandfonline.com/doi/abs/10.2147/DMSO.S412898
https://www.tandfonline.com/doi/abs/10.2147/DMSO.S412898
https://www.tandfonline.com/doi/abs/10.2147/DMSO.S412898
https://www.frontiersin.org/articles/10.3389/fendo.2022.1114221/full
https://www.frontiersin.org/articles/10.3389/fendo.2022.1114221/full
https://www.frontiersin.org/articles/10.3389/fendo.2022.1114221/full
https://www.frontiersin.org/articles/10.3389/fendo.2022.1114221/full
https://journals.bilpubgroup.com/index.php/jhp/article/view/1608
https://journals.bilpubgroup.com/index.php/jhp/article/view/1608
https://journals.bilpubgroup.com/index.php/jhp/article/view/1608

J. Thoracic Disease and Cardiothoracic Surgery Copy rights@ Yuri Pivovarenko,

Auctores Publishing — Volume 4(1)-103 www.auctoresonline.org
ISSN: 2693-2156 Page 8 of 4



J. Thoracic Disease and Cardiothoracic Surgery Copy rights@ Yuri Pivovarenko,

. 5 . )
This work is licensed under Creative Ready to submit your research? Choose Auctores and benefit from:
By Commons Attribution 4.0 License . . L.
< fast, convenient online submission
% rigorous peer review by experienced research in your field
N . S
To Submit Your Article Click Here: [l nia Y EuISsgls % rapid publication on acceptance
< authors retain copyrights
¢+ unique DOI for all articles
DOI:10.31579/2693-2156/103 % immediate, unrestricted online access

At Auctores, research is always in progress.

Learn more http://www.auctoresonline.org/journals/journal-of-thoracic-
disease-and-cardiothoracic-surgery

Auctores Publishing — Volume 4(1)-103 www.auctoresonline.org
ISSN: 2693-2156 Page 9 of 4


file:///C:/C/Users/web/AppData/Local/Adobe/InDesign/Version%2010.0/en_US/Caches/InDesign%20ClipboardScrap1.pdf
https://auctoresonline.org/submit-manuscript?e=79
http://www.auctoresonline.org/journals/journal-of-thoracic-disease-and-cardiothoracic-surgery
http://www.auctoresonline.org/journals/journal-of-thoracic-disease-and-cardiothoracic-surgery

