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ABSTRACT
The  purpose  of  this  study  was  to  clarify  the  composition  of  the  gas  flow from the  singlet  oxygen
generator and its features relative to air as a carrier gas. The mass spectra of the exhaust gases were
recorded by a quadrupole mass spectrometer Extorr XT 300(M) Series VGA with a resolution of 1 atomic
unit of mass (aem). The spectrum of the gas flow was analyzed in the standard operating mode of the
"Airnergy" generator, as well as when shielding the aqueous medium from radiation with an impermeable
membrane for it. The spectra were evaluated by the presence of characteristic bands of particle mass. It
is revealed that the treatment of the air flow in the "Airnergy" apparatus, including its humidification and
exposure to UV radiation, significantly transforms its qualitative and quantitative composition. In the
outgoing stream, a decrease in the level of carbon dioxide and molecular oxygen is detected with a
simultaneous increase in the concentration of nitric monoxide (NO). This circumstance has a special
biological significance, since the presence of this compound in the gas stream from the singlet oxygen
generator  can  complement  and  transform the  effects  of  this  reactive  oxygen  species  in  relation  to
biological systems.
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INTRODUCTION
Over the past two decades, we and other researchers have shown the beneficial effects of the use of
singlet oxygen in relation to biological systems of various levels (from isolated samples of biological fluid
to the human body and laboratory animals) [3-6]. At the same time, it was found that the treatment of
biosystems with singlet oxygen provides activation of the antioxidant potential without stimulation of free
radical oxidation [1, 4, 7], intensification of the energy metabolism of cells and detoxification enzymes in
them [3, 4, 8], etc. Among the functional effects of the studied effect, it should be noted the activation
of blood flow through small-diameter vessels (capillary bed),  carried out due to the increase in the
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endothelial component of microcirculation regulation [5]. It is known that the latter directly depends on
the release of nitrogen monoxide by the vascular wall and molecular depots (dinitrosyl iron complexes
and S-nitrosothiols present in blood plasma) [1-3]. On this basis, it can be assumed that a number of
effects of singlet oxygen therapy may be associated with the presence of NO in the gas stream from the
singlet oxygen generator, however, there are no such studies to date. With this in mind, the purpose of
this study was to clarify the composition of the gas flow from the singlet oxygen generator and its
features relative to air.

MATERIAL AND METHODS
The  composition  of  the  gas  flow  from  the  singlet  oxygen  generator  was  studied  by  gas  mass
spectrometry,  for  which  the  working  gas  from the  generator  was  directly  supplied  to  the  analyzer.
Atmospheric air is used as a carrier gas in this device, which is processed by exposure to UV radiation
passing  through  an  aqueous  medium.  For  this  purpose,  bidistilled  water  is  used  in  the  "Airnergy
Professional plus" device.

The mass spectra of the exhaust gases were recorded by a quadrupole mass spectrometer Extorr XT
300(M) Series VGA with a resolution of 1 atomic unit of mass (aem). The residual vacuum in the mass
spectrometer chamber was 5•10-8 Torr. The working pressure varied from 1•10-6 to 1•10-4 Torr. The
spectrum of the gas flow was analyzed in the standard operating mode of the "Airnergy" generator, as
well as when shielding the aqueous medium from radiation with an impermeable membrane for it. The
spectra were evaluated by the presence of characteristic bands of particle mass.

RESULTS
The initial spectrum of the untreated UV-irradiated air flow is shown in Figure 1. Characteristic bands of
nitrogen (molecular and atomic), hydrogen, oxygen (molecular and atomic) and argon are distinguished
on it.

Fig. 1. Air mass-spectra of gas flow from “Airnergy” device (without irradiation)
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Fig. 2. Air mass-spectra of gas flow from “Airnergy” device (with UV irradiation)

It is established that the treatment of humidified atmospheric air with UV radiation leads to a significant
transformation  of  the  qualitative  and  quantitative  composition  of  the  gas  flow  from the  "Airnergy"
generator (Fig. 2).

The  figures  1  and  2  show the  mass  spectra  of  air  without  irradiation  and  when  irradiated  on  the
"Airnergy" device. The following changes in the air mass spectra are observed during irradiation:

• reduction of the CO2
+ band from 10% to 18% in different experiments,

• slight reduction of the N2
+ band by 4-5%. This may be due to a decrease in the concentration of

the CO+ fragment of the carbon dioxide molecule, which has the same mass as nitrogen (28
ahm),

• the total disappearance of the molecular hydrogen band during irradiation,

• a small increase in the band with 30 ahm by 5-10%, increasing over time. This band belongs to

the fragment NO+.

With a signal-to-noise ratio of about 1 • 10 -11 Torr, there are no new bands at the level of 10-30 ppm.

According to the conducted studies,  it  can be assumed that  the CO2  molecule  under  the  action  of

radiation passes into NO and H2O as a result of the following reactions:
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Such a chain of transformations of the components of the gas stream suggests that when it is treated
with  UV radiation  in  the  mode created  in  the  generator  in  question,  a  certain  amount  of  nitrogen
monoxide can be synthesized. This compound, having a wide range of biological functions, is able to
complement the effects of singlet oxygen. Thus, the stimulation of microcirculation and an increase in
the  overall  antioxidant  activity  observed  when  the  biosystems  are  exposed  to  the  flow  from  the
"Airnergy" generator can be additionally associated with the formation of NO de novo.

CONCLUSION
It is revealed that the treatment of the air flow in the "Airnergy" apparatus, including its humidification
and exposure to UV radiation, significantly transforms its qualitative and quantitative composition. In the
outgoing stream, a decrease in the level of carbon dioxide and molecular oxygen is detected with a
simultaneous increase in the concentration of nitric monoxide (NO). This circumstance has a special
biological significance, since the presence of this compound in the gas stream from the singlet oxygen
generator  can  complement  and  transform the  effects  of  this  reactive  oxygen  species  in  relation  to
biological systems.

REFERENCES

1. Di  Mascio  P.,  Martinez  G.R.,  Miyamoto  S.,  Ronsein  G.E.,  Medeiros  M.H.G.,  Cadet  J.  Singlet
Molecular Oxygen Reactions with Nucleic Acids, Lipids, and Proteins // Chem Rev. – 2019. – Vol.
119, N3. – P. 2043-2086. 10.1021/acs.chemrev.8b00554

2. Klaper M., Linker T. Intramolecular Transfer of Singlet Oxygen // J Am Chem Soc. – 2015. – Vol.
137, N43. – P. 13744-7. DOI: 10.1021/jacs.5b07848

3. Martusevich  A.A.,  Peretyagin  S.P.,  Martusevich  A.K.  Molecular  and cellular  mechanisms of  the
action of singlet oxygen on biological systems // Modern technologies in medicine. – 2012. - 2. –
P. 128-134.

4. Martusevich A.A., Solovieva A.G., Martusevich A.K. Influence of singlet oxygen inhalation on the

archiv euromedica  2022 | vol. 12 | num. 4 |

4

https://doi.org/10.1021/acs.chemrev.8b00554
https://doi.org/10.1021/acs.chemrev.8b00554
https://doi.org/10.1021/jacs.5b07848
https://doi.org/10.1021/jacs.5b07848


state of blood pro- and antioxidant systems and energy metabolism // Bull Exper Biol Med. –
2013. – Vol. 156, Iss. 1. – P. 41-43.

5. Martusevich A.K., Peretyagin S.P., Martusevich A.A., Peretyagin P.V. Effect of ROS inhalations on
systemic and local hemodynamics in rats // Bulletin of experimental biology and medicine. – 2016.
– Vol. 161, N5. – P. 634-637 DOI: 10.1007/s10517-016-3473-4

6. Onyango A.N. The Contribution of Singlet Oxygen to Insulin Resistance // Oxid Med Cell Longev. –
2017. – Vol. 2017. - 8765972.  DOI: 10.1155/2017/8765972

7. Pfitzner M.,  Preuß A.,  Röder B. A new level  of  in vivo singlet  molecular oxygen luminescence
measurements  //  Photodiagnosis  Photodyn  Ther.  –  2020.  –  Vol.  29.  –  P.  101613.
DOI: 10.1016/j.pdpdt.2019.101613

8. Sokolovski  S.G.,  Rafailov  E.U.,  Abramov  A.Y.,  Angelova  P.R.  Singlet  oxygen  stimulates
mitochondrial bioenergetics in brain cells // Free Radic Biol Med. – 2021. – Vol. 163. – P. 306-313.

back

archiv euromedica  2022 | vol. 12 | num. 4 |

5

https://doi.org/10.1007/s10517-016-3473-4
https://doi.org/10.1007/s10517-016-3473-4
https://doi.org/10.1155/2017/8765972
https://doi.org/10.1155/2017/8765972
https://doi.org/10.1016/j.pdpdt.2019.101613
https://doi.org/10.1016/j.pdpdt.2019.101613
file:///C:/Users/marcmarc/Desktop/tempprojekt/acrhiv-eiromedica-04-2022.html
file:///C:/Users/marcmarc/Desktop/tempprojekt/acrhiv-eiromedica-04-2022.html

