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ABSTRACT

At the beginning of the 21st century, Professor Aleksandr Urakov and his colleagues from Russia discovered oxygen-
producing antihypoxants and a method to alleviate tissue ischemia and/or hypoxia by injecting solutions of these agents
directly into affected tissues. During the development of this research area, the team secured approximately 40 patents for
related inventions. Oxygen-producing antihypoxants include warm alkaline hydrogen peroxide solutions (WAHPSs), which,
upon injection into sputum, mucus, pus, blood, or other tissues, rapidly convert them into a soft oxygen foam. This occurs
because many bodily tissues contain the enzyme catalase, which, in an alkaline environment under hyperthermic condi-
tions, accelerates the decomposition of hydrogen peroxide into water and molecular oxygen by millions of times. Catalase-
mediated cleavage of the H,0, in 100 mL of a 3% hydrogen peroxide solution yields approximately 1.408 g of molecular
oxygen, which, at standard atmospheric pressure, occupies a gaseous volume of about 1 L. Based on these findings,
the researchers proposed intrapulmonary, endotracheal, or endobronchial administration of WAHPSs to rapidly oxygenate
blood via the lungs in cases of severe acute respiratory obstruction due to asphyxia from sputum or blood. In experimental
models of severe acute asphyxia induced by sputum or blood, a single intrapulmonary, endotracheal, or endobronchial
injection of WAHPS transformed colloidal masses in the respiratory tract into soft white oxygen foam within 1-2 seconds,
initiating blood oxygenation and fully resolving hypoxemia within 12 seconds. These theoretical and experimental results
indicate that intrapulmonary, endotracheal, and endobronchial WAHPS injections could serve as an alternative to gaseous
oxygen in mechanical ventilation or extracorporeal membrane oxygenation for treating patients with severe acute respira-
tory obstruction and hypoxemia.
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BHYTpMNEroyHble MHbLEKLUU TENNDIX LLENOYHbIX
pacTBOpPOB NepeKucu BOJOPOAA NPU TAXKENOU OCTPOM
pecnupaTopHOi 06CTPYKLMUMU: UCTOPUA OTKPbLITUA

U pe3ynbTaTbl IKCNEPUMEHTOB

H.A. Ypakosa'?, 0.H. 3prawes', AJI. Ypakos?, B.0. Onaita?, .[. LabaHos'

! MHCTUTYT 3KcnepuMeHTanbHoi MeanumHbl, CaHkT-MeTepbypr, Poccus;
2 YeBCKan rocyaapcTBeHHas MeAMUMHCKan akapemus, Mxesck, Poccua

AHHOTALIUA

B Hauane XXI Beka npodeccop AnekcaHap YpakoB ¢ KOMaHaow Kosner u3 Poccum oTKpbIN KUCOpoL, NPOLYLMPYIOLLIME aHTK-
TMMNOKCaHTBI M CNOCOD YCTPaHEHUS ULLIEMUM U/UNIM TUNOKCUM TKAHEMN C MOMOLLIbI0 MHBEKLMM B HUX PacTBOPa 3TUX JIEKApPCTBEH-
HbIX cpeAcTB. Mpy pa3paboTKe yKa3aHHOro Hay4HOro HanpasneHus bbino nosyyeHo oKoso 40 naTeHTOB Ha M306peTeHus.
lMoKa3aHo, YT rpynna KUCIOPOL-NPOAYLMPYHOLLMX aHTUTUMOKCAHTOB NPeACTaBAseT coboii TENMbIE Le0YHbIE PacTBOpLI Ne-
pekucy Bogopoza (warm alkaline hydrogen peroxide solutions, WAHPSS), KoTopble Npy MHBEKLMW B MOKPOTY, CU3b, FHOW,
KpOBb 1 MHOTWE Apyrie TKaHW BbICTPO NpeBpaLLaoT UX B MAMKYH KUCIIOPOAHYH0 NeHy. [leno B TOM, YT0 3TW U MHOTME Apyrue
TKaHW Hallero opraHuMaMa cogepxar hepMeHT KaTanasy, KoTopas B LLeNI0YHOI Cpeje B YCNOBUAX TMNePTEPMUM B MUITTUOHDI
pa3 YCKOpSET NPOLeCcC pacLLenieHns Nepekncu BoAOPoLa Ha BOLY U MOMEKYNAPHBIA Kucnopof. py KaTanasHom paciuen-
nenum Bcen H,0,, copepxaluencsa B 100 mn pactBopa 3% nepekvcy BoopoAa, 0bpasyeTcs MoNeKyNApHbIA KUCIOPOA Mac-
con 1408 r, KoTopbliA Npy HOPMaNbHOM aTMOCepHOM AaBneHnn 06pasyeT ra3 KUCNOpOoA, 3aHUMatoLLMii 06BEM oKono 1 1.
Onupascb Ha npuUBeLEHHbIE, AaHHbIE POCCUICKME MUCCNeaoBaTeNn npeanoxunu ucnonb3osatb WAHPSs nytém BHyTpune-
FOYHBIX, 3HLOTPaXeasbHbIX U 3HA0OPOHXMANBbHBIX UHBEKLIMIA ANA CPOYHOTO HACILLEHUS KPOBM KUCITIOPOAOM Yepes NErkue
MpU TSXKENOW OCTPOI PeCnMPaTOPHOI 06CTPYKLMM, BbI3BaHHOW acOUKCMENH MOKPOTOI MM KPOBbH. B 3KCnepMMeHTanbHbIX
MOAENsAX TAXKENON 0CTPOW acUKCUM MOKPOTOW UM KPOBBHD MMM BbIfI0 MOKa3aHo, YTO OHOKPaTHas BHYTPUIEroYyHas, 3H-
[oTpaxeanbHas unu 3HLobpoHxmanbHas uHbekuns WAHPS vepe3 1-2 ¢ npeBpaluaeT B AbIXxaTeNbHbIX NYTAX KOMOUAHbIE
Macchbl B NYLUMCTYK KUCIOPOAHYIO NMeHy Benoro LBeTa M HauYMHAET YBENUYMBATb OKCUreHaLMio KpOBM, YCTPaHSAN TUMOKCe-
MWIO MOJIHOCTBIO He Mo33e YeM yepe3 12 c. MpuBeAEHHbIE pe3yNbTaTbl TEOPETUYECKUX U IKCMEPUMEHTaNbHBIX MCCNeA0Ba-
HWIA NO3BONAKOT NPEANOSIOKUTb, YTO BHYTPUNErOYHble, SHLOTPaxeanbHble U 3HL0OPOHXMaNbHbIe MHBbeKU WAHPS moryt
CTaTb aNnbTepHaTMBOW ra3000pa3HOMy KWUCNOPOLY, UCMOSIb3YEMOMY NpPKU UCKYCCTBEHHOW BEHTUAALMM NEFKUX M IKCTpaKop-
nopanbHoi MeMbpaHHOW OKcureHaumu, B bopbbe 3a XM3Hb NALMEHTOB C TSXKENOW OCTPOM pecnupaTopHoM 06CTpyKLmen
W TUNOKCEMUEN.

KnioueBbie cnoBa: aCd)VIKCMH; pecnupaTopHaAn 06CTp)’KLI,VIFI; TMNOKCeMus; BHYTPVU'IéFOLIHaFI MHBEKLMNA; 3Hp,o6p0waaanaﬂ
MHBEKUNA; KNCNI0poa; aHTUTMMOKCaHTbl; NepeKncb Boaopoaa.
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REVIEWS

INTRODUCTION

The experience of fighting for the lives of patients with
severe acute respiratory syndrome (SARS) caused by coro-
navirus 2 (SARS-CoV-2) has shown that hypoxemia, and not
the coronavirus itself, poses a mortal danger to them [1-5].
Thanks to this, the researchers once again recalled that hy-
poxemia is a universal cause of the development of cerebral
hypoxia and the biological death of patients in all critical con-
ditions [6-8]. The fact is that in humans and warm-blooded
animals, it is the brain cells that have the lowest resistance
to lack of oxygen. Therefore, usually with hypoxemia, brain
cells die first, and hypoxic damage to brain cells is a uni-
versal cause of biological death in humans, regardless of
their age and health status [9-13]. That is why, in all critical
conditions, all patients are immediately placed in the inten-
sive care unit, where, to eliminate brain hypoxia, intensive
care physicians around the world are trying to enrich the
blood circulating in the general bloodstream with oxygen.
To eliminate hypoxemia, oxygen gas is introduced every-
where into the lungs as part of respiratory gases. In this re-
gard, molecular oxygen (oxygen gas) is the number one drug
for maintaining the life of all patients in emergency depart-
ments, as well as for providing urgent self-help and mutual
assistance to victims in all critical conditions [8, 14-16].

Unfortunately, oxygen is traditionally used all over the
world to oxygenate blood through the lungs, but is not used
for direct oxygenation of brain cells [8]. This is surprising, but
despite the lack of oxygen in the blood and brain tissues, oxy-
gen gas is still not injected directly into the blood inside the
blood vessels of patients and is not injected into their brain
tissue, even if there is a real threat of irreversible hypoxic
damage to brain cells [17-20]. At the same time, traditional
blood oxygenation through the lungs loses its effectiveness
in case of respiratory obstruction. Extracorporeal membrane
blood oxygenation (ECMO) was proposed instead of artificial
ventilation of the lungs with oxygen gas for blood oxygenation
in respiratory obstruction [21-24]. However, the ECMO pro-
cedure has a high risk and cost and low availability [25-27].

It is reported that at the beginning of the 21st century,
a group of oxygen-producing antihypoxants was created in
Russia, which are WAHPSs [6, 28-30]. It has been shown
that when WAHPSs applied topically, such thick and vis-
cous tissues as blood, pus, sputum, mucus, sulfur plug and
meconium are urgently converted into a soft oxygen foam,
since hydrogen peroxide can decompose very quickly into
water and oxygen gas under the action of catalase, which
is found in all this tissues [31-34]. It has been reported that
the catalase cleavage of all H,0, contained in 100 mL of
a 3% hydrogen peroxide solution produces oxygen gas weigh-
ing 1.408 g and weighing about 1 L at normal atmospheric
pressure [34-36].

In Russia, for the first time in the world, it was shown that
intrapulmonary and endobronchial injections of WAHPSs can
become an alternative to gaseous oxygen used by artificial
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lung ventilation (ALV) and ECMO in the fight for the lives of
patients with severe hypoxemia [34, 37-42]. However, most
researchers around the world have not paid attention to the
discovery of this new possibility of oxygenation of blood
through the lungs using intrapulmonary and endobronchial
injections of WAHPSs [6, 43-50].

The study aimed to consider the possibilities of blood
oxygen saturation through the lungs by intrapulmonary injec-
tion of warm alkaline hydrogen peroxide solutions in respira-
tory obstruction.

METHODOLOGY AND TERMINOLOGY

An unstructured review of scientific articles was con-
ducted in the Yandex, Google, eLibrary, CyberLeninka, RSCI,
Scopus, Web of Science, PubMed, MedLine, The Cochrane
Library, EMBASE and Global Health databases using the
search terms: medicinal solution, aerated solution, oxygen-
ated solutions, injections, intrapulmonary injections, endotra-
cheal injections, endobronchial injections, interstitial, lungs,
oxygen, oxygen producer, oxygen content, oxygen tension,
antihypoxants producing oxygen, antihypoxants, hydrogen
peroxide, alkaline solution of hydrogen peroxide, antisep-
tics, detergents, sanitizers, pyolytics, mucolytics, hemolyt-
ics, expectorants, bleaching agents, heat, heating, warming
medicine, temperature, local temperature, hyperthermia, lo-
cal hyperthermia, medicines, pharmacological preparation,
hypoxia, hypoxemia, lack of oxygen, ischemia and various
combinations of the above keywords. All types of articles,
dissertations, and descriptions of inventions in Russian
and English were included. In addition, the information in
the “References” section of the selected scientific articles
was studied. The information contained in the description
of inventions was searched using the following databases:
FIIP (RF), RUPTO, USPTO, Google Patents, EAPATIS,
Espacenet, PATENTSCOPE, PatSearch, and DWPI. In addition,
analogues and prototypes indicated in the selected inventions
were studied. No time limits were chosen for the research.

The structured approach proved impractical due to the
wide scope of the review, which included both the results ob-
tained before the advent of oxygen-producing antihypoxants
and intrapulmonary injections of oxygenated solutions, and
in the modern era, when monitoring the dynamics of blood
oxygen saturation began to be widely used in laboratory, ex-
perimental studies and clinical trials.

Warnings and side effects of intrapulmonary
injections

Despite experimental evidence that a single intrapulmo-
nary injection of WAHPS urgently eliminates hypoxemia in
respiratory obstruction, there is no direct clinical evidence
for this yet. Laboratory and experimental studies have shown
great prospects for the potential oxygen-producing activity
of WAHPSs in their interaction with various biological tis-
sues containing the enzyme catalase. The fact is that in
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an alkaline environment, catalase accelerates the process of
splitting hydrogen peroxide into water and molecular oxygen
by millions of times. Initially, such data were obtained in vitro
studies using isolated portions of blood, pus, sputum, mucus,
sulfur plugs, and meconium from patients. The condition of
these biological objects was studied in numerous laboratory re-
searches after a single injection of WAHPSs with different con-
centrations, pH and temperature (in the range from 0 to 45 °C).
It was found that an increase in the concentration of H,0, in
solutions, heating, alkalinization and saturation of solutions
with oxygen gas under excessive pressure increases their
physical-chemical activity, providing them with the ability to
dissolve, loosen and discolor biological masses. This physi-
cal-chemical activity is based on the ability to convert colloidal
masses into fluffy white oxygen foam due to the rapid release
of oxygen gas. It has been shown that the active release of
oxygen gas forms many gas bubbles, which resembles the
process of cold boiling, which not only loosens biological
masses, but also increases their volume so intensively and
greatly that under certain conditions it can explode them
(Shabanov PD, et al, 2022; Urakov AL, et al., 2025;
Osipov AN, et al., 2025).

To date, the pronounced antihypoxic activity of intrapul-
monary injections of W#AHPSs has been convincingly con-
firmed in an experimental model of acute total asphyxia with
artificial sputum and blood in mongrel rabbits and sheep.
Due to the lack of clinical data, it is necessary to take into
account the possible side effects that may occur due to the
cessation of respiratory movements of the chest and ventila-
tion of the lungs of patients due to hyperoxygenation, which
is possible due to the filling of the airways with oxygen
foam. Therefore, it is necessary to monitor the dynamics of
the patient’s condition, paying special attention to recording
the dynamics of blood oxygen saturation. At the same time,
short-term hyperoxygenation is less dangerous for patients
than hypoxemia. With intrapulmonary injection of a WAHPSs,
it should be assumed that the antihypoxic activity is deter-
mined by its dose, an increase in which can not only eliminate
hypoxia, but also cause hyperoxia in case of overdose. In ad-
dition, injections of WAHPSs into the pleural cavity, into the
heart cavity and into the blood vessels should be avoided, as
this will cause the filling of these cavities with oxygen gas.

WARM ALKALINE HYDROGEN PEROXIDE
SOLUTIONS (WAHPSS)

When providing emergency medical care to critically ill
patients, inhalation of oxygen using ALV does not always
eliminate hypoxemia and save their lives [51, 52]. Respira-
tory obstruction still remains one of the insurmountable ob-
stacles to saturation of blood with oxygen gas through the
lungs with ALV [35, 38]. ECMO, previously proposed for blood
oxygenation instead of ALV, is able to eliminate hypoxemia
in respiratory obstruction [53-56]. However, despite these
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advantages, ECMO has disadvantages. One of the disadvan-
tages is that ECMO is not intended for use at the stage of
providing self- and mutual assistance in rescuing victims in
critical conditions requiring immediate oxygen saturation of
the blood, such as drowning and hanging [57, 58]. In addition,
ECMO is not intended for immediate oxygenation of blood
in patients with sudden asphyxia. In particular, ECMO is not
intended to save the lives of patients with sudden mechani-
cal asphyxia, asphyxia with blood and food products [59-671.

As an alternative to ECMO to rescue victims in critical con-
ditions at the stage of emergency care for suffocation caused
by sudden respiratory obstruction, at the beginning of the
21st century, Russian researchers proposed an intrapulmo-
nary injection of a WAHPSs [6, 28-43]. It has been shown that
a warm alkaline solution of hydrogen peroxide, when inter-
acting locally with colloidal biological tissues such as blood,
pus, sputum, mucus, sulfur plug, plaque and meconium, im-
mediately turns them into fluffy oxygen foam due to the in-
stant catalase cleavage of hydrogen peroxide into water and
molecular oxygen [68—72]. In this regard, Professor Aleksandr
Urakov in Russia suggested that that hydrogen peroxide solu-
tions can be converted into oxygen production antihypoxants,
and injections of certain hydrogen peroxide solutions into tis-
sues during their ischemia and hypoxia can eliminate the lack
of oxygen in them and prevent hypoxic damage (RU 2538662,
10.01.2015; RU 2586292, 10.06.2016) [33-38].

History of the discovery of WAHPSs, physical-
chemical repurposing of H,0, from antiseptics
to oxygen-producing pyolytics, mucolytics,
hemolytics, and bleaches

Modernization of the standard 3—6% hydrogen peroxide
solution in order to convert it from antiseptics to pyolytic,
hemolytic, expectorant, bleaching and oxygen-producing
antihypoxic agents began in Russia at the beginning of the
21st century. The initiator of this direction was Professor
Aleksandr Urakov from Izhevsk. He suggested that the low
biological activity and narrow scope of application of stan-
dard hydrogen peroxide solutions are due to their physical-
chemical properties. Subsequent studies have confirmed this
assumption. It turned out that changing the physical-chem-
ical properties of hydrogen peroxide solutions really makes
it possible to change their biological activity and expand the
scope of application. In particular, it was shown that heat-
ing, alkalizing, and increasing the osmotic activity of hydro-
gen peroxide solutions with different concentrations made
it possible to quickly and efficiently develop a new group of
drugs that dissolve thick and viscous pus, which soon be-
came known as antiseptic pyolytics [73, 74]. It was reported
that the conversion of standard hydrogen peroxide solutions
from antiseptics to pyolytics was achieved by replacing their
acidic activity with alkaline activity within the pH range of 8.4,
giving them isotonic activity in the range of 280—-300 mosmol/L
of water (or hypertonic activity exceeding 600 mosmol/L of
water) while increasing the temperature to 42-45 °C.
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Aleksandr Urakov and his students from Izhevsk have
shown that standard solutions of hydrogen peroxide are used
all over the world not with alkaline, but with acidic activity.
The acid activity of hydrogen peroxide solutions was created
specifically for the conservation of H,0, and prolonging the
shelf life of hydrogen peroxide solutions, since the splitting of
H,0, into H,0 and 0, depends on the pH value and is there-
fore inhibited in an acidic environment (US 3801512A) [75].
In addition, it has been shown that the disadvantages of stan-
dard hydrogen peroxide solutions are their room temperature,
which is more than 10 °C lower than normal human body
temperature, and low osmotic activity, which approaches
0 mosmol/L of water [28, 30, 42, 74]. The fact is that low tem-
perature reduces the biological activity of H,0,, since, accor-
ding to the Arrhenius law, cooling by 10 °C reduces the rate of
chemical reactions by an average of 2 times, and hypotonic ac-
tivity of solutions is dangerous with a high probability of eryth-
rocyte hemolysis during local interaction [31, 34, 42, 43, 74].

Initially, hydrogen peroxide solutions were purposefully
upgraded to enhance their pyolytic and oxygenating activity
when interacting with thick purulent masses, as this opti-
mized the process of sanitation, tissue regeneration and ac-
celerated healing in the treatment of chronic wounds [74, 76].
At the same time, it was found that the topical application
of warm alkaline solutions of 3—6% hydrogen peroxide has
a pronounced pyolytic, antiseptic, detergent, discoloring and
oxygen-producing effects [6, 72, 73, 77-80]. Since, accord-
ing to the developers, the goal of upgrading standard hy-
drogen peroxide solutions was to optimize the sanitation of
chronic wounds covered with purulent masses, initially warm
alkaline solutions of hydrogen peroxide were considered pri-
marily as antiseptic pyolytics. Despite this, today this group
of drugs is known by two names: pyolytics and WAHPSs
(28, 30, 791.

The first patent for an invention using WAHPS was issued
in Russia for a method of treating long-term non-healing
wounds (RU 2187287) [81]. The essence of the invented treat-
ment method consisted in daily course cleansing of chronic
wounds from purulent masses by irrigating the wound sur-
face with a solution of 3% hydrogen peroxide heated to a
temperature of 37 °C. At the same time, in the interval be-
tween removing the old wound dressing and applying a new
wound dressing, the wound was heated for up to 15 min
using a Solux lamp until persistent hyperemia developed, but
not exceeding the temperature of the wound surface 42 °C.
Then a new wound dressing was applied to the wound with a
hypertonic solution of 2-4% sodium chloride solution heated
to a temperature of 42 °C, and a warming element was ap-
plied over the dressing, with which the temperature in the
wound area was maintained at 37 °C throughout the period
until the next change of the wound dressing.

A few years after that, a patent was issued for a method
of treating pleural empyema (RU 2308894). The essence of
this invention consists in injecting into the pleural cavity heat-
ed to a temperature of 42 °C alkaline solution of a surfactant
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drug, for example, a solution of 24% euphyllin, which had

an alkaline activity in the pH range of pH 9.0-12.0 [82].

One year later, a method for the treatment of purulent perito-

nitis was invented using a warm carbonated antiseptic solu-

tion (RU 2336833). In this invention, it was proposed for the
first time to saturate a hypertonic sodium chloride solution
with carbon dioxide or other inert gas under excessive pres-

sure and heat the solution to a temperature of 37 °C [83].

In parallel, patents were issued in Russia for a hypergassed

and hyperosmotic antiseptic (RU 2331441) and a method of

uterine lavage (RU 2327471). In this case, the hypergassed
and hyperosmotic antiseptic agent was an aqueous anti-
septic solution consisting of 2.7-3.3% hydrogen peroxide,
0.9-10.0% sodium chloride and carbon dioxide at an excess
pressure of 0.2 atm [84]. In turn, a solution of 0.9% sodium
chloride and 3% hydrogen peroxide, heated to a temperature

of, was first proposed for washing the uterus 42-45 °C [85].
Then in 2009, in Russia, Aleksandr Urakov and his co-

authors were granted a patent for an alkaline solution of hy-

drogen peroxide, which was designed to dilute thick and sticky
pus (RU 2360685). This pyolytic was a solution of 2.7-3.3% hy-

drogen peroxide and 5.0-10.0% sodium bicarbonate [86].

At the same time, it was discovered that such an alkaline

solution of hydrogen peroxide has a bleaching effect and can

be used to whiten bloodstains on clothing (RU 2371532) [87].
In the following years, Russia continued to develop new

pyolytic and hemolytic medicinal solutions containing hydro-

gen peroxide and/or sodium bicarbonate. Russia’s priority in
this area is indicated by the following invention patents:

+ A method for preventing thrombosis of vascular catheters
by periodically filling them with a 4% sodium bicarbonate
solution (RU 2387465) [88];

+ Method and drug for removing sulfur plug. In this invention,
to eliminate hearing loss when the external auditory ca-
nal is blocked with a sulfur plug, it was proposed to inject
a solution of 0.3-0.5% hydrogen peroxide and 1.7-2.3%
sodium bicarbonate heated to 42 °C (RU 2468776) [89];

A remedy for fistula sanitation in infected pancreatic ne-
crosis (RU 2455010). This preparation was an aqueous
buffered hyperosmotic solution containing 0.9% sodium
chloride, 0.142% sodium hydrophosphate and 0.120%
sodium dihydrogen phosphate [90];

+ Multifunctional solution for epibulbar instillations
(RU 2452478). In this invention, a solution of 0.55-1.0%
hydrogen peroxide, 1.0-1.5% sodium bicarbonate, and
0.5-1.0% lidocaine hydrochloride was proposed as eye
drops with antiseptic, anesthetic, and pyolytic activity [91].
After that, the physical-chemical conversion of hydrogen

peroxide solutions was aimed at developing new detergents

and bleaching agents. Over the next few years, researchers
in Russia have managed to invent several new products that
urgently dissolve and whiten plaque, food residues, dead tis-
sues and cells of animal origin, as well as dried plant milk
juice on the surface of soft and hard tissues of patients,
clothing, medical and household items for hygienic cleaning
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and skin whitening. teeth, dentures, washing clothes, bed-

ding, skin and nail care. These goals were achieved by de-

veloping various WAHPSs, some of which were additionally

saturated with oxygen gas under excessive pressure [34, 43,

69-71, 92-96].

Russia’s priority in developing new bleaches and deter-
gents created as a result of the modernization of WAHPSs is
proved by patents obtained by pharmacologists from Izhevsk
for the invention of bleaches for bruises and bloodstains,
which are heated to 42-45 °C solutions of 0.01-0.03% hy-
drogen peroxide and 1.7-1.8% sodium bicarbonate [97]:

+ Bruise bleacher (RU 2539380, 20.01.2015);

« Bleaching agent (RU 2589682, 10.07.2016);

+ Method for skin discoloration in bruising area
(RU 2586278, 10.06.2016);

+ Agent for intradermal bruise whitening (RU 2573382,
20.01.2016);

+ Method for skin discoloration in bruising area
(RU 2582215, 20.04.2016);

+ Method for emergency bleaching and blood crust removal
from skin in place of squeezed out acne (RU 2631593,
25.09.2017);

+ Method for whitening of sore under nail (RU 2631592,
25.09.2017);

+ Method for whitening of bruise under eye (RU 2639283,
20.12.2017);

+ Means for intravital skin whitening near blue eyes
(RU 2639485, 21.12.2017).

In the following years, new WAHPSs were developed in
Russia, designed for emergency bleaching of bloodstains and
plaque. To achieve these goals, the hydrogen peroxide con-
tent in WAHPSs was increased to 0.75-3%, and the sodium
bicarbonate content was increased to 10% [69, 97]:

+ Bleaching opener of dried blood for wrapping bandages
adhered to a wound (RU 2653465, 08.05.2018);

+  Method for blue nail treatment (RU 2641386, 17.01.2018);

+ Decolorant of blood (RU 2647371, 15.03.2018);

+ Bleaching cleanser of dentures (RU 2659952, 04.07.2018);

+ Method of emergency bleaching of skin hematoma under
eye (RU 2679334, 07.02.2019);

« Frictional toothpaste. It is a solution of 9.5-10% sodium
bicarbonate and 0.5-1.5% hydrogen peroxide at a tem-
perature of 25-26 °C, which additionally contains crys-
talline sodium bicarbonate in a ratio of 5/1 by weight
(RU 2626669, 31.07.2017) [98];

+ Aerated mouthwash. This solution will include sodium
chloride, sodium hydrophosphate, sodium dihydrogen
phosphate, hydrogen peroxide, water and helium gas
until an overpressure of 0.2 atm is created (RU 2635992,
17.11.2017) [99];

+ Bleaching cleanser of dentures. This is an aqueous solu-
tion heated to a temperature of 37-42 °C, which contains
2.0-10.0% sodium bicarbonate, 3 + 0.3% hydrogen per-
oxide and oxygen gas at an excess pressure of 0.2 atm
(RU 2659952, 04.07.2018) [100];
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+ Method of using plaque removal solution with irrigation
agent. In this method, the irrigator is filled heated to a
temperature of 43-65 °C solution of 2.0-10.0% sodium
bicarbonate, 2.7-3.3% hydrogen peroxide, which is ad-
ditionally carbonated with argon at an excess pressure
of 3-4 atm (RU 2723138, 09.06.2020) [101].

In addition to this group of medical bleaches, in the same
years Alexander Urakov and his students from Izhevsk in-
vented other, more effective, but dangerous detergents,
bleaching and hygienic liquids, which are alkaline solutions
of hydrogen peroxide:

+ Peeling agent for foot hyperkeratosis. The product is
a solution of 3.0-5.0% potassium hydroxide, 0.5-20.0%
hydrogen peroxide at pH 13.0-14.0, osmotic activity 350—
560 mosmol/L of water, temperature 38-42 °C, which
is saturated with oxygen gas at an excess pressure of
0.2 atm. The invention provides rapid softening of the
keratinized layer of the epidermis in the area of dry cal-
luses and corns, softening of excess dead nail plate in
fungal nail damage, restoration of elasticity, smoothness,
skin color, shape and color of the deformed nail plate
(RU 2730451) [102];

+ Dandelion milky juice stains bleaching agent. bleach
relates to household detergents, in particular to stain
removers, and is intended for emergency dissolution,
decolouration and removal of stains of thickened and
darkened milky juice of dandelion and other rubber plants
on white clothes. Agent is a liquid stain remover contain-
ing 2-4 parts of solution of 3% hydrogen peroxide and
0.1% of a detergent, 1 part of solution of 10% ammonia
and 3 parts of nefras, consisting of equal amounts of
white spirit and rubber solvent (RU 2765469) [103];

+ Glass washing liquid. The invented glass washing lig-
uid is an aqueous solution of 0.06-0.5% hydrogen per-
oxide, 0.1% colorless detergent and 0.08% ammonia
(RU 2763882) [104].

History of conversion of hydrogen peroxide into
oxygen-producing antihypoxants in Russia

The facts are that in 2015, Professor Aleksandr Urakov
from Izhevsk discovered the way to use WAHPSs as oxygen-
producing antihypoxants. In particular, in 2015, he was the
first in the world to receive a patent for alkaline isotonic so-
lution of hydrogen peroxide, designed for injection into do-
nated venous blood in order to saturate it with oxygen before
infusion into the patient’s body. The invented solution was an
aqueous solution of 0.85% sodium chloride, 0.10% sodium
bicarbonate and 0.05-0.29% hydrogen peroxide. This drug
ensures the rapid conversion of venous blood into arterial
blood due to the breakdown of hydrogen peroxide by catalase
to water and gaseous oxygen and the absorption of oxygen
by red blood cells (RU 2538662) [105]. In the same year,
Aleksandr Urakov and his students patented a method for
preserving live fish during transportation and storage. In this
invention, it was first proposed to introduce an antihypoxant
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into fish water, which is a therapeutic dose of a 6% solu-
tion of hydrogen peroxide, since hydrogen peroxide replaces
oxygen gas. The fact is that fish absorb hydrogen peroxide,
which immediately decomposes under the action of the cata-
lase enzyme into water and oxygen gas (RU 2563151) [106].

To date, Aleksandr Urakov has patented about 40 WAHPSs
in Russia [43]. It has been reported that when WAHPSs in-
teracts with pus, sputum, mucus and serous fluid of the re-
spiratory tract, blood, blood clots, dried blood spots, bruises,
tear stones, sulfur plugs, meconium, keratinized epithelium,
plaque, spots left on the surface of tissues by crushed in-
sects and thickened dandelion milky juice, WAHPSs quickly
dissolve and colloidal biological tissues are discolored, turn-
ing them into a soft oxygen-saturated foam [6, 2834, 40].
It has been established that when WAHPSs interact with thick
and/or colloidal liquids containing the enzyme catalase (spu-
tum, mucus, pus of the respiratory tract, blood, sulfur plugs,
plaque, etc.), WAHPSs cause alkaline saponification of pro-
tein-lipid complexes in these biological masses, which leads
to their dissolution. At the same time, catalase breaks down
hydrogen peroxide into oxygen gas and water. The released
oxygen forms gas bubbles in biological masses, forms a
cold boiling process that destroys (“explodes”) thick colloi-
dal masses and turns them into a soft white oxygen foam.
It has been shown that small doses of oxygen are involved
in the conversion of carbohemoglobin into oxyhemoglobin,
and large doses are involved in the oxidative discoloration of
hemoglobin and its colored metabolites, which is accompa-
nied by heat generation [31, 71, 107, 108]. The scheme of the
transformation of pus, mucus, and blood into a fluffy oxygen
foam after an injection of an alkaline hydrogen peroxide solu-
tion is shown in Fig. 1.

The use of hydrogen peroxide solutions as antihypoxants
is based on oxygen gas released during its catalase cleav-
age. In 2016, Aleksandr Urakov received the first two patents
for solutions of oxygen-producing antihypoxants intended
for injection into the tissues of patients with ischemia and
for oral administration in hypoxia for the purpose of urgent
oxygen delivery [31, 42, 109]. The first such invention was
lympho-subsitute for local maintaining viability of organs and
tissues in hypoxia and ischemia (RU 2586292). This antihypo-
xant included 0.88% sodium chloride, 0.06-0.1% glucose and
0.01-0.02% hydrogen peroxide, the rest bidistilled water for
injections with pH 7.4, with osmotic activity 280 mosmol/L
of water. It has been shown that this lymph substitute, inject-
ed into organs and tissues, improves the quality of interstitial
fluid, provides cells with oxygen and glucose, and preserves
cell viability in conditions of hypoxia and ischemia [110].
The second invention was a drinking beverage designed to
increase resistance to hypoxia (RU 2604129). This drink is a
solution of 0.3-0.5% hydrogen peroxide, which is saturated
with oxygen gas at an excess pressure of 0.2 atm [111].

In 2017, Aleksandr Urakov received a patent for a
means to increase human physical endurance (RU 2634271).
The invention consists in the fact that drinking water includes
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Fig. 1. Scheme of the transformation of pus, mucus, and blood into
a soft oxygen foam after an injection of an alkaline hydrogen peroxide
solution. Figure borrowed from doi: 10.4103/mgr.medgasres-d-24-00058.
© Osipov A.N., et al. 2025. Distributed under a CC BY 4.0 license.

Puc. 1. Cxema TpaHcdopMaLmm rHos, MOKPOTbl U KPOBU B MATKYIO KUC-
TIOPOAHYH MeHY MOCe MHBEKLMM LLIENOYHOTO PacTBOPa NepeKnucH BOLO-
popa. PucyHok 3aumctBoBaH 13 doi: 10.4103/mgr.medgasres-d-24-00058.
© OcunoB A.H., n coast. 2025. PacnpocTpaHsieTcs Ha YCNOBUSX JIMLEH3UMU
CC BY 4.0.

7% glucose, 3% hydrogen peroxide and oxygen gas until an
overpressure of 0.2 atm is created. The invented drink, when
ingested, is absorbed into the bloodstream, providing it with
water, oxygen and glucose, has a detoxifying effect, prevents
dehydration, hypoxia, hypoglycemia, promotes the release of
carbon dioxide and lactic acid from the circulating blood into
the stomach and intestines, provides the cells of the cere-
bral cortex and skeletal muscles with oxygen and glucose,
increases physical activity, endurance and optimizes the
conscious performance of intense physical work when the
reserves of adaptation are depleted [112]. In the same year,
2017, Aleksandr Urakov and Inna Gotz received a patent for
an energy drink saturated with oxygen at an excess pres-
sure of 0.2 atm, containing 7% glucose, 0.7% ethyl alcohol,
0.3-0.5% hydrogen peroxide, and citric acid—up to a pH of
4.0 £ 0.5 (RU 2639493). This drink was invented for children
who are in a state of pulmonary, cardiac, and digestive insuf-
ficiency with deafened consciousness [113].

In 2020, a group of researchers from Izhevsk and Mos-
cow, led by Aleksandr Urakov, received a patent for the use
of WAHPSs in the form of an aerosol with microparticle sizes
in the range of 0.5-2 pm for inhalation at a temperature of
41-55 °C (RU 2735502). It has been reported that WAHPSs
aerosol for inhalation contains 0.3—0.5% hydrogen peroxide
and 1.2% sodium bicarbonate. It has been shown that at the
prehospital stage of treatment of a severe asthma attack
in combination with purulent obstructive bronchitis, inhala-
tion of the developed WAHPS aerosol provides an urgent
expectorant and antihypoxic effect with a single application
[31,72,78, 114].

Shortly after that, in 2021, Aleksandr Urakov received a
patent for the invention of another aerosol. This aerosol con-
tains WAHPS comprising 0.3—0.5% peroxide and 2—10% sodi-
um bicarbonate at a temperature of 37-55 °C (RU 2742505).
Inhalation of this aerosol optimizes artificial ventilation of the
lungs in case of airway obstruction by thick sputum, mucus
and pus at the terminal stage of nonspecific bilateral pneu-
monia in COVID-19. It has been reported that the developed
inhalation drug WAHPS improves airway permeability for
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Fig. 2. Scheme for screening potential pyolytics and antihypoxants in an isolated lung model of asphyxia. Figure borrowed from doi: 10.34172/bi.2022.23877.

© Urakov A.L., et al. 2022. Distributed under a CC BY 4.0 license.

Puc. 2. CxeMa CKPUHMHra MOTEHUMANbHBIX MUOMUTUKOB M AHTUTMMOKCAHTOB B MOZEMN acUKCUM Ha W30NIMPOBAHHBIX JIETKUX. PUCYHOK 3aMMCTBOBaH
u3 doi: 10.34172/bi.2022.23877. © Ypakos A.J1., n coast. 2025. PacnpocTpaHsieTcs Ha ycnosusix nuueHsun CC BY 4.0.

respiratory gases, increases blood oxygen saturation through
the lungs during mechanical ventilation, and eliminates hy-
poxemia in patients in intensive care [115].

Intrapulmonary WAHPSs injections in experimental mod-
els of respiratory obstruction: chronology of invention de-
velopment and investigation of the mechanism of action of
intrapulmonary WAHPSs

In 2021, the Russian Journal of Biomechanics and Medi-
cinski Casopis published the first articles on intrapulmonary
injections of WAHPSs as a real possibility of urgent replace-
ment of sputum and mucus in the respiratory tract with oxy-
gen gas and on oxygen saturation of the blood through the
lungs in respiratory obstruction [38, 39]. It was shown that the
first intrapulmonary injections of warm alkaline solutions of
hydrogen peroxide for sputum asphyxiation were performed
in Izhevsk in 2020 under experimental conditions. Several se-
ries of experiments were conducted on live mongrel rabbits

b\

[S

Fig. 3. Isolated rabbit lung. Isolated rabbit lung before (7), after endo-
tracheal injection of 40 mL of artificial sputum (2), and 1 second after
intrapulmonary injection of 2 mL of a warm alkaline hydrogen peroxide
solution (3). The blue arrow indicates white foam. Figure borrowed from
doi: 10.4103/mgr.MEDGASRES-D-25-00027. © Urakova A.L., et al. 2025.
Distributed under a CC BY 4.0 license.

Puc. 3. N3onupoBaHHoe nerkoe kponuka Ao (), nocne 3HAoTpaxeansHo-
ro BBeAeHWs 40 MN MCKyCCTBEHHO MOKpOTHI (2) U yepe3 1 cekyHay nocne
BHYTPUErOYHOM MHBEKLUMM 2 MNT TEMJIOTO LUENOYHOro pacTeopa nepe-
Kucu Bofopofia (3). CuHAs cTpesika yKasbiBaeT Ha neHy benoro ueta.
PucyHok 3aumcTBoBaH M3 doi: 10.4103/mgr.MEDGASRES-D-25-00027.
© Ypakosa AJ1., v coast. 2025. PacnpocTpaHsieTcs Ha YCIOBUAX IMLLEH3UM
CC BY 4.0.

D0l https://doiorg/10.17816/RCF695527

(in vivo) and on their isolated lungs (in vitro). In both cases,
models of acute respiratory obstruction were created by
subtotal filling of the airways with warm artificial sputum
containing the enzyme catalase (RU 2748999) [116, 117].
The screening scheme for potential pyolytics and antihypo-
xants in the asphyxia model on isolated lungs is shown in
Fig. 2.

It was reported that in vitro experiments on isolated rab-
bit lungs involved injecting 1 mL of an oxygen-producing an-
tihypoxant solution into lung tissue when sputum filled their
airways. A solution of 3% hydrogen peroxide and 1.8% so-
dium bicarbonate at a temperature of 42 °C was used as an
oxygen-producing antihypoxant. It was shown that 1 s after
the intrapulmonary injection, fluffy white oxygen foam was
found in the trachea, which after 1.5 s began to erupt from
the open end outward with a loud hissing and splashing of
foam pieces. The main stages of the experiment on isolated
lungs are shown in Fig. 3.

Additionally, it was reported that in vivo, acute artifi-
cial sputum asphyxia and hypoxemia were created in a live
mongrel rabbit. For asphyxiation, 20 mL of artificial sputum
was injected into the trachea, after which the dynamics of
blood oxygenation was recorded and it was shown that after
3 min the indicator decreased from 95 to 40%. At this point
in time, a single injection of 1 mL of a solution of 3% hydro-
gen peroxide and 1.8% sodium bicarbonate was performed
at a temperature of 37 °C into the tissue of the right lung.
The injection was performed between the 7th and 8th ribs on
the right in the projection area of the line located in the middle
of the distance between the spine and the posterior axillary
line. It was shown that after 1, 3, and 8 s after intrapulmo-
nary injection, the blood oxygenation index was (respectively)
46, 50, and 79%, and after 12 s, hypoxemia was eliminated,
and the rabbit remained alive [38].

The results confirmed the assumption that in conditions
of sputum asphyxiation, a single intrapulmonary injection of
a warm alkaline hydrogen peroxide solution allows sputum
to be immediately converted into oxygen foam inside the
respiratory tract. In addition, the results showed the pos-
sibility of urgent filling of the respiratory tract with oxygen
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gas in the composition of oxygen foam, which ensures the
elimination of hypoxemia by saturating the blood with oxygen
through the lungs. These data allowed the team of Professor
Aleksandr Urakov to develop a “Method of lung oxygenation
in COVID-19" (RU application No. 2021102618) [118].
The essence of the method consists in a single intrapulmo-
nary injection of 1 ml of a solution of 3% hydrogen peroxide
and 1.8% sodium bicarbonate at a temperature of 37-44 °C.

The first oral report on the discovery of intrapulmonary
WAHPSs was also made in 2021. It happened at the 1st “In-
ternational conference on emerging global trends in agricul-
tural, biological and pharmaceutical sciences” (on June 12,
2021 in India). At this scientific conference, Professor Alek-
sandr Urakov gave a plenary lecture entitled: “COVID-19:
Mucus, pus and sputum with streaks of blood as a cause
of airway obstruction and pus solvent solution as a drug for
urgent lung reoxygenation, blood oxygenation and elimination
of hypoxia in atypical pneumonia”. In this lecture, an alka-
line hydrogen peroxide solution was first proposed to save
the lives of patients with severe acute respiratory syndrome
(SARS) in COVID-19.

Then on July 7, 2022 in Geneva, Professor Aleksandr Ura-
kov participated in the Virtual Summit on Healthcare & Pa-
tient Safety “Emerging Prospects on Healthcare and Patient
Safety”. At this summit, he gave a lecture entitled “COVID-19:
Intrapulmonary us of alkaline hydrogen peroxide solution as
an alternative to ECMO". In this lecture, he was the first to re-
port on the possibility of using hydrogen peroxide solution not
only for inhalation as an aerosol, but also as an intrapulmo-
nary injection. It was reported that until 2021, intrapulmonary
injections were absent from the well-known list of injections
of drug solutions. The fact is that previously intrapulmonary
WAHPSs was reported only as expectorant drugs injected
into the respiratory tract in the form of aerosols by inhala-
tion during an attack of bronchial asthma and/or purulent
bronchitis [78, 114, 115, 119].

In 2023, new reports appeared confirming that WAHPSs
can be attributed to inhaled and intrapulmonary injected as
a oxygen producing expectorants, mucolytics, pyolytics, he-
molytics, bleaches and antihypoxants suitable for urgent re-
placement of sputum, mucus, pus, blood, serous fluid in the
respiratory tract with oxygen gas [32, 38, 42, 78]. In addition,
in 2023, a team led by Professor Aleksandr Urakov received
a patent for a new original drug designed for intrapulmonary
injection in severe acute respiratory obstruction. This prepa-
ration is a warm solution of 4.5% hydrogen peroxide and
1.8% sodium bicarbonate, which was named “Warm alkaline
solution of hydrogen peroxide for intrapulmonary injection”
(RU 2807851) [120]. The developed drug is the world's first
medicinal solution that contains oxygen gas at an excess
pressure of 0.2 atm. and before intrapulmonary injection,
it is heated to a temperature of 42 °C.

In 2024, the inventors upgraded this drug and received a
patent for a new drug intended for intrapulmonary injection
in severe acute respiratory obstruction—"Oxygenated warm
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alkaline hydrogen peroxide solution for intrapulmonary injec-

tion” (RU 2831821) [121]. This drug is a solution of 4.5% hy-

drogen peroxide and 1.8% sodium bicarbonate saturated with
oxygen gas at an excess pressure of 0.3 atm, which is heated
to a temperature of 45 °C before intrapulmonary injection.

It was reported that in an experimental model of severe acute

asphyxia in live mongrel rabbits, 3 min after filling the re-

spiratory tract with artificial sputum, the blood oxygenation
index in animals decreased to an average of 81 + 4.3% (n =5,

p < 0.05). At this point, intrapulmonary injections of 0.5 mL of

the invented drug were performed in each lobe of the lungs.

The procedure of intrapulmonary injections was completed

in an average of 9 £ 0.5 s (=5, p < 0.05). It was found that

injection into the first lobe of the lung caused the immediate
transformation of sputum into oxygen-saturated foam inside
the respiratory tract. Foam filled the trachea and was re-

leased from the upper respiratory tract to the outside 1-2 s

after the first intrapulmonary injection. It turned out that the

blood oxygenation index began to increase within a second
after the first injection and reached normal values on aver-
age 8+ 0.5 s (n=5, p < 0.05) after the start of the injection
series, namely, during intrapulmonary injection into the 5th
lobe of the lungs. After the experiment was completed, the

value of blood oxygenation in rabbits remained at 95%.

In 2025, research in this area was continued in Russia.
New reports have emerged about the possibility of urgent
elimination of severe acute respiratory obstruction and en-
suring immediate oxygen saturation of the blood through the
lungs by intrapulmonary injection of warm alkaline solutions
of hydrogen peroxide [33-35, 122]. Thus, Professor Alek-
sandr Urakov and Professor Peter Shabanov received patents
for 2 inventions dedicated to the emergency elimination of
asphyxia by injecting warm alkaline solutions of hydrogen
peroxide:

+  Method of endobronchial injection of drug for emergency
elimination of asphyxia (RU 2833321) [123];

+ Alkaline solution of hydrogen peroxide and method of
application there of for elimination of blood asphyxia
(RU 2840645) [124].

Finally, in mid-2025, a team led by Aleksandr Urakov re-
ceived a patent for “Method for simulating induced asphyxia
for screening antihypoxic drugs for local administration and
pulmonary expansion” (RU 2843475) [125]. It follows that
Russia has developed a new original method for modeling
artificial asphyxia, which can be used to search for and de-
velop new medicines capable of inflating the lungs (increas-
ing their volume).

CONCLUSION

Professor Aleksandr Urakov and colleagues from Rus-
sia have pioneered a novel class of antihypoxants, termed
oxygen-producing antihypoxants, along with an innovative
method for their administration in cases of severe acute
respiratory obstruction to achieve rapid blood oxygenation.

123
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These agents are based on warm alkaline hydrogen peroxide
solutions (WAHPSs), which are introduced via direct injec-
tions into oxygen-deprived tissues. Over the course of this
research, the team obtained approximately 40 patents for
related inventions. Injections of WAHPSs into sputum, mu-
cus, pus, blood, or other tissues rapidly convert them into
a soft oxygen foam. This transformation is facilitated by the
enzyme catalase, present in many bodily tissues, which ac-
celerates the decomposition of hydrogen peroxide into water
and molecular oxygen by orders of magnitude in alkaline
and hyperthermic conditions. Theoretical calculations indi-
cate that catalase-mediated cleavage of the H,0, in 100 mL
of a 3% hydrogen peroxide solution generates approximately
1.408 g of molecular oxygen, occupying a gaseous volume of
about 1 L at standard atmospheric pressure.

Building on these insights, the researchers proposed
intrapulmonary, endotracheal, or endobronchial injection of
WAHPSs to enable urgent pulmonary blood oxygenation in
severe acute respiratory obstruction resulting from asphyxia
due to sputum or blood accumulation. This hypothesis was
validated through animal experiments modeling severe acute
asphyxia induced by sputum or blood. Results demonstrated
that a single intrapulmonary, endotracheal, or endobronchial
WAHPS injection transforms colloidal masses in the respira-
tory tract into fluffy white oxygen foam within 1-2 s, thereby
initiating blood oxygenation and fully resolving hypoxemia
within 12 s.

The theoretical and experimental findings substanti-
ate that intrapulmonary, endotracheal, and endobronchial
WAHPS injections may offer a viable alternative to gaseous
oxygen in mechanical ventilation or extracorporeal mem-
brane oxygenation for managing patients with severe acute
respiratory obstruction and hypoxemia. Furthermore, intra-
pulmonary WAHPS injection holds potential as the foundation
for novel first-aid protocols in emergency settings.
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AOMO/HUTE/IbHAA UHDOOPMALIUA

Bknapg aBtopoBs. AJl. YpakoB — onpepenieHne KOHLENUWW, npoeege-
HWsl UCCNEAO0BaHUS, aHanM3 AaHHbIX, HamwcaHue YepHOBUKA PYKOMMCK;
0.H. 3praiwes — npoBefeHve VCCNeaoBaHUS, NEPECMOTP M peaKTMpoBa-
Hve pykonvcy; B.0. Onata — npoBefieHvie MCCejoBaHWS, aHanM3 faHHbIX;
H.A. Ypakoa — npoeegexve uccnegosanus, .. LLabaHos — onpege-
JIeH/e KOHLLeNUMK, NepecMoTp U pefakTMpoBaHue pyKonucu. Bce aBTopbl
0[106punK pyKonuch (Bepcuto Ans nybaMKaLmMm), @ TaKKe COrnacunnch
HECTW OTBETCTBEHHOCTb 3@ BCE acreKTbl HacTosLLel paboTkl, rapaHTUpys
Ha[Lnexalliee pacCMOTPEHME U peLLIeHUe BONPOCOB, CBA3aHHBIX C TOYHOCTbIO
1 [0BPOCOBECTHOCTLIO N0OON €€ YacTy.

WcTouHuku dpuHaHcupoBaHus. VccrefoBaHie BbIMOSIHEHO B paMKax ro-
CyBapCTBeHHOr0 3aaaHnsa MuHobpHaykm Poccn FGWG-2025-0020 “Monck
MONEKYAAPHBIX MULLEHEN NS hapMaKomorMyecKoro BO3LenCTBUS Mpu
afMKTVBHBIX U HEMPO3HAOKPMHHBIX HApYLLIEHWAX C LIeMblo CO3AaHWs Ho-
BblX hapMaKoNOrMyecKM aKTUBHbIX BELLECTB, EMCTBYIOLLIMX HA peLenTopsl
LHC".

PackpbiTe MHTepecoB. ABTOpbI 3asBAOT 00 OTCYTCTBUM OTHOLLE-
HWIA, eATeNbHOCTM WU MHTEPEeCOB 3a MOCTefHWe TPU rOAQ, CBA3aHHbIX
C TPETbUMW NMUAMK (KOMMEPYECKUMM U HEKOMMEPYECKUMM OpraHu-
3aUMaMK), WMHTepeckbl KOTOPbIX MOryT ObITb 3aTpOHYTHI COAEpKaHueM
cTaTby.

OpuruHanbHoCTb. [lpy cO34aHWMM  HacTosled paboThl MCMONMb30-
BaHbl M300pa)eHns: cxemMa TpaHChOpPMaLMM THOS, MOKPOThl M Kpo-
B B MAKYID KUCTIOPOLHYIO MEHy Mocne MHBEKUMM LLENOYHOro pac-
TBOpa Mepekucu Bopopopa Ha puc. 1,
doi:  10.4103/mgr.medgasres-d-24-00058;
TEHUManbHbIX MUONMTUKOB M aHTUTMMOKCAHTOB B MOAENN achuK-
CUM Ha WM30/MPOBaHHBIX NIETKUX Ha puUC. 2, 3aKMCTBOBaHO M3 paboThbl
doi: 10.34172/bi.2022.23877; n3onvpoBaHHoe NErKoe Kposvka Ha pwc 3,
3aMMCTBOBaHO 13 pabotsl doi: 10.4103/mgr.MEDGASRES-D-25-00027.
PacnpocTpaHsetcs Ha ycnosusx nuuensum CC-BY 4.0.

JocTyn K aaHHbIM. Bce flaHHbIe, NonyyeHHbIe B HACTOALLEM UCCejoBaHMM,
NpefCTaBeHsl B CTaTbe.

3a1MCTBOBaHO M3 paboThl
CXeMa CKpWHWHra no-
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[eHepaTMBHLIA UCKYCCTBEHHbIW MHTENNEKT. [lpy co3gaHun cTatbu
TEXHONOMMN FeHepaTMBHOMO WMCKYCCTBEHHOMO WHTE//IEKTa He MCMOofb-
30Banu.

PaccMoTpenue u peueHsupoBaHue. HacTosilias pabota nofaHa B yp-
Han B MHWLMATUBHOM MOPAAKE W PaccMOTPeHa No 0bbIYHOM MpoLesype.
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