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ABSTRACT

The cause of biological death in warm-blooded animals and humans is hypoxic brain cell damage. Consequently, oxygen
gas is the leading antihypoxant in emergency medical care for all critical conditions. The most common method of oxygen
administration is mechanical ventilation. However, in cases of asphyxia caused by airway obstruction with thick sputum, mucus,
pus, and/or blood, inhaled oxygen does not reach the alveoli and is not absorbed into the bloodstream. In such situations,
traditional mechanical ventilation becomes ineffective and fails to prevent biological death due to hypoxic brain cell damage.
At the beginning of the 21st century, as an alternative to gaseous oxygen, mechanical ventilation, and extracorporeal membrane
oxygenation, the development of intrapulmonary oxygen-producing antihypoxants through physicochemical repurposing of
hydrogen peroxide was initiated in Russia. Professor P.D. Shabanov served as the mind behind and coordinator of the development
of new-generation antihypoxants. A new group of antihypoxants—warm alkaline hydrogen peroxide solutions—was
discovered. The most effective oxygen-producing antihypoxants, when applied locally via the intrapulmonary route, generate
significant volumes of medical oxygen gas through catalase-mediated decomposition of hydrogen peroxide into water and
molecular oxygen. The local intrapulmonary, endotracheal, and endobronchial pharmacodynamics and pharmacokinetics of
warm alkaline hydrogen peroxide solutions are inseparable from interactions with catalase present in sputum, mucus, serous
fluids, purulent masses, and blood that obstruct the airways during asphyxia and/or severe acute respiratory obstruction.
The new generation of antihypoxants has demonstrated high therapeutic potential as powerful medical oxygen gas generators
when administered intrapulmonarily, endobronchially, or endotracheally during acute severe suffocation caused by airway
blockage with colloidal liquids containing catalase. It is hypothesized that intrapulmonary oxygen-producing antihypoxants
could be considered therapeutic agents for emergency blood oxygen saturation through the lungs when mechanical ventilation
is ineffective and extracorporeal membrane oxygenation is not feasible.
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AHTUrMNOKCaAHTbI HOBOrO MOKOJIEHUS:
LLieJ1I0YHbIe PaCTBOPbI NepeKucu sogopoaa Kak
reHepatopbol MEAULUKUHCKOIO ra3a Kucjiopoga
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AHHOTALIMA

MprumnHon Bronornyeckoin CMepTi TEMNOKPOBHLIX JKMBOTHBIX W JIOAEH ABNAETCA TMNOKCUYECKOe NOBPEXJeHWe KIeToK ro-
NI0BHOMO Mo3ra. B cBA3u ¢ 3TUM ra3 KWUCNopoA npeacTaBnsieT coboi aHTUIMMOKCaHT HOMEp OAMH MPU O0Ka3aHWU HEOTSIOXKHOM
MeAMLMHCKOW MOMOLLM BO BCEX KPUTMUECKWX cocTosHUAX. Hanbonee LUMpoKo Kucnopog ucnonb3yetca Ans 3ToW Lien ¢ no-
MOLLbI0 MCKYCCTBEHHOW BeHTWNALMKM Nierkux. OfHaKo npu acuKcuu, BbI3BAaHHOM 3aKYNOPKOW [bIXaTesbHbIX MYTeW rycToi
MOKPOTOW, CNU3bl0, THOEM W/WNKM KPOBbH, MHFANALMOHHBIA KUCIOPOL He OCTUraeT abBeOsl M He BCachiBAaeTCs B KPOBb.
B yKasaHHbIX cuTyaumsax TPagULIMOHHAA UCKYCCTBEHHaA BEHTUNALMS Nerkux TepsieT cBoto 3 deKTMBHOCTL U He NpeaoTBpa-
LLaeT BUOMOrMYECKY0 CMEPTb OT MMMOKCUYECKOr0 NOBPEXAEHUA KeToK Mo3ra. B Hauane XXI B. B KayecTBe anbTepHaTUBHI
ra300bpa3HOMy KMUCNOPOAY, UCKYCCTBEHHOM BEHTUIALMM JIErKUX U 3KCTPaKopnopabHoi MeMbpaHHoi okcureHaumu B Poccum
bbina Hayata pa3paboTka BHYTPUIErOYHbIX KUCIIOPOZ-MPOLYLMPYIOLUMX aHTUIMIMOKCAHTOB NyTeM (M3MKO-XMMUYCEKOTO nepe-
npodunupoBaHnsa nepekncu Bopopoaa. KatanusaropoM 1 KoopauHaTopoM paspaboToK aHTMIMMOKCAHTOB HOBOTO MOKONEHUS
ctan npogeccop M1.[. LabaHos. B pe3ynbrate 6bina 0TKpbITa HOBasA rpynna aHTUIMMNOKCAHTOB, KOTOpble NpeACTaBNAlT coboi
Tennble LLefoYHble pacTBopbl nepekucn Bogopofa. Hanbonee addeKTBHbIE KUCNOPOA-NPOAYLMPYIOLLME aHTUTMMOKCAHTI
NPy BHYTPWIETOYHOM MECTHOM NpUMeHeHUM 0BecreynBaloT MOLLHYIO FeHepaLMio MeAMULMHCKOIO ras3a KUCNOpPOoAa 3a CHeT Ka-
TanasHoro pacLuensieHus Nepexkucy BoLOpoaa Ha BoAY M MONIEKYNSAPHBIA Kucnopogd. MecTHas BHYTpuUneroyHas, sHoTpaTpa-
XearbHas 1 3HA0OpoHXManbHas hapMaKoAMHaMmMKa U hapMaKoOKMHETUKA TeMbIX LLENOYHbIX pacTBOPOB NepPeKUCH BOAOPOaA
HEOTZENMMBI OT B3aMMOLENCTBUSA C KaTana3oM, COAEPHALLEcs B MOKPOTE, ClIU3M, CEPO3HBIX MUAKOCTAX, THOMHBIX Maccax
M KpOBM, 3aMOSTHMBLUMX COOOM [bIXaTesbHble NYTW NpU acOUKCUMM M/UNK TSKENOW OCTPON pecrmpaTopHoit obcTpykumm. Mo-
Ka3aH BbICOKWiA TepaneBTUYECKMIA NOTEHLMAN aHTUIUMNOKCAHTOB HOBOTO MOKONEHWUSA KaK MOLLHbIX reHepaTopoB MegMLMHCKOIo
rasa Kuciopoga npy ux BHYTPUNEroYHbIX, 3HA0OPOHXMANBHBIX M SHA0TPaXeasbHbIX MHBEKLMAX B COCTOSIHUW OCTPOrO TSIKENOro
YAYLLBSA, BbI3BaHHOIO 3aKYMOPKOW AblXaTeNbHbIX MyTel KOMOMAHBIMUA XUOKOCTAMM, COLEepKalLMMM KaTtanasy. [pegnonara-
€TCH, YTO BHYTPUNIErOYHbIE KUCNIOPOA-NPOAYLMPYIOLLIME aHTUIUMOKCAHTBI MOTYT PaccMaTpyUBaThCs KaK JIeKapCTBEHHbIE npe-
napaTbl pe3epBHOM caTypaLyu KPOBMW Yepe3 IErKWEe B CUTYaLMM HU3KOW 3QQEKTUBHOCTU UCKYCCTBEHHOM BEHTUNALMM NETKUX
1 HEBO3MOXKHOCTU NPUMEHEHUS SKCTPAKOpOopanbHON MEMBPaHHOM OKCMreHaLmm.

KnioueBble cnosa: NnepeKncb BOOOpPOAa; ra3 KUC/IOpPOA; aHTUIUMOKCAHTbI; KaTtaja3a; reHepatop KUCI0pOoAa; pa3p360TKa;
JleKapcTBa.
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INTRODUCTION

The cause of biological death in all warm-blooded animals
and humans is hypoxic damage to brain cells, which occurs
inevitably and very quickly in the absence of oxygen under
normal body temperature conditions, regardless of the age or
health status of these biological entities [1-3]. In particular,
hanging in an adult leads to brain death within just a few
minutes [4-6]. Combating hypoxia and hypoxic brain injury
therefore represents the primary goal of emergency medical
care. For this purpose, emergency medical personnel and
specialists in intensive care and resuscitation units use inhaled
oxygen gas as the first-line resuscitative measure. Oxygen gas
is recognized globally as the number one revitalizing antihypoxic
agent for all critical conditions without exception [2, 7-9].

Despite this, the use of oxygen according to general
guidelines is not sufficient to eliminate cerebral hypoxia in
all situations. For example, it has been reported that up to
88% of patients in the terminal stage of atypical pneumonia
caused by the novel coronavirus infection (COVID-19),
interpreted as severe acute respiratory syndrome, died
from critical hypoxia despite the administration of inhaled
oxygen gas via modern mechanical ventilators [10-13]. Due
to the low effectiveness of ventilatory support, it has been
hypothesized that the cause of suffocation, hypoxemia,
and death in COVID-19 may be asphyxia resembling high-
altitude pulmonary edema [10], or airway obstruction caused
by excessive accumulation of thick sputum, mucus, and/or
pus [10-19]. In such cases, lung ventilation with respiratory
gases that contain oxygen does not ensure oxygen delivery
to the alveoli, from where it can subsequently diffuse into
the bloodstream. This conclusion is supported by cases of
blood-related asphyxia, which also reduces the effectiveness
of hypoxemia correction through mechanical ventilation.
Therefore, it is not surprising that in such critical conditions,
hypoxemia can only be eliminated through extracorporeal
membrane oxygenation (ECMO) [9, 20-24].

The management of hypoxemia using ECMO is a very
expensive and risky medical procedure that requires specialized
equipment and respective licensed facilities [25, 26]. In recent
years, active research has focused on the possibility of replacing
lung ventilation and ECMO with novel pharmacological agents
with antihypoxic activity that can increase the survival rate of
patients with hypoxia [27]. In Russia, research attention has
been centered on antihypoxic agents that include hydrogen
peroxide, which, under the action of the enzyme catalase, can
decompose into water and molecular oxygen at a very high
rate [2, 9, 13, 14, 19, 27, 28].

CONVENTIONAL ANTIHYPOXIC AGENTS
(NON-OXYGEN-PRODUCING)

Currently, the international classification of drugs does
not include antihypoxic agents as a separate pharmacological
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class. Antihypoxic agents have been identified as a distinct

pharmacological class of drugs only in Russia. This is largely

explained by the fact that the development of antihypoxic
agents was first initiated by the staff of the Department of

Pharmacology at the S.M. Kirov Military Medical Academy

(MMA) in Leningrad in the 1960s. The author of the

antihypoxant concept was Professor Vasily M. Vinogradov

(1924-2003) [1, 29]. The first antihypoxic agents (gutimin,

amtizole, bemitil, almid, and etomerzole) were synthesized

by FYu. Rachinsky. In terms of chemical structure, they
belonged to aliphatic and cyclic aminothiols.

In 2000, Professor Petr D. Shabanov was elected the
Head of the Department of Pharmacology at the MMA [30].
He led the search for and development of new antihypoxic
agents. To date, various agents with different mechanisms
of antihypoxic action have been developed in Russia [31]. It
has been established that antihypoxic agents improve the
utilization of circulating oxygen in the body and increase the
body’s resistance to hypoxia (oxygen deficiency) [31-38].
Known agents are usually divided into two groups:
antihypoxic agents of direct energizing action (correctors of
energy metabolism disturbances, also known as correctors of
mitochondrial respiratory chain dysfunction) and antihypoxic
agents of indirect energizing action (correctors of metabolic
pathway disturbances) [29, 39]. It has been shown [29]
that all antihypoxic agents belonging to aliphatic and cyclic
aminothiols (gutimin, amtizole, bemitil, almid, etomerzole,
and many of their analogs) exhibit three main types of activity:
1) antihypoxic action;

2) antioxidant effect;

3) ability to accelerate the reparative and adaptive synthesis
of RNA, enzymes, functional, and structural proteins in
response to various types of damage, including hypoxic,
infectious, toxic, stress-related, as well as in the process
of adaptation to challenging conditions.

The classification of antihypoxic agents adopted in Russia
[1, 29, 31, 39] includes:

1) fatty acid oxidation inhibitors;

2) succinate-containing and succinate- producing agents;

3) natural components of the respiratory chain;

4) artificial redox systems;

5) macroergic compounds.

Currently, research on antihypoxic agents is being
conducted not only in Russia but also in other countries.
However, the most important results have been obtained
by Russian researchers [40]. Traditionally, research is
based on chemical elements, chemical formulas, and the
names and symbols of biologically active substances [1, 41].
Unfortunately, large-scale studies on the efficacy of real
pharmaceutical products that belong to this pharmacological
class of medicines in acute critical asphyxiation and drowning
of experimental animals have not yet been conducted. In
addition, there is no convincing evidence of high efficacy
of known antihypoxic agents in acute asphyxia caused by
subtotal and/or total obstruction of the airways by colloidal

DOl https://doiorg/ 10.1/816/phbn642337

37



38

REVIEW

biological fluids such as sputum, mucus, pus, blood, and/or
starch-like fluid. In cases of critical hypoxia developing in
the terminal stage of COVID-19 due to acute respiratory
obstruction, conventional antihypoxic agents did not meet
expectations and did not become an alternative to mechanical
ventilation and ECMO in emergency conditions in clinical
settings [9, 12, 42—-44]. For this reason, at the beginning of the
COVID-19 pandemic, Russian researchers decided to develop
antihypoxic agents with high oxygen-producing activity that
could become an alternative to ECMO [13, 14, 19, 42, 43].
It was assumed that hydrogen peroxide solutions could
be the basis for oxygen-producing antihypoxic agents. The
development of new-generation antihypoxic agents was based
on the Russian initiative of physicochemical repurposing of
“old” drugs, including their enrichment with special gases
[45-48]. Professor PD. Shabanov [2, 9, 29, 44, 49] assumed
the role of coordinator of the development of new-generation
antihypoxic agents.

WARM ALKALINE HYDROGEN PEROXIDE
SOLUTIONS AS NEW-GENERATION
ANTIHYPOXIC AGENTS CHARACTERIZED
BY PRONOUNCED RELEASE OF
MEDICAL OXYGEN GAS

The study of the oxygen-producing antihypoxic activity of
hydrogen peroxide solutions began in Russia in December
2013. At that time, the first patent application for the invention
Method of transportation and storage of live fish in water
was registered. This method involves adding a 6% hydrogen
peroxide solution to the water with live fish, where it serves
as an antihypoxic agent that, through the action of catalase,
decomposes into water and molecular oxygen [50].

By mid-2024, 14 inventions had been developed in Russia,
in which original hydrogen peroxide solutions were used as
oxygen-producing antihypoxic agents [44, 51].

1. Urakov AL, Urakova NA, Agarval RK, et al. Method
of maintenance of live fish during transportation and
storage. RU 2563151C1, 20.09.2015. (In Russ.)

2. Urakov AL, Urakova NA, Reshetnikov AP, et al.
E.M. Soikher's hyperoxygenated agent for venous blood
oxygen saturation. RU 2538662C1, 10.01.2015. (In Russ.)

3. Urakov AL. Lympho-substitute for local maintaining
viability of organs and tissues in hypoxia and ischemia.
RU 2586292C1, 10.06.2016. (In Russ.)

4. Urakov AL, Urakova NA, Nikitjuk DB. Agent for increasing
resistance to hypoxia. RU 2604129C2, 20.08.2016. (In Russ.)

5. Urakov AL. Energy drink. RU 2639493C1, 21.12.2017. (In
Russ.)

6. Urakov AL. Means for physical endurance increase.
RU 2634271C1, 24.10.2017. (In Russ.)

7. Urakov AL, Urakova NA, Gurevich KG, et al. Method
for extracorporeal blood oxygenation. Application
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RU 2020120367A, 2020.06.15. Inventions. Utility Models.

2021: 35. (In Russ.)

8. Samylina IA, Ales MYu, Urakov AL, Urakova NA,
Nesterova NV, et al. Aerosol for inhalations in obstructive
bronchitis. RU 2735502C1, 03.11.2020. (In Russ.)

9. Urakov AL, Urakova NA. Aerosol for invasive mechanical
ventilation in COVID-19. RU 2742505C1, 08.02.2021. (In
Russ.)

10. Urakov AL, Urakova NA, Reshetnikov AP, et al. Method for
lung oxygenation in COVID-19. Application RU 2021102618A,
04.02.2021. Inventions. Utility Models. 2022:22. (In Russ.)

11. Urakov AL, Urakova NA, Shabanov PD, et al. Warm
alkaline solution of hydrogen peroxide for intrapulmonary
injection. RU 2807851C1, 21.11.2023. (In Russ.)

12. Urakov AL, Urakova NA, Fisher EL. Oxygenated warm
alkaline solution of hydrogen peroxide for intrapulmonary
injection. Application RU 2023128553C1, 02.11.2023. (In
Russ.)

13. Urakov AL, Shabanov PD. An alkaline solution of hydrogen
peroxide and a method of its application to eliminate
blood asphyxia. Application RU 2024100268C1, 09.01.2024.
(In Russ.)

14. Urakov AL, Shabanov PD. Method of endobronchial
injection of drug for emergency elimination of asphyxia.
Application RU 2024102289C1, 29.01.2024. (In Russ.)
Analysis shows that 8 inventions (i.e. more than half

of all inventions) were developed between 2020 and 2024,

specifically during the COVID-19 pandemic. To prevent

hypoxic damage to brain cells under hypoxemia, oxygen-
producing antihypoxic agents, which represent alkaline
solutions of hydrogen peroxide, were used. They consist
of hydrogen peroxide, sodium bicarbonate, and distilled
water. A distinctive feature of these agents is their mildly to
moderately alkaline activity with pH 8.4, osmotic (isotonic)
activity within 280-300 mOsm/L of water, and temperature
range of 37-45 °C (these agents are used warm and can

provide safe local hyperthermia) [52].

The most recent four inventions represent the world's
first pharmaceutical products developed for intrapulmonary
and endobronchial injections. Unlike the previously developed
alkaline hydrogen peroxide solutions, these products are
enriched with oxygen under excess pressure. It should be
emphasized that, prior to this, neither such pharmaceutical
products nor the procedures of intrapulmonary, endobronchial,
or endotracheal injections had been known.

The composition and key physicochemical properties
of the next-generation antihypoxic agents are clearly
demonstrated by the formula of the invention titled Warm
alkaline solution of hydrogen peroxide for intrapulmonary
injection (RU 2807851C1):

‘A warm alkaline hydrogen peroxide solution intended
for intrapulmonary injection to rapidly increase the oxygen
content in the airways and bloodstream, having a certain
volume, temperature, and alkalinity, and containing hydrogen
peroxide, sodium bicarbonate, oxygen gas added to create

DOl https://doiorg/ 10.1/816/phbn642337
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an overpressure of 0.2 atm at 8 °C, and water for injection,
wherein the 30 mL solution is heated to 42 °C and contains
the components in the following proportions (wt. %):

Hydrogen peroxide —4.5

Sodium bicarbonate —1.8

Oxygen—up to an overpressure of 0.2 atm

Water for injection

The remainder—to balance, providing an osmotic activity
of 280-300 mOsm/L of water and an alkalinity within a pH
range of 8.4-8.5."

The choice of hydrogen peroxide as the main ingredient
was due to its ability to decompose into water and oxygen
gas under the action of catalase—an enzyme present in
all parts of the human and animal body, which accelerates
the decomposition of hydrogen peroxide and the release of
oxygen gas by hundred thousand times. The choice of sodium
bicarbonate as an auxiliary ingredient was explained by the
fact that it is a natural alkaline buffer of the blood in warm-
blooded animals and humans, ensuring a safe yet effective
alkalinity within a pH range of 8.4. It has been shown
that increasing local temperature and raising the pH level
(alkalization) of hydrogen peroxide solutions accelerates their
catalytic decomposition into water and molecular oxygen, up
to the point of intensive oxygen gas generation manifested as
a phenomenon called cold boiling [9, 28, 44, 53]. Moreover,
it was found that as a result of catalytic decomposition
of hydrogen peroxide, 100 mL of a 6% hydrogen peroxide
solution generates 1.97 L of oxygen gas with a mass of
2.816 g [54]. This means that, under certain conditions, 1L of
a 6% hydrogen peroxide solution can release approximately
20 L of oxygen gas. No other known medicinal product has
such oxygen-generating capacity.

These oxygen-generating properties of hydrogen peroxide
decomposition, obtained through chemical calculations, were
confirmed by the results of laboratory and experimental
trials. It was reported that warm alkaline hydrogen peroxide
solutions, when locally interacting with liquid colloidal
tissues containing catalase, intensively generate oxygen,
rapidly forming gas bubbles in the colloidal fluids. The
process of oxygen bubble formation in liquids resembles
cold boiling, which quickly transforms colloidal fluids into
oxygen foam. Moreover, it has been demonstrated that
intrapulmonary administration of warm alkaline hydrogen
peroxide solutions exhibits the highest capacity for oxygen
enrichment of the respiratory tract and blood compared to
all known medicinal agents [13, 14, 44, 51]. Endobronchial,
endotracheal, and intrapulmonary injections of warm alkaline
hydrogen peroxide solutions cause immediate and intense
foaming of sputum, mucus, pus, blood, and/or meconium in
the respiratory tract. The developed oxygen gas generators
used for intrapulmonary, endobronchial, and endotracheal
injections can act as geyser-like perforators in the airways
in cases of their obstruction with sputum, mucus, pus, and/
or blood. The advantage of warm alkaline hydrogen peroxide
solutions as oxygen-producing antihypoxic agents lies in
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their ability, upon intrapulmonary, endobronchial, and/or
endotracheal injection into the airways completely obstructed
by colloidal liquids containing catalase, to almost instantly
transform the entire liquid mass into oxygen foam, ensuring
simultaneous oxygen absorption into the blood independent
of pulmonary ventilation.

It has been demonstrated that, in cases of total asphyxia
caused by artificial sputum or blood in the lungs of mongrel
rabbits and/or sheep, a single intrapulmonary, endotracheal,
and/or endobronchial injection of a warm alkaline hydrogen
peroxide solution can almost instantaneously and completely
inflate the lungs with oxygen foam, which immediately begins
to exit the upper airways, and the oxygen gas that forms
its basis begins to penetrate the bloodstream via the lungs,
eliminating hypoxemia within seconds.

Therefore, intrapulmonary, endotracheal, and endobronchial
injections of alkaline hydrogen peroxide solutions in cases of
airway obstruction with sputum, mucus, or pus in the terminal
stage of COVID-19, as well as in blood-related asphyxia, open
up new possibilities for oxygenating the blood via the lungs,
without the need for traditional mechanical ventilation or
ECMO.

CONCLUSION

Thus, there is every reason to believe that a promising
direction in the search and development of new-generation
antihypoxic agents has emerged in Russia—namely,
powerful generators of medical oxygen gas created through
the physicochemical repurposing of hydrogen peroxide
solutions. It has been established that oxygen-producing
antihypoxic agents are warm alkaline solutions of hydrogen
peroxide. Their primary constituents are hydrogen peroxide,
sodium bicarbonate, and water. A novel method has been
developed to boost the oxygen-generating capacity of
these medicinal solutions by saturating them with oxygen
gas under excess pressure. The mechanism of action
of these oxygen-producing antihypoxic agents differs
fundamentally from that of all other known agents: when
administered locally (intrapulmonarily), they generate
oxygen gas, transform colloidal fluids within the airways
into oxygen foam, and oxygenate the blood via the lungs.
Their pharmacological target is catalase, found in sputum,
serous fluid, pus, and/or blood in cases where they obstruct
the airways.

Comprehensive, large-scale studies are needed to fully
elucidate all aspects of the local use of warm alkaline
hydrogen peroxide solutions as new-generation antihypoxic
agents and to draw definitive conclusions. There is hope that
active research into the local application of these solutions
as effective oxygen gas prodrugs may optimize their use
in combating hypoxic and ischemic cell damage under
conditions of severe asphyxia and hypoxemia, especially
when mechanical ventilation is ineffective and ECMO is not
available.
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