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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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АННОТАЦИЯ
Причиной биологической смерти теплокровных животных и людей является гипоксическое повреждение клеток го-
ловного мозга. В связи с этим газ кислород представляет собой антигипоксант номер один при оказании неотложной 
медицинской помощи во всех критических состояниях. Наиболее широко кислород используется для этой цели с по-
мощью искусственной вентиляции легких. Однако при асфиксии, вызванной закупоркой дыхательных путей густой 
мокротой, слизью, гноем и/или кровью, ингаляционный кислород не достигает альвеол и не всасывается в кровь. 
В указанных ситуациях традиционная искусственная вентиляция легких теряет свою эффективность и не предотвра-
щает биологическую смерть от гипоксического повреждения клеток мозга. В начале XXI в. в качестве альтернативы 
газообразному кислороду, искусственной вентиляции легких и экстракорпоральной мембранной оксигенации в России 
была начата разработка внутрилегочных кислород-продуцирующих антигипоксантов путем физико-химичсекого пере-
профилирования перекиси водорода. Катализатором и координатором разработок антигипоксантов нового поколения 
стал профессор П.Д. Шабанов. В результате была открыта новая группа антигипоксантов, которые представляют собой 
теплые щелочные растворы перекиси водорода. Наиболее эффективные кислород-продуцирующие антигипоксанты 
при внутрилегочном местном применении обеспечивают мощную генерацию медицинского газа кислорода за счет ка-
талазного расщепления перекиси водорода на воду и молекулярный кислород. Местная внутрилегочная, эндотратра-
хеальная и эндобронхиальная фармакодинамика и фармакокинетика теплых щелочных растворов перекиси водорода 
неотделимы от взаимодействия с каталазой, содержащейся в мокроте, слизи, серозных жидкостях, гнойных массах 
и крови, заполнивших собой дыхательные пути при асфиксии и/или тяжелой острой респираторной обструкции. По-
казан высокий терапевтический потенциал антигипоксантов нового поколения как мощных генераторов медицинского 
газа кислорода при их внутрилегочных, эндобронхиальных и эндотрахеальных инъекциях в состоянии острого тяжелого 
удушья, вызванного закупоркой дыхательных путей коллоидными жидкостями, содержащими каталазу. Предполага-
ется, что внутрилегочные кислород-продуцирующие антигипоксанты могут рассматриваться как лекарственные пре-
параты резервной сатурации крови через легкие в ситуации низкой эффективности искусственной вентиляции легких 
и невозможности применения экстракорпоральной мембранной оксигенации.

Ключевые слова: перекись водорода; газ кислород; антигипоксанты; каталаза; генератор кислорода; разработка;  
лекарства.
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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 

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 F.Yu. 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 
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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 P.D. 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 АL, 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 

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 2742505С1, 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 
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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, 1 L 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 

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.

REVIEW Vol. 16 (1) 2025 Psychopharmacology and biological narcology



DOI: https://doi.org/10.17816/phbn642337

40
REVIEW Vol. 16 (1) 2025 Psychopharmacology and biological narcology

ADDITIONAL INFORMATION
Author contributions: All authors made significant contributions 
to conceptualization, investigation and preparation of the article, 
and read and approved the final version before publication.  
Contribution of each author: N.A. Urakova, A.L. Urakov: formal 
analysis, conceptualization, writing.
Funding sources: The study was part of the state assignment of the 
Ministry of Science and Higher Education of the Russian Federation 
FGWG-2025-0020 “Search for molecular targets for pharmacological 
action in addictive and neuroendocrine disorders with the aim of 
creating new pharmacologically active substances acting on CNS 
receptors”.
Disclosure of interests: The authors declare that there are no 
obvious or potential conflicts of interest related to the publication 
of this article.

ДОПОЛНИТЕЛЬНАЯ ИНФОРМАЦИЯ
Вклад авторов. Все авторы внесли существенный вклад в раз-
работку концепции, проведение исследования и подготовку 
статьи, прочли и одобрили финальную версию перед публика-
цией. Вклад каждого автора: Н.А. Уракова, А.Л. Ураков — анализ 
данных, разработка общей концепции, написание статьи.
Источники финансирования. Исследование выполнено в рамках 
государственного задания Минобрнауки России FGWG-2025-0020 
«Поиск молекулярных мишеней для фармакологического воз-
действия при аддиктивных и нейроэндокринных нарушениях 
с целью создания новых фармакологически активных веществ, 
действующих на рецепторы ЦНС».
Конфликт интересов. Авторы декларируют отсутствие явных 
и потенциальных конфликтов интересов, связанных с публика-
цией настоящей статьи.

REFERENCES│СПИСОК ЛИТЕРАТУРЫ
1. Shabanov PD. Creator of the concept of antihypoxants and 
actoprotectors: on the occasion of the 100th anniversary of Professor 
V.M. Vinogradov. Psychopharmacology and Biological Narcology. 
2024;15(1):79–90. EDN: BJMCWT doi: 10.17816/phbn625959
2. Urakov AL, Urakova NA, Shabanov PD. Hypoxic irreversible brain 
cells damage, associated risk factors and antihypoxants. Rewiews 
on Clinical Pharmacology and Drug Therapy. 2024;22(3):277–288. 
EDN: FWRGAK doi: 10.17816/RCF629408
3. Shabanov PD, Urakov A, Urakova NA. Assessment of fetal 
resistance to hypoxia using the stange test as an adjunct to apgar 
scale assessment of neonatal health status. Medical Academic 
Journal. 2023;23(3):89–102. EDN: OFZNNV doi: 10.17816/MAJ568979
4. Sauvageau A, Racette S. Agonal sequences in a  filmed suicidal 
hanging: analysis of respiratory and movement responses to asphyxia 
by hanging. Journal of forensic sciences. 2007;52(4):957–959. 
doi: 10.1111/j.1556-4029.2007.00459.x
5. Sauvageau A. Agonal sequences in four filmed hang-
ings: analysis of respiratory and movement responses to 
asphyxia by hanging. J Forensic Sci. 2009;54(1):192–194.  
doi: 10.1111/j.1556-4029.2008.00910.x
6. Sauvageau A, LaHarpe R, Geberth VJ, Working Group on 
Human Asphyxia. Agonal sequences in eight filmed hangings: 
analysis of respiratory and movement responses to asphyxia by 
hanging. J Forensic Sci. 2010;55(5):1278–1281. EDN:  MYYDZB 
doi: 10.1111/j.1556-4029.2010.01434.x
7. Urakov A, Urakova N. Targeted temperature management in 
obstetrics for prevention perinatal encephalopathy. Turk J Med Sci. 
2024;54(4):876–877. EDN: TYUCKG doi: 10.55730/1300-0144.5859
8. Bitterman H. Bench-to-bedside review: oxygen as a  drug. Crit 
Care. 2009;13(1):205. EDN: LXDZZP doi: 10.1186/cc7151
9. Urakov A, Urakova N, Shabanov P, et al. Suffocation in asthma 
and COVID-19: Supplementation of inhaled corticosteroids with 

alkaline hydrogen peroxide as an alternative to ECMO. Preprints. 
2023:2023070627. EDN: LKYCIH doi: 10.20944/preprints202307.0627.v1
10. Zubieta-Calleja G, Zubieta-DeUrioste N, Venkatesh T, et al. 
COVID-19 and pneumolysis simulating extreme high-altitude 
exposure with altered oxygen transport physiology; multiple 
diseases, and scarce need of ventilators: Andean Condor’s-eye-
view. Rev Recent Clin Trials. 2020;15(4):347–359. EDN:  GGROPW  
doi: 10.2174/1574887115666200925141108
11. Zhang H, Zhang C, Hua W, et al. Saying no to SARS-CoV-2:  
the potential of nitric oxide in the treatment of COVID-19 pneumonia. 
Med Gas Res. 2024;14:39–47. doi: 10.4103/2045-9912.385414
12. Hussain M, Khurram S; Fatima M, et al. Acute respiratory dis-
tress syndrome and COVID-19: a  literature review. J Inflamm Res. 
2021;14:7225–7242. EDN: JMJKGE doi: 10.2147/JIR.S334043
13. Urakov AL, Urakova NA. COVID-19: intrapulmonary injection of hy-
drogen peroxide solution eliminates hypoxia and normalizes respiratory 
biomechanics. Russian Journal of Biomechanics. 2021;25(4):350–356. 
EDN: UUEVFL doi: 10.15593/RZhBiomeh/2021.4.06 
14. Fisher E, Urakov A, Svetova M, et al. Covid-19: Intrapulmo-
nary alkaline hydrogen peroxide can immediately increase blood 
oxygenation. Med Cas. 2021;55(4):135–138. (In Chech) EDN: PPDOXY 
doi: 10.5937/mckg55-35424
15. Chi W, Pang P, Luo Z, et al. Risk factors for hypoxaemia fol-
lowing hip fracture surgery in elderly patients who recovered from 
COVID-19: a multicentre retrospective study. Front Med (Lausanne). 
2023;10:1219222. EDN: IYEQHG doi: 10.3389/fmed.2023.1219222
16. Watase M, Miyata J, Terai H, et al. Cough and sputum in 
long COVID are associated with severe acute COVID-19: a  Japa-
nese cohort study. Respir Res. 2023;24(1):283. EDN:  CGZXSC  
doi: 10.1186/s12931-023-02591-3
17. Lu KY, Alqaderi H, Bin Hasan S, et al. Sputum produc-
tion and salivary microbiome in COVID-19 patients reveals 

https://elibrary.ru/bjmcwt
https://doi.org/10.17816/phbn625959
https://elibrary.ru/fwrgak
https://doi.org/10.17816/RCF629408
https://elibrary.ru/ofznnv
https://doi.org/10.17816/MAJ568979
https://doi.org/10.1111/j.1556-4029.2007.00459.x
https://doi.org/10.1111/j.1556-4029.2008.00910.x
https://elibrary.ru/myydzb
https://doi.org/10.1111/j.1556-4029.2010.01434.x
https://elibrary.ru/tyuckg
https://doi.org/10.55730/1300-0144.5859
https://elibrary.ru/lxdzzp
https://doi.org/10.1186/cc7151
https://elibrary.ru/lkycih
https://doi.org/10.20944/preprints202307.0627.v1
https://elibrary.ru/ggropw
https://doi.org/10.2174/1574887115666200925141108
https://doi.org/10.4103/2045-9912.385414
https://elibrary.ru/jmjkge
https://doi.org/10.2147/JIR.S334043
https://elibrary.ru/uuevfl
https://doi.org/10.15593/RZhBiomeh/2021.4.06
https://elibrary.ru/ppdoxy
https://doi.org/10.5937/mckg55-35424
https://elibrary.ru/iyeqhg
https://doi.org/10.3389/fmed.2023.1219222
https://elibrary.ru/cgzxsc
https://doi.org/10.1186/s12931-023-02591-3


DOI: https://doi.org/10.17816/phbn642337

41

oral-lung axis. PloS one. 2024;19:e0300408. EDN:  DVGKAF  
doi: 10.1371/journal.pone.0300408
18. Yagudin I, Suntsova D. Pyolytics: a  step forward to ad-
dress respiratory hypoxia in coronavirus infection. Anti-
Infective Agents. 2024;22:e130224226944. EDN:  KRQZSX  
doi: 10.2174/0122113525287737240201050550
19. Urakov AL, Urakova NA. COVID-19: Optimization of 
respiratory biomechanics by aerosol pus solvent. Russian 
Journal of Biomechanics. 2021;25(1):86–90. EDN:  YVUXPO  
doi: 10.15593/RZhBiomeh/2021.1.07
20. Ma X, Liang M, Ding M, et al. Extracorporeal membrane 
oxygenation (ECMO) in critically ill patients with coronavirus 
disease 2019 (COVID-19) pneumonia and acute respiratory distress 
syndrome (ARDS). Med Sci Monit. 2020;26:e925364. EDN:  WXLEOA 
doi: 10.12659/MSM.925364
21. Gallo A, Cuscino N, Carcione C, et al. Proof-of-concept analysis 
of b cell receptor repertoire in covid-19 patients undergoing 
ECMO by single-cell V(D)J and gene expression sequencing. 
Curr Issues Mol Biol. 2023;45(2):1471–1482. EDN:  LXAFLK  
doi: 10.3390/cimb45020095
22. Ryan D, Miller K, Capaldi C, et al. Massive hemoptysis bridged 
with VV ECMO: a case report. Front Cardiovasc Med. 2022;9:997990. 
EDN: TRNSPZ doi: 10.3389/fcvm.2022.997990
23. Li K, Wen L, Zhou H, et al. Massive hemoptysis in preg-
nancy treated by ECMO combined with electronic broncho-
scopy: a  case report. Heliyon. 2023;10:e23702. EDN:  MUXMFU  
doi: 10.1016/j.heliyon.2023.e23702
24. Udi J, Köhler TC, Grohmann J, et al. A challenging case of severe 
pulmonary bleeding in a  patient with congenital ventricular septal 
defect (VSD) and Eisenmenger syndrome: extracorporeal membrane 
oxygenation (ECMO) support and weaning strategies. Clin Res Cardiol. 
2020;109(3):403–407. doi: 10.1007/s00392-019-01544-5
25. Huespe IA, Lockhart C, Kashyap R, et al. Evaluation of the dis-
crimination and calibration of predictive scores of mortality in ECMO 
for patients with COVID-19. Artif Organs. 2023;47(6):1007–1017. 
EDN: VIJFIR doi: 10.1111/aor.14493
26. Majithia-Beet G, Naemi R, Issitt R. Efficacy of outcome pre-
diction of the respiratory ECMO survival prediction score and the 
predicting death for severe ARDS on VV-ECMO score for patients 
with acute respiratory distress syndrome on extracorporeal mem-
brane oxygenation. Perfusion. 2023;38(7):1340–1348. EDN: YSBPFW 
doi: 10.1177/02676591221115267
27. Urakov AL, Urakova NA, Yagudin II, et al. COVID-19: artificial 
sputum, respiratory obstruction method and screening of pyolitic and 
antihypoxic drugs. Bioimpacts. 2022;12(4):393–394. EDN:  XSNLEY 
doi: 10.34172/bi.2022.23877 
28. Osipov AN, Urakova NA, Urakov AL, et al. Warm alkaline hydro-
gen peroxide solution as an oxygen-releasing antihypoxic drug: po-
tential benefits and applications. Med Gas Res. 2025;15(1):134–135. 
EDN: HDYAWO doi: 10.4103/mgr.MEDGASRES-D-24-00058
29. Kurkin DV, Bakulin DA, Abrosimova EE, et al. Hif and prolyl 
hydroxylase inhibitors  – a  new pharmacological target and a  me-
dicinal drugs class stimulating not only erythropoiesis, but more. 
Advances in Physiological Sciences. 2022;53(3):15–44. EDN: LEPGCD 
doi: 10.31857/S0301179822030067
30. Lobzin YuI. Peter Dmitrievich Shabanov (on the 50th anniver-
sary of his birth). Psychopharmacology and Biological Narcology. 
2005;5(3):969–971. (In Russ.) EDN: HSOFWD

31. Zarubina IV, Shabanov PD. Molecular pharmacology of 
antihypoxants. Saint Petersburg: N-L; 2004. 368 p. EDN: QLKMDH
32. Shabanov P, Samorodov A, Urakova N, et al. Low fetal resis-
tance to hypoxia as a  cause of stillbirth and neonatal encepha-
lopathy. Clin Exp Obstet Gynecol. 2024;51(2):33. EDN:  SNDJIC  
doi: 10.31083/j.ceog5102033
33. Shabanov PD, Zarubina IV. The developing brain in the for-
mation of oxidant and antioxidant systems. Psychopharmacol-
ogy and Biological Narcology. 2023;14(4):229–236. EDN:  QJBCIO  
doi: 10.17816/phbn623031
34. Shabanov PD, Zarubina IV. Hypoxia and antihypoxants, focus on 
brain injury. Reviews on Clinical Pharmacology and Drug Therapy. 
2019;17(1):7–16. EDN: NNOOGA doi: 10.17816/RCF1717-16
35. Zarubina IV, Shabanov PD. Antioxidant effect of polyoxi-
donium and metaprot during bronchopulmonary inflammation 
in rats. Bull Exp Biol Med. 2015;160(2):234–237. EDN:  WTMEQV  
doi: 10.1007/s10517-015-3137-9.13
36. Zarubina IV, Shabanov PD. The significance of individual resis-
tance to hypoxia for correction of the consequences of craniocerebral 
trauma. Neurosci Behav Physiol. 2005;35(2):215–219. EDN: LJCSSV 
doi: 10.1007/s11055-005-0016-2.14
37. Zarubina IV, Kuritsyna NA, Shabanov PD. Cerebroprotective effect 
of combined treatment with pyrazidol and bemitil in craniocerebral 
trauma. Bull Exp Biol Med. 2004;138(1):58–62. EDN:  LITHDV 
doi: 10.1023/B: BEBM.0000046939.59393.ac15
38. Zarubina IV, Nurmanbetova FN, Shabanov PD. Bemithyl potentiates 
the antioxidant effect of intermittent hypoxic training. Bull Exp Biol Med. 
2005;140(2):190–193. EDN: LJCMMX doi: 10.1007/s10517-005-0442-8
39. Levchenkova OS, Novikov VE, Pozhilova YV. Pharmacodynam-
ics of antihypoxants and their clinical use. Reviews on Clinical 
Pharmacology and Drug Therapy. 2012;10(3):3–12. EDN:  QZKXOV 
doi: 10.17816/RCF1033-12
40. Shirinova I. Influence of antihypoxants drugs on respiration 
and oxidative phosphorylation of rat mitochondria under hypoxia 
conditions. BIO Web of Conferences. 2024;116:02013. EDN: WDAYTU 
doi: 10.1051/bioconf/202411602013
41. Urakov AL, Shabanov PD. Idealization in pharmacology and 
pharmacy: symbol of the chemical formula of one molecule of 
a substance and a real pharmaceutical product. Reviews on Clinical 
Pharmacology and Drug Therapy. 2023;21(4):319–327. EDN: COIATJ 
doi: 10.17816/RCF593274
42. Urakov AL, Urakova NA. COVID–19: What drug can be used to treat 
a new coronavirus disease and why. J Bio Innov. 2020;9(3):241–251. 
EDN: XROWTO doi: 10.46344/JBINO.2020.v09i03.02
43. Urakov A, Urakova N. COVID-19. Cause of death and medica-
tions. IP Int J Comprehensive Adv Pharmacol. 2020;5(2):45–48. 
doi: 10.18231/j.ijcaap.2020.011
44. Urakov A, Urakova N, Reshetnikov A, et al. Catalase: a potential 
pharmacologic target for hydrogen peroxide in the treatment of 
COVID-19. Curr Top Med Chem. 2024;24(25):2191–2210. EDN: GZPFOR 
doi: 10.Med2174/0115680266322046240819053909
45. Urakov AL. Gases as ingredients of medicines. Reviews on 
Clinical Pharmacology and Drug Therapy. 2020;18(4):351–358. 
EDN: BOUAOC doi: 10.17816/RCF184351-358 
46. Urakov A, Shabanov P, Lovtsova L. Development of new  
generation drugs by enriching them with gases. Journal of Phar-
maceutical Research International. 2023;35(3):7–16. EDN:  DPDDCX  
doi: 10.9734/jpri/2023/v35i37315

REVIEW Vol. 16 (1) 2025 Psychopharmacology and biological narcology

https://elibrary.ru/dvgkaf
https://doi.org/10.1371/journal.pone.0300408
https://elibrary.ru/krqzsx
https://doi.org/10.2174/0122113525287737240201050550
https://elibrary.ru/yvuxpo
https://doi.org/10.15593/RZhBiomeh/2021.1.07
https://elibrary.ru/wxleoa
https://doi.org/10.12659/MSM.925364
https://elibrary.ru/lxaflk
https://doi.org/10.3390/cimb45020095
https://elibrary.ru/trnspz
https://doi.org/10.3389/fcvm.2022.997990
https://elibrary.ru/muxmfu
https://doi.org/10.1016/j.heliyon.2023.e23702
https://doi.org/10.1007/s00392-019-01544-5
https://elibrary.ru/vijfir
https://doi.org/10.1111/aor.14493
https://elibrary.ru/ysbpfw
https://doi.org/10.1177/02676591221115267
https://elibrary.ru/xsnley
https://doi.org/10.34172/bi.2022.23877
https://elibrary.ru/hdyawo
https://doi.org/10.4103/mgr.MEDGASRES-D-24-00058
https://elibrary.ru/lepgcd
https://doi.org/10.31857/S0301179822030067
https://elibrary.ru/hsofwd
https://elibrary.ru/qlkmdh
https://elibrary.ru/sndjic
https://doi.org/10.31083/j.ceog5102033
https://elibrary.ru/qjbcio
https://doi.org/10.17816/phbn623031
https://elibrary.ru/nnooga
https://doi.org/10.17816/RCF1717-16
https://elibrary.ru/wtmeqv
https://doi.org/10.1007/s10517-015-3137-9.13
https://elibrary.ru/ljcssv
https://doi.org/10.1007/s11055-005-0016-2.14
https://elibrary.ru/lithdv
https://doi.org/10.1023/B:
https://elibrary.ru/ljcmmx
https://doi.org/10.1007/s10517-005-0442-8
https://elibrary.ru/qzkxov
https://doi.org/10.17816/RCF1033-12
https://elibrary.ru/wdaytu
https://doi.org/10.1051/bioconf/202411602013
https://elibrary.ru/coiatj
https://doi.org/10.17816/RCF593274
https://elibrary.ru/xrowto
https://doi.org/10.46344/JBINO.2020.v09i03.02
https://doi.org/10.18231/j.ijcaap.2020.011
https://elibrary.ru/gzpfor
https://doi.org/10.Med2174/0115680266322046240819053909
https://elibrary.ru/bouaoc
https://doi.org/10.17816/RCF184351-358
https://elibrary.ru/dpddcx
https://doi.org/10.9734/jpri/2023/v35i37315


DOI: https://doi.org/10.17816/phbn642337

42
REVIEW Vol. 16 (1) 2025 Psychopharmacology and biological narcology

47. Urakov AL, Shabanov PD, Gurevich KG, et al. Supplementing 
traditional drug formulation with the “needed” gases opens the way 
for the development of a  new generation of drugs. Psychophar-
macology and Biological Narcology. 2023;14(1):5–14. EDN:  TSUJTP 
doi: 10.17816/phbn321616 
48. Urakov A, Urakova N, Reshetnikov A, et al. Reprofiling  
hydrogen peroxide from antiseptics to pyolytics: a  narrative over-
view of the history of inventions in Russia. Journal of Pharma-
ceutical Research International. 2023;35(6):37–48. EDN:  EANTYW  
doi: 10.9734/jpri/2023/v35i67333 
49. Fisher EL. In Russia, a  biological model of fetal intrauterine 
hypoxia has been developed for screening antihypoxants. Proceedings 
of the Izhevsk State Medical Academy. Izhevsk; 2024. P. 12–14.
50. Patent RUS No. 2563151 / 20.09.2015. Urakov АL, Urakova NA, 
Agarval RK, et al. Method of maintenance of live fish during 
transportation and storage. EDN: SBVKWU https://fips.ru/registers-
doc-view/fips_servlet

51. Urakova NA, Urakov AL. Hydrogen peroxide: potential for repur-
posing into an oxygen-producing antihypoxant by generating oxygen 
gas. Biointerface Res Appl Chem. 2025;15: doi:10.33263/BRIAC151.003
52. Urakov AL, Shabanov PD. Acute respiratory syndrome-2 (SARS-
CoV-2): A solution of hydrogen peroxide and sodium bicarbonate as 
an expectorant for recanalization of the respiratory tract and blood 
oxygenation in respiratory obstruction (review). Reviews on Clinical 
Pharmacology and Drug Therapy. 2021;19(4):383–393. EDN: CVCWXY 
doi: 10.17816/RCF194383-393
53. Vitolo M. Decomposition of hydrogen peroxide by catalase. World 
Journal of Pharmacy and Pharmaceutical Sciences. 2021;10:47–56. 
doi: 10.20959/wjpps20218-19552
54. Urakov AL, Urakova NA, Chernova LV. The influence of 
temperature, atmospheric pressure, antihypoxant and chemical 
“battery oxygen” on the sustainability of fish in the water without 
air. International Journal of Applied and Fundamental Research. 
2014;(8–2):48–52. EDN: SFWCZH

AUTHORS INFO ОБ АВТОРАХ
*Natalya A. Urakova, MD, Cand. Sci. (Medicine);  
address: 12 Akademika Pavlova st., Saint Petersburg, 197022, 
Russia; ORCID: 0000-0002-4233-9550; eLibrary SPIN: 4858-1896; 
e-mail: urakovanatal@mail.ru

*Наталья Александровна Уракова, канд. мед. наук;  
адрес: Россия, 197022, Санкт-Петербург, ул. Академика Павло-
ва, д. 12; ORCID: 0000-0002-4233-9550; eLibrary SPIN: 4858-1896; 
e-mail: urakovanatal@mail.ru

Alexander L. Urakov, MD, Dr. Sci. (Medicine), Professor;  
ORCID: 0000-0002-9829-9463; eLibrary SPIN: 1613-9660;  
e-mail: urakoval@live.ru

Александр Ливиевич Ураков, д-р мед. наук, профессор; 
ORCID: 0000-0002-9829-9463; eLibrary SPIN: 1613-9660;  
e-mail: urakoval@live.ru

* Corresponding author / Автор, ответственный за переписку

https://elibrary.ru/tsujtp
https://doi.org/10.17816/phbn321616
https://elibrary.ru/eantyw
https://doi.org/10.9734/jpri/2023/v35i67333
https://elibrary.ru/sbvkwu
https://fips.ru/registers-doc-view/fips_servlet
https://fips.ru/registers-doc-view/fips_servlet
https://elibrary.ru/cvcwxy
https://doi.org/10.17816/RCF194383-393
https://doi.org/10.20959/wjpps20218-19552
https://elibrary.ru/sfwczh
https://orcid.org/0000-0002-4233-9550
https://www.elibrary.ru/author_profile.asp?spin=4858-1896
mailto:urakovanatal@mail.ru
https://orcid.org/0000-0002-4233-9550
https://www.elibrary.ru/author_profile.asp?spin=4858-1896
mailto:urakovanatal@mail.ru
https://orcid.org/0000-0002-9829-9463
https://www.elibrary.ru/author_profile.asp?spin=1613-9660
mailto:urakoval@live.ru
https://orcid.org/0000-0002-9829-9463
https://www.elibrary.ru/author_profile.asp?spin=1613-9660
mailto:urakoval@live.ru

	Psychopharmacology  and biological  narcology
	Психофармакология и биологическая  наркология
	New generation antihypoxants:  alkaline hydrogen peroxide solutions  as medical oxygen gas generators
	Abstract
	To cite this article

	Антигипоксанты нового поколения:  щелочные растворы перекиси водорода как  генераторы медицинского газа кислорода
	Аннотация
	Как цитировать
	INTRODUCTION
	CONVENTIONAL ANTIHYPOXIC AGENTS (NON-OXYGEN-PRODUCING)
	WARM ALKALINE HYDROGEN PEROXIDE SOLUTIONS AS NEW-GENERATION ANTIHYPOXIC AGENTS CHARACTERIZED BY PRONOUNCED RELEASE OF MEDICAL OXYGEN GAS
	CONCLUSION
	REFERENCES│СПИСОК ЛИТЕРАТУРЫ
	Additional information
	Дополнительная информация
	AUTHORS INFO	ОБ АВТОРАХ



