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Intrapulmonary Use of Hydrogen Peroxide in
Respiratory  Obstruction:  Initial  Results
Demonstrate the Possibility of Airway
Recanalization and Blood Reoxygenation
Through the Lungs. An Update

ABSTRACT

It is reported that the interaction of hydrogen peroxide and sodium bicarbonate solution with thick sputum,
mucus, pus and blood clots leads to their rapid transformation into a fluffy oxygenated foam. This
mechanism of action allows repurposing hydrogen peroxide from antiseptic to expectorant and oxygen
forming antihypoxant, which can find application for recanalization of airways and increasing blood
oxygenation in acute respiratory syndrome. It is reported that acute respiratory distress syndrome in
COVID-19 can be caused by excessive accumulation of thick sputum, mucus and pus in the airways,
which complicates intra-pulmonary oxygenation of blood, causes hypoxia and causes death, since there
are no drugs for urgent recanalization of the airways today. At the same time, the first evidence emerged
that alkaline hydrogen peroxide solution can claim to be an inhaled expectorant and oxygen-producing
drug for urgent recanalization of the airways when they are blocked by mucus, sputum, pus, blood and
other colloidal fluid containing the enzyme catalase.
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Introduction

Hydrogen peroxide is an over-the-counter antiseptic that has been widely used topically for about 100 years to treat cuts,
scratches, abrasions, burns and purulent wounds because it has a detrimental effect on pathogens, including
coronaviruses [1-5]. A solution of-3-6% hydrogen peroxide solution is considered to be the most effective and safe
preparation for external local application for medical purposes [6]. At the same time, hydrogen peroxide solutions continue
to be used in various fields. of medicine without regard to their physicochemical properties. In particular, the peculiarities of
local interaction withgsputum, mucus, pus and blood of hydrogen peroxide solution with changes in its acid (alkaline),
osmotic, thermal<and gaseous.activity remain poorly studied [2,7-10]. Here we summarized the first data on the
nonspecific local action of hydrogen peroxide solutions on biological tissues due to the value of its concentration, osmotic
and alkaline activity, temperature and the ability to form gaseous oxygen. We sought to understand the basic laws of the
mechanism..of local non-specific action of hydrogen peroxide solutions on biological tissues containing the enzyme
catalase in‘order'to-improve the effectiveness and safety of treatment of "purulent” diseases and complications caused by
infectious processes of purulent-inflammatory nature [4,6,7,11,12]. According to international databases containing
informationon scientific articles and patents for inventions, the formulation and physical-chemical properties of hydrogen
peroxide solutions have not been significantly altered for about last 100 years. Only in the last few years have the first
proposals for radically changing the physical-chemical properties of hydrogen peroxide solutions to give them new
mechanisms of action begun to appear. The fact is that it was at this time that reports appeared on the possibility of
transforming an "old" drug into a "new" one (a drug with new pharmacological activity) by means of a targeted change in
its physical-chemical properties [13-15].

Modernization of the hydrogen peroxide solution formulation



Analysis of the available articles and inventions allows us to recognize that the indicated way of hydrogen peroxide
solution modernization turned out to be correct. At the same time, it becomes clear that the most productive elements in
the modernization of the hydrogen peroxide solution formulation, which gave it completely new and unique physical and
chemical properties, were the additional introduction of sodium bicarbonate, oxygen gas under increased pressure and
increasing solution temperature to +37 - +42 °C. The first report on the possibility of using hydrogen peroxide solution for
a new purpose relied on its ability to replace oxygen gas and prevent death of aquarium fish from hypoxia in water without
access to oxygen gas (patent RU No. 2563151, 20.09.2015). It was reported that the use of a calculated therapeutic dose
of a hydrogen peroxide solution by enteral administration through a gastric tube, intramuscular injection, or injection into
the water in which the fish swam, increased the survival time of fish in hermetically sealed containers similar to the
reoxygenation of fish water and/or blood. Previously, there were no such proposals. Before that, the most reliable
preservation was achieved only by cooling (US Patent No. 7429398, 23.08.2003) [16]. The next report:on the possibility of
using hydrogen peroxide solution for a new purpose was based on its ability to transform a portion of.canned donor
venous blood into arterial blood without using oxygen gas (Patent RU No. 2538662, 10.01.2015). In the.same years it was
shown that hydrogen peroxide, when interacting with blood, is split by the enzyme catalase into water and molecular
oxygen, so that oxyhemoglobin is formed in erythrocytes (Patent RU No. 2589682; 10.07.2016). Therefore, the
appearance of hydrogen peroxide in the blood increases blood oxygenation and eliminates hypoxia. n addition, it has
been shown that the introduction of sodium bicarbonate into the hydrogen peroxide.solution provides the drug with the
"right" alkaline activity (Patent RU No. 2539380, 20.01.2015). The fact is that blood and most body tissues have alkaline
rather than acidic activity, which is provided by sodium bicarbonate (Patent RU No. 2586276, 10.06.2016). Therefore,
injection and enteral administration of hydrogen peroxide solutions has been recommended as a promising direction for
the development of drug-assisted extra-pulmonary blood oxygenation in thefuture.

Antihypoxic effect of the hydrogen peroxide

It was soon shown that the additional introduction of oxygen gas:into.the solution under excessive pressure increases the
antinypoxic effect of the hydrogen peroxide solution (Patent RU No. 2604129, 10.12.2016; Patent RU No. 2639493,
21.12.2018; Patent RU No. 2634271, 24.10.2017). Moreover, it.turned: out that forced introduction of hydrogen peroxide
gas into the hydrogen peroxide solution under increased.pressure gives the drug the ability of rapid cold boiling with foam
formation regardless of the presence of catalase and:is little dependent on the concentration of hydrogen peroxide. In
addition, it has been shown that increasing the temperature of the solution to +37 - 42 ° C potentiates the process of foam
formation and simultaneously reduces the local.itritating effect of the drug. It was also found that due to the controlled
foaming activity hydrogen peroxide solutions can have a geyser-like, pyolytic, mucolytic, hemolytic, decolorizing, oxygen-
releasing and antihypoxic effect, which was recommended for recanalization of airways and elimination of hypoxia in
respiratory obstruction caused by purulent obstructive bronchitis [17-19]. It has been reported that if the airways are filled
with thick sputum, mucus, pus and/or blood, traditional mucolytics and expectorants and their application techniques do
not provide urgent airway recanalization and urgent blood oxygenation through the lungs. At the same time, if under these
conditions, inhaled aerosol of warm hydrogen peroxide solution with pH 8.5 is applied, it quickly dissolves sputum, mucus,
pus and blood clots and turns them into oxygen foam, thus providing easy and rapid removal of biological masses from
the airways outward, increasing oxygen content in the airways and its absorption into the blood through the alveoli. In
other words, inhalation administration of aerosol of warm alkaline hydrogen peroxide solution has been shown to restore
airway patency for respiratory gas, increase lung airiness, oxygen content in the airways and blood oxygenation through
the lungs when the airways are blocked with sputum, mucus, pus and blood. Due to the described mechanism of local
action in the respiratory tract of an aerosol of antiseptic alkaline hydrogen peroxide solution, this medication has recently
been recommended for use during a severe attack of bronchial asthma and/or obstructive bronchitis. Moreover, it has
been suggested, that, intrapulmonary use of an upgraded hydrogen peroxide antiseptic with new physicochemical
properties.may soon become an alternative to extracorporeal membrane oxygenation, since the drug has high availability
and also easily'and easily provides urgent increase of blood oxygenation through the lungs in severe hypoxia caused by
acute respiratory obstruction in new coronavirus infection [18].

The ability of an. upgraded hydrogen peroxide solution, when administered intrapulmonary, to dissolve and turn thick
sputum, mucus, pus and blood clots into oxygenated foam and to increase blood oxygenation through the lungs has been
shown'in laboratory and experimental conditions. It was reported that the above results were obtained in in vitro laboratory
studies using isolated portions of pus, mucus, sputum and blood of the patient, as well as in experiments with isolated
rabbit lungs and in experiments on awake rabbits with simulated airway obstruction performed by artificial filling of the
airways with artificial sputum(Patent RU No. 2748999, 02.06.2021). It was shown that a single aerosol and/or injected
solution of 0.3-0.5% hydrogen peroxide and 1.2- 10% sodium bicarbonate quickly (within seconds) turns pus, blood, thick
sputum and mucus into an oxygenated foam in local interaction with them (Fig. 1).
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Fig. 1. A solution of hydrogen peroxide and sodium bicarbonate immediately turns thick.mucus, push and blood into
fluffy oxygen foam.
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In addition, at the same time the intrapulmonary application of the specified-modernized antiseptic hydrogen peroxide
urgently increased blood oxygenation through the lungs and eliminated hypoxia in the rabbit, caused by previously filled
his airways with artificial sputum [19].The protocol of the study on experimental animals (rabbits) corresponded to the
principles set out in the Helsinki Declaration of the World Health Organization, and was approved by the Ethics
Committees at the Institute of Thermology in I1zhevsk (Protocol No. 3 of February 7, 2019).

Conclusion

Thus, the first reports on aerosol inhalation and/or intrapulmonary:injection-of an upgraded solution of the "old" antiseptic
hydrogen peroxide, which show a previously unknown non-specific biological activity of hydrogen peroxide, and which can
be used for effective airway recanalization and blood reoxygenation through the lungs during airway obstruction and acute
hypoxia, appeared. Analysis of the first results shows that intrapulmonary application of alkaline hydrogen peroxide
solution in the role of recanalizing and reoxygenating drug.can optimize treatment of patients with severe hypoxia
complicating severe bronchial asthma, lung diseases caused by infection, worm invasion, lung injury and/or congenital
pathology like cystic fibrosis, etc. [20]
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