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ABSTRACT

The traditional treatment of chronic wounds involves daily cleansing of the wound surface from purulent necrotic mass-
es using mechanical and medicinal methods, accompanied by regular replacement of wound dressing. In this case,
medicinal wound cleansing lasts 10—15 mins from the time of replacement of the old wound dressing with the new one.
According to established practice, medicinal sanitation of infected and purulent wounds during dressing involves irriga-
tion of the wound surface with cleansing solutions, antiseptics, and/or antibiotics. In severe cases, the above therapy is
supplemented with live larvae of the necrophage fly, which are injected into purulent necrotic masses and left in them
under wound dressing until wounds are completely cleansed from pus. Nevertheless, the generally accepted course of
treatment of chronic wounds remains ineffective. The use of pyolytics and their supplementation with wound dressings
in the form of warm wet compresses, which create a local greenhouse effect in wounds, was reported to accelerate the
healing of chronic wounds. Pyolytics are a group of antiseptics developed in Russia. They are warm alkaline solutions of
hydrogen peroxide; when they interact with purulent necrotic masses, these solutions dissolve very quickly and foam them.
Because of the interaction with pyolytics, thick purulent masses immediately turn into fluffy oxygenated foam. Pyolytics
have been developed because of the physicochemical repurposing of aqueous solutions of sodium hydrogen carbonate
and hydrogen peroxide. To accelerate the healing of chronic wounds, a recommendation was to irrigate the surface of
chronic wounds with 3% hydrogen peroxide and 2—10% sodium bicarbonate solutions, heated to 37-45°C, which have
alkaline activity at pH 8.4-8.5 and are enriched with dissolved carbon dioxide or oxygen (due to excess pressure of
0.2 atm). This study presented the importance of treating chronic wounds using politics and treatment outcomes using
pyolytics along with warm moist dressing compresses, demonstrating a wound-healing effect. Consequently, physical
and chemical reprofiling of antiseptics may make them effective pyolytics, and the combination of pyolytics with warm
wound dressings such as warm moist compresses, which create a local greenhouse effect on wounds, accelerates the
healing of chronic wounds.
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AHHOTALNA

TpamvuMOHHOE NeYeHWe MALMEHTOB C XPOHUYECKUMM paHaMu MpefcTaBnisieT coBoM Kype exefHEBHbIX 0QHOKPATHbIX Npo-
Lieflyp OYMLLLEHNS NOBEPXHOCTU PaH OT FHOMHO-HEKPOTUYECKUX MAcC MEXAHUYECKUMU W NIEKapCTBEHHBIMU METOAAMM, COMpo-
BOXKJaeMbIMU perynsapHbIM 06HOBIEHWEM PaHEBBIX MOBA30K. [1py 3TOM NpoLeaypbl NEKapCTBEHHOIO OYMLLEHUS paH ANATCA
10-15 MMH B NpOMeXyTKax MeX Ay 3aMeHO «CTapbiX» paHeBbIX MOBA30K Ha «HOBbIE». [10 CNOXMBLLEWCS NpaKTUKe neKap-
CTBEHHOE CaHUPOBaHWe MHAULMPOBAHHBIX M FHOWHBIX paH BO BPeMS NEPEBA30K 3aKJT0YaeTCA B OPOLLEHUM paHeBOM MOBEpX-
HOCTM OYMLLLAKLLMMY PacTBOpPaMM, PacTBOpPaMM aHTUCENTUKOB U/UAM aHTUOMOTUKOB. B TAXeENbIX clyyasx yKasaHHas Tepanus
LOMOJHSAETCS MBbIMU JIMYMHKAMU MyXU-HEKpPODara, KOTOpbIX BBOLAT B THOMHO-HEKPOTUYECKME MacChl M OCTaBNAT Nof, pa-
HeBbIMM MOBA3KaMW BrJI0Tb A0 MOJIHOMO OYMLLEHUS PaH OT rHosA. TeM He MeHee 3 dEKTUBHOCTL 06LLENPUHATOrO KypCOBOro
NeYeHUs XPOHUHECKMX paH 0CTaeTCA HeJ0CTaTOYHO BbICOKOW. YCKOPUTL 3aXWB/IEHWE XPOHUYECKUX paH NO3BOJSET NpUMEHE-
HWe MUONUTUKOB U JOMOSHEHUE UX PaHEBbIMU MOBA3KaMM, BbIMOSHEHHBIMU B BUZE TEMJIbIX BIAXKHbIX KOMMPECCOB, CO3Aat0-
LUMX B paHaX MeCTHbI NapHUKOBbIN 3ddeKT. Motk — 3to paspabortaHHas B Poccum rpynna aHTUCENTUKOB, NpeAcTaB-
nsoLwmMx coboii Tennble LenoYHbIe pacTBOPLI NEPEKUCU BOAOPOSA, KOTOPLIE MPY B3aUMOLENACTBUM C FTHOMHO-HEKPOTUYECKUMM
Maccamu 04eHb ObICTPO pacTBOPSIOT U BCMEHWBAKIT UX. B pe3ynbTaTe B3aUMOAEHACTBUA C MMONUTUKAMMU MYCTble FHOWHbIE Macchl
TYT JKe NpeBpaLLaloTCcs B NYLUKACTYI0 KUCIOPOAHYHO neHy. [oKasaHo, 4To NuonuTMKK bbinn paspabotaHbl 6naroaaps dusuko-
XMMUYECKOMY NepenpodunnpoBaHuMio BOLHbIX PacTBOPOB ruapoKapboHaTa HaTpus v nepekucy Bogopoa. [insa yckopenus 3a-
JKUBMEHMS XPOHUYECKMX PaH ObIo NPeAsioKeHo 0poLIaTh MOBEPXHOCTb XPOHMYECKMX paH 3 % pacTBOpOM nepeKkucy BoAopo-
paun 2-10 % pactBopomM burkapboHaTa HaTpus, HarpeTbiM 4o Temnepatypbl 37-45 °C, 0bnafatLmMm LenoYHoN aKTUBHOCTbIO
npu pH 8,4-8,5 1 0boraLLieHHbIM pacTBOPEHHBIM YIIEKUCBIM Fra30M MK KUCTIOPOAOM (3a cHeT U3bbITouHoro faenenus 0,2 atm).
YKa3aHa CyLLHOCTb M300pETEHHON TEXHOMOMMM NEYEHUs XPOHUYECKMX PaH C UCMONb30BAHUEM MUOSUTUKOB U NPUBELEHDI pe-
3yNbTaTbl NEYEHUS XPOHUYECKMX PaH MUOIMTUKAMM B KOMOMHALMW C TENbIMUA BNXHBIMU NOBA3KaMU-KOMMPeCccaMm, KOTo-
pble NOATBEPKAAIOT HaMuMe paHosaxuenatLero 3ddexra. CnegosatenbHo, U3MKO-XMMUYECKOe MepenpoduaMpoBaHue
aHTUCENTMKOB MO3BOJISET MpeBpalLaTh UX B 3PGHEKTUBHbIE MUOUTUKY, @ KOMBMHALMSA NUONMTUKOB C TEMIbIMU paHeBbIMU
MOBSI3KaMK, BbIMOSIHEHHBIMU B BUAE TEMbIX BAXHbBIX KOMNPECCOB, CO3AAIOLLMMM B paHaX MECTHbIA NapHUKOBLIA 3ddeKT,
YCKOPSET 3aXKMBJIEHNE XPOHUYECKUX PaH.
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INTRODUCTION

Chronic wounds are an ongoing medical issue that
has yet to be addressed. Poor circulation, diabetes mel-
litus, a weakened immune system, or advanced age are
common causes of delayed wound healing [1-4]. Most
wounds heal within a week, but some may take se-
veral weeks or longer. A wound is considered chronic
if it has not healed within 8 weeks [5]. Chronic wounds,
particularly venous ulcers in the lower extremities [6],
require treatment. Therapeutic treatment involves regular
cleansing of purulent necrotic masses and wound closure
with dressings and bandages.

Unfortunately, no definitive drugs or treatments for
chronic wounds have yet been developed [7]. Treat-
ing chronic wound patients is expensive [7-9]. Diabe-
tic foot ulcers are particularly challenging to treat. Diabetic
foot ulcers affect an estimated 19 million people world-
wide each year. In about 80% of cases, individuals diag-
nosed with diabetes mellitus are treated with lower limb
amputation, which increases the risk of patient mortality
(10, 111

Chronic wound treatment must address the un-
solved issue of infection and suppuration [12]. The pres-
ence of purulent necrotic masses on the wound sur-
face often complicates and delays patient care [13, 14].
The presence of purulent masses in chronic wounds and
the lack of effective pyolytic drugs in normal medical
care contribute to low treatment efficiency and high fi-
nancial costs [16].

TRADITIONAL TREATMENT
OF CHRONIC WOUNDS

Infection-induced purulent masses are essential
in developing chronic wounds [17]. Cleaning solutions,
topical antiseptics, and antibiotics are necessary to
sanitize chronic wounds due to the infectious contami-
nation that causes purulent masses [18, 19]. These
therapeutic solutions irrigate chronic wounds without
regulating the local temperature or alkaline and os-
motic activity. Under these conditions, treatment with
detergents, antiseptics, and chemotherapeutic drugs is
unsuccessful [18-20]. However, efforts to increase the
efficacy of antimicrobial drugs continue using various
methods.

Previously, new antibiotics were associated with in-
creased chances of wound treatment success. However,
in recent years, wound dressings have been actively up-
dated to optimize medicine administration to the wound
[21-23]. Antibiotic resistance has emerged among infec-
tious agents. Nevertheless, regular dressing changes
remain among the most important success factors in
treating chronic wounds [24]. In this case, the surface
of the chronic wound is usually treated mechanically and
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medically while the soiled wound dressing is changed
for a clean one. An open wound is generally treated for
10-15 min before a new dressing is placed on the chronic
wound [25]. Therefore, wound dressings must be used
and replaced regularly to treat chronic wounds success-
fully.

Dressings that keep moisture in the wound bed are
designed to improve sanitation and speed up the hea-
ling process of chronic wounds [24-27]. However, in-
sufficient data support the assertion that modernized
dressings are more effective in expediting the healing of
chronic wounds than conventional gauze with a sodium
chloride (food salt) solution [28—31]. Conventional wound
dressings are ineffective in promoting healing in chronic
wounds with a high exudation rate. Therefore, there is a
need to develop innovative dressings. To address these
issues, researchers have developed various low-cost
and innovative wound dressings [32]. However, achiev-
ing significant success in treating chronic wounds using
these new dressings remains challenging. Furthermore,
in some cases, dressings might lead to wound suppura-
tion [33, 34]. Covering the surface of chronic wounds with
biofilm dressings might worsen wound sanitation.

For decades, necrophagous meat fly larvae have been
used to clean purulent necrotic wounds and speed up the
healing process of chronic wounds [35-37]. Larvae fa-
cilitate the healing of purulent wounds by promoting the
sanitation of purulent necrotic tissues. The use of larvae
for therapeutic purposes gained popularity in the early
ninth century but declined in the 1940s with the advent
of antiseptic wound treatment and antibiotics. However,
because of the recent emergence of microbial resis-
tance to chemotherapeutic drugs, larvae have regained
popularity for treating complex wounds. Larvae perform
wound sanitation by mechanically disrupting dense puru-
lent masses by continuous movement, secreting proteo-
lytic enzymes and antibacterial substances, and ingest-
ing and digesting bacteria and necrotic tissue [38-41].
In addition, the larvae affect the epidermal growth factor
and interleukin 6. Wound sanitation using necrophagous
fly larvae was shown to be helpful in 85% of patients
with chronic wounds. Therefore, larval therapy has been
proposed as a potentially effective treatment for certain
chronic wounds.

Purulent necrotic masses often interfere with the
healing process of chronic wounds. Pyolytics are not
included in regular medical care, and traditional meth-
ods of treating chronic wounds with sanitizing agents,
chemotherapeutic drugs, and wound dressings fail to
loosen and dissolve these dense masses. However, the
larvae of the necrophagous meat fly are more efficacious
[42-44]. Consequently, the complexity of drug treatment
for chronic wounds, which necessitates the use of larval
therapy, stems from a lack of alternative drugs. Pyolytics
are currently not a viable option.
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ANTISEPTIC PYOLYTICS AS AN
ALTERNATIVE TO MEAT FLY LARVAE

The conventional technique for treating chronic
wounds involves covering the wound surface with a
wound dressing for approximately 1 day. After this, the
soiled dressing is removed, and the wound is opened for
10-15 min. During this time, the wound is treated with
detergents, antiseptics, and/or chemotherapeutic drugs.
Finally, a fresh, clean wound dressing is used [25].
Wound dressings are typically changed every day, and
the open wound surface is irrigated with boiling water,
0.9% sodium chloride solution (saline), conventional
detergents, topical antiseptics, and/or chemotherapeu-
tic drugs [27]. However, the primary objective of drug
sanitation for chronic wounds is typically disinfection
rather than the removal of purulent necrotic masses [45].
Antiseptics, rather than pyolytics, are currently used to
treat chronic wounds. Furthermore, solutions with a high
concentration of antiseptics thicken rather than liquefy
purulent masses [45—-47]. Therefore, in cases where lig-
uefaction of thick purulent necrotic masses in chronic
wounds is complex, meat fly larvae are still nurtured
in the wounds [48].

According to several authors, the local effect of drugs
on biological tissues, including purulent masses, is deter-
mined by their nonspecific physicochemical activity rather
than their particular pharmacological activity [47, 49-54].
According to this proposal, it is recommended to consider
both the specific activity of drugs contained in finished
pharmaceutical preparations (e.g., tablets, solutions, and
aerosols) and their nonspecific activity caused by physi-
cochemical properties, such as temperature, osmotic
pressure, acidity (or alkalinity), and carbonation [55].
Until recently, the mechanism of action of drug solutions
was purely determined by their particular activity, with
no respect for their physicochemical properties and rele-
vant local interaction factors with biological tissues. This
approach is incomplete. This representation accurately
depicts the mechanism of action of drugs on the whole
organism following absorption into the blood. However,
it does not fully explain how drugs function locally when
interacting with biological tissues. The mechanical and
physicochemical properties of drugs in certain dosage
forms can help identify the mechanism of local action on
purulent masses and wound surfaces in chronic wounds.
Cold cleansing solutions at 24 °C and acid activity at
pH <7.0 do not dissolve dense pus. However, following
heating to 37°C-45°C and switching from acid to alkaline
activity at a pH of 8.4-8.5, the same solutions dissolve
dense purulent masses [45, 47, 55]. The results indicate
that local hyperthermia and alkalinization of drug solu-
tions might improve the interaction of antiseptics with
dense and solid biological masses, particularly purulent
ones, resulting in quicker and more effective liquefaction
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and dissolution. This has resulted in developing a new
approach to drug research known as “physicochemical
repurposing of drugs” [51, 52, 54].

This concept is not new; instead, it is a rediscovery
of an old practice [16, 47]. Warm alkaline water and hot
water steam have been used since ancient times to rap-
idly remove thick purulent masses from the surface of
chronic wounds and mucous membranes of the respira-
tory tract in cases of purulent inflammation of the nose,
nasopharynx, larynx, trachea, and bronchi. Traditionally,
people used ash to alkalize water and warm stones and
warmers to treat wounds [56, 57]. They were then re-
placed by specially developed physiotherapy and balneo-
therapy treatments [58-60].

However, researchers neglected warm alkaline so-
lutions and hot vapors (aerosols) at the start of the
21°' century. The revival of traditional chronic wound
treatments began with the discovery of a method for
treating long-term nonhealing wounds (Russian Federa-
tion patent no. 2187287, dated August 20, 2002) [16, 47].
This innovation recommends using local physiotherapy,
such as local hyperthermia and warm local antiseptics,
rather than local chemotherapeutic drugs and steroids to
treat chronic wounds. After removing the soiled wound
dressing, clean the wound surface with a warm 3% hy-
drogen peroxide solution at 37°C. Then, apply infrared
radiation to the open wound surface for 15 min until per-
sistent thermal hyperemia develops but does not exceed
42°C. The wound should be treated with a new dressing
soaked with a warm 2%-4% sodium chloride solution at
42°C. Then, apply a warming element to the dressing to
keep the local temperature in the wound at 37°C until
the wound sanitation dressing procedure is completed.
Patients with pressure sores (compression ulcers) in
chronic wounds showed rapid granulation tissue devel-
opment 2-3 days after initiating this treatment. Chronic
wounds healed after 1-2 weeks after using this method
on a continuous application.

In addition, the description of the present invention
shows that daily wound dressing renewal and irrigation
of open wound surfaces in chronic wounds with a warm
3% hydrogen peroxide solution at 37°C can remove pu-
rulent masses from the wound surface. This is due to the
hyperthermia and humidity softening the dense, purulent
masses. The enzyme catalase in the wound activates
a cold boiling process, which destroys dense purulent
masses and mechanically removes them from the wound.
This is due to the decomposition of hydrogen peroxide into
water and oxygen under catalase. The released oxygen
generates gas bubbles that form pathological masses,
resulting in fluffy white oxygen foam. Oxygen gas pos-
sesses pyolytic, disinfecting, deodorizing, bleaching, and
antihypoxic effects. Furthermore, the antihypoxic effect of
oxygen gas promotes aerobic metabolism in granulation
tissue cells, accelerating wound healing.
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According to the technique description, administer-
ing infrared heat to an open wound at 42°C for 15 min
increases the metabolism of granulation tissue in line
with the Arrhenius law, which speeds up the healing
process. Importantly, this method should not be used on
tissues susceptible to heat burns. Using a 2%-4% hy-
pertonic sodium chloride solution at 42°C to irrigate the
wound and apply a fresh dressing, as well as warming
the soaked dressing with a heating medium up to 37°C
until the wound is sanitized, transforms the dressing into
a warm, moisturizing compress. A warm, moisturizing
compress containing hypertonic sodium chloride solution
might provide a local greenhouse effect in the wound.
This preserves moisture and ensures a safe level of local
hyperthermia while disinfecting [16]. The physicochemical
properties of antiseptics and their local interaction with
purulent necrotic masses can effectively combat infec-
tious agents and speed up the healing of chronic wounds.

In subsequent years, increasing the pyolytic effect of
warm hydrogen peroxide solution on thick pus masses
was possible by making the solution alkaline (pH 8.4) with
sodium bicarbonate and dissolving carbon dioxide or oxy-
gen gas under high pressure. These concepts were initially
achieved in the innovations “means for liquefying thick
and sticky pus” (RF patent no. 2360685, dated July 10,
2009) and “bleaching denture cleaner” (RF patent
No. 2659952, dated July 4, 2018). A denture bleaching
cleaner was presented using a 2.0%-10.0% sodium bicar-
bonate solution heated to 37°C-42°C and a 3.0% + 0.3%
hydrogen peroxide solution enriched with oxygen by an
overpressure of 0.2 atm. When administered locally, this
solution exhibited pyolytic, hemolytic, deodorizing, bleach-
ing, and disinfecting properties. Local action is achieved by
hyperthermic softening of dense purulent masses, alkaline
saponification of lipid and protein—lipid complexes, cavi-
tation loosening of dense masses, dissolution, and oxida-
tive discoloration [61, 62]. In Russia, a group of hygienic
agents with physicochemical pyolytic activity was found
and termed “pus solvents.” In recent years, this group has
been renamed “pyolytics.” Pyolytics are primarily a group of
repurposed antiseptics, which are warm alkaline hydrogen
peroxide solutions [49, 63]. To date, it has been demon-
strated that the most effective and safe pus solvents are
warm solutions containing 2%-4% sodium hydrogen car-
bonate solution and 0.5%-3.0% hydrogen peroxide solution,
heated to 42°C-45°C [45, 53, 54].

Other studies have found that a warm alkaline hy-
drogen peroxide solution has pyolytic, mucolytic, and
hemolytic effects on purulent masses, mucus, sputum,
and blood. This effect has been found not only in labora-
tory conditions (in vitro) but also in experimental con-
ditions in isolated lungs and live rabbits, as well as in
clinical settings in patients with bronchial asthma during
acute respiratory obstruction induced by natural pus and/
or artificial sputum. Warm alkaline hydrogen peroxide
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solution applied, inhaled, and/or injected (including in-
trapulmonary injection) can transform thick and viscous
sputum, mucus, pus, and blood clots into fluffy oxygen
foam within 8-11 s of local contact [50, 64-66]. These
findings indicate that warm alkaline hydrogen peroxide
solutions might be used to hasten the sanitization of
chronic wounds. In addition, laboratory, experimental,
and clinical studies have shown that sanitizing treat-
ment for chronic wounds may be achieved by combining
warm alkaline hydrogen peroxide solutions with moist
wound dressing compresses. This treatment can be con-
sidered an alternative to traditional drug disinfection and
larval dissolution of purulent necrotic masses in chronic
wounds, as it can be used for immediate cleansing and
acceleration of the healing process.

CONCLUSIONS

Thus, in the early 21 century, Russia had completed
the physicochemical conversion of antiseptic solutions,
including hydrogen peroxide and sodium bicarbonate,
into antiseptic pyolytics. According to research, a simple
process can transform antiseptic solutions into effec-
tive pyolytics, such as 0.5%-3% hydrogen peroxide and
2%-10% sodium bicarbonate. It is heating the solution to
37°C-45°C, alkalinizing it to pH 8.4-8.5, and increasing
the concentration of dissolved carbon dioxide or oxygen
gas (due to 0.2 atm of overpressure). The development
of antiseptic pyolytics resulted in a new drug group. This
group is unique because all developed pyolytics are warm
alkaline hydrogen peroxide solutions that may include
dissolved gases under high pressure, resulting in hyper-
gasse. One distinctive feature of the pyolytics above is
their nonspecific (physicochemical) activity. This activity
interacts locally with purulent masses, enabling them to
rapidly transform into fluffy oxygen foam. Furthermore, it
has been recommended to modernize the wound dressing
into a warm, moist wound dressing compress that cre-
ates a greenhouse effect in the wound.

The initial results of using the developed antiseptic
pyolytics and warm, moist wound dressing compress to
treat chronic wounds show disinfecting, pyolytic, bleach-
ing, deodorizing, antihypoxic, and wound healing effects.
Warm alkaline hydrogen peroxide solutions and warm,
moist wound dressing compresses can be used instead
of traditional drug treatment and laser therapy to sani-
tize chronic wounds. These results show that pyolytics,
derived from the physicochemical repurposing of aque-
ous hydrogen peroxide and sodium bicarbonate solutions,
can be considered a new group of drugs. Pyolytics are
hygienic (sanitizing) antiseptic drugs that may be used to
treat chronic wounds. Much research is needed to deter-
mine the advantages and disadvantages of warm alkaline
hydrogen peroxide solutions combined with warm wound
dressings for treating various types of chronic wounds.
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