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Notice

This translation is machine-generated. It cannot be guaranteed that it is intelligible, accurate,
complete, reliable or fit for specific purposes. Critical decisions, such as commercially
relevant or financial decisions, should not be based on machine-translation output.

DESCRIPTION RS20250098A1

[0001]

PLASMA ACTIVATED WATER FOR FASTER HEALING OF DIABETIC PATIENTS

MJIASMA AKTUBNPAHA BOOA 3A BP>XE SAPACTARE OV ABETUYHUX

[0002]

WOUND
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PAHA

[0004]

Field of technology to which the invention relates

O6nacT TexHMKe Ha KOojy ce NpoHanasak ogHOCK

[0006]

The invention belongs to the field of experimental physics and biology, and relates to
plasma-activated water for faster healing of diabetic wounds.

MpoHanasak npunaga obnactu ekcneprmeHTanHe ¢usnke n buonoruvje, a 0OAHOCK Ce Ha
nnasma aKTMBMpPaHy BoAy 3a 6pxe 3apacTame amjabeTnyHnX paHa.

[0008]

Technical problem

TexHn4YKn npobnem

[0010]
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Treatment of diabetic wounds is a long-term process and significantly affects the patient's
quality of life.

Jlevere gmjabeTMUHUX paHa NpeacTaB/ba AyroTpajaH Npouec U 3HaYajHo yTuye Ha KBanuTeT
XXMBOTa NaumjeHTa.

Wounds of this type, even with modern treatment approaches, represent a significant
problem for modern society from a medical, social, and economic perspective.

PaHe oBOr TUMa, 1 Ca CaBPEMEHNM NPUCTYNOM Jleyera, MpeacTaB/bajy 3HavajaH npobnem
CaBpEMEeHOr ApYLUTBa Ca MeANLIMHCKOT, COLMjaNHOT M eKOHOMCKOT acMeKTa.

Therefore, the search for modern treatment methods that will simultaneously improve the
healing of diabetic wounds and provide greater comfort to the patient is still relevant.

Mpema ToMe, NOTpara 3a CaBpeMeHMM HauyrHMa fedyerba Koja he nctoepemeHo nobosbLuaty
3apacTama AnjabeTnyHux paHa, n gatn sehn KoHbOop NaunjeHTy 1 fasbe je akTyenHa.

Obtaining a product that will achieve and improve the necessary therapeutic effect in the
treatment of diabetic wounds is the technical problem of this patent.

Jobnjarbe npomnssoga Koju he noctnhu 1 nobosswaT NoTpebHO TepaneyTcKo AejcTBO Y
TpeTMaHy AnjabeTMUKnX paHa je TeEXHNYKN Npobnem oBOr naTeHTa.

[0012]

State of the art
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CTtatbe TexHuke

[0014]

Wound healing is a complex process involving various cellular mechanisms, cell types,
extracellular matrix, growth regulators, and cytokines.

3apacTame paHa je KOMMNJeKCcaH npouec y Koju cy yKibyyeHu pasnuuumtu henujckum
MexaHu3Mu, TNoBu hennja, ekctpahenujckn MaTpuKC, perynaTopu pacta v ULUTOKUHWN.

In healthy individuals, wound healing is a rapid and efficient process consisting of four
interconnected phases - hemostasis, inflammation, proliferation, and remodeling.

Kopn 3opaBux ocoba 3apacTarbe paHa npeacTaBba 6p3 1 epukacaH NpoLec Koju ce cacToju o
yeTnpu mehycobHo nosesaHe dase - xemocTase, nHPNamauuje, nponudepauvmje n
pemMogenoBakba.

However, in patients with diabetes, wound healing is slowed and often incomplete, and is
characterized by a loss of coordination between the phases that define wound healing.

MeRyTnm, koA naumjeHaTa ca agmjabetecom, 3apacTare paHa je yCrnopeHo 1 4eCcTo HeMNoTMyHO,
a KapakTepuLue ra rybutak koopauHaumje nsmehy ¢asa koje gedpnHULLY 3apacTare paHa.

Diabetic wounds most often develop on the patient's feet and turn into chronic wounds that
greatly impair the patient's quality of life and represent a major economic burden.

[njabeTnyHe paHe ce Hajuyewhe pasBujajy Ha cTonanMma nawuunjeHTa u NnpeTBapajy ce y
XPOHUYHE paHe Koje y BeIKOj Mepyn HapyLLIABajy KBa/IMTET XMBOTA NaLMjeHTa 1
npefAcTaB/bajy BEIMKO EKOHOMCKO onTepehetrbe.
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The development of diabetic wounds is based on a combination of reduced blood flow, the
occurrence of infections, oxidative stress and chronic inflammation, which disrupts the
physiological course of wound healing.

Y 0CHOBW pa3Boja AnjabeTMYHUX paHa Hanasu ce KOMbMHauMja CMaHeHe NPOKPBIHLEHOCTH,
nojaee MHdeKLUMja, OKCUAATUBHOT CTpeca U XpoHn4YHe nHbnamaunje 36or yera je HapyLLeH
bM3MONOLLIKN TOK 3apacTarba paHa

[0015]

Current treatment modalities include removal of devitalized tissue, maintaining tissue
moisture, vascularization, and infection control.

AKTyenHn MOOANNTETLN NleYerba YKIbYYyjy YKNakakbe AeB/UTaNn30BaHor TKMBA, OAPXKaBakbe
BNAYKHOCTM, BacKynapusaumje n nHpekumje TKMBa NoL KOHTPOOM.

To keep the infection under control, large amounts of antibiotics are usually used, which
leads to the development of resistant strains of bacteria and soon such treatment becomes
ineffective and often ends in amputation.

[a 6un ce nHbekumnja op>kana Nog KOHTPONOM 0BUYHO Ce KOPUCTEe BeKe KONMnymHe
aHTUBMOTMKA LUTO AOBOAM [0 pa3Boja Pe3nCTeHTHUX cojeBa bakTepunja 1 ybp30 TaKBO nedverse
nocTaje HeepUKaCHO 1 4eCTOo Ce 3aBpLUaBa amMMyTaLMjoOM..

Therefore, there is a constant need for new solutions that will simultaneously improve the
healing process of diabetic wounds and be easier to apply.

Crora nocTtoju ctanHa notpeba 3a HOBUM peLlerMa Koja he nctoepemMeHo nobosbLuaTu
npouec 3apactakba AvjabeTnyHUX paHa n 6Ty jeaHoOCTaBHWja 3a NPYIMEHYy.
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The innovative method we propose is the use of cold activated water.

IHOBaTMBHA MeTOAa KOjy M1 NpedsiaXkeMo je MpMMeHa BOAe aKTUBMpPaHe XNafHOM

plasma in the treatment of diabetic wounds.

NNasMoM y TpeTMaHy AnjabeTnyHmx paHa.

In practice and published patents (W02010022871A1, CN108704220A), cold plasma is
already used as a device for disinfecting biological samples and wounds.

Y npakcu n ob6jaBbeHnM nateHTUMa (W02010022871A1, CN108704220A) xnagHa nnasma ce
Beh kopuncTn Kao ypehaj 3a gesnHoekunjy brnonoLKkmnx ysopaka 1 paHa.

In published patents CN111526652A and CN206548856U, plasma activated water was used
to disinfect the surfaces of biological samples.

Y o6jaBbeHuM nateHTUMa CN111526652A n CN206548856U nna3ma akTMBMpaHa BOAA
KopuwheHa je 3a ae3nHdpekLmjy NOBpLUMHA BMOMOLLKMX y30pakKa.

In patent CN111526652A, plasma activated water was used to irrigate wounds after injury
for the purpose of disinfection. Wounds modeled after wounds of the same size on the backs
of 30 mice were coated with the common bacteria Pseudomonas aeruginosa. After wound
infection, deionized water was treated with cold plasma and the wounds were rinsed with 10
ml of plasma-activated water every three days and healing was observed. There are several
problems with this use of plasma for wound treatment. In order for a patient to use plasma
activated water, they must own and operate a plasma source. Another problem is
uncontrolled water treatment, after treatment plasma activated water is produced with
unknown characteristics and concentrations of reactive species required for the desired
effects. Our proposal is plasma activated water as a finished product that the patient can use
in the form of a spray (spray bottle) as an aid in the treatment of diabetic wounds, which heal
much more slowly than injuries in healthy people. To this end, we constructed a plasma
source with parameters suitable for the treatment of water with certain characteristics.
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Y nateHTy CN111526652A nnasma akTtMBMpaHa Boga KopuwwheHa je 3a ucnnpame paHa HakoH
nospege y unby gesnHbekunje. PaHe Hanpas/beHe N0 MoAeNy paHe UcTe BeIMYMHe Ha
nehnma 30 muwuesa, bune cy obnoxeHe yobnvajeHom baktepujom NceyaomMoHacaepyrmHoca.
HakoH nHdekumnje paHa, AejoHn30BaHa BOAaA je TpeTMpaHa X1aAHOM Ni1a3sMoM 1 paHe cy
ncnupaHe ca 10 mn nnasma akTMBMpaHe BoAe CBaka TPY AaHa 1 MOCMaTPaHO je 3apacTakbe.
Kopg oBakBe NpuMeHe nnasMe 3a TpeTMaH paHa nocToju suwe npobnema. Ja 6u naunjeHT
KOPWUCTWO Mia3ma akTUBMpPaHy BOAY MOpa fa nocefyje 1 Aa pykyje ca niasma n3Bopom.
Apyrv npobnem je HEKOHTPONMCAHN TPeTMaH BOAe, HAKOH TpeTMaHa HacTaje nnasma
aKTUBMpPaHa BOAA HEMO3HATUX KapaKTePUCTUKA N KOHLIEHTpaLMja peakTUBHUX BPCTa Koje cy
notpebHe 3a xerbeHe edekTe. Hal npeanor je nna3Ma akTUBMpPaHa BOAA Kao roTos
NpOn3BOS, KOju NaunjeHT MOoXe Aa KOpPUCTK y Buay crpeja (boumnue ca pacnpLunBadem) Kao
noMohHO cpencTBO y TpeTMaHy AnjabeTnyHMX paHa Koje MHOro cnopuje 3apacTtajy Hero
nospee KoA 34paBux Jbyaun. Y TOM Lu/by KOHCTpymMcanm CMo niasmMa u3Bop ca napamMeTpuma
NOrogHUM 3a TpeTMaH Bofe ogpeheHnx kapakTepucTuka.

We also established procedures for measuring the physicochemical characteristics of
plasma-activated water, such as pH, conductivity, and concentrations of reactive species, and
showed that even after storage for 2 months at -80 degrees, plasma-activated water remains
stable and has unchanged characteristics. In the treatment of diabetic wounds, water
treated with our device, in addition to its antimicrobial effect, accelerates the healing of
diabetic wounds through the stages of healing.

Takohe cMo ycnoctaBunu npouenype 3a Mepere GU3NYKo-XeMUjCKUX KapaKTepucTmka
nnasmMa akTMBMpaHe BoAe, Kao LTO cy pH, KOHOYKTUBHOCT U KOHLEeHTpaunje peakTUBHUX
BPCTa 1 NOKa3anu Aa N HaKOH YyyBarba 2 MeceLa Ha -80 cTeneHun, nia3mMa akTMBMpPaHa Boa
OCTaje cTabunHa 1 HenpoMereHUX KapaKTepUCTMKa. Y TpeTMaHy amjabeTnyHmnx paHa, Boaa
TpeTupaHa HawmMm ypehajem, nopea aHTUMUKPOOHOr AejcTBa, ybp3aBa 3apacTame
AnjabeTnyHmx paHa no ¢pasama 3apacTarba.

[0017]

Exposition of the essence of the invention
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N3narare CyLITUHE NpoHaJslaCKa

[0019]

The solution we propose for the problem of diabetic wound healing is the use of plasma-
activated water in aerosol form.

Peluerbe Koje NpenaxemMo 3a npobnem 3apactarba AnjabeTnyHUX paHa je ynotpeba nnasma
aKTUBMpPaHe BoAe y 061Ky aepocorna.

Plasma activated water is obtained by treating distilled water with non-equilibrium cold
plasma.

Mnasma akTMBMpaHa BoAa ce nobuja TpeTMaHOM AeCTUI0BaHe BOAE HEPABHOTEXHOM
XN1agHOM MN1a3MoOM.

It contains long-lived reactive oxygen and nitrogen species that are responsible for
accelerating the healing process of diabetic wounds.

OHa Yy cebu Cagpxun Ll,yFO)KI/IBEhG peaKTnBHE BPCTE KNCEOHUKA N a30Ta KOje Cy oAroBopHe 3a
nocnewnBame npoueca 3apactakba JJ,I/Ija6ETVI‘-lHVIX PaHa.

In addition to the previously known antimicrobial effect, we have shown that plasma
activated water accelerates the healing of this type of wound by affecting the kinetics of the
inflammatory response and the deposition and remodeling of the extracellular matrix.

OcuM aHTUMUMKPOBHOT AejcTBa Koje je o4 paHMje NO3HATO, NOKasanm CMOo Aa nia3ma
aKTMBMpaHa Boa ybp3aBa 3apacTare OBaKBOr TUMNa paHa yTUYyhin Ha KUHETUKY
nHGNamaTopHoOr ogrosopa n Aenosuunjy n pemogenoBame ekctpahennjckor MaTpukca.
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The anti-inflammatory effect of plasma-activated water was indicated by a decrease in the
number of inflammatory cells and a decreased expression of pro-inflammatory cytokines IL-
1B, IL-6 and TNF in wounds of treated diabetic rats, while the observed decrease in matrix
metalloproteinase-9 (Mmp-9) expression would be responsible for the positive effects of
plasma-activated water on extracellular matrix remodeling. By influencing these two phases
of wound healing, plasma activated water brings the healing process of diabetic wounds
closer to a physiologically healthy response.

Ha aHTunHpnamatopHn edpekat nnasma akTUBMpPaHe BOAE YKasaniun Cy CMarere 6poja
nHdnamatopHux henvja n cMameHa ekcnpecuja Npo-nHGnNamMaTopHMxX unTokmHa IL-1B, IL-6 n
TNF y paHama TpeTupaHux anjabeTnyHmx nawuosa, AOK 61 yoUeHO cMamberbe ekcnpecuje
MaTpUKCHe MeTanonpoTtenHase-9 (Mmp-9) 6uno oAroBOpHO 3a NO3NUTHBHE edekTe nnasma
aKTUBMpPaHe BOAe Ha peMofenoBakse ekcTpahenujckor matpukca. Ytndyhu Ha ose gse ¢dase
3apacTarba paHa, NnasmMa akTMBrpaHa Boda Npnbamxkasa npouec 3apactarba AnjabeTnyHmx
paHa $U3MOoNOoLLKM 34paBOM OArOBOPY.

[0020]

Detailed description of the invention

JeTarbaH onnc NnpoHanacka

[0022]

Plasma activated water is obtained by treating distilled water with non-equilibrium cold
plasma.
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lNnasma akTMBMpaHa BoAa ce ,uo6|/|ja TpeTMaHOM ecCtunsioBaHe BO4E HEPABHOTEXHOM
XNagHOM njiasmMoM.

Cold plasma operates at atmospheric pressure and uses helium as the working gas.

XnagHa nna3ma paauv Ha aTMocdepCckoM NPUTUCKY U Kao PaHW rac ce KOPUCTU XennjyMm.

Distilled water treatments of 2.2 ml volume are performed for 10 min.

TpeTMaHu gecTuioBaHe BoAe 3anpemMuHe 2,2 ml ce page y Tpajakby og 10 min.

After plasma treatment, we stored plasma-activated water of known characteristics for 2
months at -80 degrees, thawed it, and used it to treat diabetic wounds. The characteristics of
plasma activated water obtained in this way are as follows:

HakoH nnasma TpeTMaHa, nna3ma akTmeBmpaHy Body NO3HaTMX KapaKTepucTnka CMo YyBann 2
MeceLa Ha -80 cTeneHn, 0 gMp3aBann N KOPUCTUN 3a TPeTMaH AnjabeTuyHUX paHa.
KapaktepucTuke nna3ma akTuBmpaHe Boae JobujeHe Ha oBaj HauuMH cy cnepehe:

[0023]

1) pH=5-7;

1) pH=5-7;

[0024]
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2) n(H<sub>2</sub>0O<sub>2</sub>) = 6 mg/| - 8 mg/I;

2) n(H<sub>2</sub>0<sub>2</sub>) = 6 mg/l - 8 mg/I;

[0025]

3) n(NO -<sub>3</sub>) = 0.2 mg/l - 1 mg/I;

3) n(NO -<sub>3</sub>) = 0.2 mg/l - 1 mg/I;

[0026]

4) n(NO -<sub>2</sub>) = 0.1 mg/l - 0.2 mg/I;

4) n(NO -<sub>2</sub>) = 0.1 mg/l - 0.2 mg/I;

[0027]

5) 0=0.44 mS/m

5) 0=0.44 mS/m
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[0028]

In a pilot experiment, plasma-activated water with these characteristics was applied to the
wounds of control rats once a day, 3 drops (300 pul), and faster healing of treated wounds
was observed compared to untreated ones.

Mna3ma akTMBMpPaHa BOAA Ca OBUM KapaKTepuUCTMKama je y nunoT eKCnepnMeHTy HakarnaBaHa
Ha paHe KOHTPOJTHUX NaLoBa jeAHOM gHeBHO no 3 kanu (300 ul) npu Yemy je youeHo 6pxe
3apacTame TpeTupaHnx paHa y nopehery ca HeTpeTUpaHNM.

In a subsequent experiment with control and diabetic-induced animals, the same amount of
applied plasma-activated water was maintained, but the frequency and method of
application were changed.

Y HapeOHOM eKCNePUMEHTY Ca KOHTPOTHUM M XXMBOTUHAMA KOZ, KOjUX je MHOYKOBaH
AnjabeTec, 3a4pXKaHa je NCTa KONUYMHA anMKOBaHe Miasma akTMBUpaHe Boae, anu je
npoMereHa GppeKBeHUMja N HAYUH annLMpakba.

A standard spray bottle (10 ml volume) was used for application, and the wounds were
sprayed 3 times (300 ul) from a distance of 5 cm, twice a day, 12 hours apart.

3a annukaumjy KopuwheHa je ctaHgapAaHa 6o4mua ca pacnpimsayem (3anpemuHe 10 ml), a
paHe cy npckaHe 3 nyTa (300 ul) ca paspgamsuHe og 5 cm, ABa nyTa AHEBHO Y pa3maky o, 12
4acosa.

The application of plasma-activated water in the form of an aerosol has proven to be more
effective, as it allows for longer retention and more even coverage of damaged tissue.

MprMeHa NnasmMa akTMBMPaHe BOAeE Y By aepocosia Nokasana ce kao eburkacHuja, ¢
0631poM fa je omoryheHo ayxe 3agpxaBare 1 paBHOMepPHUja NOKpUBEHOCT owTeheHor
TKMBa.
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Compared to untreated diabetic animals, wounds of treated diabetic animals showed faster
healing during the entire period (15 days) of monitoring, and already from the third day of
plasma-activated water application.

Y nopehemy ca HeTpeTUpaHUM AnjabeTUYHUM XUBOTUHAMA, PaHe TPeTUPAHNX
AnjabeTnyHMX XMBOTUHA NOKa3arne cy bp>ke 3apacTarbe TOKOM YKynHor nepuoga (15 gaHa)
npahera, a Beh oa Tpeher gaHa npyMeHe Nnasma akTMBMpaHe Boge.

[0030]

Method of industrial or other application of the invention

HaunH nHaycTpurjcke nnum apyre npMMeHe npoHanacka

[0032]

The invention is a consequence of solving the problem of healing diabetic wounds.

MpoHanasak je nocneamua pellaBarba Npobnema 3apactarba AnjabeTuyHNX paHa.

Plasma-activated water could be used as an aid in the treatment of difficult-to-heal wounds
and would be of interest to the pharmaceutical and cosmetic industries.

Mna3ma akTnBMpaHa Boaa 61 ce Morna KOpUCTUTK Kao NOMONHO CPeacTBO Y fleyery paHa
Koje TeLlKo 3apacTajy u 6una 6u og nHtepeca papmaLieyTckoj N KO3METUYKOj MHOYCTPUju.
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