VIIK 615.322/.454.1:582.284]:615.07 doi: 10.31549/2542-1174-2022-6-1-93-105

JKcIepUMEeHTAJIbHAA OIEHKA JIeYeOHbIX CBOMCTB Ma3u HA OCHOBE
MeJIAHUHOB U3 MPUPOJHOTO ChIPbA U IMTyOMHHOM KYJIbTYyPbI Uaru
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AHHOTAIIUA

BBengenwue. Bceasuc npuobpereHreM YCTOMUYNBOCTH K aHTUOMOTHUKAM THOEPOJTHONH MHKPOOHOTHI 060CTPUIACH
mpob6yieMa MeCTHOTO (MeTMKaMEHTO3HOTO) JIEUeHU PaH.

Il e 1 b . DKCIIEpUMEHTATbHAS OIIEHKA AHTHOMOTHUECKHUX CBOMCTB METAHUHA M3 IPUPOIHOTO CHIPHSI ¥ IJIYOUHHOMN KYJIBTYPBI
yaru (Inonotus obliquus) in vitro v 1e4eOHBIX CBOMCTB Ma3ei, IPUTOTOBJIEHHBIX HA OCHOBE YKa3aHHbBIX MEJIAHUHOB, i1 VIVO.
MaTtepuans W MEeTOJBbl . MeJaHUHBI MOJyJUIH METOAOM IEJIOYHOTO THAPOIU3A. AHTUOMOTHIECKYIO
AKTUBHOCTh MEJIAHWHOB OIIPEZEJISJIM IIPU COBMECTHOM KYJIBTUBHPOBAHUU B KUJKOU CpeZie UCCIIeAyeMbIX 00pasIoB ¢
IIECTHIO KYJIbTYPAMH TECT-IITAMMOB IPaMOTPHUIATEIbHBIX U TPAMIIOJIOKUTETHHBIX OAKTEPHUH U ABYX IPOKIKEBBIX TPHOOB.
Masu Ha 0OCHOBE MeJIAaHWHA U3 IIPUPOTHOTO ChIPhs U INIyOUHHOM KyIbTYPhI Yaru mrtamma Inonotus obliquus F-1244 nomny-
YaJIH C UCIIOJIB30BAHUEM JIBYX COCTABOB MAa3€BBIX OCHOB. PaHO3KUBIIAIONIYI0 3(DHEKTUBHOCTD Ma3el OLIEHUBAJIA Ha TPeX
rpymmnax Mbiired. KOHTPOJIbHBIMY SIBJISUTUCH TPYIIBI MBIIIEH, HUUEM He JIEUEHHBIX M JIEYEHHBIX Ma3bl0 CPaBHEHUs
JleBoMuKOH-TO®D. JleueHre MBbIIIEH TPOAOIKAIIN JI0 MOMEHTA 3aKUBJIEHHUSA Y HUX PE3aHBIX KOXKHBIX paH. Exxe/lHEBHO y
MBIIIIeH BO BCEX TPYIIax OIeHUBAIH ILTOMIAU PaH, IBUTATEIbHYI0 aKTUBHOCTD, alIIETUT, IMHAMUKY U XapaKTep 3aKUB-
JIEHUS PaH, a TAK)Ke Yepes KaK/Ible TPOe CyTOK M3MEHEHUE Y HIX MacChl TeJa.

PesynbTarTbl . MelaHUHBI U3 TPUPOJHOTO CHIPHA U IIyOMHHOHN KyJIBTYPBI Yard MOJTHOCTHIO TIOZABJISIIA PA3MHO-
JKeHUEe TPaMIIOJIOKUTEIFHOU crtopoobpasyioliei 6akrepun Bacillus cereus B COBMECTHOH KyJsbType. MeJaHUH U3 MPHU-
POJTHOTO CHIPHsSI YaTH B CPEHEM Ha MOPSIIOK MOAABJISLIT POCT 30JI0TUCTOTO cTadbMIOKOKKA mTamMmma Staphylococcus aureus
ATCC 6538. MenanuH U3 IyOUHHOHM KyJIBTYPHI Yard MOJTHOCTHIO TIOAABIISIIT POCT KIMHUYECKOTO M30JIATa BBICOKOIIATO-
reroro mramma Candida sp. Ft-5 ot ymepiiiero 60J5HOTO ¢ TeHEPATM30BaHHOM KaHAWTO3HON MHGbEKIINEH U B CpeTHEM
Ha J[Ba ITOPA/IKa aKTUBHEE HHIMOUPOBAJI POCT KOJUIEKIIMOHHOTO mTaMMa poxckeit Candida albicans 620.

BhL10 yCTaHOBJIEHO, UTO Ma31 HA OCHOBE MEJIAHWHA U3 TIPUPOIHOTO CHIPbsI M IIyOMHHOH KYJIbTYyphI Yard, a TAaK:Ke Masb,
cozieprKamas IATUKPATHO YBEJIMUEHHYIO KOHIIEHTPALMIO MeJIAaHWHA U3 MIPUPOJIHOU Yard, He 00J1aZjal0T TOKCHYHOCTHIO
JUIS DKCIIEPUMEHTATBHBIX KUBOTHBIX. Masu, coziepskaliue mo 0.4 M MeJIJAHWHA U3 MPUPOHOTO ChIPbs U TIIyOUHHON
KyJIBTYPBI Yaru Ha 0.2 T OJIHOPA30BOU 03kl Ma3H, 00J1a7jaTi OJJUHAKOBON PaHO3AKUBJIAONIEN 3(GEKTHBHOCTHIO, IIPU
3TOM He TOJIBKO He YCTYNaJIk 10 3TOMY MOKAa3aTei0 KOMOMHHPOBAHHOMY MPOTUBOMUKPOOHOMY IMpernapary cpaBHEHUs
JIleBoMUKOH-TO®, HO U NPOJEMOHCTPUPOBAIIN TEH/IEHITHIO O0Jlee YCKOPEHHOrO 3aXKUBJIEHUA PaH (Ha 15—18-e CyTKH
HAOJIIO/IEHNsT) TI0 CPABHEHUIO C TIPOIECCOM PETeHepaIiy PaH y TPYIIIbI JKUBOTHBIX, JIEYEHHBIX IPENapaToOM CpaBHEHUS.
BbL1 Ipo/ieMOHCTPUPOBaH 0oJjiee yCKOPEeHHBIHN 3G deKT 3aKUBJIeHHA PaH Y SKCIIepUMEHTAIbHBIX *KUBOTHBIX (y2Ke Ha 12-e
CYTKHU HaOJIIOZIeHN), JIEUEHHBIX C MATUKPATHO YBEJTMUEHHBIM COZIEpKAaHUEM MeJIAaHUHA U3 MPUPOIHOTO CHIPhS YaTH, IO
CPaBHEHUIO C MBIIIIAMH, JIEUEHHBIMU PEapaToM CPaBHEHUS.

3akimoueHue. Masu, comepikaiue MmesanuH yaru (Inonotus obliquus), 061a1al0T TPOTHBOBOCIATUTETbHBIMH,
pereHepaTUBHBIMHU CBOMCTBAMU M MOTYT PACCMATPUBATHCS B KAUECTBE MEPCIEKTUBHBIX JIJIsI MECTHOTO JIEUEHUS PaH.
Kaoueeste croaa: Briciive 6azuanoMuiietsl, rpub yara (Inonotus obliquus), Ma3b, Ma3eBasi OCHOBA, COCTAB, TIPOIHUCH,
IIOBEPXHOCTHAS KOKHAs paHa.
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Experimental evaluation of therapeutic properties of ointment
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E.A. Stavsky?, T.V. Teplyakova?, 1.S. Andreeva?, E.S. Davydova', A.A. Stavskaya’, A.L. Poteshkina?

‘Novosibirsk State Medical University, Novosibirsk, Russia

2State Research Center of Virology and Biotechnology “Vector”, Novosibirsk Region, Koltsovo village, Russia

ABSTRACT

Introduction. Due to the acquisition of antibiotic resistance by pyogenic microbiota, the problem of topical
(drug) treatment of wounds has worsened.

A im . Experimental evaluation of the antibiotic properties of melanin from natural raw material and a submerged cul-
ture of chaga (Inonotus obliquus) in vitro and the therapeutic properties of ointments prepared on the basis of these mela-
nins in vivo.

Materials and Methods. Melanins were obtained by alkaline hydrolysis. The antibiotic activity of
melanins was determined by co-cultivation in a liquid medium of the studied samples with six cultures of test strains of
gram-negative and gram-positive bacteria and two of yeast fungi. Ointments based on melanin from natural raw material
and the submerged culture of chaga (Inonotus obliquus F-1244 strain) were obtained using two compositions of ointment
base. The wound-healing efficacy of ointments was evaluated on three groups of mice. The control groups were mice
untreated and treated with a comparison drug (Levomikon-TFF). The treatment of mice was continued until their incised
skin wounds healed. Wound areas, motor activity, appetite, dynamics and character of wound healing were assessed daily
in mice of all groups, as well as changes in their body weight every three days.

Results. Melanins from natural raw materials and the submerged culture of chaga completely suppressed the
growth of gram-positive spore-forming Bacillus cereus bacterium in a co-culture. Melanin from natural raw material of
chaga on average suppressed the growth of the Staphylococcus aureus ATCC 6538 strain by an order of magnitude. Mela-
nin from the submerged chaga culture completely suppressed the growth of a clinical isolate of the highly pathogenic Can-
dida sp. Ft-5 strain from a deceased patient with generalized candida infection and, on average, inhibited the growth of the
collection strain of yeast Candida albicans 620 by two orders of magnitude more intensively.

It was found that ointments based on melanin from natural raw materials and the submerged culture of chaga, as well as
ointment containing a fivefold increased concentration of melanin from natural chaga, do not have toxicity to experimental
animals. Ointments containing 0.4 mg of melanin from natural raw material and the submerged chaga culture per 0.2 g of
a single dose of ointment had the same wound healing efficacy, while not only were not inferior in this indicator to the
combined antimicrobial comparison drug Levomikon-TFF, but also showed a tendency to more accelerated wound healing
(on the 15—18th day of observation) compared with the process of wound regeneration in the group of animals treated with
the drug of comparison. A more accelerated wound healing effect was demonstrated in experimental animals (already on
the 12th day of observation) treated with a fivefold increased content of melanin from natural raw material of chaga, com-
pared with mice treated with the comparison drug.

Conclusion. Ointments containing melanin of chaga (Inonotus obliquus) have anti-inflammatory, regenerative
properties and can be considered promising for topical treatment of wounds.

Keywords: higher basidiomycetes, chaga mushroom (Inonotus obliquus), ointment, ointment base, formulation, pre-
scription, superficial wound.
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BBEJIEHHME INTRODUCTION

HWcenemoBanus OKa3ad, YTO BICIINE Oa3UHu0-
MHUIIETHI CITOCOOHBI CUHTE3UPOBATH IIMPOKUN KOM-
IUIEKC OMOJIOTUYECKH AaKTHBHBIX BEIIIECTB, TAKUX KaK
MMOJTUCAXaPUbl, TJIUKOIPOTEUHBI, TEPIIEHBI, CTe-
pOJIbI, MUTMEHTHI U AP. [1-5], KOTOPbIE MOTYT IIPO-
SIBJIAATh aHTUOAKTEPUAJIBHBIE [1, 6], TPOTHBOBHUPYC-

Studies have shown that higher basidiomycetes
are able to synthesize a wide range of biologically
active substances, such as polysaccharides, glycopro-
teins, terpenes, sterols, pigments, etc. [1-5], which
can exhibit antibacterial [1, 6], antiviral [1, 7—12],
antitumor, antiparasitic, and immunomodulatory
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HbIE [1, 7—12], TPOTHUBOOIYXOJEBbIE, AHTHUIIAPA3ZHU-
TapHble 1 UMMYHOMOAY/IUPYIOINE CBOMcTBa [1—3].
[Tpu 5TOM yKa3aHHBIE KOMILJIEKCHI U3 0a3UTHOMHUIIE-
TOB, KaK IIPABUJIO, HE SIBJISIOTCS TOKCHUYHBIMHU WU
MAaJIOTOKCHYHBI JIJIsI UeJIOBEKA HJIM >KMBOTHBIX [1—7].
B cBsa3u ¢ Hapacraromeil 6aKTepHaIbHON yCTOMY-
BOCTBIO K IPUMEHSIOIIUMCH aHTUOMOTHKAM, 0O0JIb-
UM KOJIMYECTBOM HeKeJIaTeJIbHBIX IMO0OO0YHBIX
MOC/IEICTBUYA aHTUOUOTUKOB JIJISI OpTaHU3Ma YeJio-
BeKa W JKMBOTHBIX, U3MEHEHHON DPEaKTUBHOCTHIO
opraHu3Ma, IpeXe BCEro 4esioBeKa, 00yCIOBUB-
IIUMH aKTyaJIbHOCTh IPOOJIEMBl KaK OOIIel aHTH-
OMOTUKOTEpAIINH, TAK U MECTHOTO (MeJIMKaMeHTO3-
HOTO) JIEUeHUs] PaH M3-3a PACTYIIeH Pe3HUCTEHTHO-
CTHU THOEPOJIHOW MUKPOOHOTHI, BO3HUK 3aMETHBIH
WHTEpeC K CO3/IaHUI0 Ha OCHOBE BBICIIUX Oa3uan0-
MUIIETOB U IIPEJCTABUTENIEN PYTrUX CHCTEMAaTHYe-
CcKkuX Tpynn TrpuboB [1] HOBBIX aHTUOHMOTHKOB.
M3BecTHO 6OJIBIITIOE KOJIMYECTBO PA3IMYHBIX JIEKaP-
CTBEHHBIX IIPEIapaToB Jjisl JIeUeHUs] THOMHBIX paH.
ITo xapakTepy CBOEro JeHCTBUS 3TH IIperapaThl
MOTYT OBITh OOBEITMHEHBI B CJIEAYIONIHE OCHOBHBIE
TPYIIBI: IIpernapaThl OTCACHIBAIOIIETO IEHCTBUS,
BKJIFOUAIOIIE COJIEBBIE PACTBOPHI, COPOEHTHI U JIP.;
paHeBble 6akTeprodaru, MUKpOOHbIE ACCOITUAITAN U
JIp.; TpemapaTtbl HEKPOJIUTUUYECKOTO JEeHCTBUS,
BKJIFOUYAIOIIHE MIPOTEOJTUTHYECKHE (PEPMEHTBI, KUC-
JIOTBI, QHTHUCENTUKH; MpernapaTbl aHTUMUKPOOHOTO
JIEHCTBHsI, B COCTAB KOTOPBIX BXOASAT aHTHOHOTHUKHU
u ap. [13—16]. YuuteiBass TOT (pakT, YTO BBICIIHE
0asuyMasbHble TPHUOBI TPOAYIUPYIOT IIHPOKUH
CIIEKTp OMOJIOTHYECKH AKTHUBHBIX BEIECTB, IMPE-
CTaBJISIETCA AKTYaJIbHBIM OILIEHUTh, B YaCTHOCTH,
[IEPCIEKTUBHOCTD UCIIOJIb30BAHUS U TPAKTHUECKYIO
3HAYMMOCTH MEJIAHWHOB YKa3aHHBIX TPHOOB [4—5], a
TaK>Ke BO3MOXKHOCTh CO3ZIJaHUSA Ha X OCHOBE Ma3el
JUUTsI MECTHOTO JIEUeHUs PaH.

IIEJIb NCCJIEJOBAHINA

JKCIIepUMeHTATbHAS OIlEHKA aHTHOMOTHYECKUX
CBOMCTB MeJIaHMHA U3 IIPUPOIHOTO ChIPHS U TJTyOUH-
HOH KYJIBTYPBI YarTH in vitro u jeueOHbIX CBOHCTB
Maszel, IPUTOTOBJIEHHBIX HA OCHOBE YKA3aHHBIX
MeJIAaHHUHOB, 1n Vivo.

MATEPUAJIBI 1 METO/1bI

C 11e/1hI0 OLIEHKU OMOJIOTHYECKUX CBOYICTB MeJia-
HUHOB Yary OIPeJIeJIsUIN UX aHTUOAKTEPUAIBHYIO U
aHTUTPUOKOBYIO aKTUBHOCTH IIPY COBMECTHOM KYJIb-
TUBUPOBAHUU B KUJIKOU CpeJie UCCIIeTlyeMbIX 00pas-
I[OB C KYJIBTYPaMH TECT-IIITAMMOB I'PaMOTPHUIATEb-
HBIX U I'PaMIIOJIOKUTEJIBHBIX OAKTEPUH U JPOXKe-
BBIX TpHUOOB, SBJISAIONIUXCA, HAPAAY C APYTUMH
MHUKpoOaMu, HanboJiee YacTON MPUINHOU Pa3BUTHUS

properties [1—3]. At the same time, these complexes
from basidiomycetes, as a rule, are not toxic or low-
toxic to humans or animals [1—7]. Due to the increas-
ing bacterial resistance to the antibiotics used, a
large number of adverse effects of antibiotics for the
human and animal body, the altered reactivity of the
body, primarily human, which caused the urgency of
the problem of both general antibiotic therapy and
topical (drug) treatment of wounds due to the grow-
ing resistance of the pyogenic microbiota, there was
a noticeable interest in the creation of new antibiot-
ics based on higher basidiomycetes and representa-
tives of other systematic groups of fungi [1]. A large
number of different medications for the treatment of
purulent wounds are known. By the nature of their
action, these medicines can be combined into the fol-
lowing main groups: sump action preparations,
including saline solutions, sorbents, etc.; wound bac-
teriophages, microbial associations, etc.; necrolytic
drugs, including proteolytic enzymes, acids, antisep-
tics; antimicrobial drugs, which include antibiotics,
etc. [13—16]. Considering the fact that higher basi-
diomycetes fungi produce a wide range of biologi-
cally active substances, it seems relevant to assess, in
particular, the prospects for the use and practical sig-
nificance of melanins of these fungi [4—5], as well as
the possibility of creating ointments based on them
for topical wound treatment.

AIM OF THE RESEARCH

Experimental evaluation of the antibiotic proper-
ties of melanin from natural raw material and a sub-
merged culture of chaga in vitro, and the therapeutic
properties of ointments prepared on the basis of
these melanins in vivo.

MATERIALS AND METHODS

In order to assess the biological properties of the
melanins of chaga, their antibacterial and antifungal
activity was determined when the studied samples
were co-cultured in a liquid medium with cultures of
test strains of gram-negative and gram-positive bac-
teria and yeast fungi, which, along with other
microbes, are the most common cause of wound
infection. These strains of microorganisms are
deposited in the museum collection of the State
Research Center of Virology and Biotechnology “Vec-
tor” (Vector Research Center) and belong to the
3—4th group of pathogenicity for humans [17]. The
studied 0.5 ml chaga samples were introduced into
test tubes with 4.5 ml of LB medium (Difco, USA),
and 0.1 ml of 24 hour culture of the test strain of the
microorganism suspended in saline solution was
added to gain optical density of 105 cell/ml. Fur-
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paHeBoli MHGEKIINU. YKa3aHHBIE IITaMMbl MHKPO-
OpPraHU3MOB JIEMOHUPOBAHBI B MY3€HHOU KOJIJIEK-
nuu ®BYH T'HIL BB «Bektop» PocmnotpebHaazopa
(HayuHBIN 1EHTp «BeKTOp») M OTHOCATCA K 3—4-U
TpYIIIie IaTOTeHHOCTH JIUIs uesioBeka [17]. Ucenenye-
MbIe 00pasIbl Yary Mo 0.5 MJI BHOCHJIU B TIPOOUPKH
¢ 4.5 mut cpezbl LB (Difco, USA) u mob6assisiin 0.1 Mt
CYyTOYHOH KyJIBTypbI TeCT-IIITaMMa MHKpPOOpra-
HU3Ma, CYCIEHAUPOBAHHOH B (HUBHOJIOTHUECKOM
pactBope, /10 ONTUYECKOH IJIOTHOCTH 105° KJI/MJL.
Jlajlee TpoOWPKH ¢ KyJbTypaMH H 00pa3naMmu
BBIJIEP;KUBAJI B adPUPYEMBIX YCIOBUSIX HA TEPMO-
CTaTHUpyeMOH Kadaike mpu Temieparype 37 °C B
TeueHne 18—24 u. IlosydyeHHbIE KyJIbTypasibHbBIE
sxuakocty (KXK) u ux mecsaTUKpaTHBIE pa3BeleHUs
(0 1077) BBICEBATIM METOJIOM MUKPOTHTPOBAHHUSA TI0
10 MKJI, B 3 IIOBTOpPAaX Ha arapu3oBaHHYIO cpexny LB.
NHKyOUpOBaIu BRICEBBI B TEPMOCTATE ITPU TEMITEpa-
Type 37 °C B Teuenne 18—24 4, mocsie 4ero mo/iCuu-
THIBAJIA KOJIMYECTBO BBIPOCIIINX KOJIOHUH JJIs OTIpe-
nenennss KOE/M B HepasBeieHHOH («HMCXOMHOM»)
CyCIIeH3WH. B KauecTBe KOHTPOJISA ONPEEIN TUTP
KJIETOK B CYCIIEH3UH TECT-IIITAMMOB, UHKyOUPOBaH-
HBIX B aHAJIOTUYHBIX YCJIOBHAX, 0e3 m00aBiIeHHUs
HCCIIeTlyeMbIX 00Pa3IoB.

JIa OIleHKHM JiedeOHBIX CBOMCTB MeJIaHMHA In
VIVO TOJTyYa/ii Ma3u Ha OCHOBE MeJIaHWHA W3 MPHU-
pozxHoro ceipbs yaru (Inonotus obliquus) u ma3u Ha
OCHOBE MeJIaHWHA U3 TUIyOMHHOU KYJIbTYPbI OPUTH-
HaJIBHOTO I'TamMMa uaru Inonotus obliquus F-1244,
MTOJIy4EHHOTO B HAYIHOM IIeHTpe «BekTop» U Jierno-
HUPOBAaHHOTO B €ro My3eHHOH Kosuleknuu. K3
U3MeJTbYEHHOTO IIPUPOIHOTO ChIPpbsi 0Oepe30BOTro
rpuba (yaru) MeJaHWH TOJyJaTd METOJOM IIeJI0Y-
Horo ruzjposmsa [8], a w3 TIyOMHHON KyJIbTYPhI
Inonotus obliquus F-1244 — coryacho [10] u s1abopa-
TOPHOMY perjiaMeHTy Ha IOJIyueHHe MeJaHWHa Ha
ocHoBe 1mTamMMma Inonotus obliquus F-1244
(JIP 056640012-037-16), paszpaboTaHHOMY B J1abo-
paTopuu MHUKOJIOTUM HAy4YHOTO IleHTpa «BekTop».
[TosiyuyeHHbIE MUTMEHTHI HAEHTU(DHUIIUPOBATIN IPU
ITOMOII KaueCTBEHHBIX peaknuil [5, 8, 10]. CBo-
cTBa 000MX BHUJIOB YKa3aHHBIX MEJIAHUHOB COOTBET-
CTBOBAJIU IIPENbSIBIIsIEMBIM TPeOOBAaHHUAM Ha CyO-
craunmio « Menauun yarn» (JIP 056640012-037-16):
BHEIITHUM BHJ — TMOPOIIOK TEMHO-KOPUYHEBOTO
1[BeTa; MaccoBasi ZI0Jisl Bjlark — He 6oJiee 9.0 + 1.0 %;
BOZIOPOAHBIN TOKa3areyib 0.001 % pacrtBopa pH —
7.5 £ 0.5; onTHYecKas MJIOTHOCTh 0.001% pacTBopa
[IpH JIJTMHE BOJIHBI 465 HM — He MeHee 0.04 /1. OIITH-
YECKOU IIJIOTHOCTH.

Jlnsg monydeHHs 25.0 T MeJaHUHCOJAepsKalen
Mas3¥ HUCIOJIb30BAIU 0 50 MI 000X BUOB Meja-
HHWHA, PACTBOPEHHBIX B 12 MJI HBOTOHUYECKOTO pac-

ther, the tubes with cultures and samples were kept
in aerated conditions on a shaking bath at a tempera-
ture of 37°C for 18—24 h. The obtained culture fluids
and their tenfold dilutions (up to 1077) were plated by
microtitering by 10 pl, in 3 repetitions on LB agar
medium. The inoculations were incubated in a ther-
mostat at 37°C for 18—24 h, after which the number
of grown colonies was calculated to determine
CFU/ml in an undiluted (initial) suspension. As a
control, the cell titer was determined in a suspension
of test strains incubated under similar conditions
without adding the test samples.

To assess the health benefits of melanin in vivo,
ointments based on melanin from natural raw mate-
rial of chaga (Inonotus obliquus) and ointments
based on melanin from a submerged culture of chaga
(Inonotus obliquus F-1244 original strain), obtained
at the Vector Research Center and deposited in its
museum collection, were obtained. Melanin was
obtained from crushed natural raw material of chaga
mushroom by alkaline hydrolysis [8], and from the
submerged culture of Inonotus obliquus F-1244
according to [10] and laboratory regulations for the
production of melanin based on the Inonotus
obliquus F-1244 strain (LR 056640012-037-16),
developed in the Laboratory of Mycology of the
Vector Research Center. The obtained pigments
were identified using qualitative reactions [5, 8,
10]. The properties of both types of these melanins
corresponded the requirements for the substance
“Chaga Melanin” (LR 056640012-037-16): appear-
ance — dark brown powder; mass fraction of mois-
ture — no more than 9.0 + 1.0%; 0.001% solution
pH — 7.5 £ 0.5; optical density 0.001% solution at a
wavelength of 465 nm — at least 0.04 units of opti-
cal density.

To obtain 25.0 g of melanin-containing ointment,
50 mg of both types of melanin dissolved in 12 ml of
isotonic solution were used. Whereas two formula-
tions of ointment bases were used.

According to the first formulation [18], the oint-
ment bases were obtained at 50—60°C and with thor-
ough mixing 7.0 g of vaseline oil and 3.0 g of T-2 and
Twin-60 emulsifiers. The obtained bases were cooled
to a temperature of 30—35°C, and solutions of natu-
ral and submerged melanins (formulations 1 and 2
respectively) were introduced into them with stir-
ring. The obtained ointments were mixed to a state of
homogeneity and packaged. The second formulation
of the ointment base also included vaseline, but lano-
lin was used as an emulsifier. To obtain 25.0 g of
ointment, 0.15 g melanin from natural raw material
was ground to the impalpable powder in a porcelain
mortar, then dissolved in 2.5 ml of saline solution,
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TBOpa. IIpu 3TOM MaseBble OCHOBBI HCIIOJIb30BATU
JIBYX COCTaBOB.

CorstacHo mepBoMy coctaBy [18] MmaseBbie
OCHOBBI IOJIydyasu Nnpu 50—60 °C U TIIaTeIbHOM
IepeMeNNBaHUM 7.0 T Ba3eJIMHOBOTO Macjia U 110
3.0 T amysnbratopoB T-2 u TBuH-60. IlomyueHHbIe
OCHOBBI OXJIQXK/IAJIN JIO0 TeMIepaTypsl 30—35 °C u
BHOCWJIM B HHX IIPH I€PEMENTUBAHUU PACTBOPBI
MPUPOJHOTO M «TJIyOMHHOrO» MeJaHUHOB (IIpo-
IIICH Ma3ed 1 U 2 COOTBETCTBEHHO). IlosiyueHHBIE
Ma3Hu IePEMEITUBAJIN 10 COCTOSTHUSA TOMOT€HHOCTH
u pacdacoBbIiBaIN. BTOpOii cocTaB Ma3eBoii OCHOBBI
BKJIIOUAJT TaK’Ke Ba3eJIMH, HO B KAUECTBE AMYJIbra-
TOpa HCHOJB30BAIN JIAHOJWH. [IJIg ToJydeHUs
25.0 T Ma3H 0.15 T MeJIJaHUHA U3 TPUPOTHOTO ChIPHS
Yard pacTUPAJIH 10 MeJTbYaUIIero mopoiika B gap-
¢ opoBOIi CTYIIKE, 3aTEM PACTBOPSLIH B 2.5 MJI (PU3H-
OJIOTHUYECKOTO PAaCTBOpPA, A00ABJISJIM B KadyecTBe
SMyJibratopa 2.5 T JIAHOJIMHA, 3aTeM 20.0 T Baze-
JIMHA, TPOJIOJIKAsA MPU 3TOM PAaCTHUPAHHE CMECH B
cTynke mpu 50—60 °C 70 MoJIy4eHUs] TOMOTeHHOU
MasH, a 3aTeM pachacoBbIBAIN (IIPOIUCH Ma3u 3).
[TosydeHHBIE MeEJIAHWHOBBIE Ma3HW YKa3aHHBIX
BBIIIIE TPEeX MPOMHUCENH MPEACTABISIN cOO0 roMOo-
TeHHble TEMHO-KOPUYHEBOTO I[BETA CMECH, aHAJIO-
TUYHBIE 10 CBOEH KOHCHUCTEHIIMU MAa3eBBIM JIEKap-
CTBEHHBIM (hOopMaM.

B kauecTBe mpemnapaTta CpaBHEHUS MMPUMEHSIH
masb JIeBoMUKOH-TOD — cepust 140718 (000 «Tyiap-
ckas dapmarieBTuyeckas (abpuka», Poccus, cpok
TOJTHOCTH — /10 01.2022). IIpenapar mpejcTaBiisieT
coOOWl  OFHOPOJIHBIM  KeJIeOOpa3HBIA  ITPOJYKT,
HCITOJIB3YETCs B KauecTBe KOMOMHUPOBAHHOTO CPe-
CTBA I MECTHOTO IpUMeHEeHHs. J[eHCTBYIOIUM
HAYaJIOM Ma3’ SBJIAIOTCA METHIyPalua — 4.00 T U
xJIopaM@eHUKOoJ — 0.75 T. BcmoMoraresibHbIE KOM-
MOHEHTBhI: MAaKpoOToJ-1500 — 19.05 T, MaKpo-
royi-400 — 76.20 r. Ma3b OKa3bIBaeT aHTUMHUKPOO-
HOe JIEHCTBUE, TIPEK/Ie BCErO 3a CUET aHTHOMOTHKA
IIUPOKOTO CIIEKTpa JEeHUCTBUA XJIopaMpeHUKOIa.
MeTwmiyparuin o61a7aeT aHAOOJIMIECKON aKTHUBHO-
cThi0. OKa3bIBaeT MPOTHBOBOCIATIUTETLHOE, UMMY-
HOCTUMYJIUPYIOIEe, TeMOIIOITHIECKOe, JIEHKOII03-
THYEeCKoe JeicTBre. Hopmanusys HYKJI€HMHOBBIN
0oOMeH, CTHUMYJIUDYET IIPOIeCChl pereHepanuu B
paHax, pocT, TPaHYJISAIMOHHOE CO3PEBAHUE TKAHU U
SIUTEIU3AIMIO [19].

B ombITe HCITOIB30BAIH 37]0POBBIX HEMHOPETHBIX
MBIIIEeH Maccoii Tesa 17—19 T koaouuu ICR oboero
1oJIa U3 MUTOMHHUKA HAyYHOTrO IeHTpa «BekTop».
JKUBOTHBIX pacrpe/iesisiiu M0 CAEAYIOINM TPyTIIaM
(1o 20 MBIIIEH B KaXK/I01):

e Tpynma 1 — KOHTPOJIbHAs: MBIIIN, HUYEM HE
JIEUeHHBIE;

2.5 g of lanolin was added as an emulsifier, then
20.0 g of vaseline, while continuing to paste the mix-
ture in the mortar at 50—60°C until a homogeneous
ointment is obtained, and then packaged (ointment
formulation 3). The resulting melanin ointments of
the above three prescriptions were homogeneous
dark brown mixtures similar in consistency to oint-
ment dosage forms.

Levomikon-TFF ointment (batch 140718) was
used as a comparison drug (Tula Pharmaceutical
Factory, LLC, Russia, shelf life: up to 01.2022). The
preparation is a homogeneous jelly-like product,
used as a combined agent for topical application. The
active ingredients of the ointment are methyluracil —
4.00 g and chloramphenicol — 0.75 g. Auxiliary com-
ponents: macrogol-1500 — 19.05 g, macrogol-400 —
76.20 g. The ointment has an antimicrobial effect,
primarily due to the broad-spectrum antibiotic agent
chloramphenicol. Methyluracil has anabolic activity.
It has an anti-inflammatory, immunostimulating,
hematopoietic, leukopoietic effect. Normalizing
nucleic metabolism, it stimulates regenerative pro-
cesses in wounds, growth, maturation of granulation
tissue and epithelization [19].

In the experiment, healthy non-inbred mice
weighing 17—-19 g of an ICR colony of both sexes from
the nursery of the Vector Research Center were used.
The animals were divided into the following groups
(20 mice each):

e group 1 — control: untreated mice;

e group 2 — control: mice treated with the com-
parison drug;

« group 3 — experimental: animals treated with
ointment containing melanin from natural raw mate-
rial of chaga (Inonotus obliquus);

« group 4 — experimental: animals treated with
ointment with melanin obtained on the basis of the
submerged culture of chaga (Inonotus obliquus
F-1244 strain);

« group 5 — experimental: animals treated with
ointment with a 5-fold increased concentration of
melanin from natural raw material of Inonotus
obliquus compared with ointments for animals of
groups 3—4-.

After premedication of white mice with chloro-
form, on the back of the animals a flat incised wound
was applied with non-sterile scissors without obser-
ving the rules of asepsis. Experimental animals of
groups 2—4 were treated daily by applying 0.2 g of
Levomikon-TFF ointment to wounds with a spatula
(group 2) and 0.2 g of melanin ointment containing
0.4 mg of melanin (groups 3 and 4), for group50.2 g
of ointment with 2.0 mg of melanin was used. The
treatment of mice was continued until their incised
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e TPyIIIa 2 — KOHTPOJIbHAS: MBIIIH, JIEUEHHbIE
MIpernapaToM CpaBHEHUS;

e TpyIa 3 — OIbITHAs: KUBOTHBIE, JIEUEHHbIE
Ma3bl0 C MEJIAHMHOM W3 IPUPOJHOTO CHIPhS Yaru
(Inonotus obliquus);

e TDYINIa 4 — OIbBITHAS: KUBOTHBIE, JIEUEHHbIE
Masbl0 C MEJIAHWHOM, IIOJYIYEHHBIM Ha OCHOBE TJIy-
OUHHOI KyJIBTYpHI IITaMMa uaru Inonotus obliquus
F-1244;

e TpyIIa 5 — OIBITHAsA: KUBOTHBIE, JIEUEHHbIE
Ma3bl0 C YBEJIMYEHHOW B 5 pa3 KOHIIEHTpaIueHr
MeJIaHWHA U3 TMPUPOJHOTO ChIPhS Yaru IO CpaBHE-
HUIO C Ma3sIMU JIJIsl JKUBOTHBIX TPYIII 3—4.

[Tocne mpemenukanuy OEJIBIX MBIIIEH XJI0OpPO-
¢bopMoOM KMBOTHBIM Ha CIUHE HAHOCWUJIU HeCTe-
PWIBHBIMH HOXXHHULIAMU 0e3 COOJII0eHUs MPaBUII
ACENTHUKU IUIOCKYI0 DE3aHyI pPaHy. DKCIEepUMEeH-
TaJIbHBIX JKUBOTHBIX TPYII 2—4 JIEYUIH €3KeHEBHO
IyTeM HAHECEHWs HA PaHbI IIIaTeJIeM 0.2 T Ma3u
JleBoMukOoH-TO® (rpyrma 2) v 1o 0.2 T Ma3u ¢ MeJia-
HUHOM C COJIepKaHMeM B HeHl 0.4 MI' MeJaHWHA
(rpynmsl 3 ¥ 4), /71 TPYIIIIBI 5 — 0.2 T Ma3H € 2.0 MT'
MeslaHUHA. JleueHHWe MBIIIed MPOAOJDKAIH 70
MOMEHTA 3a)KUBJIEHUs] ¥ HUX pe3aHbIX paH. Eixe-
JTHEBHO Y MBIIIEHN BO BCEX IPYIIIAX OIEHUBAIH ILJIO-
mayu paH o mertoxy JI.H. IlomoBoit [20], nBura-
TeJIbHYI0 AaKTUBHOCTb, AIIETUT, TUHAMHUKY U XapaK-
Tep 3aKUBJIEHUS PaH, a TAKXKe Yepe3 KaXK/ble Tpoe
CYTOK — U3MEHEHHeE Y HUX MacChl TeJia.

PE3YJIBTATBI 1 OBCYXK/IEHUE

Pe3ynpTaThl SKCIIEPUMEHTIPHOU OLIEHKH aHTHU-
OMOTUYECKUX CBOHCTB MeJAaHHHA W3 IIPHUPOJTHOTO
CBIPbSI ¥ TVIyOMHHOM KYJIBTYPBI YarHu in vitro mpem-
CTaBJIEHHI B TAOJI. 1.

B xo/ie 3kcrieprMeHTa ObLIO yCTAaHOBJIEHO, UTO
BOJIHBIN SKCTPAKT Yard, MEJIAHUHBI U3 TPUPOHOTO
CHIpbsI Yaru U ee IVIyOMHHOU KyJIBTYpPbHI HITAMMa
Inonotus obliquus F-1244 TpPOSBUWIN BBICOKYIO
AHTHOMOTUYECKYI0 AaKTHUBHOCTb B OTHOIIEHUH
[ITaMMa TPaMITIOJIOKUTEHPHON CIOPO0Opasyoien
G6aktepun Bacillus cereus, mMOJTHOCTHIO TTOJABUB €€
pa3MHOKeHHEe B COBMECTHOM KyJIbType. MeslaHUH
U3 MIPUPOJHOTO ChIPHS Yaru B CpeTHEM Ha HMOPSA0K
C JIOCTOBEPHOCTBIO 95 % IOJABJISJI POCT 30JIOTHU-
croro crapuiokokka, mTamma Staphylococcus
aureus ATCC 6538. BogHbIi 9KCTpakT U3 IPUPO-
HOTO CHIPbs Yard U MeJIAHWH U3 TJIYOMHHOU KyJIb-
Typbl mrTaMmMa uaru Inonotus obliquus F-1244 tposi-
BIJIM QHTAarOHHCTUYECKYIO0 aKTHUBHOCTb B OTHOIIIE-
HUM LITAMMOB JIPOJKIKEH — KaK KOJUIEKI[MOHHOTO
mramMma Candida albicans 620, Tak U KJIMHHWYe-
ckoro usosnaTa mramma Candida sp. Ft-5 ot ymep-
mero 6OJILHOTO C TeHEPATN30BAaHHOU KaH/IUI03HOU

wounds healed. The wound areas were evaluated
daily in mice of all groups using the L.N. Popova
method [20], then motor activity, appetite, dynamics
and character of wound healing, as well as changes in
their body weight were evaluated every three days.

RESULTS AND DISCUSSION

The results of the experimental evaluation of the
antibiotic properties of melanin from natural raw
material and the submerged culture of chaga in vitro
are presented in Table 1.

During the experiment, it was found that the
aqueous extract of chaga, melanins from natural raw
material of chaga and its submerged culture (Inono-
tus obliquus F-1244 strain) showed high antibiotic
activity against the strain of the gram-positive spore-
forming bacterium Bacillus cereus, completely sup-
pressing its growth in a co-culture. Melanin from
natural chaga raw material with 95% confidence sup-
pressed the growth of Staphylococcus aureus ATCC
6538 strain more activeley, on average, by an order
of magnitude. An aqueous extract from natural chaga
raw material and melanin from the submerged cul-
ture of the Inonotus obliquus F-1244 strain showed
antagonistic activity against yeast strains, both the
collection Candida albicans 620 strain and the clini-
cal isolate of the Candida sp. Ft-5 strain from a
deceased patient with generalized candida infection.
In particular, the first sample reduced the number of
viable cells of the Candida albicans 620 strain, com-
pared to the control suspension, by an order of mag-
nitude, on average; the second sample — by two
orders of magnitude with 95% confidence. It should
be particularly noted that the same chaga samples in
the conditions of the experiment completely sup-
pressed the growth of the highly pathogenic Candida
sp. Ft-5 strain. However, samples of melanins iso-
lated both from natural raw material and from the
submerged culture of Inonotus obliquus F-1244,
were expected to be inferior in their antibiotic effect
on the studied cultures of test strains than the effect
of the antibiotic chloramphenicol, since it has a pro-
nounced bacteriostatic effect on at least 16 types of
gram-positive and gram-negative bacteria [19]. Nev-
ertheless, taking into account the experimental data
obtained on the antibiotic activity of chaga melanins
in vitro, as well as literature data on the presence
and manifestation in vivo of a wide range of useful
and positive properties by biologically active sub-
stances from higher basidiomycetes, it is possible
and promising to include melanins in the composi-
tion of experimental ointments.

The results of an in vivo experimental evaluation
of the therapeutic properties and toxicity of oint-
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nH(pekuei. B vactHOCTH, TIEpBBIN 0Opa3er; CHU3HUI
YUCJIEHHOCTh »KU3HECIIOCOOHBIX KJIETOK IITaMMa
Candida albicans 620 10 CpaBHEHHIO C KOHTPOJIb-
HOU CyCIIEH3HWEH B CpeHEM Ha IOPSJIOK, BTOPOU
obpa3zel] — Ha JIBa MOPSA/IKA C JIOCTOBEPHOCTHIO 95 %.
Crnenyet 0co60 OTMETUTB, YTO ATH 3Ke 00PA3IbI YaTh
B YCJIOBUSAX IPOBEZIEHHOTO OIBITA IIOJIHOCTBIO 110/1a-
BJISLTU POCT BbICOKOMaToreHHOTO mtamMMma Candida
sp. Ft-5. OgHako o6pasupl MeJIAHMHOB, BBIJIEJIEH-
HBIX KaK U3 IPUPOAHOTO ChIPHs, TAK U U3 IJIyOUH-
HOU KyJIBTYpBI yaru Inonotus obliquus F-1244, oxu-
JlaeMO YCTYIJIM II0 CBOEMY AHTHOHOTHYECKOMY
JIEUCTBUIO Ha KCCJIEOBAHHBIE KYJIBTYPBl TeECT-
IITAMMOB BO3/IEWCTBUI0O aHTUOMOTHKA XJjiopamde-
HUKOJIA, IIOCKOJIBKY OH 00JIaZlaeT BBIPA’KEHHBIM
0aKTEpPUOCTATUUECKUM JIEUCTBUEM B OTHOIIIEHUH HE
MeHee 16 BU/I0OB IPaMIIOJIOKUTETHHBIX H TPAMOTPH-
naresbHBIX OakTepuil [19]. Tem He MeHee ¢ yueTOM
[IOJIyUeHHBIX DKCIIEDUMEHTAJIbHBIX JaHHBIX IIO
QHTHOMOTUYECKON aKTUBHOCTU MEJIAHUHOB Yard in
vitro, a Tak:Ke JTAHHBIX JINTEPATYPHl O HAIMYUU U
MPOSABJIEHUH IN VIVO MMHUPOKOTO CIEKTPa IMpaKTHye-
CKHU TI0JIE3HBIX U IMOJIOKUTEJIBHBIX CBOHUCTB OHOJIO-
rUYeCKU aKTHBHBIMHU BEI[ECTBAMU U3 BBICIIUX Oa3u-
JINOMUIIETOB JIEJAI0T BO3MOKHBIM U IEPCIIEKTHB-
HBIM BKJIIOUEHHE MEJAaHWHOB B COCTaB OIBITHBIX
Ma3zen.

PesysibTaThl SKCIIEpUMEHTATLHOU OIEHKH 1N VIV0
JieyeOHBIX CBOMCTB, & TaKKe TOKCHYHOCTH Masel,
COZIEPKAIIIX MEJIAHUHBI W3 IIPUPOJHOTO CHIPbSA
OGepesoBoro rpuba (yaru) ¥ IIyOMHHOU KyJIBTYPBI
rpuba uvaru Inonotus obliquus F-1244, npencras-
JIeHbI B Ta0JI. 2, 3.

U3 aHHBIX, IPEZICTABJIEHHBIX B TA0JI. 2, CJIEZIYET,
YTO JIUHAMUKA W3MEHEeHUs IoKaszaTesJed mpHupocTa
Macchl TeJla y MbIIIEH KaK B 9KCIIEPUMEHTATbHBIX
IPYIINAax, TAaK U B KOHTPOJIbHBIX IPYIIAX }KUBOTHBIX
ObLIa MOJIOXKUTENTbHON. [Ipu 3TOM 3HAUYEHUs 3ITHX
IoKa3aresiel ObLIN OUEeHb OJIM3KUMU U HE Pa3jInda-
JIUCh C JIOCTOBEPHOCTHIO 95 % MEXK/y TpyIIIaMH.
Nmeromyecs pa3andus B aOCOTIOTHBIX TOKA3ATEIIAX
IIPUPOCTA MACCHI TeJIA Y JKUBOTHBIX, B YACTHOCTH, HA
TPETbU CYTKH W TIpU JAJIbHEUIIEM HaOTI0JeHUN
O6bUTH OOYCJIOBJIEHBI PA3IUYUAMU HCXOAHBIX Mace
TeJa Y MbIIIEeH, MOCKOJIbKY (GOPMUPOBAHUE OIIBIT-
HBIX TPYIII JJIs1 BO3MOKHOTO MaKCUMAaJIbHOTO HUBE-
JINPOBAHUS 3HAYUMOCTH 3TOTO TIOKA3aTeJIs B IIOCIIe-
JIYIOIIIEM OCYIIECTBIISJIOCH CIIydaiHbIM 00pa3om 6e3
ydueTa Macchl TeJia JKUBOTHBIX. B X0/1e skcnieprMeHTa
IIO/IOTIBITHBIE KUBOTHBIE B TPYIIIIAX 1 U 2 B TEUEHUE
MEPBBIX IISITH JHEH BBIIVIS/IENIA MEHee aKTHBHBIMU
[0 CPAaBHEHUIO ¢ Mblmamu rpymm 3—5. [Tociaennue
OXOTHee TOeZad CBOW KOpM, 0OoJjiee TOTO, TOCie
HAHECEHUS Ma3{ MBIIIN YaCTUIHO CheNaJId Meja-

ments containing melanins from natural raw mate-
rial of chaga mushroom and the submerged culture
of chaga (Inonotus obliquus F-1244 strain) are pre-
sented in Tables 2, 3.

From the data presented in Table 2, it follows that
the dynamics of changes in body weight gain in mice
in both experimental and control groups of animals
was positive. At the same time, the values of these
indicators were very close and did not differ with
95% confidence between the groups. The differences
in absolute values of body weight gain in animals, in
particular, on the third day and further observation
were due to differences in the initial body weights in
mice, since the formation of experimental groups for
the possible maximum leveling of the significance of
this indicator was subsequently carried out randomly
without taking into account the body weight of ani-
mals. During the study, the experimental animals in
groups 1 and 2 looked less active during the first five
days compared to mice in groups 3—5. The latter
were more willing to eat their food, moreover, after
applying the ointment, the mice partially ate melanin
preparation from each other’s wounds. On the 18th
day of observation, the body weight gain in mice
reached comparable values that did not differ
between groups with 95% confidence. Thus, the data
obtained indicated the absence of a negative effect of
melanin ointments of different formulation on the
body of mice.

Dynamics of wound healing in the experimental
groups of animals (see Table 3) differed from that in
the control groups. Visually, in mice of experimental
group 5 treated by ointment with a fivefold increased
concentration of melanin from natural chaga, the
crusts on the wounds fell of on the 12th day, the
wounds scarred; on the surface of scars covered
along periphery with growing hair, only traces of
crusts of 0.01—-0.02 cm? remained. At the same time,
in mice of control groups 1 and 2, as well as experi-
mental groups 3 and 4, a similar result of wound
healing was obtained only on the 21st day. It should
also be noted that from the moment of wounding and
for the first few days, the surface of the wounds in
animals of all groups was plastered with a significant
amount of fine wood chips of bedding. However, this
circumstance did not negatively affect the wound
healing process in experimental mice. On the 21st
day of observation, visually at the site of former
wounds in animals of groups 1—4, only traces of
crusts ranging in size from 0.01 to 0.03 cm? were
noted together with pink scars of regenerated skin,
covered along the periphery with growing hair. In
addition, it should be noted that in groups 3—4 there
was a tendency for faster wound healing (from the
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Ta6uuna 2. J[uHaMuKa [oKasaTesield IPpUpPOoCTa Macchl TeJia y Mbliei (T)
Table 2. Dynamics of body weight gain in mice (g)

001U IPUPOCT
MAacchI TeJIa MbIIIEeH

Cpoxku HaGI0aeHus, cyrtku / Observation time, days OT UCXOIHOM

e The total increase in

Group 3-u/3rd 6-e/6th 9-e/9th 12-e/12th 15-e/15th 18-e/18th o o
body weight of mice
as compared with
baseline

1 (koHTpONBHASL / 1.7+0.5 2.1+0.6 22+0.7 3.3+105 21+13 1.0+ 1.7 12.4 + 5.85

control)

(n=20)

2 (koHTpOJIbBHAsE / 2.6+ 0.5 2.7+0.9 0.6+0.9 1.4+1.03 1.3+1.2 1.5+ 1.7 10.1 £ 6.23

control)

(n=20)

3 (omprTHAsS / 1.24+0.4 3.2+0.6 3.3+0.6 3.3+0.7 1.1+ 0.5 0.9+ 1.1 13.0 £ 7.32

experimental)

(n=20)

4 (omprTHAs / 1.3+£0.6 2.6+0.5 27+11 3.4+1.1 1.0 £ 0.8 1.1+ 0.8 12.1 + 6.12

experimental)

(n=20)

5 (ombITHAS / 2.4+05 0.7+0.5 21+0.7 2.0+0.8 1.4+ 0.9 2.1+ 1.0 10.7 + 4.4

experimental)

(n=20)

IIpumeduadune. IlpeacraBieHsl cpeHAe IOKA3aTeIN IPHPOCTA MACCHI TeJIa y MBIIIeH ¢ UX IOBEPHTETbHBIMY HHTePBAIaMH JITI
BEPOATHOCTU 95 % (X p, ., TAe X — cpefiHee apudMETHIECKOe; p, - — OBEPUTEIbHBIN HHTEPBAJ /IS BEPOATHOCTH 95 %).

N ot e. Average indicators of body weight gain in mice are shown with their confidence intervals for a 95% probability (X + p
X — the arithmetic mean; p___— a confidence interval for a 95% probability).

.05 where

0.05

Tab6suna 3. J[nHaMiKa U3MeHeHUs IJIOIA/IA PaH y Mbliiei (cM?)
Table 3. Dynamics of changes in the wound area in mice (cm?)

Cpoku HaOI0aeHus1, cytku / Observation time, days

I'pynma

Group o 3-m/3rd 6-e/6th 9-e/9th 12-e/12th 15-e/15th 18-e/18th 21-e / 21st
1 (KOHTpO/MBHAA / 1.61+0.27 115+ 0.25 0.75% 0.25 + 0.25 + 0.07 0.14 + 0.01 0.09 + 0.01 0.02 + 0.01
control) 0.22 0.08

(n=20)

2 (KoHTpOJTbHAsI / 1.43 £ 0.19 1.32 £ 0.17 1.22+ 0.2 0.94 + 0.12 0.23 + 0.05 0.23 £ 0.01 0.11+ 0.01 0.03 £ 0.01
control)

(n=20)

3 (ombITHAsA / 1.57 £ 0.23 1.49 + 0.18 1.46 £ 0.27 0.64 + 0.21 0.19 £ 0.08 0.19 £ 0.08 0.04 + 0.04 0.01 + 0.01
experimental)

(n=20)

4 (ombrTHAS / 1.66 £ 0.18 1.95+0.23 1.13+0.21 0.97 + 0.37 0.30 £ 0.14 0.30 £ 0.17 0.09 £+ 0.09 0.03 £ 0.03
experimental)

(n=20)

5 (ombITHAS / 1.28 £ 0.16 0.80 £ 0.15 0.46 £ 0.15 0.17 £ 0.02 0.02 £ 0.01 0.01+ 0.01 O 0
experimental)

(n=20)

IIpumewuanue. IlpegcrapieHsl cpefjHUe IOKa3aTeM IUIOMIAZell paH y MBIIIeH ¢ UX JIOBEPUTEJIbHBIMH HHTEPBAJIAMU JIJIA
BeposiTHOCTH 95 % (X + p__, tme X — cpenHee apuMETHUECKOE; P — JOBEPUTEIbHBIN HHTEPBAJI JJIs1 BEPOSITHOCTH 95 %).

0.05° 0.05

N o t e . Average indicators of the wound area in mice are shown with their confidence intervals for a 95% probability (X + Dy Where

X — is the arithmetic mean; p_ _— is a confidence interval for a 95% probability).

0.05
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HUHOBYIO Ma3b C paH Jpyr y apyra. Ha 18-e cyrku
HAOJIIOZIEeHUsT PUPOCT MACChl TeJla IO TPYIIaM Y
MBIIIEN JOCTUT COTIOCTAaBUMBIX BEJTMINH, HE PA3JIU-
YaBIINXCA MEXAY TPYHIaMH C JIOCTOBEPHOCTBHIO
95 %. IlosyueHHbIe JaHHbBIE, TAKUM 00pPa30M, CBUIE-
TEJIbCTBOBAIN 00 OTCYTCTBUM HETATHBHOTO BIIMSHUS
MeJIJAHMHOBBIX Mas3ed pa3HBbIX IMPOIKMCEH Ha opra-
HU3M MBIIIIEH.

JlmHaMIKa 322KUBJIEHUS PAH B OIIBITHBIX TPYIIIIAX
JKUBOTHBIX (CM. TabJI. 3) IO CPaBHEHHUIO C KOHTPOJIb-
HBIMH TPYIIIaMHU Pa3indaiach. BU3yasbHO y MbIIIIei
OTIBITHOU TPYIIIEI 5, IEUEHHBIX Ma3bI0 C MIATHKPATHO
VBEJINYEHHON KOHIIEHTpAIiell MeJIaHWHA U3 IpU-
POZHOII Yyaru, KOpOYKH Ha paHaxX y»Ke Ha 12-€ CyTKU
OTIIaJTH, PAHBI 3apyOIIeBAINCD, HA [IOBEPXHOCTH PyO-
IIOB, HOKPBITHIX 10 IepUdepUn oTpacTaloIel mepce-
THIO, OCTAJIUCh TOJIBKO CJIEZIbI OT KOPOYEK pasMe-
paMu 0.01—0.02 cM2. B To 3xe BpeMs y MBIIIEN KOH-
TPOJIBHBIX TPYII 1 U 2, a TAK)KE ONBITHBIX TPYII 3 U
4 aHAJIOTUYHBIA pe3yJbTaT 3KUBJIEHUS PaH ObLI
IIOJIy9eH TOJIBKO Ha 21-e cyTku. CiemyeT Taxxke
OTMETHTH, UYTO C MOMEHTA HaHeCeH!sI PaH U Ha IPO-
TSOKEHUU HECKOJIBKUX IEPBBIX JIHEH IMOBEPXHOCTH
paH y *KUBOTHBIX BceX IpymIn ObLIa oOJernieHa 3Ha-
YHUTEJTbHBIM  KOJWYECTBOM MEJIKOH JIpeBECHOU
CTPYKKU TOACTUIKH. OHAKO 3TO 0OCTOATETHCTBO
He IOBJIUSJIO OTPUIIATEJIFHO HA IIPOIIECC 3a3KHUBJIIE-
HUA DaH y HOJONBITHBIX MbImed. Ha 21-e cyTku
HaOJIIOZIeHUsI BU3YaJIbHO HAa MecTe OBIBIIUX paH y
JKHBOTHBIX TPYIII 1—4 OTMEYAIUCH TOJIBKO CIEABI OT
KOpOUeK pasMepaMu OT 0.01—0.03 cM? Ha ¢oHe
PO30BBIX pyOIIOB pETeHepUPOBABIIIEH KOXKHU, IIOKPHI-
ThIE 110 Iepudepun oTpacramoilel meperbio. Kpome
BTOrO, HEOOXOIUMO OTMETHUTh, UYTO B TPyHIAX 3—4
ObLya BBISIBJIEHA TEH/IEHIH 60Jiee OBICTPOTO 3aKUB-
JleHus1 paH (HauwHAs C 15-X CYTOK HaOJIOZEHUS B
rpymIe 3, a B IpyIIe 4 — ¢ 18-X CyTOK) 110 CPAaBHEHUIO
C ’KUBOTHBIMU KOHTPOJILHOUM TPYIIBI 2, JIEYEHHBIX
Ma3bio0 JIeBOMUKOH-TDD.

YcraHOBJIEHHAA B XOJI€ HACTOAIIEH paboThI 6oJiee
BbICOKasA A(PGEKTUBHOCTh PAHO3AKUBJIEHUSA Y
MBIIIEN HKCIEPUMEHTATBHBIMU Ma3siMU B CpaBHE-
Huu c¢ JleomukoHOM-T®® mposeMoHCTpUpOBaIa
KaK MPOTHUBOBOCIATIUTEIbHBIE, TAaK U PereHepaTHB-
HbIE CBOKCTBA MeJIaHUHA (0COOEHHO B IIPOITMCH Ma3H
C IATUKPATHBIM COJIepKaHUeM MeJaHUHA), He YCTY-
MAaoI1e TAKOBBIM Y XJI0paM(peHUKOJIA 1 METHIIypa-
[IMJIa, KOTOPBIE SABJISIOTCS OCHOBOM Ma3U CPAaBHEHUS.

3AK/JIIOYEHUE

ITpoBe/ieHHOE 3KCIEPUMEHTAILHOE HCCIIeN0Ba-
HUE TI03BOJISIET CZIeJIaTh CIELYIOIIHE BHIBO/IBL:

1. MeJlaHWHBI U3 TPUPOIHOTO CHIPhS U TIyOUH-
HOH KyJIbTYphl uaru mramma Inonotus obliquus

15th day of observation in group 3, and from the 18th
day in group 4) compared with animals of control
group 2 treated with Levomikon-TFF ointment.

The higher efficiency of wound healing in mice
with experimental ointments, in comparison with
Levomikon-TFF, established in the course of this
work, demonstrated both anti-inflammatory and
regenerative properties of melanin (especially in the
ointment formulation with a fivefold melanin con-
tent), not inferior to those of chloramphenicol and
methyluracil, which are the basis of the comparison
preparation.

CONCLUSION

The conducted experimental study allows us to
draw the following conclusions:

1. Melanins from natural raw material and the
submerged culture of chaga (Inonotus obliquus
F-1244 strain) completely suppressed the growth of
gram-positive spore-forming Bacillus cereus bacte-
rium in a co-culture. Melanin from natural chaga
raw material, on average, suppressed the growth of
Staphylococcus aureus ATCC 6538 strain by an
order of magnitude more actively. Melanin from the
submerged culture of chaga (Inonotus obliquus
F-1244 strain) completely suppressed the growth of
the clinical isolate of the highly pathogenic Candida
sp. Ft-5 strain from a deceased patient with genera-
lized candida infection, and inhibited the growth of
the collection Candida albicans 620 yeast strain, on
average, by two orders of magnitude more inten-
sively.

2. The components of the ointment bases of the
two tested formulations (melanin from natural chaga
raw material and melanin obtained on the basis of
the submerged culture of chaga (Inonotus obliquus
F-1244 strain), as well as an ointment containing a
fivefold increased concentration of melanin from
natural chaga, have no toxicity to experimental ani-
mals.

3. Ointments containing 0.4 mg of melanin from
natural raw material and the submerged culture of
chaga (Inonotus obliquus F-1244 strain) in 0.2 g of a
single dose of ointment had the same wound healing
efficacy, while not only were not inferior in wound
healing efficacy to the combined antimicrobial com-
parison drug Levomikon-TFF, but showed a ten-
dency to more accelerated wound healing (on the
15th—18th day of observation) compared with the
process of wound regeneration in a group of animals
treated with the comparison drug.

4. A more accelerated wound healing effect was
demonstrated in experimental animals (already on
the 12th day of observation) treated with a fivefold

102

Journal homepage: http://jsms.ngmu.ru



Stavsky E.A et al. / Journal of Siberian Medical Sciences Vol. 6, No. 1 (2022)

F-1244 10JTHOCTBIO ITOABIISAIIN PA3MHOKEHNE TPaM-
MOJIOKUTEJIPHON  criopoobpasyiomeld  6akTepun
Bacillus cereus B COBMECTHOH KyJbType. MejaHUH
U3 IPUPOJHOTO CHIPHS Yard B CPETHEM Ha MOPSIIOK
[TO/IABJISJI POCT 30JIOTUCTOTO CTa(PUIOKOKKA IIITaMMa
Staphylococcus aureus ATCC 6538. MenaHuH us
DIyOWMHHOM KyJBTYpHl INTaMMa daru Inonotus
obliquus F-1244 10JTHOCTBIO MOABJISI POCT KJIMHU-
YeCKOTO U30JIATa BBICOKOMATOTEHHOTO IITaMMa
Candida sp. Ft-5 ot ymepiero 60J5HOTO ¢ reHepa-
JIN30BAaHHOU KaHIUJIO3HON HH(MEKITNEH U B CPEJTHEM
Ha J1Ba MOPSAKA MHTHOUPOBAJI POCT KOJIEKI[UOH-
Horo mrramma aposskeit Candida albicans 620.

2. KoMIIOHEHTHI Ma3eBbIX OCHOB JBYX IIPOIUCEH
WCIBITAHHBIX Mazed (MeJIaHWH W3 IPUPOHOTO
CBIPhSI Yard W MeJIaHUH, IOJIYyYeHHBIH HA OCHOBE
[JIyOMHHOU KYyJIBTYpbl INTaMMa uaru Inonotus
obliquus F-1244), a Tak’Ke Ma3b, COZepIKaIIas IATH-
KPaTHO YBEJINYEHHYI0 KOHIIEHTPALIMIO MeJIAHNHA U3
MIPUPOJTHOU Yard, He 00JIaIal0T TOKCHIHOCTHIO JIJIs
SKCIIEPUMEHTAIBHBIX JKUBOTHBIX.

3. Masu, copep:kamue Mo 0.4 MI' MeJaHUHA U3
TIPUPOJTHOTO CHIPHS Yark U ee TJIyOMHHOHN KYJIbTYPhI
mrramma Inonotus obliquus F-1244 B 0.2 T ogHOpa-
30BOH 7103l Ma3u, 00JIalaTd OJMHAKOBOU paHO3a-
JKUBJISIOIIEN 3P (PEKTUBHOCTBIO, TPU 3TOM He
TOJIPKO He YCTYIIAJTH 10 PAHO3aKUBJIAIONIEH 3 dek-
TUBHOCTH KOMOWHUPOBAHHOMY ITPOTHBOMHKPOO-
HOMy Iipenapary cpaBHeHUs JIeBOMUKOH-T®®D, HO
IIPO/IEMOHCTPUPOBAJIN TEHJIEHIIUIO O0Jiee YCKOPEeH-
HOTO 32KUBJIeHUs paH (Ha 15—18-e cyTku HabIIIo/1e-
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HUI) TI0O CPAaBHEHMUIO C IIPOIIECCOM pereHepaIuy paH
y I'PYIIIBI }KUBOTHBIX, JIEYEHHBIX YKa3aHHBIM IIpelia-
paToM CpaBHEHHUS.

4. TlpogemoHcTpupoBaH 0ojlee YCKOPEHHBIN
5bdEKT 3aKUBJIEHUST PAH Y SKCIIEPUMEHTATbHBIX
JKMBOTHBIX (y2Ke Ha 12-€ CyTKU HaOJII0/IeHUA ), JIeUeH-
HBIX C HATUKPATHO YBEJIUUYEHHBIM COJlep:KaHUEM
MeJIaHWHA U3 IIPUPOJHOIO ChIPhA Yaru B IPOIMCHU
MasH, 0 CPAaBHEHUIO ¢ MBIIIIAMH, JIEUeHHBIMU IIpe-
mapaToM CpaBHEHHUA.

Taxkum obpazom, Masu, coep:Kallue MeJaHUH
yary, o0J1aZjaloT IPOTUBOBOCIATIUTEIBHBIMU, pere-
HEPAaTUBHBIMU CBOMCTBAMH U MOTYT paccMaTpH-
BaThCA B KauecTBe IIepCIIeKTUBHBIX IIpernapaToB JIJId
MEeCTHOTO JIeUeHUs PaH.

KoHdIuKT nHTEpECOB. ABTOPHI 3aABJISAIOT 00
OTCYTCTBUM KOH(MJINKTA HHTEPECOB.
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