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Abstract
The review article provides information on the producers, chemical nature, spectrum and
mechanism of action, pharmacokinetics of polyene antibiotics used in the treatment of human mycoses.
Polyene antibiotics play an important role in antifungal therapy, as they directly affect fungal sterols,
particularly ergosterol, leading to membrane permeability or inhibition of membrane transport proteins.
Keywords: polyenes, fungal infections, antifungal drugs, "Rozeofungin-AS, ointment 2%",
"CanProFem-AK"®.

Polyene antibiotics are among the most effective compounds widely used in clinical
medicine to treat fungal infections. More than 200 molecules belonging to the polyene chemical
class have antifungal activity, most of which are obtained through microbial synthesis during the
cultivation of Streptomyces bacteria. Polyene antibiotics used in antifungal therapy are produced
by Streptomyces nodosus (amphotericin B), Streptomyces levoris (levorin), Streptoverticillium
mycoheptinicum (mycoheptin), Streptomyces noursei (nistatin), and Streptomyces natalensis
(natamycin). Streptomyces bacteria synthesize polyenes through a gene cluster phylogenetically
linked to these species. These genes encode several polyketide synthases, ABC (ATP-binding
cassette) transporters, cytochrome P450-dependent enzymes, and enzymes responsible for the
synthesis and binding of mycosamine groups [1]. Although polyenes can be chemically
synthesized, they are still obtained through microbial synthesis using Streptomyces strains for
economic reasons.

Due to their high toxicity, only a few polyene antibiotics have found application in medical
practice. These include nystatin, levorin, and natamycin, used topically and orally, as well as
amphotericin B, predominantly used to treat severe systemic mycoses.

Due to their high toxicity, only a few polyene antibiotics have found application in medical
practice. These include nystatin, levorin, and natamycin, used topically and orally, as well as
amphotericin B, predominantly used to treat severe systemic mycoses. Advantages of polyene
macrolides include the extremely rare occurrence of fungal resistance to them [2-5] and a high
safety profile when applied locally [6-9]. Furthermore, polyenes exhibit the widest spectrum of
activity among antifungal agents in vitro.

Polyenes are cyclic amphiphilic organic molecules known as macrolides. Most of them have
20 to 40 carbon atoms in the macrocyclic lactone ring, conjugated with a D-mycosamine group.
Their amphiphilic properties are due to the presence of multiple conjugated double bonds (from
three to eight) in the hydrophobic part of the macrocyclic lactone ring, along with several hydroxyl
groups in the hydrophilic part [10]. The polysaccharide group (mycosamine) confers amphipathic
properties to the molecule. Because of this property, and the mechanism of action, polyene
macrolides differ significantly from antibacterial macrolides. Traditionally, the classification of
polyenes is based on the number of double bonds and the presence or absence of a polysaccharide
linked by a glycosidic bond to the macrocyclic lactone ring [11-13].
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Despite the discovery of a significant number of representatives of the polyene macrolide
class, trienes (mycotriene, proticin, and resistafilin [14-17]) and hexenes (dermostatin, cryptocidin,
and flavacid [18-23]) have not found practical application. Tetraenes (nystatin, natamycin),
heptaenes (amphotericin B, levorin, mycoheptin), and to a lesser extent, pentaene compounds
(Figure) have gained more widespread use in medicine.

Figure - Chemical structure: A - natamycin, B - nystatin, C - amphotericin B

Over more than 40 years of use, amphotericin B has become the "gold standard" for treating
systemic fungal infections due to its low level of acquired or intrinsic resistance and its broad
spectrum of activity [24]. Amphotericin B is active against most yeasts and filamentous fungi. It
is recommended for the treatment of infections caused by Candida, Aspergillus, Fusarium, Mucor,
Rhizopus, Scedosporium, Trichosporon, Cryptococcus, Coccidioides, Histoplasma, Blastomyces,
Paracoccidioides, and others. Amphotericin B is also widely used for the treatment of parasitic
infections such as leishmaniasis and amoebiasis [8]. Natamycin and nystatin are active against
fungi belonging to the genera Cryptococcus, Candida, Aspergillus, and Fusarium.
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While nystatin is not used to treat infections caused by mold fungi, this drug is often used to
treat cutaneous, vaginal, and esophageal candidiasis, and natamycin may be used to treat fungal
keratomycoses or corneal infections [25]. Dermatophytes and Pseudoallescheria (P. boydii) are
resistant to polyenes.

The indications for the use of nystatin and levorin include: cutaneous candidiasis, oral and
pharyngeal candidiasis, gastrointestinal candidiasis, and candidal vulvovaginitis; for natamycin -
cutaneous candidiasis, oral and pharyngeal candidiasis, gastrointestinal candidiasis, candidal
vulvovaginitis, and balanoposthitis, trichomonas vulvovaginitis. The indications for the use of
amphotericin B are severe forms of systemic mycoses: invasive candidiasis, aspergillosis,
cryptococcosis, sporotrichosis, mucormycosis, trichosporosis, fusariosis, phaeohyphomycosis,
endemic mycoses (blastomycosis, coccidioidomycosis, paracoccidioidomycosis, histoplasmosis,
penicilliosis), cutaneous and mucous candidiasis (locally), leishmaniasis, primary amoebic
meningoencephalitis caused by Naegleria fowleri.

Despite reports of increasing fungal resistance to polyenes, this is considered a relatively
rare phenomenon among clinical isolates of pathogenic fungi [26], firstly, due to the mechanism
of action of polyenes, and secondly, due to the lack of systematic and standardized determination
of sensitivity of clinical isolates [27]. Most species of fungi are considered susceptible to polyene
antibiotics. However, some of them have innate resistance to these antifungal agents, such as C.
glabrata, Scedosporium prolificans, or Aspergillus terreus [28]. Some species of pathogenic fungi
are more prone to acquiring resistance to polyenes. Among yeasts, this is observed in C. lusitaniae,
C. guilliermondii, C. krusei, Trichosporon beigelii, and among filamentous fungi in Scedosporium
apiospermum and Sporothrix schenckii [29].

The target of polyene antibiotics in the cell is ergosterol, the main component of fungal cell
membrane sterols. The amphiphilic structure of polyenes allows them to bind to the lipid bilayer
and form pores [8]. Nuclear magnetic resonance data suggest that eight molecules of amphotericin
B bind to eight molecules of ergosterol through their hydrophobic and hydrophilic regions,
forming a central channel 70-100 nm in diameter. Formation of pores contributes to destabilization
of the plasma membrane, and the channels allow the removal of intracellular components, such as
macromolecules and K+ ions, responsible for cell lysis.

Although structural data suggest that polyenes bind to ergosterol, and despite experimental
proof of this mechanism [30-32], there is still disagreement regarding the possible intracellular
mechanism of action of polyenes. Some studies show that polyene drugs are capable of inducing
oxidative stress (especially in C. albicans) [33, 34], and their activity may be reduced under
hypoxic conditions [35].

Polyenes have significantly lower affinity for cholesterol, the human analogue of ergosterol.
This low affinity for cholesterol explains the high toxicity associated with polyene antifungal drugs
and accounts for several side effects [8]. For this reason, only amphotericin B is administered
systemically, while nystatin and natamycin are used only locally or orally. These latter two
polyenes have very limited systemic activity, as their absorption from the gastrointestinal mucosa
is virtually absent [36, 37].

Amphotericin B is the most widely used polyene for the treatment of systemic fungal
infections. Due to its high hydrophobicity and poor absorption through the gastrointestinal tract,
amphotericin B must be administered intravenously [8]. However, the use of amphotericin B is
accompanied by side effects, primarily at the kidney and liver levels. In the 1980s, a series of new
drugs based on amphotericin B were developed - lipid-associated forms of amphotericin B
(liposomal amphotericin B - AmBisome, lipid complex of amphotericin B - Abelcet, colloidal
dispersion of amphotericin B - Amphotec), which are currently being introduced into clinical
practice. They are characterized by a significant reduction in toxicity while maintaining the
antifungal action of amphotericin B [38]. Liposomes, while in the blood, remain intact for a long
time; release of the active substance occurs only upon contact with fungal cells, upon entering
tissues affected by fungal infection, while liposomes ensure the integrity of the drugs with respect
to normal tissues. In contrast to the conventional form, liposomal amphotericin B creates higher
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concentrations in the blood, penetrates almost no kidney tissue (less nephrotoxic), and has more
pronounced cumulative properties. The half-life is on average 4-6 days, with prolonged use
possible extension up to 49 days. Undesirable reactions (anemia, fever, chills, hypotension) occur
less frequently compared to the standard drug. Indications for the use of liposomal amphotericin
B are severe forms of systemic mycoses in patients with renal insufficiency, in case of inefficiency
of the standard drug, its nephrotoxicity, or intractable pre-medication reactions to intravenous
infusion. However, the use of lipid formulations of amphotericin B is associated with a number of
economic problems, as the cost of these dosage forms is 20-50 times higher than that of
conventional amphotericin B, significantly increasing the cost of treatment.

Polyenes are practically not absorbed in the gastrointestinal tract when applied locally.
Amphotericin B, when administered intravenously, is distributed to many organs and tissues
(lungs, liver, kidneys, adrenal glands, muscles, etc.), pleural, peritoneal, synovial, and intraocular
fluid. It poorly crosses the blood-brain barrier. It is slowly excreted by the kidneys, with 40% of
the administered dose being eliminated within 7 days. The half-life is 24-48 hours, but with
prolonged use, it can increase to 2 weeks due to tissue accumulation. The pharmacokinetics of
liposomal amphotericin B are generally less studied. There is evidence that it creates higher peak
blood concentrations than standard amphotericin B.

Common systemic side effects of polyenes when taken orally include: nausea, vomiting,
diarrhea, abdominal pain, as well as allergic reactions; when used locally - irritation and burning
sensation of the skin.

Currently, a liposomal form of nystatin has also been developed ("Niotran," produced by
Aronex Pharmaceticals Inc.), which has shown high activity in experiments against invasive
candidiasis and aspergillosis. The main advantage of Niotran is its activity against all yeasts that
are resistant in vitro to fluconazole, itraconazole, and lipid-associated complexes of amphotericin
B. The minimum inhibitory concentration (MIC) in vitro for Niotran is 1 pg/ml [39].

The new polyene SPA-S-843 (developed by Societa Prodotti Antibiotici) has shown high in
vitro activity against Candida spp., Cryptococcus spp., and Saccharomyces spp., and lower toxicity
than conventional amphotericin B. The in vitro activity of SPA-S-843 against Aspergillus spp. was
also higher than that of amphotericin B and corresponded to its activity against R. orizae, P.
variotii, Penicillium spp., and S. schenkii, but was lower than the activity of amphotericin B against
Mucor spp., Microsporium spp., and Trichophyton spp [40].

A new representative of the polyene class - the carbonyl-conjugated pentene roseofungin
(developed by the Scientific Production Center of Microbiology and Virology) at concentrations
of 0.5-12.5 pg/ml suppresses the agents of superficial and deep mycoses - trichophytosis,
microsporosis, favus, candidiasis, cryptococcosis, sporotrichosis, chromomycosis, aspergillosis,
and other agents of human mycoses [41].

Despite the fact that most polyene antibiotics used in medicine primarily show activity
against yeast fungi, roseofungin is also highly active against dermatophytes: the minimum
inhibitory concentration (MIC) for Trichophyton mentagrophytes var. gypseum is 0.53 pg/ml,
Microsporum lanosum is 0.78 pg/ml, Trichophyton rubrum is 1.11 pg/ml. The activity of
roseofungin against 6 species of fungi causing trichophytosis (Trichophyton tonsurans, T.
violaceum, T. soudanense, T. simii, T. ajelloi, T. vanbreuseghemii) ranges from 0.78 to 3.12
ug/ml; 6 species of microsporosis agents (Microsporum canis, M. audouinii, M. ferrugineum, M.
cookei, M. gypseum, M. vanbreuseghemii) - from 1.56 to 3.12 pg/ml; in relation to
Epidermophyton floccosum, the activity of roseofungin is 3.12 pg/ml [42]. Roseofungin is highly
active against the causative agent of favus Achorion schoenleinii, with an MIC of 0.6 pg/ml.
Comparative studies have shown that the spectrum of antifungal activity of roseofungin is
significantly broader than that of other polyene antibiotics used in medical practice: nystatin,
amphotericin B, and levorin [43]. In addition to its antifungal activity, the antibiotic roseofungin
also exhibits pronounced antiviral activity. The activity of roseofungin against human, animal, and
avian influenza viruses, as well as several paramyxoviruses, vaccinia virus, and Rous sarcoma
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virus, has been established, which can significantly expand its scope of application in medicine
[44-48].

Major biotechnological productions of antifungal compounds (polyene macrolides) are
present in almost all highly developed countries (Germany, England, Italy, Switzerland, USA,
Japan, etc.). Currently, the pharmaceutical industry in Russia produces 4 antifungal polyene
antibiotics in 14 dosage forms — amphotericin B, nystatin, levorin, and natamycin.

Since 2017, the production of a new antifungal drug "Rozeofungin-AS, 2% ointment" has
been organized in Kazakhstan - a highly effective medicinal product for the treatment of fungal
skin lesions developed based on the new polyene antibiotic roseofungin. The domestic drug is
successfully used in medical practice in the therapy of superficial mycoses [49].

The high activity of the antibiotic roseofungin against Candida pathogens has served as the
basis for creating a new medicinal product "CanProFem-AK"® in the form of a suppository for
the treatment of vulvovaginal candidiasis. The advantages of this drug are its high activity against
vaginal candidiasis pathogens and the absence of resistance to it. The antifungal drug
"CanProFem-AK"® has successfully passed extensive preclinical trials on animals and currently,
clinical studies are being conducted to confirm its safety and therapeutic effectiveness [50].

Both new original drugs were developed by scientists from the Scientific Production Center
of Microbiology and Virology under the leadership of Doctor of Biological Sciences, Professor,
Academician A.K. Sadanov.

The introduction of effective domestic drugs into medical practice will reduce the
pharmaceutical industry's dependence on imports in the Republic of Kazakhstan in medicines for
the treatment of fungal infections and improve the health status of patients with mycoses in
Kazakhstan and beyond.
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B 0030pHO# cTaThe MPUBOIATCS CBEICHHS O MPOAYICHTAaX, XMMHUYECKOW MPUPOJE, CHEKTpe M
MEXaHU3ME JCHCTBUSA, (APMOKWHETHKE IIOJIMCHOBBIX AHTUOMOTHKOB, MPHMCHSEMBIX IPU JICYCHUU
MHUKO30B 4esioBeKka. [lonneHoBble aHTHOMOTHKY WTPAIOT BaXKHYIO POJb B MPOTHBOTPHUOKOBOM Tepamuw,
MOCKOJIbKY OHHM HANpPSMYIO BO3JIEHCTBYIOT Ha TPHUOKOBBIE CTEPOJBI, B YaCTHOCTH 3ProOCTEPOJ, UTO
MPUBOJIUT K MMPOHUIIAEMOCTH MEMOpPaH WIIM UHTMOMPOBAHUIO MEMOPaHHBIX TPAHCIIOPTHBIX OCIIKOB.

KamoueBble cI0Ba: TONHEHB, TPUOKOBBIE WH(CKIUH, POTUBOTPHOKOBBIC IIperaparsl,
«Pozeodynrun-AC, Masb 2%», «Kanllpo®dem-AK»®.

[TonueHoBble aHTUOMOTHKM - OJHU W3 Haubosee 3((HEKTUBHBIX COCIMHEHHH, IIUPOKO
UCIOJIb3YEMBIX B KJIMHUYECKON MeIULIMHE AJIs JeUeHUS] TPUOKOBBIX MH(EKITUH.

bonee 200 ™Mosexkyn, NOpHUHAUIEkKAIIUX K XUMUYECKOMY KJacCy IIOJIMEHOB, HMEIOT
MPOTUBOTPUOKOBYIO aKTUBHOCTH, OOJILIIMHCTBO M3 HUX MOJYYalOT MyTeM MHKPOOHOTO CHHTE3a
IpY KyJIbTUBHPOBAaHUM OakTepuii poaa Streptomyces. IloiareHoBble aHTHOMOTHUKH, HCTIOIb3yEeMbIe
B IPOTHBOTPHOKOBOM Tepamuu, mpoaynupyrotcs Streptomyces nodosus (amdorepunuu B),
Streptomyces levoris (iesopun), Streptoverticillium mycoheptinicum (Mukorentus), Streptomyces
noursei (amcratmn), Streptomyces natalensis (maramuiun). baktepunm poma Streptomyces
CHUHTE3HMPYIOT MOJHUEHbI MOCPEACTBOM KJIaCTepa T'€HOB, (PUIOTEHETHYECKH CBA3aHHOTO C ATHMHU
BHUJIaMHU. OJTH TEHBI KOJIUPYIOT HECKOJbKO TOJUKETUAHBIX cuHTa3, ABC (AT®-cBs3yromue
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KacceThl) TpaHcHopTepbl, HUToXpoM P450-3aBHcHMBIE SH3UMBI, U SH3UMBbI, OTBETCTBEHHBIE 3a
CHHTE3 U CBS3BIBAHME MHUKO3aMHUHOBOM Tpynmbl [1]. XOTA MOJUMEHBI MOXHO CHHTE3UPOBATH
XUMHUYECKH, HX, TIO-TIPEKHEMY, ITOJIYJaIOT [0 IKOHOMUYECKHM MPUIMHAM MUKPOOHBIM CHHTE30M,
MCITONIB3YsI IITaMMBbI Streptomyces.

W3-3a Hanmuuusi BBHICOKOH TOKCHYHOCTH TOJBKO HECKOJBKO MOJIMEHOBBIX AaHTHUOMOTHKOB
HallUIM TPUMEHEHHE B MEIMIMHCKON npakTuke. K HMM OTHOCATCA HUCTAaTHH, JEBOPUH U
HATAMHIIMH, MPUMEHSEMbIE MECTHO W BHYTpPb, a Takxke amdorepunmH B, ucnomb3yemblit
IPEUMYILECTBEHHO VISl JICUEHHUS TSKEIIBIX CHCTEMHBIX MUKO30B.

K mpeumymectBaM IOJIMEHOBBIX MAaKpOJIMAOB MOXHO OTHECTHM KpalHE pEIKO
BCTPEYAIONIYIOCS Pe3UCTEHTHOCTh K HUM TpUOOB [2-5], a Takke BRICOKUH Mpoduis 0€30MacHOCTH
pH UX MECTHOM mpuMeHeHuH [6-9]. KpoMe Toro, monmeHsl 006J1a1ar0T caMbIM IAPOKUM Cpeln
POTHBOTPUOKOBBIX MPENAPATOB CIIEKTPOM aKTUBHOCTH N VItro.

[Monmuensr - muknmueckue ampuUIbHBIE OPTaHUYECKUE MOJEKYJbI, W3BECTHBIE Kak
MakpoJinbl. boapmmHCTBO M3 HUX UMeeT oT 20 go 40 aTOMOB yriepojia B MakpOJIaKTOHHOM
KOJIbLIE, KOHBIOTHPOBAaHHOM ¢ D-mmko3amuuoBo#i rpynmoi. Mx amdudunbabie cBoiicTBa
00yCIIOBJIEHBI HAJTMYMEM HECKOJIbKMX COIPSKEHHBIX IBOWHBIX CBs3eH (OT Tpex O BOCHMH) B
ruApoPOOHONM YaCTH MaKpOJIAKTOHHOTO KOJIbLIA MPU HATMYUUA HECKOJIBKUX THIPOKCHIBHBIX
rpynm B ruapodunsHoi yactu [10]. [TonucaxapuaHas rpymma (MUKO3aMHH ), IPUIAET MOJICKYIIE
amQoTepHbIe CBONCTBA. B cuity 3TOro cBoiicTBa U MEXaHU3M JCHCTBUS MOJIMEHOBBIX MaKpOJIUIOB
3HAYUTENIbHO OTJIMYAIOTCS OT aHTUOAKTEpUaIbHBIX MaKpOIUI0B. [ Kiaccuukany moaueHoB
TPaZULIMOHHO UCMOJIb3YETCS IPUHIUI UX Pa3JIEIEHNs NCXO U3 KOJIMYECTBA JBOMHBIX CBSI3€EH, a
TaK)K€ HAJIWYUSA WM OTCYTCTBHS TOJMCAaXapHuad, CBSI3aHHOIO TJIMKO3UJIHOM CBA3BIO C
MaKpOJIAKTOHHBIM KoJibiioM [11-13].

HecMoTpst Ha OTKpBITHE 3HAYUTENBHOTO KOJIMYECTBA MPEICTaBUTENIEH Ki1acca MOJUEHOBBIX
MaKpoJIUJOB, TPUEHBl (MHUKOTPHEHUH, NPOTUIMH M pe3uctapunua [14-17]) um rekcaeHbl
(mepmocTaTuH, KpunTouuauH W ¢naBanun [18-23]) He HANUIM NMPAKTUYSCKOTO MPUMEHEHUSI.
Bonbmee pacnpocTpaHeHre B MEOUIIMHE TMONYYMIM TETPACHOBBIE (HUCTATHWH, HAaTAMHIIMH),
rentacHoBble (amdoTepuliuH B, 1€BOpUH, MUKOTENTHH) U B MEHbLICH CTENEHU MEHTaCHOBBIC
COEMHEHUS (PHUCYHOK).
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Pucynok - Xumuueckasi cTpykTypa: A - HaTamMuLuHa, b - HuctaTuHa, B - amporepununa

3a Gonee yem 40 et mpuMmeHeHus amdorepunH B cTam «30J0THIM CTaHIAPTOM» IS
JICYEHUsI CUCTEMHBIX I'pUOKOBBIX MH(EKIHMI B CBA3M C HU3KUM YPOBHEM MPHOOPETEHHOW WU
BPOXKJICHHOM YCTOMYMBOCTH K 3TOMY MpPEMapary, a TAkKe U3-3a €ro MHUPOKOTo CIEKTpa ACHUCTBUS
[24]. AmdoTepuina B akTHBEeH B OTHOIIIEHUH OOJIBIITUHCTBA APOAOKEH U MUTICTHATBHBIX TPUOOB.
Pexomennyercst s nedenus uadekuuii, BeizBanHbix Candida, Aspergillus, Fusarium, Mucor,
Rhizopus, Scedosporium, Trichosporon, Cryptococcus, Coccidioides, Histoplasma, Blastomyces,
Paracoccidioides u apyrux. Amdortepuinid B Takke MIMPOKO HCHOIB3YETCS I JICUCHUS
napa3uTapHbIX WHGEKIMH, TakuX Kak JieHimMaHno3 u ameOuas [8]. Hatamunua u HucTaTtuH
aKTHBHBI TPOTUB TpuOOB, mpuHaiexanmx k poxam Cryptococcus, Candida, Aspergillus,
Fusarium.

XOTs HUCTATUH HE HCIONB3YeTCs NS JieUeHHs] WH(GEKIHii, BBI3BAHHBIX IJICCHEBBIMU
rpubamu, ATOT MpemapaT 4YacTo MPUMEHSeTCsl A JIeYeHHs] KOXXKHOTO, BarMHAJIbHOTO U
»30¢hareaqbHOr0 KaHIuI030B, & HATAMUIIMH MOKET OBITh UCIIOJIB30BAH JIJIS JICUEHUsS] TPUOKOBBIX
KEpaTOMHUKO30B HJIM TPHOKOBBIX MH(MEKIui poroBullbl [25]. K monuenaMm ycToWduBBI TPUOKI-
JepMaTOMHUIICTHI U TiceBnoasuteriepus (P. boydii).

[ToxazaHusaMu Ui TPUMEHEHUS HUCTaTHMHA W JIEBOPMHA SBISIOTCA: KAaHIUI03 KOXH,
MOJIOCTH PTa W TJIOTKH, KUIIEYHWKA, KaHAWIO3HBIA BYJIHBOBATMHUT; HATAMHUIIMHA - KaHIWUI03
KOXH, MOJIOCTU PTa M TJIOTKU, KUIIEYHUKA, KAHAMIO3HBIM BYJIbBOBArMHUT W OaJaHOMOCTHT,
TPUXOMOHAHBIN BYJIbBOBaruHUT. [loka3zaHUsAMU 175 IpUMeHeHus aMmdoTepuiinHa B sBustoTes
TsKeNble (POPMBI CUCTEMHBIX MHKO30B: MHBA3UBHBIM KaHAWI03, aclepruiuies, KPUITOKOKKO3,
CIIOPOTPUXO03, MYKOPMHUKO3, TPUXOCHopo3, dy3apuos, (heorndoMuko3, SHACMHYHBIE MHKO3BI
(01acTOMHUKO3, KOKUMAMOUI03, MapaKOKIUAWONI03, THCTOIIA3MO3, MEHULIMUINO03), KaHAUI03
KOH ¥ CIM3UCTHIX 000JI0YeK (MECTHO), JICUIITMaHNO3, IEPBUYHBIA aMeOHBI MEHUHTOSHIE(AITHT,
Bei3BaHHbIi Naegleria fowleri.

Hecmotpss Ha cooOuieHus 00 YBEIWYEHHWH PE3UCTEHTHOCTH TpUOOB K TOJHMEHAM, 3TO
CUMTACTCS OTHOCUTEIBHO PEJIKUM SIBJICHUEM Y KIIMHUYECKUX H30JISITOB IMAaTOr€HHBIX TpUOOB [26],
BO-TIEPBBIX, M3-3a MEXaHUW3Ma JCHCTBUS TMOJMEHOB, BO-BTOPBIX, MH3-32 OTCYTCTBUS
CHUCTEMAaTUYECKOTO U CTaHAAPTU30BAHHOTO OIpeIeeHHs] YYBCTBUTEIHHOCTH KIMHUYECKUX
u30JITOB [27]. BONBIIMHCTBO BHUIIOB TPUOOB CUUTAIOTCS BOCIPUUMYHBBIMA K TIOJUEHOBBIM
aHTHOMOTHKaM. TeM He MeHee, HEKOTOpbIe U3 HUX 00JIaJaloT MPUPOJHON YCTOMYUBOCTHIO K 3TUM
pOTHBOIPUOKOBBIM cpencTBaMm, Takue kak C. glabrata, Scedosporium prolificans nu Aspergillus
terreus [28]. HekoTtopele BHABI TATOTEHHBIX TPUOOB SBISIIOTCA OOJiee CKIOHHBIMH K
pUOOpPETeHHO! ycToiunBOCTH K monmenam. Cpenu apoxokeid 31o Habmoaercs y C. lusitaniae,
C. guilliermondii, C. krusei, Trichosporon beigelii u cpeau HuT4atsix TprOoB y Scedosporium
apiospermum u Sporothrix schenckii [29].

MuiieHbl0 TOJMEHOBBIX AHTUOMOTUKOB B KIETKE SIBISIETCS SProcTeposi, TJIaBHBII
KOMITIOHEHT CTEpOJIOB KJIETOUYHOW MeMOpaHbl TpuOoB. AM¢udumiIbHas CTPyKTypa IOJUEHOB
MO3BOJISIET UM CBSI3BIBATHCS C JIMMUAHBIM OuciioeM u (hopmMupoBath opkl [8]. JlaHHBIE siI€pHOTO
MarHUTHOTO PE30HAHCA JTAIOT BO3MOXKHOCTD MPEATIOJIOKHITH, 4YTO BOCEMb MOJIEKYI aM(oTepuiinHa
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B cBs3BIBaIOT BOCEMb MOJIEKYJI 3prOCTEpOa MOCPEACTBOM UX THIPOGOOHBIX U TUAPOPHIBLHBIX
y4acTkoB, (Gopmupyst neHtpanbHbii kKaHanm 70-100 vm B muamerpe. dopmupoBaHHE IOP
CHOCOOCTBYeT JaecTaOWiM3aliy IUIa3MEHHOM MeMOpaHbl, M KaHaJbl IO3BOJIAIOT BBIBECTU
BHYTPHUKJIETOUHbIE KOMIIOHEHTHI, TAKUE KaK MaKpOMOJeKysbl U HOHbI K +, oTBeTCTBEHHBIE 3a
JIM3UC KIIETOK.

HecmoTpst Ha TO, YTO CTPYKTYpHBIE NAHHBIE MO3BOJSIOT MPEANONIOKUTh, YTO TOJTHEHbI
CBSI3BIBAIOTCA C 3ProCTEpOJIOM, U HECMOTPS Ha TO, YTO 3TOT MEXAaHU3M SKCIIEPUMEHTAIBHO
nokazan [30-32], coxpaHSIOTCS pa3HOIrJIacus IO IOBOJIY BO3MOXKHOTO BHYTPUKJIETOYHOTO
MeXaHu3Ma JEeUCTBHUs TMoiMeHOB. HekoTopble HccieqoBaHusl MOKA3bIBAIOT, YTO IMOJUEHOBBIC
npenaparbl CIIOCOOHBI BBI3BIBATH OKUCITUTENBbHBINA cTpecc (ocobenno y C. albicans) [33, 34], a
TaK)Ke€ UX aKTUBHOCTb, BO3MO>KHO, CHUYKAETCS B YCJIOBUSIX runokcuu [35].

[Tonuensl 007amalOT 3HAYUTENBHO OoJieeé HHU3KUM CPOACTBOM K  XOJIECTEPHHY,
YeJI0OBEYECKOMY aHaJor'y 3procrepoisia. ITo HEOONIBIIOE CPOACTBO K XOJECTEPUHY OOBSCHSET
BBICOKYI0O TOKCUYHOCTb, CBS3aHHYIO C INPOTUBOIPUOKOBBIMH TMOJMEHOBBIMHU IIperapaTamu, U
OTBEYAET 33 HECKOJIbKO M000uHbIX 3¢ dekroB [8]. [1o 3Toif mpuumHe, ToNbKo amdorepuud B
IPUMEHSIETCd CUCTEMHO, a HHMCTaTUH M HATaMULUH HCIOJb3YIOTCS TOJBKO JIOKAIbHO WU
OpaJibHO. OTH JIBa TOCJEIHUX IMOJMEeHa OO0JagaloT OYeHb OrPAaHUYEHHOW CHUCTEMHOU
AKTUBHOCTBIO, TaK KaK MX IMOTJIOLIEHHE CIU3UCTON JKeTyJOYHO-KUILIEYHOIO TPaKTa MPaKTHUECKU
orcyrcTByer [36, 37].

AMdorepuniua B sBnsiercss Hambosee MHUPOKO HCIONB3YEMbIM MOJMEHOM JIsl JICUEHUs
CHUCTEMHBIX TPHOKOBBIX MH(pekuuid. 13-3a ero BbICOKON THAPOGOOHOCTH U IJIOXO0H abcopOoumu
4yepe3 KEeTyTOUYHO-KUIIECYHBIN TpakT, amboTepuniiH B He0OX0auMO BBOAUTH BHYTPUBEHHO [8].
OpnHnako, mpuMeHeHne amgoTrepuinHa B conpoBoskaaercss To60YHbBIMU Y PEeKTaMU, B OCHOBHOM,
Ha ypoBHE noyek u neueHu. B 80-e ronpl 6611 pazpaboTaH psii HOBBIX JIE€KApPCTBEHHBIX CPEJCTB Ha
ocHoBe amdorepunuHa B - ngunmup-acconmmupoBaHHble  (Qopmbl  amdorepunuHa B
(mummocomanbHBIA amdoreputiue B - AMOu3oM, JunuaHbld KoMmiuieke amdorepuininHa B -
Abencer, kommouaHas aucniepcust amporepunria B - Amdorun), koTopble B HacTosIee Bpems
BHEJPSAIOTCS B KIMHUYECKYIO MPaKTUKY. VX OTIMYaeT CyliecTBEHHOE CHUKEHHE TOKCHUYHOCTU
IPY COXPaHEHHH NMPOTUBOrPUOKOBOro AercTBUs ampoTepuruaa B [38]. JIumocoMsl, Haxoasch B
KPOBH, JOJr0e BpEMsl OCTAIOTCd WMHTAKTHBIMHU; BBICBOOOXK/IEHHWE aKTHUBHOTO BEIECTBA
IPOMCXOTUT TOJIBKO MPU KOHTAKTE C KJIETKaMH rpula, MpH MOMAJAaHUU B TKAHH, MOPAKECHHBIE
rpuOKoBOil MH(EKIHENH, MPU STOM JIUIIOCOMBI O0ECIEYMBAIOT WHTAKTHOCTH JIEKApPCTBEHHBIX
CPEACTB MO OTHOIIEHHIO K HOPMAJIbHBIM TKaHsAM. B oTinuume OT OOBIYHOTO, JMIIOCOMAJIbHBIN
amdoTtepunuH B co3gaer Gosiee BbICOKHE KOHIIEHTPAIMHU B KPOBH, MPAKTUYECKH HE IIPOHUKAET B
TKaHb TIOYeK (MeHee He(pPOTOKCHYEH), o0sanaeT Ooyiee BBIPAKEHHBIMH KYMYJISTHUBHBIMH
cBoiicTBaMu. [lepuos moyyBbIBEACHUS B CpPEAHEM COCTaBiAeT 4—6 mHEW, NpU IIUTEIbHOM
UCIIOJIb30BaHUN BO3MOXHO YyBenuueHue a0 49 nueil. HexenarenbHble peakuuu (aHeMus,
JUXOpPajKa, 03HOO, TUIIOTEH3US ), IO CPABHEHUIO CO CTaHJAPTHBIM MIPETapaToM, BOSHUKAIOT Pexke.
[TokazaHUsIMM K PUMEHEHUIO JIMIIOCOMAILHOTO aMpoTepulnHa B ABIAIOTCS TsoKenbie (popMBI
CUCTEMHBIX MMKO30B Yy MAllMEHTOB C IMOYEYHOM HEJOCTaTOYHOCTHIO, NMPU HEIPPEKTUBHOCTU
CTaHJApTHOTO TpenapaTa, Ipu ero HePOTOKCUYHOCTH WIIM HE KYMHPYEMBIX MpeMeTuKaIen
BBIPQXCHHBIX pEaKUUsAX Ha BHYTpUBEHHYI0 HHOQy3uto. OpHako, NpPUMEHEHUE JHUIHUIHBIX
npenapatoB ampoTepuIHa B conpsikeHo ¢ psoM SKOHOMUYECKUX TPOOJIeM, TaKk KaKk CTOMMOCTh
ATHUX JIeKapcTBEeHHBIX (hopm B 20-50 pa3 gopoke 00braHOTO ampoTepuiimHa B, 4to cymecTBeHHO
YBEJIMYUBAET CTOMMOCTb JICUCHHS.

Bce nonmensr mpaktudeckun He BcacbiBatorcss B JKKT mpu MecTHOM mnpHMEHEHHH.
Amdorepunid B nipu BHYTpUBEHHOM BBEIEHHUH PACHPENESETCS BO MHOTHE OpPTaHbl M TKaHH
(Jlerkue, meuyeHb, MOYKH, HAAINOYEHYHHKH, MBIIIIBI U Jp.), TUIEBPAIbHYIO, MEPUTOHEAIbHYIO,
CUHOBHAJIBHYI0 W BHYTPHUIJIa3HYIO XHUAKOCTh. [lmoxo mpoxomur uyepes I'DOBb. MenneHHo
3KcKkpetupyercss nmoukamu, 40% BBeJEHHOW M03bl BBIBOAWUTCS B TedeHue 7 paHeu. Ilepmop
NOJyBbIBeleHUs] — 24—48 4, HO NpPH JUIMTEIBHOM NPUMEHEHUH MOXKET YBEIMYHBATHCSA O
2 HeZleNb 3a cUeT KyMyJIsuu B TKaHsaX. @apMakoKHHETHKa JIMITOocoMaabHOro aMpoTepuiiia B B
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[IeJIOM MeHee WH3ydeHa. VIMEIoTCsi JaHHble, YTO OH co3JaeT Oojiee BBICOKHE IHKOBBIC
KOHIEHTPAIlMU B KPOBH, YEM CTaHAAPTHBINA ampoTepuiiud B.

OO0uMH MoO6OYHBIMU CUCTEMHBIMH (P PEeKTaMU MOJUEHOB IPU IPUEME BHYTPb SBIISIOTCS:
TOIIHOTA, PBOTA, Auapes, O0lb B KUBOTE, a TaKXKe ajUIEPTUYECKUE pPEaKIHMH; MPH MECTHOM
UCIIOJIb30BAaHUU — Pa3JIpaKeHUE U ONIYIICHUE ¥ KCHUS KOXKHU.

B nacrosimiee Bpems pazpaboTaHa Takke JunocoManbHas ¢Gopma HuctatuHa («Huotpany,
npou3BoJIcTBa Komnanuu “Aronex Pharmaceticals Inc.””), mokasaBiasi B 3KCIIEpUMEHTE BHICOKYIO
aKTUBHOCTH NPU WHBAa3MBHOM KaHIWA03€ M acnepruiuiese. [maBHoe nocrouHctBo HuoTpana -
AKTUBHOCTh TPOTHB BCEX JIPOMOKEH, KOTOpPbIE PE3UCTEHTHBI IN VIr0O k dQuykoHasony,
UTPAKOHA30Jy U JIUIHUA-aCCOLMHUPOBAHHBIM KOMIUIEKcaM amdortepuimHa B. MunumanbHas
uHruoupyromias kouueHrpauus (MUK) in vitro mis Huotpana cocramser 1 Mxr/mi [39].

Hogerit monuen SPA-S-843 (pa3pabotka Societa Prodotti Antibiotici) moka3ana BBICOKYIO
akTUBHOCTH IN Vitro mpotus Candida spp., Cryptococcus spp. u Saccharomyces spp. ¥ MEHbIIIyiO
TOKCHYHOCTh, 4eM O0ObIuHbI amdoTepuriia B. AxrtuBHocTh in Vitro SPA-S-843 mnpotus
Aspergillus spp. Obl1a Takke Bblllie, 4eM y amoTrepuiinia B, 1 coOTBETBOBajIA €ro aKTHBHOCTH
npotuB R. orizae, P. variotii, Penicillium spp. u S. schenkii, Ho Obla HHXE aKTHBHOCTH
amdorepuiinHa B o otaomenuto Mucor spp., Microsporium spp. u Trichophyton spp.[40].

HoBelii mpencraBuTens Kiacca IOJTMEHOB — KapOOHWI-KOHBIOTUPOBAHHBIA IEHTACH
poseopynrun  (pazpaborka HaydHO-IpOM3BOACTBEHHOTO  ILIEHTpAa  MHUKPOOHOJOTHH |
BHUPYCOJIOTUH) B KOHIeHTpanusx 0,5-12,5 MKr/mi nmogasisieT BO30yauTesneld MOBEPXHOCTHBIX U
IIyOOKMX MHKO30B — TPHUXO(DHUTHUH, MHUKPOCHOpUH, (paByca, KaHAWI030B, KPHUNTOKOKKO3a,
CIIOPOTPHUX03a, XPOMOMHUKO3a, aCTIEprujuie3a u APyrux Bo30OyauTeneld MUKO30B dYesioBeka [41].

Hecmotpss Ha TO, 4TO OOJBIIMHCTBO TOJUEHOBBIX AHTHOWOTHKOB, HCIOIB3YEMBIX B
MEAMIIMHE, MPOSABIAIOT aKTUBHOCTh MPEUMYILECTBEHHO K APOXIKEBBIM TpudamM, po3eodyHTuH
TaKXe BBICOKOAKTUBEH B oTHomieHuu aepmarodpuroB: MIIK mams Trichophyton mentagrophytes
var. gypseum cocrasiser 0,53 mxr/mu, Microsporum lanosum — 0,78 mkr/ma, Trichophyton
rubrum - 1,11 Mkr/mi1. AKTUBHOCTB p0O3€0O(yHTMHA B OTHOLICHUU 6 BUIOB I'PHOOB, BBI3BIBAIOIINX
tpuxodurtuio (Trichophyton tonsurans, T. violaceum, T. soudanense, T. simii, T. ajelloi, T.
vanbreuseghemii), usmensiercs B mnpenenax 0,78-3,12 Mkr/mia; 6 BHIOB BO30yIUTENCH
mukpocropun (Microsporum canis, M. audouinii, M. ferrugineum, M. cookei, M. gypseum, M.
vanbreuseghemii) — 1,56-3,12 mkr/mit; B otHomeHun Epidermophyton floccosum aktuBHOCTB
po3zeodynruHa paBHa 3,12 wmkr/ma [42]. Po3eodyHrMH BBICOKOAKTHBEH B OTHOIICHUH
B030yautens ¢asyca Achorion schoenleinii, MIIK - 0,6 wmxr/ma. B cpaBHHTENbHBIX
UCCJIEIOBAHMSX TI0KAa3aHO, 4YTO CHEKTP MPOTHUBOTPUOKOBON aKTUBHOCTH poO3eo(dyHIHHA
3HAUUTENBHO IIUPE, YEM Y JPYTHX MMOJTHNEHOBBIX AaHTUOMOTHUKOB, PUMEHSIEMBIX B MEIUIIMHCKON
MpakTUKe: HUCTaTHHA, aMporepuiinaa B, neBopuHa [43]. AHTHOMOTHK po3eoyHTHH oOnanaer,
IIOMUMO TPOTUBOTPHOKOBOM, TaK)Ke BBIPAKEHHOM aHTUBHPYCHON aKTHBHOCTBIO. Y CTAaHOBJICHA
AKTUBHOCTH p03€0()YHIMHA B OTHOILIEHUHU BUPYCOB I'PUIINA YEIOBEKA, )KUBOTHBIX U MTHI, a TAK)KE
psaga MapaMUKCOBHPYCOB, BHpyca OCIOBAaKIMHBI M BHpyca capkombl Payca, 4To MOXeT
3HAYMTEIHHO PaCIIUPUTE 00JIACTh €ro MPUMEHEHUs B MeaunHe [44-48].

KpymHaple  OMOTEXHOIOTMYECKHUE  IMPOU3BOJICTBA  MPOTUBOTPUOKOBBIX  COCAMHEHUU
(MONMMEHOBBIX MAaKpPOJIMJIOB) HMMEIOTCS MPAaKTUYECKH BO BCEX BBICOKOPA3BUTHIX CTpaHax
(I'epmanusi, Anrnus, Wranusa, IIBeiinapus, CLIA, fnonus u ap.). B nHactosiee Bpems
MEAMIMHCKAs MPOMBINUIEHHOCTh Poccum BeimyckaeT 4 NPOTUBOTPUOKOBBIX IMOJIMEHOBBIX
aHTHOMOTHKA B 14 TekapcTBeHHBIX popMax — ampoTepHuIriH B, HUCTaTHH, IEBOPUH U HATAMHUILIMH.

C 2017 roma B Kasaxcrane opraHu3oBaHO TMPOMU3BOACTBO HOBOT'O MPOTHBOTPHUOKOBOTO
npenapata «Pozeodynrun-AC, maszb 2% - BbICOK03()(PEeKTUBHOTO JIEKaPCTBEHHOTO CPENICTBA IS
00pbOBI ¢ TPUOKOBBIMH TMOPAKECHUSIMHU KOXH, pa3pab0TaHHOTO HAa OCHOBE HOBOTO TOJHMEHOBOTO
aHTHOMOTHKA po3eodyHTuHA. OTEUeCTBEHHBIN MpemapaT YCIeHO MPUMEHSIETCS B MEAUIIMHCKON
MPaKTUKE B TEPANIMU MOBEPXHOCTHBIX MUKO30B [49].

Hanuyne BBICOKOI aKTUBHOCTH y aHTUOMOTHKA p0o3e0()YHIMHA B OTHOILICHUH BO30yIUTETCH
KaHJUJ03a TOCIY)XKUJI0O OCHOBAaHHMEM [UIsl CO3/IaHUS HAa €ro OCHOBE HOBOI'O JIEKApPCTBEHHOTO
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npenapata «Kaullpo®em-AK»®/«CanProFem-AK»® B dopme cynmosutopus s jedeHHs
BYJBBOBarnHAJILHOTO KaHAWI03a. [IpenMmymecTBaMu IAHHOTO Iperapara sIBISIOTCS BBICOKAs
AKTHBHOCTh B OTHOIICHHWU BO30yIUTEJCH BAarMHAIBHOTO KaHAMI03a W OTCYTCTBHE K HEMY
ycroitumBocTH.  IIpoTmBorpuOkoBelii  mpemapar  «Kanllpo®em-AK»®/«CanProFem-AK»®
YCIEIIHO MPOIIENl PACHIMPEHHbIC JOKIMHHYECKUE UCIBITAaHUS Ha XMBOTHBIX M B HACTOSAIICE
BpeMsi TIPOBOJATCS KIMHHYECKUE HWCCICAOBAHUS ISl MOATBEPXKACHUS €ro Oe30MacHOCTH U
TepaneBTHUECKON AP pexTuBHOCTH [50].

O0a  HOBBIX OpHWTHHAJIBHBIX  Tpemapara  pa3paboTaHbl  ydeHbIMH  HaydHo-
HPOM3BOACTBEHHOTO IICHTPA MHUKPOOMOJOTMHM M BUPYCOJOTHMH TIOA PYKOBOJICTBOM JOKTOpa
OuoslormuecKkux Hayk, mpodeccopa, akagemuka A.K. Caganosa.

BBezneHue B MEIUIIMHCKYIO TPAKTUKY () (DEKTHBHBIX OTEYECTBEHHBIX MPEMAPaTOB MO3BOJIUT
CHHU3UTh UMIIOPTO3aBUCHMOCTD (hapMaIieBTHYECKON MpoMbInuieHHOoCcTH Pecniyonnkn Kazaxcran B
JIEKapCTBEHHBIX CPEICTBAX ISl JICYCHUS TPHOKOBBIX MH(PEKIUHI U YITYUIIIUTh COCTOSHHUE 3I0POBbS
0oBbHBIX MHKO3aMHu B KazaxcraHe 1 3a ero mpeaesamu.
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