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ABSTRACT

This review is dedicated to the research of modified antifungal antimycotics against candidiasis infectious. One of the key and urgent problems
in modern medicine and pharmacology in recent decades has become the problem of ineffective action of antibiotics or the development of
antibiotic resistance. Immunity of microorganisms to the action of antibiotics has led to the search for new effective drugs. Treatment of fungal
infections, especially candidiasis, is also one of the most important problems in modern medical mycology. The solution of this problem is in
the creation of new forms of antifungal drugs that will be more effective than their predecessors. Molecular transformation of antimycotics can
be carried out by the help of chemical modification and genetic engineering. Chemically modified antifungals of new generation have already
been tested. Among them pimaricin, amphotericin B, nystatin and lucenzomycin. The positive effect of these drugs on test-cultures of different
types of candidiasis in vitro was shown.

AHHOTaIMA

Hacrosumit 0630p MOCBAIIEH MCCTEAOBAaHMI0 MOAU(UIMPOBAHHBIX INPOTMBOTPUOKOBBIX AHTUMMKOTUKOB IIPOTMB MH(EKIMOHHOTO
KaHuposa. OHOJ 13 KIIOYEBBIX ¥ AKTYaJIbHBIX IPO6IeM COBPEMEHHON MeAMIVMHBI U (apMaKoNOrMy B IOCIENHME JeCATUICTUA CTala
npobnemMa HedpPEKTMBHOTO [IeVICTBUS aHTMOMOTMKOB WIM aHTMOMOTMKOPE3UCTEHTHOCTM. VIMMYHWUTET OpPraHM3MOB K JIefiCTBUIO
AQHTUOMOTUKOB IPYBET K IIOMCKY HOBBIX 9 ()eKTUBHBIX IpenapaToB. JledeHne rpuOKOBBIX MHPEKIMIT, 0COOEHHO KaHAN03a, TAKXKe AB/IACTCSA
OIHOV M3 BaXKHeNMIMX Hpo6eM COBPEMEHHOJ MeAMLMHCKON MUKO/MOTMY. PellleHMeM 3TOJi NPOG/IEMBI CTalO CO3faHMe HOBBIX (OpM
IPOTMBOTPMOKOBBIX IIpeIapaToB, KOTOopble Oyayr 6Gonee 3¢QeKTMBHBI, YeM WMX IpeflIecCTBEHHMKM. MorekynsipHas TpaHchopManms
AQHTUMMKOTHKOB OCYILIECTB/ISIACH C MIOMOIIBI0 XMMIYECKOI MO IKALIMY U TeHHOI MHKeHepyH. JIOCTYITHOCTb MOJIEKY!T aHTUOMOTUKOB I
XUMIYecKoit MopyduKanyy GyHKIMOHAIbHBIMU aMIHHBIMM ¥ KapOOKCHILHBIMM TPYIINIAMI M CO3JaHMe IIPOU3BOMHBIX C MCIIONIb30BaHIEM
TeHHOJ MHXKeHepyM II03BOJIAIOT IMOMY4YaTh HOBBIE JIeKAPCTBEHHbIE IpeIaparhl C YAyYIIEHHBIMM (QU3UKO-XMMUYECKUMU CBOVICTBAMU A
6oree 11e71€CO0OPA3HOTO VICIONb30BAHNA B KIVHUKe. BBUIM MCIBITaHBI XMMUYECKM MOAMGULMPOBAHHBIE ITPOTMBOTPUOKOBBIE IPENapaThl
HOBOTO HoKoneHysA. Cpemy HMX IMMapyuiyH, amdorepuuyH B, HucraTuH u moneHsoMuuyH. ITokasaHO IONOXMTENbHOE BIMAHME STUX
IperapaToB Ha TeCT-KYIbTYPBl Pas/MYHBIX BUJOB KaHAMA03a in vitro. CyMMuUpys IpeficTaB/leHHbIe JaHHbBIE, XOTeIOCh ObI OTMETUTH, YTO
CO3JlaHMe HOBBIX XMMMYECKV MOAM(UIMPOBAHHBIX J T€HHO-MH)KEHEPHBIX IIpenapaToB C 6onee 9GbQeKTUBHBIMU TepaneBTUIeCKIMM
IapaMeTpaMiy OTKPbIBaeT HOBbIe NEePCIEKTVBBI 1A PellleHNA IPO6IeMbl aHTMOMOTUKOPE3VICTEHTHOCTH.
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Irrational use of antibacterial antibiotics with a wide
spectrum of action leads to fungal infections, where the
main indicator is the development of resistance to pathogens
of invasive mycoses[1,2]. Since the treatment of fungal
diseases, especially invasive mycoses, is mainly associated
with polyene antibiotics, which are the products of
microorganisms from Streptomyces genus (Actinomycetes),
the solution to this problem was in the formation of new
forms of antifungal, that should be more effective drugs. This
problem is acute in the treatment of fungal infections that
were previously treated with polyene antibiotics (PA), such
as amphotericin, nystatin, trichomycin and candidin. Due to
changes in the environmental situation in nature, there are
new forms of organisms possessing genetic mutations[3].
Accordingly, the compounds produced by them and their
properties change in response to the selective pressure.

One of these changes is the resistance of organisms to
these drugs, that is, they become antibiotic resistant. Thus,
treatment of invasive fungal infections is becoming
problematic. The most common of the mycoses is currently
candidiasis caused by various representatives of the genus
Candida. The solution of this problem is based on the search
of new pharmaceuticals that can be obtained by the methods
of genetic engineering and chemical modification of these
molecules. Some chemically modified antibiotics of new
generation such as pimaricin, amphotericin B, nystatin and
others were investigated. Testing of benzyl derivatives of
pimaricin on six cultures of the Candida showed that the
greatest antifungal activity took place if the chemical radical
in the molecule is a nitrogroup or halogen in the phenyl
ring. These derivatives are more efficient against causative
agent of candidiasis than initial pimaricin. The research of
nanoderivatives of nystatin and pimaricin concerning a
number of test cultures of the Candida was very efficiently
conducted. These nanoderivatives have high antifungal
activity in relation to fungi and considerably increase
stability and biopharmaceutical properties of these
antibiotics in relation to causative agents of candidiasis on
the basis of the tested 11 species of the Candida - C.
albicans, C. utilis, C. tropicalis, C. crusei, C. glabrata,
C.lusitaniae, C.lipolytica, C.norvegensis, C.parapsilosis, C.
kefyr and C. guillermondii[4]. Thus chemical modification of
PA makes it possible to obtain less toxic derivatives of
antibiotics with improved chemotherapeutic properties and
with expanded spectrum of biological activity[5]. The search
of pharmaceuticals with improved therapeutic properties led
to the new modifications of most efficient antimycotic -
amphotericin B. Initial amphotericin B has widest range of
application and is one of most researched and used in
practical medicine antifungal macrolide antibiotics. Various
derivatives of amphotericin B and nystatin in liposomal
form - lipid complexes and colloidal dispersed forms — have
also been developed[6]. New liposomal amphotericin
derivatives with low toxicity and high resistance have been
developed[7], Amphotericin B kills pathogens of fungal
infections by binding to the ergosterol of fungi. Modifying

the structure of amphotericin B, it is possible to obtain its
derivative, which would have the ability to bind only to
ergosterol, but not to cholesterol. Modified version of
amphotericin B can be synthesized from a natural product
into three stages: with a total yield of up to 25%.
Modification of amphotericin B by benzoxaborols was
carried out either by carboxyl group at the carboxyl group
macrolactone ring at position C16 or at the amino group of
the amino sugar (Figure 1). A series of hybrid compounds -
mono- and dimodified derivatives of amphotericin B - are
synthesized. The study of biological activity of these
compounds revealed in most of them the high antifungal
activity in vitro against Candida yeast cultures. The greatest
activity was shown by the dimodified borol derivatives for
which modification on a carboxyl group of Cl16
dimethylaminoethylamid was used (Figure 1). On some
results, in particular, on activity, they surpassed initial
amphotericin B[8]. Because of nephro- and gematoxicity
attempts were done to modify its low-toxic derivatives on
the basis of methods of chemical synthesis and genetic
engineering[8,9]. New genetically engineered polyene
macrolides were obtained as a result of genetically
engineering experiments with the strain of microorganism
Streptomyces noursei. The research of the molecular and
genetic mechanism of action showed that under the
influence of a liposomal form of amphotericin B there is a
depression of biofilms formation by fungi of Candida
albicans along with the block of a gene of MET3 expression.
After daily incubation of biofilms with liposomal
amphotericin B there was no MET3 gene mRNA transcribed
that indicates the block of this one. Results of experiments
show that the use of liposomal antimycotics is highly
efficient concerning fungi of Candida albicans and give the
chance to predict their application for increase in efficiency
of pharmacological effect of antifungal medicines and
decrease of their therapeutic dose. It should be noted that
currently there are many low-toxic highly efficient semi-
synthetic derivatives of PA. The greatest role belongs to
nanotechnology, because nanotechnology research in
medicine is based on the creation of a new generation of
drugs that differ in a more effective way of their delivery to
organs and tissues[10,11]. The selection of nanoderivatives
of macrolide antibiotics with efficient antifungal activity was
very important for the treatment of mycoses. The action of
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Figure 1 | The chemical structure of initial amphotericin B. Puc.1
XuMundeckasi CTpyKTypa UCXOFHOT0 aMpoTepuLuHa B.
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nanoderivaives of tetraene PA nystatin and pimaricin was
investigated on some test-cultures of yeast fungi Candida. It
has shown that the above nanoderivatives have high
antifungal activity to the pathogens of Candida genus - C.
albicans, C. tropicalis, C. crusei, C. glabrata, C. portugal, C.
lipolytica, C. norvegensis, C. parapsilosis, C. akefyr and C.
guillermondii.

Thus, according to the results of different studies, it was
shown that nanoderivatives of tetraene PA essentially rise
stability and biopharmaceutical properties of these
antifungal antibiotics[4,12].

Tetraene macrolide antifungal antibiotic lucenzomycin
was first used by Italian researchers in the therapy of
mycoses  [13]. Lucenzomycin was obtained by
microbiological synthesis from the organism Streptomyces
lucensis. This antibiotic due to high toxicity has not been
found an application in the drug therapy of mycoses, unlike
nystatin and pimaricin. An obstacle in the systematic use of
PA in medical practice is a relatively high toxicity (mainly
nephrotoxicity), instability in storage, low solubility in
water, as well as a decrease in sensitivity to pathogenic
fungal microorganisms[14,15]. With this purpose we have
synthesized  low-toxic ~ hydrophosphoryl  sensimilla
derivatives with high biological activity[15]. Studies on the
search of new semisynthetic derivatives of lucenzomycin
were continued and, as a result, relevant
dialkylamidophosphate derivatives of this one have been
obtained. Experiments on mice have shown that the acute
toxicity of amidophosphate derivatives of lucenzomycin is 5
times less than that of the original antibiotic (LD50) and
varies from 185 to 200mg/kg. Moreover, derivatives of
lucenzolycin similar to nanoderivatives of pimaricin also
have high antifungal activity against 11 test-cultures of yeast
fungi of the Candida. It should be noted that
amidophosphate derivatives contain in their molecules
different chemical radicals ~-CH,; C,Hs; CH;(CH,)5; C¢Hs; {Si
(CHs;);},. It was shown that antifungal activity of first, forth
and fifth compounds (i.e .with radicals CH,, CsH; and {Si
(CHs;)s},) exceeded activity of the original lucenzomycinin
effects on C. tropicalis, C. glabrata, C. parapsilosis and C.
crusei. Antifungal activity remained on the level of initial
antibiotic against C. albicans, C. utilis and C. guillermondii.
Activity of lucenzomycin derivatives is higher against these
test-cultures[8,15-17]. However the action of
amidophosphate derivatives of lucenzomycin on another
Candida test-cultures (C.lusitaniae, C.lipolytica,
C.norvegensis, C. xefyr) is less than that of original antibiotic
[15-17]. For a long time, the causative agent of 90 % of
Candida infections was considered C. albicans[16]. However
in the recent years there has been an increase of Candida
infections caused by C. tropicali, C. parapsilosis, C. crusei,
and C. glabrata[1,17]. The high antifungal activity of some
chemically modfied derivatives of lucenzomycin and their
significantly low toxicity and better solubility in the water
are important indicators that improve the biological,
pharmacological and physical and chemical properties of

these compounds in comparison with original antibiotic.
Concluding Remarks

A study of benzyl derivatives of pimaricin in six cultures of
the genus Candida showed that these derivatives are more
efficient against pathogens of candidiasis than initial
pimaricin. Nanoderivatives of pimaricin and nystatin have
high antifungal activity against these pathogens and
significantly increase the stability and biopharmaceutical
properties of these antibiotics in relation to the ones. The
study of mono- and dimodified derivatives of amphotericin
B show high antifungal activity in vitro against yeast cultures
Candida. The use of liposomal antifungals is high efficient
relative to the Candida albicans and make it possible to
predict their use to improve the efficiency of the
pharmacological action of these drugs and reduction of their
therapeutic doses.

Thus the research of PA properties showed that biological
activity is in the sharp dependence on chemical structure of
molecules of these compounds[18,19]. The availability of
antibiotic molecules to chemical modification by functional
amine and carboxyl groups and the creation of derivatives
using genetic engineering allow to obtain new
pharmaceuticals with improved physical and chemical
properties for more appropriate use in the clinic. Summing
up the above data, we would like to note that the creation of
new chemically modified and genetically engineered drugs
with more effective therapeutic parameters opens up new
prospects for solving the problem of antibiotic resistance.

3aknroyeHne

VlccnepoBanue OeH3VMIbHBIX IPOM3BOAHBIX MUMApULHA
B ImecT Kynbrypax popa Candida mokasamo, 4ro 3TH
mponusBofHble Oomee 3PQPeKTUBHBI IPOTUB BO3OyHMTENel
KaH/WJ03a, yeM VICXOJHBIN MMMapUIVH.
HanonpouspogHble NuMapyULMHA ¥ HUCTaTMHA 00/1afaoT
BBICOKOJI IPOTMBOIPUOKOBOI aKTMBHOCTBIO 110 OTHOIICHUIO
K O9TMM BO30yIMTeNAM M 3HAYUTENIbHO IIOBBIIIAIOT
CTabWIBHOCTD U OModapMaleBTHYECKNe CBOMCTBA 9TUX
AQHTUOMOTMKOB 110 OTHOIIEHMIO K HMM. VI3ydeHue MOHO-U
AuMouUIMPOBAaHHBIX IPOM3BOAHBIX amdoTrepuuuHa B
II0KA3aJI0 BBICOKYI0 IPOTMBOTPMOKOBYI0 aKTMBHOCTB in
vitro B OTHOLIeHMM [poxioKeBbIX KynpTyp Candida.
[TpumeHeHne JINTIOCOMAIBbHBIX IPOTUBOIPUOKOBBIX
IpenapaToB  SABJAETCA BBICOK03((eKTUBHBIM 1o
orHomeHuto K Candida albicans u  mosBomser
IPOTHO3MPOBATh UX IpJMMEHeHMe [yId IOBBIIICHUA
a¢pdexTUBHOCTM  (HAPMAKOTIOTUYECKOTO JIEVICTBUS  ITUX
IIpeIIapaToB M CHIDKEHUA MX TepaleBTUYecKux mo3. Ilpm
9TOM mcciaemoBaHme cBoiictB IIA  1mokasamo, 4TO
Omonormyeckass — aKTMBHOCTb  HAaXOAUTCA B Pe3KON
3aBUCUMOCTY OT XMMUYECKOTO CTPOEHMS MOJIEKYN STUX
COeIMHEeHMIA.

288 | 1-34: 33



Arifa Baghirova et al., 2020 | Journal of Integrated Omics

References

[1] A. V. Veselov. J. of Clin. Microbiol. Chemotherapy. 9 (2007)
73-80

[2] D. Sanglard, A. Coste, S. Ferrari. FEMS Yeast Res. 9 (2009)
1029-1050.

[3] A.T. Coste, P. Vandeputte. Antifungals: From Genomics to
Resistance and the Development of Novel Agents. Caister
Academic Press, Norfolk, UK (2015).

[4] Z. Surendiran, S. Sandhiya, S. C. Pradan, C. Adithan.
J.Med,Res. 130 (2009) 689-701

[5] S. E. Solovyeva, E. N. Olsufyeva, M. N. Preobrajenskaya. J.
Advances of Chemistry. 80 (2011) 115-138

[6] J. J. Torrado, R. Espada, M. P. Ballesteros, S. Torrado-
Santiago. J. Pharm.Sci. 97 (2008) 2405-2425.

[71 S. A. Davis, B. M. Vincent, M. M. Endo, L. Whitesell, K.
Marchillo, D. Andes, S. Lindquist, M. D. Burke. Nat Chem.,
Biol. 11 (2015) 481-487

[8] A.N. Tevyashova, E. N. Olsufyeva, M. N. Preobrashenskaya.
Russ Chem. Rev. 84 (2015) 61-97

[9] S. E. Solovyeva, E. N. Olsufyeva, M. N. Preobrajenskaya.

Russ.Chem.Rev. 80 (2011) 103-126

] Ch. Pool, F. Owns. Technosphere. (2007) 271-290

] E. Gazit. Scientific peace. (2011) 83-91

] G. Barratt, S. Bretagne. Intern.].Nanomed. 2 (2007) 301-313

] F. M. Arcamone. Chem.Eur.]. 15 (2009) 7774-7791.

] Yu. V. Sergeev, B. I. Shpigel, A. Yu. Sergeev. Medicine for

everybody. (2003) 95-104
[15] V. V. Belachov, V. A. Kolodyaznaya, A. V. Garabadjiu, T. B.
Chistyakova, I. A. Smirnov I.A. Advances of medical
mycology. 16 (2016) 114-118

6] A.Yu. Sergeev, Yu. V. Sergeev. Triada-X. (2000)21-23

7] M. Nucci, K. A. Marr. Clin. Infec. Dis. 4 (2005) 521-526

8] Kh. M. Kasumov. Monograph. Moscow-Nauka. (2009) 1-510

9] A. A. Samedova, T. P. Tagizade, Kh. M. Qasimov. Russian J.

Bioorganic Chemistry. 44 (2018) 337-345

288 | 1-34: 34



