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The action of alkyl derivatives of amphotericin B and levorin that are modified in the particular parts
of lactone ring on lipid and biological membranes are researched. It is found that methyllevorin has
higher biological activity than the initial compound. Antitumor effect of methyllevorin and initial am-
photericin B was shownin vitro at the researching of alkyl derivatives of levorin and amphotericin B on
clonogenic cellular cultures Hela (carcinoma of the cervix) and C6 (rats glioma).

Keywords: Amphotericin B, levorin, alkyl derivatives of polyene antibiotics, tumor cells, rat’s glioma, carci-
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INTRODUCTION

Polyene antibiotics (PA) effeciently interact
with cell and lipid membranes and increase mem-
brane permeability for ions and organic substances
(Récamier et al., 2010). Main representatives of PA
are amphotericin B, nystation, micoheptin and
levorin. PA are produced by soil gram-positive mi-
croorganisms from Streptomyces group. There is
macrolidering with number of conjugated double
bonds that define chromofor properties of this sub-
stances in the chemical structure of all PA. There
are aminosugar (micosamin), carboxyl, carbonyl
and hydroxyl groups with amphoteric and specific
properties in the PA molecules (Kasumov, 2009).

PA form structural ionic channels of molecular
sizes in lipid and cell membranes (Cohen, 2010;
Samedova, 2018). Most of these antibiotics have
high biological activity against yeast-like fungi that
are used for the treatment of systemic fungal dis-
eases (Baginski, Czub, 2009; Recamier et al., 2010;
Solovyova et al., 2011; Gray et al., 2012). It be-
came clear later that antibiotics of polyene structure
have important property to inactivate some viruses
(AIDS virus, enteroviruses), interfere of their pene-
tration into the cell and inhibit their reproduction
(Waheed et al., 2008; Xu et al., 2016). However,
their relative toxicity, low solubility in the water
and resistance of microflora limits the application
of PA in medical practice. In this regard, it needs
the search of new more effective pharmaceuticals
with high antifugal activity. Synthesis and slection
of antibiotics with new properties and non-toxic for
humans is actual problem. It was shown that some
chemically modified PA interfere the growth of
malignancies (Sultanova et al., 2017). It is possible
to establish the connection between structure and

function of polyenes in membranes in the research
of new PA on bilayer lipid membranes (BLM) and
to thereby concretize directions for theoretical ap-
proaches to targeted synthesis of new antibiotics
with particular therapeutic properties.

MATERIAL AND METHODS

PA were prepared as solutions of different
concentration in dimethylsulfoxide (DMSO). Na-
tive levorin has mainly two biologically active
compounds: levorin A and levorin B. Levorin A
exceed levorin B by biological activity (Kasumov,
2009). Biologically active concentrations of antibi-
otics were defined by BLM method with ultraviolet
(UV) (Kasumov, 2009). UV-spectrum of ampho-
tericin B and levorin are received by the spectro-
photometer T 92+ UV/VIS Spectrometer. There
were used oncogenous cellular lines HeLa (carci-
noma of cervix) and C6 (rats glioma). Cells were
cultivated on growth medium DMEM (Sigma,
USA) containing 10% of embryo serum of calf.
Cytotoxicity was defined by MTT-test (colorimetric
test for estimation of digital material carried out by
methods of nonparametric statistics in program
«STATISTICA 7.0%).

RESULTS AND DISCUSSION

Alkyl radical can replace protons on the
amino-group (N-replacement with intensification of
positive charge on the amino-group) and on the
carboxyl group (etherification with blocking of acid
function) at the alkylation of polyene amphoteric
antibiotics by iodic ether or dialkylsulfate at the
presence of alkaline acceptor in the DMSO medium
or dimethyl formamide. The degree of N-replace-
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ment in limits may be 4 if alkyl has small size
(methyl) that is shown on scheme 1. At the big
sizes of radical R (from ethyl till butyl) the degree
of replacement decreases because of steric factor.
For example it is averages 2.2 for ethyl radical and
1.2 for butyl one. Carboxyl group at the every re-
searched alkyl replacements practically total re-
places and it defines enough colloid solubility in
water for methyl-, ethyl-, propyl-, butyl-replaced.

There is a chemical structure of alkyl ethers N-
alkyl derivatives of amphotericin B and levorin in
fig.2. Biological activity of polyenes increases by
the addition of DMSO solution. The DMSO action
on BLM of alkyl derivatives of amphotericin B and
levorin modified by amino- and carboxyl group was
studied.

It is known that steroid homeostasis of on-
cological patients significantly changes (Kit et al.,
2011). As there is more cholesterol at the mem-
branes of tumor cells than in normal ones it is rea-
sonable to act on the development of tumor process
by the PA. It became clear at the research of PA
that these substances may stop the development of
metastasis of experimental animals (Ibragimova,
Aliyev, 2002). It was detected that PA are capable
to reduce the toxic action of some cytostatics and

increase their antitumor effect in the experiments
with laboratory animals and a lot of models in re-
injection malignancies (sarcoma, leukosis, ascyte
tumors) (Ibragimova, Aliyev, 2002; Zotchev,
2003). It is apparently connected with capability of
PA to increase selectively the permeability of tu-
mor cells and sensitivity of cells to action of che-
motherapeutic agents. Structural changes in the
polyene molecules act on format of formed pores in
membranes and biological activity of antibiotics. In
this regard, in vitro experiments were carried out
with the purpose of study of cytostatic action of
some alkyl derivatives of aromatic PA levorin —
methyllevorin, butyllevorin, isolevoridon (trans-
form of levorin) and also initial amphotericin B on
the cellular cultures HelLa ( cancer of cervix) and
C6 (rat’s glioma). These researches showed antitu-
mor action of initial levorin in the concentration 40
mkg/ml and methyllevorin in concentrations 20 and
40 mkg/ml. There are data of cytostatic action of
some PA on tumor cells HeLa and C6. Ampho-
tericin B in 40mkg/ml concentration essentially
decreases the proliferation of tumor cells HeLa in
comparison with the same antibiotic in concentra-
tion 20 mkg/ml.
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Fig. 1. The scheme of possible directions of alkylation of amphoteric polyene macrolide
antibiotics by iodide alkyl or alkyl sulfates
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Fig. 2. Chemical structure of alkyl ethers N-alkyl derivatives amphotericin B and levorin. Alkylation of molecules of
native antibiotics by iodide alkyl in the DMSO takes place in amine and carboxyl groups. Letter R designates alkyl
radical-replaced: R-CH; methyl-, R-C,H;s ethyl-, R-CsH; propyl- , R-C4Hy butyl-derivatives.

Table. Estimation of cytostatic action of some PA on tumor cells in line C6 and HeLa

No Substance Dose. mk Survival of cells on the relation to control%
- » kg Cé6(rats glioma) HeLa (carcinoma of cervix)
20 124,1641,14(p<0,01) 101,2242,42 (p>0,05)
1 Levorin A 40 118,0+1,56 (p<0,01) 106,69+2,41 (p<0,01)
200 94,76£1,62 (p<0,01) 64,12+1,57 (p<0,01)
2 Levorin A 20 87,30+2,01p<0,01 91,44+2,51 (p<0,01)
(methyllevorin) 40 38,35+2,85 (p<0,01) 31,40+1,23 (p<0,01)
3 Levorin 20 97,91+0,99 ( p<0,01) 105,68+1,39 (p<0,01)
(native) 40 123,344+1,66 ( p<0,01) 117,4443,76 (p<0,01)
- 20 158,33£3,56  (p<0,01) 137,4£3,94 (p<0,01)
4 Awphotericin B 40 106,04+4,33  (p>0,05) 76,11+0,7 ( p<0,01)
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Fig. 3. UV spectrum of initial of amphotericin B (1) and its alkyl derivatives: methyl-(2), ethyl- (3),

propyl- (4) at the concentrations 3+10”° M in the methanol (M) and in the water (B).

Among the studied PA most efficient one was
methyllevorin which in concentration 20 mkg/ml
suppressed the growth of malignant cells in lines

C6 and HelLa by 35 % and in concentration
40mkg/ml by 70%, respectively. Biological activity
of PA depends of medium where antibiotic dis-
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solves. Macrolactone ring of amphotericin B in-
cludes polyene chromophor with 7 conjugated dou-
ble bonds that is reflected in the UV spectrum of
amphotericin B. This antibiotic has three main
maximum of absorption at the wavelengths: 358-
360, 378-380 u 400-403 nm. UV spectrum of ab-
sorption for amphotericin B and its derivatives in the
methanol and water solution was presented in fig.3.

Analysis of the research results shows that
most molecular dispersion of amphotericin B is in
“good” organic solvents — methanol (Fig.3, spec-
trum M) and DMSO. Probably, bioavailability of
antibiotic would be maximal in the same solvents.
Antibiotics in the same concentration in the water
form highly dispersive colloid solution with refer-
ence maximums but with small optical density
(fig.3, spectrum B). This fact explains smaller ac-
tivity in comparison with DMSO solutions. Thus
antibiotics are in the molecular form in DMSO and
methanol solutions. They have highest biological
activity in this form (Ibragimova et al., 2006).
Polyenes are in associated form in the water solu-
tions. So they are not so active (Kasumov, 2009).
Synthesis and study of new membrane-active anti-
biotics on BLM promotes the definition of interre-
lation between structure and biological activity of
molecules and makes possible to carry out the syn-
thesis of new PA derivatives with improved the
therapeutic properties and efficiently use them in
the treatment of endogenous diseases.
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Bazi Polyen Antibioklarin Xarcong Hiiceyralorina Tasiri
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Makrosiklik polyen antibioklorin pimarisin, nistatin, lyusensomisin, amfoterisin B vo levorinin kimyavi yolla
yaradilmis téromalorinin bioloji obyektlors tasirinin tasviri analizi noticasindo gostarilmisdir ki, geyd olunan
antibiotiklorin arasinda on yiiksok bioloji aktivliyi ilo seg¢ilon amfoterisin B va levorin téromoloridir.
Amfoterisin B vo levorin molekullarmm miioyyon lakton hissolerinds aparilan kimyovi doyisiklorinin
naticasinds yaradilan téromelorin bioloji vo lipid membranlarina tesiri tadqiq edilmisdir. Miioyyan olmusdur
ki, ilkin levorine nisboaton metillevorin an yliksok bioloji aktivliyi ilo se¢ilir. Levorin ve amfoterisin B alkil
toramoslarinin C6 sican qliomalarma ve Hela karsinomaya in vitro tesiri noticesinds metillevorinin va ilkin
amfoterisinin xar¢ong hiiceyralorino mohvedici tosiri agkar edilmisdir

Acar siozlar: Amfoterisin B, levorin, polen antibiotiklarin alkil toramalari, xor¢ang hiiceyralari, sicovullarin
qliomalari, usaqhq boynu karsinomasi

Id¢ext Hexkoroprix Ionuenobix AnTHOHOTHKOB Ha OnyxouieBbie Kierku
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CpaBHUTENBHBIN aHAIN3 JEHCTBUS XMMHUYECKH TPaHC(HOPMUPOBAHHBIX MOTUEHOBBIX aHTHOMOTHKOB MHMa-
pUlIMHA, HUCTaTHHA, JIOLEH30MULMHa, aMpoTepulinHa B 1 neBopuHa Ha Guonornyeckue 00bEKTHI in Vivo 1
in vitro 1moKa3bpIBaeT, YTO U3 YKA3aHHBIX AaHTUOMOTHKOB HAHOOJBIICH OHOJOIMYECKON aKTUBHOCTBIO o0Jia-
JIAFOT UCXOIHBIN aMpoTepuriH B, 1eBoprH 1 ero mpousBoaHbie. cciaenqoBano ASHCTBIE alKWIIBHBIX MPO-
M3BOMHBIX aM(oTepuInHa B 1 eBoprHa, MOIN(UIAPOBAHHBIX B ONPEACIECHHBIX YaCTIX JTAKTOHHOTO KOJTb-
1a MOJIEKyJ, Ha JUMUIHBIE U OMOJOrMYecKne MeMOpaHbl. Y CTAHOBIIEHO, YTO METHJIMPOBAHHBIN JIEBOPUH
007aiacT BHICOKOH OMOIOTHYCCKON aKTMBHOCTBIO, YeM MCXOAHBIN aHTHOMOTHK. [Ipn AeiicTBUM amKMIIBHBIX
MPOM3BOAHBIX JICBOPUHA U aMdoTepulinHa B Ha kinerounsie KynbTypsl C6 (rmuoma kpbickl) 1 HelLa (kapuu-
HOMa LIEeWKU MATKHU) in vitro Obl1 0OOHapYXeH MPOTUBOOIMYXO0JIEBBIN 3(h(HEeKT METUIMPOBAHHOTO JIEBOPUHA 1
ucxonHoro amdorepuuinHa B.

Knroueswie cnosa: Amgpomepuyun B, nesopun, ankuivHsie npou3e00Hvle NOJUCHOBbIX AHMUOUOMUKOS, ONY-
Xonegvle KIemKuU, 2IUOMA KPbICbl, KAPYUHOMA WEUKU MAMKL
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