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Abstract. In this article the ability of complex formation of erythromycin and the complexes of amphotericin B
with Li", Na’, K' cations were studied. Analysis of data obtained by the FT-IR measurement showed only small
differences between the spectra of AmB complexes and the ligand. In order to illustrate the complex formed between
the erythromycin and the cations Li’, Na" and K" was performed the quantum-mechanical calculations. Analysis of
the geometry complexes obtained indicates that the cations involved in coordination of the oxygen atoms of both of
the OH groups and C=0, which is consistent with the data obtained from analysis of the FT-IR spectra. In similar
manner, quantum-mechanical calculations for amphotericin B (AmB) and its complexes with metal cations.
In this case, the difference calculated heat of formation (AHOF) complexes with Li", Na" and K" cations was
-100.48 kJ/mol, -119.78 kJ/mol and -139.73 kJ/mol respectively.

Introduction. In the 70th century in the literature there is information about a new class of anti-
biotics, capable of delivering metal cations across biological membranes and more specifically across the
mitochondrial membrane. The biological activity of these compounds is related to their natural ability to
form complexes with metal ions and their transport through the lipid barrier which is a membrane, hence
the name ionophores or ion carriers [1, 2]. The ability of binding molecules of ionophores, is based on
their affinity, which matches the structure of the cavity of the host. The affinity is bigger, the more lasting
connections arise [3]. The size of the cavity and ion beam determines the selectivity of ionophores. Of
great importance in the process of selective molecular recognition also it has environmental pH, ionic
strength and the kind of solvent [4, 5].

The first group of synthetic compounds, that was capable of complexing ions within its structure
were cyclic ethers, synthesized by C. Pedersen and called crown ethers [6]. Pedersen received dibenzo-18-
crown-6, a chemical that contributed to the formation of supramolecular chemistry. In 1987, a group of
scientists C. Pedersen, Cram and Lehn received the Nobel Prize in chemistry.

Crown ethers are able to chelate cations of lanthanide, alkali metal or ammonium cation. Adjustment
of ions into the cavity of the host (ionophore) depends largely on the size of their ionic radii, and the
arrangement of oxygen atoms complexing cation. Due to the presence hydrocarbyl chains of molecules of
crown ethers are readily soluble in organic solvents [7-9].

The mechanism of formation is a channel known to a lesser extent than the mechanism for moving
the ions through the ionophoric carriers. Ionophoric antibiotics, using channel transport mechanism are
also called pseudo-ionophores. Their operation is based on the incorporation of a hydrophobic structure
biological membrane, forming a pore (often filled with water) allowing transmembrane ion transfer. This
mechanism is less selective in relation to the carriers and may cause transport of undesirable substances
[10].
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Well-known ionophoric antibiotic, transporting the ion through the formed channel is gramicidin A, a
compound isolated from the strains of Bacillus brevis. The structure of a linear combination of amino
acids of the D and L configurations, staggered, one end and ethanolamine, and on the other a formyl
group. The compound has a tendency to adopt the B-helix structure. When forming a channel which
penetrates the membrane, the molecules organize themselves gramicidin A dimers of polypeptide chains,
facing each N-terminally. Side chains of aminoacids are then routed outside the channel, allowing for
better placement in a lipophilic membrane. Gramicidin channel is selective for monovalent cations and
preferences transported ions arranged in an increasing number of Cs™> Rb™> K™> Na"™> Li". There are also
gramicidin B and C, in which the eleventh residue of L-tryptophan was changed respectively to
L-phenylalanine and L-tyrosine [10-13].

Another ionophore antibiotic belonging to the group of non-cyclic carboxylic ionophore is
salinomycin. It demonstrates the ability of complexing monovalent and bivalent cations, transporting
them through biological membranes. Salinomycin affinity to cation arranged in series: K> Na"™> Cs™> Sr*
>>Ca’ "> Mg’ " [14-16].

The operation of this ionophore is similar to the aforementioned monensin. However, what sets this
antibiotic, the possibility of selective destruction of breast cancer cells. This compound has the ability to
destroy cancer stem cells and cancer cells resistant to apoptosis. Thus it can be used for antitumor therapy
[17,18].

One of the better-known carboxylic ionophore antibiotics is lasalocid. Despite the many desirable
properties, characterized by high toxicity. Receiving lasalocid acid derivatives, can lead to a reduction of
its harmfulness, and thus increase its use [19]. lonophore lasalocid is isolated by Berger from a strain of
Streptomyces lasaliensis in the form of sodium salt [20]. The structure (Figure 1) defined by Westley and
co-workers in 1970 [21]. Lasalocid belongs to linear molecules. Its structure there are two rings: tetra-
hydropyran and tetrahydrofuran, and the carbon chain of the aromatic ring of salicylic acid. Furthermore,
the molecule contains three hydroxyl groups and one carboxyl [14].

Figure 1 — The structure of lasalocid

Macrolides are a another group of antibiotics of bacteriostatic activity. The name comes from the
words macro (large) and oligo (lactone), as the molecules of these antibiotics have a 12-16 atom lactone
core. Erythromycin is a well known natural macrolide antibiotic obtained from Streptomyces erythreus
[22]. Erythromycin belongs to polyhydroxylactones, molecule is containing two sugar rings and the
aglyconic fragment (Figure 2).

Amphotericin B (Figure 3) is a natural antibiotic first isolated in 1955 from the gram-positive
bacteria Streptomyces nodosus. Amphotericin B has a wide range of antimycotic activity, it is effective
against prostatic hypertrophy and hypercholesterolemia and is also used as fungicide in infections of
AIDS patients. It is produced selled by many firms under the commercial names of Fungillin,
Amphotericin B, Amphozone, Ampho-Moronal, Wypicil and Ampho-Moronal V.
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Figure 3 — Amphotericin B

The physico-chemical properties of this antibiotic are related to its structure which contains two main
elements: the alkyl chain with hydroxyl groups and the chain of coupled double bonds. The rigid olefin
chain (Figure 3) prevents the molecule to coil up [fold up] in the process of ion complexation, which is so
characteristic of ionophores such as lasalocid acid or monensin [22].

Nowadays the scientists of M.Auezov South Kazakhstan State University and Adam Mickiewicz
University in Poznan began scientific researches by the investigatin of synthesis of biological and
chemical activity of functionalized ionophores in the frame of Grant No 68-10 from 12.02.2015.

In this work we present results of research of spectroscopic and theoretical study of erythromycin and
amphotericin B cation complexes. In order to illustrate the complex formed between the erythromycin and
the cations Li", Na" and K" was performed the quantum-mechanical calculations.

Experimental

Erythromycin and amphotericin B was purchased in pure form. The structure was also confirmed by
NMR analysis.

For preparations of the complexes the following compounds were used: LiClO4, NaClO,, KClOy,
(Aldrich), acetonitrile (Fluka) additionally dried under vacuum. The solutions of the complexes were
obtained by dissolving of the respective salts and ligands in acetonitrile at the 5:1 ratio. Acetonitrile was
of spectroscopic grade and was dried over a 3A molecular sieve. All preparations and transfers of
solutions were carried out in a carefully dried glovebox under nitrogen atmosphere.

— 4) ——
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FT-IR measurements. All samples were measured in 200 mg KBr tabs. The mass of samples was
1 mg per tab. The FT-IR spectra were recorded, using a IFS 66/s FT-IR spectrophotometer from Bruker,
equipped with an MCT detector (125 scans, resolution 2 cm™).

Calculation procedure. Semi-empirical calculations (PM6) of the heat of formation (HOF) and the
geometric optimization were performed using the Scigress 2.1.0 program.

Results and discussion

The ability of complex formation of erythromycin with Li", Na’, K' cations was studied. Analysis of
FT-IR showed involvement in the formation of complexes, not only the hydroxyl groups, but the groups
C=0, both ketone and lactone. In-band assigned to the vibration v(OH) in the spectrum of the free ligand
can be distinguished three maxima at 3525 cm™, 3473 cm™ and 3409 cm™, demonstrating the involvement
of hydroxyl groups in the hydrogen bonds of varying strength. The spectra of complexes in this range
showed only a single wide band at 3486 cm™ for the Na” and K™ complexes and 3430 cm™ for Li*
complex. In the range of the band assigned to the v(OH) in the spectra of free ligand we noticed two
maximaat 1736 cm™ and 1715 cm™, in the spectra of complexes this two bands are sha red giving one
band with maximum at 1717 cm™, 1721 em™ and 1730 cm™ for Li", Na, K”, respectively. It has been
proved in this way, the equal involvement of groups OH and C=0O formation of complexes, which may
indicate the presence of cation fluctuations in the molecule.

The complexes of amphotericin B with Li’, Na’, K cations was obtained and proved by ESI-MS
analysis. Analysis of data obtained by the FT-IR measurement showed only small differences between the
spectra of AmB complexes and the ligand. They failed to thus demonstrate the formation of aggregates
AmB with metal cations in nonpolar solvents.

In order to illustrate the complex formed between the erythromycin and the cations Li", Na" and K"
was performed the quantum-mechanical calculations. Whenever the structure of the molecule or complex
has been pre-calculated by the method of molecular mechanics (MM2), and then calculating the energy
and the geometry using the semi-empirical methods (PM6) (Figure 4).

Figure 4 — The calculated structure of the complex of erythromycin with Na" cation

The calculated differences in heat of formation (AHOF) complexes with Li", Na" and K" cations was
-374.05 kJ/mol, -467.04 kJ/mol and -484.20 kJ/mol, respectively. On this basis, the best energy is the
formation of complexes by erythromycin with potassium cations, followed by sodium and lithium.
Analysis of the geometry complexes obtained indicates that the cations involved in coordination of the
oxygen atoms of both of the OH groups and C=0, which is consistent with the data obtained from
analysis of the FT-IR spectra.
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Figure 5 — The calculated structure of the complex of amphotericin B with Na* cation

In similar manner, quantum-mechanical calculations for amphotericin B (AmB) and its complexes
with metal cations. In this case, the difference calculated heat of formation (AHOF) complexes with Li",
Na’ and K cations was -100.48 kJ/mol, -119.78 kJ/mol and -139.73 kJ/mol respectively. It has been
found that the energetically most favorable is the formation of complexes with cations potassium and then
sodium and lithium, as well as with erythromycin. Clearly, however, lower values of AHOF, indicates
poorer ability of amphotericin B to form complexes with cations of these metals, which is consistent with
the spectroscopic observations. Analysis of complex geometry shows involvement in coordinating cations
only oxygen atoms from groups with pyranose rings in the "head" of the molecule (Figure 5). The analysis
of the geometry of this molecule that the involvement of oxygen atoms of the OH groups of the alkyl
chain is prevented by a chain of conjugated double bonds. It was attempted to calculate the structure of
the aggregate of some molecules AmB with potassium cations, which was observed in aqueous solutions.
The calculations did not give satisfactory results because, it was unable to calculate the energetically
favorable structures. Probably to form such structures, it is necessary the environment of polar solvent
such as water. Calculations were performed for the isolated molecules in a vacuum, these conditions
reflect well the behavior of molecules only in nonpolar solvents.

Acknowlogements. Authors thanks the Committee of Science of the Ministry of Education and Science of the
Republic of Kazakhstan for financial support under Grant No 68-10 in the years 2015-2017.
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SPUTPOMUIINH )KOHE AM®OTEPUIINH B-usin KATHOH/IbI KOMIVIEKCTEPIH
CIIEKTPOCKOIIUSAJIBIK )KOHE TEOPUSJIBIK 3EPTTEY

A. C. TyKnﬁaeBal, B. H. Ka6bui6exosa', Pajocnas IankeBny’,
Harann Mycuanz, Borycnasa Jlecka’®, B. . Ppi6auenxo’

'M. Oyesos ateiaarsl OnTycTik Kasakctan MemnekerTik yausepeuteTi, Ilsivkent, Kasakcran,
osnanbaarsr Anama MUIKeBAT Yuusepcureri, [lonprmra,
3 JI. JINTBUHEHKO aThIHAAFB! (PH3UKA-OPTaHUKAIBIK )KOHE KOMIP XHUMISICBI HHCTHTYTHI, Y KpanHa

Tipek ce31ep: aHTHONOTHKTEDP, SPUTPOMHLINH, aM(POTEpUINH B, KBaHTTHI-MEXaHUKAJIBIK €CETITEYIIEp.

AnHoTanus. Makanaga >pUTPOMHIIMH MEH aMOTepuIH B-HBIH Li", Na, K* KaTHOHAAPbIMEH KOMILJIEKC
Ty3y MyMKiHzikTepi 3eprrenreH. FT-IR enmrynepi ke3iHme anbiHFaH MOTIMETTEp i Tanaay, AmB KoMImekcTepi MeH
JMTaHzianaphbl CTEKTPIEpiHe a3laFaH FaHa albIPMAIIBUIBLIKTApIBl KepceTTi. Dputpomunud med Li', Na' n K'
KaTHOHJApBl apachlHIa TY3UITeH KOMIUIEKCTEpIl TYCIHIIpY YLIIH KBAaTTBI-MEXaHHMKANBIK €CENTeylep XYpri3inmi.
AJBIHFaH KOMIUIEKCTEPIIH I'€OMETpHsCHH Tannay, katnonaap -OH »xone C=0 TonTapbIHBIH OTTETi aTOMIapbIH
OarpITTayFa KaThICATBIHIBIFBIH KepceTTi jxoHe Oyn MK-cnekrpnepai Tamgay KesiHAe anfaH MoliMETTEpPMEH
TOJNBIKTal colikecTeHeni. OChIFaH yKcac, KBaTThI-MEXaHUKAIBIK ecenrteyiep amdorepunpa B (AmB) xoHe OHBIH
KOMILIEKCTEPiHIH MeTaln KaTHMOHAAphIMEH YIIiH Je Kyprisinmi. Bynm karmaiina, kommnexcrepain Li', Na™ u K'
KaTHOHJIApBIMEH €CEIITEIIIeH JKbUTYy TY3Y aibIpMamibuIbIFbl, coiikecinme, -100,48 k/x/mMonb, -119,78 xJx/Monb u
-139,73 xJ{x/Monb Kypassl.

CIHHEKTPOCKOIIMYECKOE U TEOPETUYECKOE NCCJIELJOBAHUE
KATHOHHBIX KOMIIVIEKCOB SPUTPOMUIIMHA U AM®OTEPUILIUHA B

A. C. TylmﬁaeBal, b. H. Ka6bui6exosa', Pagocias ITankeBny’,

Harann Mycuanz, Bborycnasa Jlecka®, B. . Ppi6auenxo’

'FOsxH0-KazaxcTanckuii rocyiapcTBeH bl yHIBepcHTeT HM. M. Ayesosa, IlIsivkenT, Kasaxcras,
2YHHBepCHTeT Anama Munkesnua B [1o3nann, ITonpma
3I/IHcmumym (bHU3UKO-OpraHUuecKoil XUMUH U yriiexuMun uM. JI. JInTBUHEHKO, YKpanuHa

KuroueBsble cji0Ba: aHTHOWOTHKH, SPUTPOMUIINH, aM(POTepUIIH B, KBaHTOBO-MEXaHNYECKUE PACUETHI.

AnHoTanus. B craTee OblIa Miccae10BaHa BO3MOXKHOCTh 00pa30BaHMS KOMIUIEKCA SPUTPOMHIIMHA H KOMIUIEK-
cel amporepunrHa B ¢ katronamu Lit, Na+, K+. Ananu3 naHHsixX, nosydeHHbIX Tpu u3Mepennu FT-IR, mokasan
mume HeOosplmMe pa3nuuusg B crekTpax AmB  KoMmiulekcoB W nuraHmoB. [l TOSCHEHHs KOMILIEKca,
006pa30BAHHOTO0 MEXJIy SPUTPOMUIMHOM M KatmoHamu Li', Na' m K' | mpowmssenu KBaHTOBO-MeXaHMUYECKHE
pacueThl. AHAJIN3 T€O-METPUU TIOTYYESHHBIX KOMIUIEKCOB MOKA3bIBACT, YTO KATHOHBI YYaCTBYIOT B KOOPIMHAITUH
atoMoB kuciopoaa rpymn -OH u C=0, uro coryiacyercs ¢ NTaHHBIMH, TOJTYYCHHBIMH U3 aHaimu3a crektpoB MK-
CIICKTPOB. AHAJIOTHYHBIM 00pa3oM KBAaHTOBO-MEXAaHWYECKHE pacueThl ObUIM MPOW3BEICHBI I amdoTrepuriuaa B
(AmB) u ero KOMIICKCOB C KATHOHAMHU METAJLIOB. B 3TOM citydae pa3HUIA pacCYMTAHHOHN TEIUIOTHI 00pa30BaHUS
(AHOF) xomrutekcoB ¢ katno-Hamu Li +, Na + u K + cocrasumu -100,48 k/[x/Mons, -119,78 x/x/Mons u -139,73
KJI>K/MOJIb COOTBETCTBEHHO.

IHocmynuna 29.07.2015e.
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