IMPROVING FLUOROQUINOLONES EFFECTIVENESS WITH MAGNESIUM

ISOTOPE *Mg
Letuta U.G.
Orenburg State University, Pobedy av, 13, Orenburg, Russia. 460018
E-mail: shevulyana@yandex.ru

The biological effects of stable isotopes can be caused by differences in atomic mass and magnetic properties
of nucleus. Differences of nuclear mass are the origin of isotope fractionation in biology (mass-dependent
isotope effects): living organisms consume and use light and heavy isotopes of the same chemical element
differently. Another type of biological effects caused by differences in the magnetic characteristics of isotope
nuclei was called magnetic-isotope effects and was discovered first in vitro on enzymatic reactions at the
beginning of the 21st century [1]. Magnetic-isotope effects are of the greatest interest since their magnitude
exceeds the effects of isotope fractionation by several times [1]. The reason for this lies in the peculiarities of
magnetic isotopes. For example, the nuclei of *’Mg, *'P, “’Zn have a non-zero spin and magnetic moment, which
can affect the quantum chemical state of the nearest molecular environment and change the rate constants of
enzymatic reactions. E. coli bacteria have been occurred an amazing and unique property — magnetic sensitivity,
which does not require the presence of special organelles or intracellular inclusions like magnetite [2]. In
connection with these discoveries, it is of particular interest to obtain and accumulate experimental data on the
effect of magnetic isotopes of chemical elements on bacteria. One of the main physiological properties of
bacteria — antibiotic resistance - also turned out to be magnetically sensitive [3]. Combined effect of antibiotics
and magnesium isotopes on bacteria leads to an increase or decrease in the effectiveness of antibacterial drug.
The observed effects depend on the antibiotic action target and the presence of a nuclear magnetic moment of
magnesium isotope.

The aim of this work is to find a way increasing the efficiency of fluoroquinolones using magnesium
isotopes. The interaction of antibiotics this group with the target - enzymes gyrase and topoisomerase 1V, turns
them into toxic. As a result, the bacterial chromosome is damaged, and the bacterium dies. Experimental data on
growth kinetics, CFU, and cell morphology have been obtained, indicating an increased sensitivity of bacteria to
certain fluoroquinolones in the presence of magnetic magnesium isotope. For example, when microorganisms
grow in a liquid minimum M9 medium with a ciprofloxacin concentration of 1/2 of the minimum inhibitory one,
the growth rate of bacterial culture in the presence of Mg magnesium decreases by 80% compared to the
control, while for other cells it is not more than 50%. The mechanisms of the Mg magnetic isotope effect and
its effect on enzymatic activity of magnesium-dependent enzymes involved in protecting cells from antibiotics
action are discussed. A method for potentiating ciprofloxacin and levofloxacin with magnetic isotope of
magnesium is proposed.
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B macrosmiee Bpems JOCTOBEpHO YCTAHOBIICHO, YTO HAaWOONBIIYIO OMACHOCTH IJISi 3IOPOBBSI UEIOBEKa
TPECTABISIIOT YaCTHIBI C pa3MepaMi, He TPEBBIMIAONIMMHA HECKOJBKO AECATKOB MKM. OcoOyio OomacHOCTh
TPEICTABISIIOT MEJIKOJIFCTIEPCHBIC BBIOPOCHI METaJUTyprHYeCKON u TOTUTUBO-YHEPTETHUECKOM
MPOMBIINIJICHHOCTH, TaK KaK OHU COJICPIKAT TSKEIIBIC METAJUTBI.

MeToapl HUCCICIOBaHMS 3arps3HCHHS BO3JyXa BKJIIOYAIOT B CE0S DKCICPUMCHTAIBHOC H3YYCHUE U
MaTEeMAaTHYECKOE MOJCIMPOBAHUE MEPEHOCA YaCTUIl. DKCICPUMEHTAIbHBIN MEeTOx TpeOyeT OOobIIoro o0beMa
BPEMCHHBIX U q)HHaHCOBle pecypcoB, TOrjga KakKk MAaTEMAaTHUYCCKOC MOJACIIUPOBAHUC JIMIICHO JaHHBIX
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HeIoCTaTKoB. Jlns pemieHus 3ajad MaccolepeHoca B TypOYJICHTHOH arMoc(epe IIMPOKO HCIOJIb3yeTCs
1 y3MOHHO-KOHBEKTHBHAs Mojaenb [1], OAHUM M3 OCHOBHBIX IIAPAaMETPOB B KOTOPOH SIBISIETCS CKOPOCTh
OCeaHus YaCTHIL U,.

JI1st OLIEHKH CKOPOCTH OCEAAHUS U, YaCTHIl BEIOPOCOB, ABIKYIIHNXCS B TypOyJIeHTHOH aTMocdepe, B JaHHOH
paboTe HCIONIB30BAH TOTYIMIIMPUIECKUI METO/, OCHOBAHHBIA Ha MaTeMaTHYECKOHl 0OpabOTKE M3MEpEeHHBIX
BZIOJIb BBIOPAHHOTO HANpPABICHUS OT TOYEYHOTO BHICOTHOTO MCTOYHMKA 3arpA3HCHMS (PYHKIWH pacIlpeneieHus
3arpsA3HSIONINX BEIIECTB, COMACPXKAIIUXCS B BHIOpOCAX NpeanpusTHil. B KadecTBe TOYEUHBIX BBICOTHBIX
MCTOYHUKOB 3arpsi3HEHMs OBIIM HCIIOJB30BAHBI aFOMHHHMEBEIN 3aBop (r. KpacHosipck) m yromsHas TOILL (T.
Horocubupck).

BBIOpOCHI BBICOTHBIX MCTOYHHMKOB 3arpsi3HEHUsI MOTYT IEPEHOCHThCS Ha paccrosiHus Oonee 10-15 xm. Ha
OOJIBIIMX PACCTOSHUSX OT TPEINPHUSITHH KOJIMYECTBO 3arps3HSIONIMX BEIIECTB B BO3JAYyXE CpPaBHUTEIHHO
HEBEJIMKO, 03TOMY AJIsl TIPOBEACHHS U3MepeHHi TpeOytoTcs OoMblIe BpeMeHa HKCIIO3ULMHU. B naHHOM cityyae
Uit u3MepeHust QyHKUMi pacrpeneneHus 3arps3HsIONMX BELIECTB BBHIOPOCOB NPENIPHUATHI HMCHONB3YeTCs
METOJI aKTUBHOTO OMOMOHHUTOPHHIA C MOMOUIBIO MXOB, MEPHOJ 3KCIO3MLHMH JUIS KOTOPOTO COCTABISIET OT
HECKOJIbKMX HE/eNb JI0 HEeCKOJbKHX JIeT. B HameMm HcciemoBaHWM HCIIONB30BaH 3MUGHUTHBIN MOX Pylaisia
polyantha (Hedw.) [2].

OyHKONU paclpenesieHnus 3arpsA3HSAIONMX BEIIECTB, COAEPXKALIMXCS B BBIOpOCaX MNPEINPHITHH, BIOJb
BBIOPAaHHOTO HANpaBJiICHUS OBUIM M3YYEHBI JUIA Pa3HBIX MEPHOAOB SKCHO3WIMHU. KoHmEHTpamunm XMMHYECKHX
2JIEMEHTOB B 00pa3iax Mxa O0butn m3MepeHsl metonoM HAA Ha nccienoBarensckoM peakrope UPT-T TITY.

Ha ocHOBe npoBeIeHHBIX HCCIIEIOBAHNM OBIIH C/IENIAHBI CICIYIOIINE BEIBOIBI:

1. TlomHOM SCHOCTH O MEXaHM3Max MEepeMEIIeHHsI MEIKOANUCIEPCHBIX YacTHIl B BEPTHUKAIbHOM
HAMpaBJICHUH B TypOysieHTHOU atmochepe moka HeT. OJHUM K3 OCHOBHBIX MEXaHH3MOB OCEIAHUS YACTHI
MOXKCT ABJIATHECA UX JBMKCHUC B BEPTUKAJIILHBIX BOCXOAAIINX WM HUCXOOAIINUX IMTOTOKAaX.

2. CkopocTh NepeMeleHUS MEJIKOIUCIIEPCHBIX YacTUI[ BBIOPOCOB TNPOMBIIUICHHBIX MNPEIIPUATHH K
3eMHOM IIOBEPXHOCTH B HECKOJILKO pa3 0oJibllle, YeM CKOPOCTh OCEAaHHs YaCTHIl B HETIOJBIXKHOM BO3JyXe. DTO
pa3nuyuue CBS3aHO C BIMSHHUEM TYPOYJIEHTHOCTH aTMOC(EpBI, a TaKkKe BO3MOXKHBIM BIMSHHEM BEPTHUKAIBHBIX
HUCXOMSAIINX MOTOKOB.

3. Y cpaBHUTENBHO KpYNHBIX M TSOKEIbIX dYacTHLl BblOpocoB TOLl HaOmopaercs JBIKCHHUE
MIPEUMYIIECTBEHHO BHH3, T.€. K IOBEPXHOCTH 3€MJIM, a B 30HE BIMSIHUS A3 4YacTh 4YacTHI] NEpPEeMEIlaeTCs
MIPEUMYILECTBEHHO BBEPX.

4. CxopocTb BeTpa SIBIETCS OJHMM N3 OCHOBHBIX IIPUPOAHBIX (PAKTOPOB, BIIMSIONMX Ha CKOPOCTh
ocelaHMs 4acTUI] BEIOPOCOB MPEANPUITHH.
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BJIUAHUE TPUPOJTHO-KIMMATHUYECKHUX YCJOBUA HA CPEJHUE
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JNODY3IUN
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3arpsi3HEHUE BO3/yXa SBJSIETCS OJHOM M3 aKTyaJIbHBIX MPOOJIEM HKOJOTHYECKOr0 COCTOSHHS aTMochepsl,
MOSTOMY W3yYEHHE PACIpPOCTPAHCHHUS 3arpsA3HSIOMINX BEIIECTB B aTMOC(EpPHOM BO3IyXe SABISETCS 0COOESHHO
Ba)XHOH 3amaueil. TypOymenTtHas mnd¢y3us Ha psgy C KOHBEKTHUBHBIM IIEPEHOCOM SBISIOTCS TJIABHBIMH
TPAHCHIOPTHBIMH MEXaHM3MaMH IIEPEHOCa IPOMBINUICHHBIX BBIOPOCOB B IMPH3EMHOM Clioe aTMocdepsl. s
ONACaHWSA TPOCTPAHCTBEHHOTO pAaCIpeleeHNs] MEITKOINUCIEPCHBIX YacTHI] BBIOPOCOB B TYpOYJIEHTHOMH
aTMocdepe IIMPOKO HCHoib3yercs Au((y3nOHHO-KOHBEKTHBHAS MOJENHh, OJHHM H3 OCHOBHBIX ITapaMeTpoB
KOTOpOH1 sBIIsieTcs KO3 PHUIIMEHT BepTUKATBHOM TypOyneHTHOH muddysnu k, [1].

Bennunna xod¢p¢uumenta k, 3aBUCUT OT COCTOSHHMS aTMOC(Epbl W CTENEHH HEOJAHOPOIHOCTH
nojacTwiammeil moeepxHoctd  [2].  Jns  MonmenupoBanus — TypOyneHTHOW —auddy3uu  UCHONB3YIOT
HOJySMOHUpHYecKue (OpMyJIbl, MOJYYEHHbIE ISl ONPEAEICHHBIX COCTOSHUN atMocdepsl, T.€. Ul HeOOIbIINX
neprosioB HaOmoneHus. OyHaKO, C TOYKHM 3pEHUS U3YYEHUs M IPOTHO3MPOBAHUS HPOCTPAHCTBEHHBIX
pacripeielleH!i 3arpsA3HIONMX BEIIECTB OCHOBHOW HWHTEPEC NPEJICTaBIAIOT YCPEIHEHHBIE 3a JUINTEIbHBIC
MepPHO/IbI 3HAUCHUSI BEPTUKAIBHBIX K03((UINEHTOB TYpOyIeHTHOH nuddy3nn.

Jnst  omeHkn — kodd@UIMEHTa  BEPTUKAIBLHOW  TypOysieHTHOW  muddy3un  OBIT  HCIONB30BaH
MOTYIMIIUPUYECKUIT METOJl, OCHOBAaHHBII Ha MaTeMaTHYecKoW 00padoTKe W3MEpEeHHBIX BIOJb BBIOPAHHOTO
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