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XUMHYCCKOE MOACIIUPOBAHUEC, CHHEPTETUIECKOC BBaHMO,I[efICTBHC

Llenv: llenplo MPOBENEHHOTO MCCICAOBAHMA OBUIO ONPEAETICHUE CHHEPIHMYECKOIO
aHTHOAaKTepHaIbHOTO 3(ppekTa COBMECTHOTO IPUMEHEHHS aHTUOMOTUKOB ¥ BTOPUYHBIX
METa0OJIUTOB (PEHONLHOTO TPOUCXOXKACHUS, a TaKKe OMNpeelicHHe XapakTepa HX
B3aMMOJACHCTBUSI.

Mamepuanvt u memoowvi: MatepuanioM HCCIEIOBAaHUS CTaTH KIMHHYSCKUE H3OJISTHI
P.aeruginosa u S.aureus. HcciemnoBaiuch, NPEIBAPUTEIBHO AKCTPArupOBAHHBIC
¢benonpabie KOMIOHEHTHI 10 nekapcTBeHHbIx pactenuii: Herba Achilleae millefolii;
Folia Eucalypti viminalis; Urticae folia; Cortex Quercus; Herba; Camellia; Ribes nigrum
L.; Sorbus aucuparia L.; Allium sativum; Dianthus B koMIuIekce ¢ aHTHOHMOTHYIECKUMH
npenapatamu edrazuauMoM u GochoMULITHOM.

Armpo0ariisi KOMOWMHHPOBAHHOTO JE€HCTBHSI aHTHOMOTHKOB U  (PEHOJICOMEPIKAIIIX
HKCTPAKTOB MPOBOAMIACH METOJIOM arapoBBIX JIYHOK.

[Ipu mnpoBeneHNMH KBaHTOBO-XMMHYECKOTO pacueTa cHadana Obula TpOBeJeHA
ONTHMH3AIIKS MOJIEKYJI MCCIICyEMbIX BEIIECTB B HeOOJbIIOM mpuOmmkennn PBE/3-
21+G. OcymecTBIscs KOH(UTYpaMOHHBII TTOHCK ONITUMATBFHOTO
MPOCTPAHCTBEHHOTO PACIIONOXKECHHUS (PYHKIIMOHAIBHBIX TPYIII, ¥ HA CIEAYIOIIEM dTare
— BBINOJHSJICSL pacyeT UCCIEeILyEeMBIX MOJIEKYJ, ¢ IOCTPOCHHEM KapT MOJIEKYJISIpPHO-
anekTpocratuueckoro mnoreHnuana (MOII). PaccuuranHsle Ha nepBOM 3Tame
MOJIEKYJIBI, ¢ yueToM MDOII, monapHO COCAMHSIIMCH M ONTUMHU3UPOBAIINCH HA OCHOBE
TeopuH (QYHKIIMOHANA TUIOTHOCTH B Tipubmmkernn PBE/3-21+G.

CrieKTpbl YHCTBIX BELIECTB M NPEAINONAracMbIX MEXMOJIEKYJSIPHBIX KOMILIEKCOB
MoJTy4Janu ¢ ucroyb3oBanueM Oypoe — criekrpomerpa « MTHOPAJIIOM OT-02» u UK-
dypne ciektpometpa Bruker Alpha (6e3 npucrasku HITBO).

Peszynomamur: WN3HauaneHO, OBUTM NPOBEAEHBI HCCIENOBAHUS HPOTUBOMUKPOOHOM
AKTUBHOCTH, B YCJIOBHUsIX IN Vitr0, mpu COBMECTHOM BBEICHHH B CPEIy BTOPUYHBIX
METAa0OJIUTOB (PEHOILHOTO TPOUCXOXKACHUS W aHTUOMOTHKOB ((pochoMuIMHA U
nedrazuauma). B orHomeHmm S. aureus HamOoliee BBIPAXKEHHBIM CHUHEPTHUYECKUI
saddext ormeuen mis Folia Eucalypti viminalis u Camellia sinensis, B oTHomeHun
P. aeruginosa HamTy4IIIue MOKa3aTel CHHEPTUUECKOT0 B3aUMOICHCTBHUS HAOIIOIINCh
y Folia Eucalypti viminalis u Allium sativum.

[IpucyTcTBHe B cocTaBe BBIOpPAHHBIX JIEKAPCTBEHHBIX PACTEHHH BTOPHYHBIX
METAa0O0JIUTOB, OO0NANAIONINX AHTUOAKTEPUAILHBIM JEHCTBUEM, TaKUX KakK pPYTHH,
rajuioBas KWCJIOTa, TUMOJ, TaHWH, OOBSCHSIIOT TIPUPOJY BO3IHHKHOBEHUS
aHTHOaKTepHadbHOro 3¢dexTa (nedcTBUe aHTUOMOTMKA B OSKCICPUMEHTE HE
YUUTBIBAJIOCH, TAK KaK KOHLEHTpanuu Opanuck Hike MUK atoro antubuoruka) [1].
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Uto0b! OOBSCHUTH HAOIIOIAEMBI CHHEPTeTUICCKUM 3PPEKT, OT JOOABICHUS B CPEeIy
BTOPUYHBIX META0O0JIUTOB MTPH KYJIFTUBUPOBAHUH, UCTIOIB30BAITMCH METO bl KBAHTOBOK
xuMud.  PaccmarpuBarzics  BapuMaHT  BO3MOXKHOCTH  00pa3oBaHUSI B cpeje
MEXKMOJICKYJSIPHBIX ~ HITM  MOJICKYJIIPHBIX ~ KOMIUIEKCOB ~ MEXIY BTOPUYHBIMU
MeTabonmuTaMu (PEHOJILHOTO MPOUCXOKICHUS B (HOCPOMUIIMHOM M LeTa3UIUMOM.
JlokazarenpHas 0a3a CTpoWJach IO PACIPENEICHHIO YJIEKTPOHHON IUIOTHOCTH Ha
aToMax M DIEKTPOCTaTHYecKoMy moTeHIany. OOmacT, HMeromue OOJbIIoi
OTPUIATEIILHBIA TOTCHIIMAJ, COMPSDKCHHBIM C HATUYMEM TUAPOKCHIIBHBIX —HITU
KapOOHWIBHBIX TPYII, JTOJKHBI CTATh AMEKTPOPHILHBIMU IEHTPAMH, a MOJICKYJIA WU
€€ yJacToK B I[eJIoM HykJieoduiioMm. Bee 3To omKHO MpUBeCTH K 00pa30BaHUIo, 38 CUET
ANEKTPOCTATUYCCKUX CHJI, MEXKMOJCKYJIIPHOTO KOMIUIEKCA MEXIYy MOJEKyJIaMu
BTOPUYHBIX META0OJIMTOB M MOJCKyJaMH aHTHOMOTHUKOB, a B Cllydyae HaJIWYHs
KOMILIEKCOOOpa3oBareinss K CMEIIAaHHOJNWTaHJAHOMY Kominiekcy. Ha puc. 1
MPENICTABICHBl  MOJIEKYISIPHO-3JIeKTpocTaThdeckuii  moTtennuan  (MOII) u
pacnpeziesicHUe IeKTPOHHOM IMJIOTHOCTA BTOPUYHBIX METa0OIUTOB U aHTHOMOTHKOB.

I II III

Puc. 1. MonexyasipHO-3IIEKTPOCTaTUYECKU I TOTEHIUAI U PACIIPeEeICHHIE IIEKTPOHHOMN
mwroraoctH (I — gallic acid, 11 — thymol, 111 — routine, IV — tannin, V — ceftazidime, VI —
fosfomycin)

IMTo mnonydenHeiM ganHbiM MDIl  uccnenyeMbIX CTPYKTYp OBLJIO  BBICKA3aHO
MIPEONIOKEHNE, YTO BCE COCTUHEHMS, 38 MCKIIOUEHHEM TaJZIOBOW KHCIOTBI, MOTYT
BBICTYIIaTh KaK 3JIEKTPO- Tak U Hykieohmiamu. Hanbosbias 31eKTPOHHAS TUNIOTHOCTh
COCpEIOTOYCHA Ha aTOMaxX KHCI0pOo/ia ¥ a30Ta, B HEKOTOPBIX CIIydasx pacrpesesieHa mno
apOMaTHYECKOMY KOJIbIy. B OCHOBHOM OTpHILIATENIbHBIE 00JACTH JIEKTPOCTATHIECKOTO
IIOTEHLMAJIA PACIIOI0KEHBI BIOJIb THAPOKCUIIBHBIX IPYIIIL.

B cnydae ¢ mpoTMBOMHUKPOOHBIMH cpeacTBaMu i hochomunuHa 3MeKTpoGUIbHbIC
YYaCTKH PACIIOIOXKEHBI TOYCUHO HaJl TUAPOKCUIIBHBIMU I'pylIiaMu, 1A Heq)TaSI/I}II/IMa
(dhopMa 371eKTPOGUITBHBIX YYACTKOB CIOMKHAS.
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Ha puc. 2 mokaszaHbl HEHTPBI, K KOTOPHIM MOKET MPUCOCTUHUTHCS MPOTUBOMOIOKHAS
MOJIEKYJIa BTOPUYHOTO METa0O0JIUTa IIK AHTHOUOTUKOB. DTO MOXKET OBITh BHIPAXKECHO B
MacKApoBaHWU MoJIeKyn Ab oT Oera-maktamas M Kak CIEACTBHE, B YMEHBIICHUN WX
HE0OXOAMMON KOHITCHTPAITHH.

o5
R

K- crpykTyps WA\ X - cTpykTyp -1V

Puc. 2. Bo3MoxHbIE KOHPHUTYPALH MEKMOJIEKYIISIPHBIX KOMILJIEKCOB BTOPHYHBIX
MeTaboJMTOB ¢ MoJieKy1aMu ochomurHa U nedTazuauma

OcHoBHasl 3ajladya CIEKTPAIbHOIO aHalIM3a 3aKJI0Yajach B IPOBEPKE, BCTYMAIOT JIU
AHTHOMOTHKH C MOJIEKYJIaMH BTOPHYHBIX METa0OIUTOB B XUMUYIECKYIO PEaKIHIO HIIH C
OPYTUMH MOJIEKYJaMH B JKCTpakTax pacteHuil. Ilo momydeHHBIM crekrpam ObLIO
BBISIBJIIEHO, YTO HE BCTYIMAIOT.

KnrodeBbie 4acTOTHI BTOPHYHBIX META00JIMTOB, HAXOAMIMCH HA OIMHAKOBBIX MOJIOCaX
B CIIEKTpax »SKCTPAaKTOB XOpOWIO mpocMaTpuBanuch. llomocel mnornomeHus B
MPOTUBOMHUKPOOHBIX CPEICTBAX OYTH COBIIAJIH C II0JIOCAMH MOTJIOLICHNS Y BTOPUYHBIX
METa0OJIMTOB, OJTHAKO, B IKCTPAKTaX, IPU COBMECTHOM BBEJICHHU B CPELy, HE 3aMETHBI
Ha ¢oHe. DTO TOBOPUT O MAJIOH KOHIIEHTPALIMHY aHTHOMOTHKOB, HO TaK)KE YKa3bIBaeT U
Ha TO, YTO B XUMHUYECKOE B3auMozencTBie nedTazuauM u GochOMULIMH HE BCTYNAIOT,
TaK Kak OTCYTCTBYIOT JONOJHHUTEIbHBIE MUKH, CBUAETEIBCTBYIOIINE O IMPOIYKTax
peakiuu. ClrieoBaTelbHO, aHTHOMOTHKH B PAacTBOPE MOTYT OOPa30BBIBATH TOJBKO
MEKMOJIEKYJISIPHbIE KOMILIEKCHI [2].

Buigoovi: B pesynpTare NpPOBENEHHBIX HCCIEAOBAHUN OBUIO YCTaHOBJIEHO, YTO
aHTHOAaKTepHajibHas aKTUBHOCTb MOXET OBITh OOYCJIOBJIEHA Kak BO3MOXKHBIM
CHUHEpPreTHYecKMM  3(GGEeKTOM  MEXAy  B3aMMOJCHCTBYIOIIMMH  KOMIUIEKCAMH
BTOPUYHBIX META0OJIMTOB U aHTUOMOTHKOB, TaK U MHAMBHUIYAIBHBIMH MEXaHU3MaMH,
MPUCYIIMMH KOHKPETHOMY JNEUCTBYIOIIEMY areHTy, MPUCYTCTBYIOIIEMY B 3KCTPakKTe.
I[lpu  atoMm,  aHTHOAaKTepHaNbHBIA  APQGEKT,  MOKAa3aHHBIH  KOMIUIEKCHBIM
B3aMMOJIEHCTBUEM aHTHOMOTHKOB M PACTUTEIBHBIX 3KCTPAKTOB € (DEHOICOAEPKALIIMU
COeMHEHUsIMH, OyJIeT 3aBUCUT OT BHEIIHUX YCJIOBHHA B3aWMoJeicTBUS (cpeaa,
TeMmIeparypa, JaBleHHUe, BIaXXHOCTh U T.I., TAK U BHYTPEHHUX (akTOpoB (M3MEHEHHE
KOH(OpMaIii B3aMMOJCHCTBHS, YCIOBHH NPOTEKAHUS peaKkyi 1 Ip.).
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Chemical modification of antimicrobial complexes
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Purpose: The purpose of the study was to determine the synergistic antibacterial effect
of the combined use of antibiotics and secondary metabolites of phenolic origin, as well
as to determine the nature of their interaction.

Materials and methods: The research material was clinical isolates of P.aeruginosa and
S. aureus. The pre-extracted phenolic components of 10 medicinal plants were studied:
Herba Achilleae millefolii; Folia Eucalypti viminalis; Urticae folia; Sortex Quercus;
Nerba; Camellia; Ribes nigrum L.; Sorbus aucuparia L.; Allium sativum; Dianthus in
combination with the antibiotic drugs ceftazidime and fosfomycin.

The combined action of antibiotics and phenol-containing extracts was tested using the
agar wells method.

During the quantum chemical calculation, the molecules of the studied substances were
first optimized in a small approximation of PBE/3-21+G. A configuration search for the
optimal spatial arrangement of functional groups was carried out, and at the next stage,
the calculation of the studied molecules was performed, with the construction of maps
of the molecular electrostatic potential (MEP). The molecules calculated at the first
stage, taking into account the MEP, were paired and optimized based on the density
functional theory in the PBE/3-21+G approximation.

The spectra of pure substances and putative intermolecular complexes were obtained
using the Fourier spectrometer INFRALUM FT-02 and the Fourier infrared
spectrometer Bruker Alpha (without the prefix NPVO).

Results: Initially, studies of antimicrobial activity were conducted in vitro, with the
combined introduction of secondary metabolites of phenolic origin and antibiotics
(fosfomycin and ceftazidime) into the medium. With respect to S.aureus, the most
pronounced synergistic effect was noted for Folia Eucalypti viminalis and Camellia
sinensis, with respect to P.aeruginosa, the best indicators of synergistic interaction were
observed in Folia Eucalypti viminalis and Allium sativum.

The presence of secondary metabolites with antibacterial action in the composition of
selected medicinal plants, such as rutin, gallic acid, thymol, tannin, explain the nature of
the antibacterial effect (the effect of the antibiotic was not taken into account in the
experiment, since concentrations were taken below the MIC of this antibiotic) [1].
Quantum chemistry methods were used to explain the observed synergistic effect of
adding secondary metabolites to the medium during cultivation. The possibility of
education in the environment was considered

intermolecular or molecular complexes between secondary metabolites of phenolic
origin and fosfomycin and ceftazidime. The evidence base was based on the distribution
of electron density on atoms and electrostatic potential. Regions with a large negative
potential associated with the presence of hydroxyl or carbonyl groups should become
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electrophilic centers, and the molecule or its site as a whole should become a
nucleophile. All this should lead to the formation, due to electrostatic forces, of an
intermolecular complex between molecules of secondary metabolites and molecules of
antibiotics, and in the case of a complexing agent to a mixed ligand complex. Figure 1
shows the molecular electrostatic potential (MEP) and the electron density distribution
of secondary metabolites and antibiotics
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Fig. 1. Molecular electrostatic potential and electron density distribution (I — gallic acid,
Il — thymol, 111 — routine, IV —tannin, V — ceftazidime, VI — fosfomycin)

According to the obtained MEP data of the studied structures, it was suggested that all
compounds, with the exception of gallic acid, can act as both electro and nucleophiles.
The highest electron density is concentrated on oxygen and nitrogen atoms, in some
cases distributed along the aromatic ring. Basically, the negative regions of the
electrostatic potential are located along the hydroxyl groups. In the case of antimicrobials
for fosfomycin, the electrophilic sites are located pointwise above the hydroxyl groups,
for ceftazidime, the shape of the electrophilic sites is complex. Figure 2 shows the
centers to which the opposite molecule of a secondary metabolite or antibiotics can join.
This can be expressed in masking the AB molecules from beta-lactamases and, as a
result, in reducing their required concentration.

Fig. 2. Possible configurations of intermolecular complexes of secondary metabolites with
phosphomycin and ceftazidime molecules
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The main task of spectral analysis was to check whether antibiotics react chemically with
molecules of secondary metabolites or with other molecules in plant extracts. According
to the obtained spectra, it was revealed that they do not enter.

The key frequencies of the secondary metabolites were on the same bands and were
clearly visible in the spectra of the extracts. The absorption bands in antimicrobials
almost coincided with the absorption bands in secondary metabolites, however, in
extracts, when co-administered into the medium, they are not noticeable against the
background. This indicates a low concentration of antibiotics, but also indicates that
ceftazidime and fosfomycin do not enter into chemical interaction, since there are no
additional peaks indicating reaction products. Consequently, antibiotics in solution can
only form intermolecular complexes [2].

Conclusions: As a result of the conducted studies, it was found that the antibacterial
activity may be due to both a possible synergistic effect between interacting complexes
of secondary metabolites and antibiotics, and individual mechanisms inherent in a
specific active agent present in the extract. At the same time, the antibacterial effect
shown by the complex interaction of antibiotics and plant extracts with phenol-
containing compounds will depend on the external conditions of interaction
(environment, temperature, pressure, humidity, etc., and internal factors (changes in
interaction conformations, reaction conditions, etc.).
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