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HN3yueHue aHTUOAKTEepHUAJbHbIX CBOVCTB
HOBBIX IIPOU3BOHBIX KO(EernHa B OTHOIIIEHUH
YCJIOBHO-IIATOT€HHbBIX OaKTEpHUH in vitro

E.A. bonjapesa’, /I.B. Pemernukon?, JI.I'. Byposa?, C.C. [TaTpymies2, JI.H. 3axaposa!,
A.H. Epcrponos?, 9.9. llynbi?

'@I'OY BO «Hogocubupckuil 2ocydapcmeeHHbiilt meduyuHckuil yHusepcumem» Munadpasa Poccuu, Hosocubupck,
Poccusa

2@I'BYH Hogocubupckuil uHcmumym opeanuveckoil xumuu um. H.H. Bopoxcuoea CO PAH, Hosocubupck, Poccus

AHHOTAIINA

BBegeHnue. HeBocmpuUMUYNBOCTh MUKPOOOB KO MHOTUM KJIacCaM aHTHMHUKDPOOHBIX IPENApAaTOB fBJISETCA IJIO-
6aIbHOH YTPO30H /IS 37I0POBbsI UeJIOBEKA U OOYCIOBIUBAET HEOOXOAMMOCTD ITIOMCKA HOBBIX COEMHEHHH, 001 aloINX
IIPOTHBOMHUKPOOHBIM /IECTBUEM, C HU3KOH TOKCHYHOCTBHIO U IIOTEHITHAIBHO IIUPOKUM CIIEKTPOM OHOJIOTHYECKOH aKTHB-
HOCTH.

Il e 1 b . WByuurs in vitro cnocOOGHOCTh HOBBIX ITPOU3BOHBIX KCAHTUHOB (KodenHa, 1-0yTriTeo6poMuHa U 7-0yTriire-
odwutHA) MOAABIATH pocT Staphylococcus (S.) aureus, Bacillus (B.) cereus, Escherichia (E.) coli u Pseudomonas (P.)
aeruginosa.

MaTepuanb U METOJ B . AHTUOAKTEPUAIIbHASA AKTUBHOCTD IPOU3BOHBIX KCAHTUHOB, CHHTE3UPOBAHHBIX
B J1JabOpaTOpUY MEUITMHCKON XuMuu HoBOCHOUPCKOTO HHCTUTYTA Ooprannueckor xumuu uM. H.H. Boposknosa CO PAH,
U3yJasach in vitro MeTOJOM CEPUHHBIX Pa3Be/IEHUU B MKUIKOH IUTATEIbHOU CpeZie B OTHOILIEHUH KYyJIbTYp S. aureus,
B. cereus, E. coli u P. aeruginosa.

Pes3ynbTart bl . Tpu Bemecrsa, B TOM YHUC/IEe UCXOAHBIE CYyOCTAaHITUN — KOMENH U 7-0yTHITe0OUITNH, aHTHOAKTe-
PHATBHBIX CBOHCTB B OTHOLIEHUH TECT-MUKPOOOB He IPOsBUIH. Bee nccese/joBaHHbIe TPOU3BO/IHBIE KCAHTUHOB He HOZa-
BJsiu poct E. coli u P. aeruginosa; 9 COeAMHEHMH, COIepKAIIMX (pparMeHTs 3UPOB aMUHOKUCIOT WK alleTHIEHOBBIH
3aMeCTUTEh B HOJIOKeHHH C-8 KCAaHTHHOBOTO OCTOBA, NPOSIBIJIM AaHTUOAKTEPUAJIBHYI0 AKTUBHOCTH B OTHOIIEHUH
S. aureus u (unn) B. cereus.

3akai04eHHue. IIpuusydeHNN CIOCOOHOCTH IPUPO/THOTO KCAHTHHA KOQENHA U 12 €ro IPOU3BOAHBIX [IOZABIATh
POCT KyJIBTYp YCJIOBHO-IIATOTEHHBIX OaKTepUil BbIABIEHbI aHTUOAKTEPUAJIbHBIE CBOMCTBA Y Psi/ia AMUHOKHCIOTHBIX IIPO-
U3BOAHBIX B OTHOIIEHUU S. aureus u B. cereus. Hannydmmii 3¢dbexT npoieMOHCTPUPOBAIIN COeJUHEHVISI, COZEPIKAIITE
dparmenTsr a¢pupoB anbda- u 6era-amuHOKUCTIOT (L-BanuHa u Gera-peHn-6eTa-alaHNHA), YTO OMPEENAET IePCIeK-
TUBHOCTD JTAJIbHEHIIINX UCCII€ZI0BAHUM.

Knaroueenle caoea: xodenH, KCAaHTHHBI, aHTHOAKTepUaabHasd aKTUBHOCTh, Staphylococcus aureus, Bacillus cereus,
Escherichia coli, Pseudomonas aeruginosa.
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Study of the antibacterial properties of new caffeine derivatives
against opportunistic pathogenic bacteria in vitro

E.A. Bondareva!, D.V. Reshetnikov?, L.G. Burova?, S.S. Patrushev?, L.N. Zakharova’,
AN. Evstropov?, E.E. Schults®

Novosibirsk State Medical University, Novosibirsk, Russia

2N.N. Vorozhtsov Novosibirsk Institute of Organic Chemistry, Novosibirsk, Russia

ABSTRACT

Introduction. The resistance of microbes to many classes of antimicrobial drugs is a global threat to human
health and necessitates the search for new compounds with antimicrobial activity, with low toxicity and a potentially wide
range of biological activity.

Aim. Tostudy in vitro the ability of new xanthine derivatives (caffeine, 1-butyltheobromine and 7-butyltheophylline) to
inhibit growth Staphylococcus (S.) aureus, Bacillus (B.) cereus, Escherichia (E.) coli and Pseudomonas (P.) aeruginosa.
Materials and methods. Theantibacterial activity of xanthine derivatives synthesized in the Laboratory of
Medicinal Chemistry of the N.N. Vorozhtsov Novosibirsk Institute of Organic Chemistry was studied in vitro using serial
dilutions in a liquid nutrient medium against S. aureus, B. cereus, E. coli and P. aeruginosa cultures.

Results. Three substances, including the starting material — caffeine and 7-butyltheophylline, did not show antibac-
terial properties against test microbes. All xanthine derivatives studied did not inhibit the growth of E. coli and P. aerugi-
nosa; 9 compounds containing fragments of amino acid esters or an acetylene substituent in the position of the C-8 xan-
thine backbone showed antibacterial activity against S. aureus and (or) B. cereus.

Conclusion. When studying the ability of natural xanthine caffeine and 12 of its derivatives to inhibit the growth
of cultures of opportunistic bacteria, antibacterial properties against S. aureus and B. cereus were revealed in a number of
amino acid derivatives. The best effect was shown by compounds containing fragments of alpha- and beta-amino acid
esters (L-valine and beta-phenyl-beta-alanine), which determines the prospects for further research.

Keywords: caffeine, xanthines, antibacterial activity, Staphylococcus aureus, Bacillus cereus, Escherichia coli, Pseudo-
monas aeruginosa.
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BBEJAEHUE

Bo3HUKHOBeHHE MUKPOOHOU HEBOCIPHUUMYHBO-
CTH K aHTUOMOTHKAM IIPEJICTABIIAET COOOH I106aIIb-
HYIO0 yTPO3y IJIs1 3/T0pPOBbs yesioBeka. Ocobyio 03a60-
YEeHHOCTh BO BCEM MHPE BBI3BIBAET PACIPOCTpaHe-
HU€e KJIUHUYECKUX HU30JIATOB, 00JIa/aI0NUX YCTO-
YUBOCTHIO KO MHOTHM KJIacCaM aHTUMHKPOOHBIX
mpernaparoB. KoJMYeCTBO IITAMMOB CPEId MHUKPO-
6OB-OIIIOPTYHUCTOB, TaKuX Kak Staphylococcus (S.)
aureus, Escherichia (E.) coli, nocrosiazo pacrert. ITo
MMEIOIITUMCS JAHHBIM 710 56 % BbI/IeJIsIeMbIX METHU-
[WUTMHPE3UCTEHTHBIX IITAMMOB S. aureus HEBOC-
MPUUMYHUBBI K 3—7 TPYIIaM aHTUMHUKPOOHBIX IIpe-
maparos [1, 2]. B EBpornie oTMeueH BBICOKHH YPOBEHD
BCTPEYAEMOCTH METHUIWITIMHPE3UCTEHTHBIX MU30J1I5-
TOB S. aureus — 16.9 %. B Poccuu cpeay HO30KOMU-
aJIPHBIX IITAMMOB S. aureus 4acToTa METUIIMJLINH-
PEBUCTEHTHBIX H30JIATOB JOCTUTaeT 24.9 % [3].
Cepbes3Hoii poOIEeMOU ABJISETCS MHOXKECTBEHHAasI
JiekapcTBeHHas ycroiuusocTs E. coli. Ha ceropusi-

INTRODUCTION

The emergence of microbial resistance to antibi-
otics is a global threat to human health. The spread
of clinical isolates that are resistant to many classes
of antimicrobial drugs is of particular concern world-
wide. The number of strains of opportunistic
microbes, such as Staphylococcus (S.) aureus,
Escherichia (E.) coli, is constantly rising. According
to available data, up to 56% of methicillin-resistant
strains of S. aureus have resistance to 3—7 groups of
antimicrobial drugs [1, 2]. In Europe, there is a high
level of occurrence of methicillin-resistant isolates of
S. aureus — 16.9%. In Russia, among nosocomial
S. aureus isolates, the frequency of methicillin-resis-
tant isolates reaches 24.9% [3]. A serious problem is
multidrug resistance of E. coli. To date, more than
60% of E. coli strains are resistant to cephalosporins,
including third-generation cephalosporins [4]. The
high resistance of Pseudomonas (P.) aeruginosa to
antibiotics is associated with the formation of biofilm
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HUH 7ieHb 6ostee 60 % mrrammoB E. coli HeUyBCTBU-
TeJIbHBI K 11epaIOCIIOPHUHAM, B TOM YHCJIE K 1edato-
CIIOPUHAM TPEThETrO MOKoJIeHus [4]. Bpicokas cro-
cobuocts Pseudomonas (P.) aeruginosa mpoTHBO-
CTOSITh aHTUOMOTHKAM CBsI3aHa ¢ (pOPMUPOBAHUEM
OUOIJIEHKU U TIOSIBJIEHUEM PE3UCTEHTHBIX K 0O0JIb-
[IIOMY KOJIMYECTBY JIEKAPCTBEHHBIX CPEJICTB KJIETOK-
rmepcucTepos [5].

BrimrenssiokeHHOe OOYCIOBJIUBAET HEOOXOMU-
MOCTh IIOMCKA HOBBIX COEQMHEHHH, 00J1aJafoIuX
MIPOTUBOMHUKPOOHBIM JIEHCTBHEM, B TOM UHCJIE IIPO-
THB YCJIOBHO-IIATOTEHHBIX MHUKPOOPTAHU3MOB, C
HU3KOH TOKCUYHOCTHIO U MOTEHIIUAIBHO HIUPOKUM
CIIEKTPOM OHOIOTHYeCcKOH akTuBHOCTH. CylliecTBeH-
HOe 3HaUeHWE B IOKCKE UMeEET JIOCTYIIHOCTh HCXO0-
JTHOTO ChIPBsI, BO3MOKHOCTH JIJIsI XUMHUYECKOH MOJTH-
(puKanmuy ¥ HATIPABJIEHHOTO YCUJIEHUs] OHOJIornye-
CKOU aKTUBHOCTH ITEPBUYHBIX CyOCTAHITUH.

IMpupoaHbIl 1,3,7-TPUMETUIKCAHTHH KO(penH
HCIIOJIb3yeTCsI B KauecTBe OMOCTUMYJIAITOPA B MEAU-
nuHe [6, 7] ¥ Ipe/icTaBIIsieT HECOMHEHHBIH HHTEPEC
KaK COeIWHEHUe-TUep Ui pa3paboTKh HOBBIX
areHTOB C LIEHHOM OMOJIOTHYeCKON aKTHBHOCTBIO U
MMOHM)KEHHOW TOKCUYHOCTHIO [8]. BHuMaHuUe mpu-
BJIEKAIOT HCCJIEJIOBAHUsI, HAIIpaBJIeHHbIe Ha BBeEJE-
HUE 3aMeCTUTENIEeH M0 moJioKeHu0 C-8, MOCKOIBKY
3aMelleHre KCAHTUHOB II0 3TOMY ITOJIOKEHUIO
[TO3BOJISIET IIPEIOTBPATUTD UX OBICTPOE OKUCIEHNE B
mpoiiecce Metabon3Ma 1, BO3MOYKHO, ITOBJIUATH Ha
aHTUMHKPOOHBIE CBOMCTBA cybcTaHuu [9, 10].

ITEJIb UCCJIEJIOBAHUSA

N3yunTs in vitro cnocoOHOCTh HOBBIX ITPOU3BO-
JTHBIX KCAHTHHOB (Ko(denHa, 1-0yTHATe0OpOMUHA U
7-0yTriITeOpUIUINHA) TOJABJIATH POCT S. aureus,
E. coli u P. aeruginosa.

MATEPUAJIBI 1 METO/IbI

B pabore 6butH HCCiIEIOBAHBI HCXOJIHBIE CYO-
crauiuu (kodenH, 1-6yTUITEOOPOMUH U 7-OyTHIITE-
obWUINH) W TPOU3BOAHBIE, CUHTE3UPOBAaHHBIE B
sabopatopunu MemUWIMHCKON xumun HosocubOup-
CKOTO WHCTHUTYTa OPraHUYECKOH XUMUHM HM.
H.H. Boposxiosa CO PAH. Peaxkiueir 8-6pomkode-
WHA C TUAPOXJIOPHIAMH METHJIOBBIX WA TPET-
OyTHIIOBBIX 3P UPOB aIb(a-aMHUHOKUCIIOT: TIIUIMHA,
L-BanuHa, peHWIIIUIMHA, (PeHMTATAHNHA, METHO-
HUHA WIX MeTWIOBbIM 3dupom Oera- U omera-
aMHUHOKHCJIOT Oera-asaHuHa, OeTa-peHun-6era-
aJlaHWHA U Q-aMHUHOIIEJIAPTOHOBOH KHUCJIOTHI CUHTE-
3UPOBAIN COOTBETCTBYIOIINE IIPOU3BOIHBIE, COJIEP-
Jkamue (QparMeHThl aMHHOKHCIJIOT B IIOJIOKEHUH
C-8 xodeuna: Dr-vl, Dr-gc, Dr-pg, Dr-pl, Dr-mt,
Dr-in, Dr-pge, Dr-pn. IIpousBosiHBIE IIypHHOBBIX

and the appearance of persister cells that are tolerant
to a large number of drugs [5].

The above makes it necessary to search for new
compounds with antimicrobial activity, including
against opportunistic microorganisms, with low toxicity
and a potentially wide range of biological activity. The
availability of raw materials, opportunities for chemical
modification and targeted enhancement of biological
activity of starting material are essential in the search.

Natural 1,3,7-trimethylxanthine caffeine is used
as a biostimulator in medicine [6, 7] and is of
undoubted interest as a lead-compound for the
development of new agents with valuable biological
activity and low toxicity [8]. Attention is drawn to
studies aimed at the introduction of substituents at
the C-8 position, since the substitution of xanthines
at this position prevents their rapid oxidation during
metabolism and, possibly, affects the antimicrobial
properties of the substance [9, 10].

AIM OF THE RESEARCH

To study in vitro the ability of new xanthine
derivatives (caffeine, 1-butyltheobromine and
7-butyltheophylline) to inhibit the growth of
S. aureus, E. coli and P. aeruginosa.

MATERIALS AND METHODS

The starting material (caffeine, 1-butyltheobro-
mine and 7-butyltheophylline) and derivatives synthe-
sized in the Laboratory of Medicinal Chemistry of the
N.N. Vorozhtsov Novosibirsk Institute of Organic
Chemistry were studied. During the reaction of 8-bro-
mine-caffeine with hydrochlorides of methyl or tert-
butyl esters of alpha-amino acids: glycine, L-valine,
phenylglycine, phenylalanine, methionine or methyl
ester of beta- and omega- amino acids of beta-alanine,
beta-phenyl-beta-alanine and 9-aminopelargonic acid
were synthesized the corresponding derivatives con-
taining fragments of amino acids in the C-8 position of
caffeine: Dr-vl, Dr-gc, Dr-pg, Dr-pl, Dr-mt, Dr-in, Dr-
pge, Dr-pn. Derivatives of purine alkaloids Dr-172 and
Dr-174 were synthesized by the reaction of 8-bromine-
7-butyl theophylline or 8-bromine-1-butyltheobro-
mine with beta-alanine methyl ester hydrochloride. To
determine the effect of the nature of a substituent at
the C-8 position of xanthine backbone, the antibacte-
rial activity of compound Dr 250-4 containing an acet-
ylene substituent at the C-8 position was investigated.

The following strains were used as test cultures:
S. aureus ATCC 6538 FDA 209P, B. cereus ATCC
10702, E. coli ATCC 25922, and P. aeruginosa ATCC
9027. These strains were received from the collection
of the State Research Center for Applied Biotechnol-
ogy and Microbiology, Obolensk settlement.
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ankanouzioB Dr-172 u Dr-174 cuHTE3UpOBau IO
peakmuu 8-6pom-7-0yTriiTeopruinHa HIu 8-6pom-
1-0yTHITEOOPOMUHA C TUAPOXJIOPUAOM METHUIIOBOTO
aupa Oera-asanuna. [y ONpeneseHus BIUSHUSI
MPUPO/BI 3aMecTUTeNs B nosioxkeHuu C-8 KcaHTH-
HOBOTO OCTOBAa HCCJIEIOBAIA AaHTUOAKTEPUATHHYIO
aKTUBHOCTh coefuHeHUs Dr 250-4, cofepiKaIiiero
alleTUJIEHOBBIH 3aMeCTUTENIb B IostoxkeHnu C-8.

B xauecTBe TECT-KyJIbTYp  HCIIOJIb30BAHbI
mraMMmbl S. aureus ATCC 6538 FDA 209P, B. cereus
ATCC 10702, E. coli ATCC 25922 u P. aeruginosa
ATCC 9027 u3 xomneknuu ®BYH «I'ocynapcrseH-
HBIU HAYYHBIU [EHTP MPUKJIATHON MUKPOOHOJIOTUH
¥ OMOTEXHOJIOIUU », Toc. O00JIEHCK.

KynpruBupoBaHue 6akTepHii MPOBOAMIN HA ara-
poBO# 1 Oy/IbOHHOU cpesax MroJutepa — XUHTOH B
a3pOOHBIX YCIOBUSAX pH TeMieparype +37 °C. Bpems
KYJITUBUPOBAHUA COCTaBJIsIO 1—2 CyT. AHAIU3
AHTUOAKTEPUAIBHON aKTUBHOCTU IPOBOZIIN METO-
JTOM TI0CJIEZIOBATEIbHBIX PA3BE/IEHUH B JKUIKOU Cpeie
B 001meM obveme 1 M. Bee coenrHeHus mpesBapu-
TeJIBHO PACTBOPSJIN B 0.05 MJI IUMETHIICYIbGOKCH A
U IOBO/IVUIH JIO HY>KHOH KOHIIEHTPALH 0.9% PacTBO-
poM xJytopuzia HaTpus. BHocUMYTO /103y KyJIbTyp Gak-
Tepuil onpeziesisin 1o Mak ®apsiaHly ¥ KOHTPOJIU-
POBIH KOJIMYECTBO JKU3HECTIOCOOHBIX KJIETOK BhICE-
BOM Ha IUIOTHYIO ITUTATeJIbHYIO cpexy (TabIt. 1).

OTcyTCTBHE TPHU3HAKOB POCTa B JKHUAKOH cpere
KOHTPOJIIPOBJIM IIyTEM BBICEBA HA IIOBEPXHOCTH
arapoBOil cpezibl C TOCJIEAYIOIIeH WHKyOaruel B
CTAaHJAPTHBIX YCJIOBHUSX. B KauecTBe OTpHIlATENh-
HOTO KOHTDPOJIA TeCT-KyJIbTYPY BHOCKHJIM B 1 MJI
Oy/JIbOHA U KyJIbTUBUPOBAIU B TEX YK€ YCJIOBHUAX C
MIOC/IEAYIONIUM II0CEBOM HA arapoByI0 MUTATEIbHYIO
Cpey U y4eToM pocTa GaKTepui.

JIJ1s1 K&KJTOTO COeUHEHM s, IPOSBUBIIETO aHTH-
OaKTepUAIIBHYI0 AKTUBHOCTb, OIpEAESIIA MUHH-
MaJIbHYI0 HHTHOHPYIOIIyIo KoHIeHTpanuio (MUK) —
HAVWMEHBIIYI0 7103y BeIecTBa, IMOJHOCTHIO IO/a-
BJIABIIYIO pocT Oakrepuit [11, 12]. ITo pesynbpratram
IIATH TOBTOPHBIX 9KCIIEPIMEHTOB PACCUUTAIIU CPEJI-
Hue 3HaueHua MUK u ctaHiapTHYIO TOTPENTHOCTb.

MogenupoBaHue TJIEHKOOOPAa30BaHUSA IIPOBO-
Iy Ha ¢pparMeHTax MOJTMBUHIIXJIOPUIHON UHTY-
6aIOHHOH TPyOKM, KOTOPHIE MTOJTHOCTHIO TIOTPYIKa-

Ta6smmua 1. BHocuMble 103bl 6aKTEePUATBHBIX KYJIBTYP
Table 1. Inoculated doses of bacterial cultures

The bacteria were cultured on Mueller Hinton agar
and Mueller Hinton broth under aerobic conditions at
a temperature of +37°C. The culturing time was 1—2
days. The analysis of antibacterial activity was carried
out using the serial dilutions method in a liquid
medium in a total volume of 1 ml. All compounds were
previously dissolved in 0.05 ml of dimethylsulfoxide
and brought to the desired concentration with 0.9%
sodium chloride. The applied dose of bacterial cul-
tures was determined according McFarland standard,
and the number of viable cells was assessed by inocu-
lating a dense nutrient medium (Table 1).

The absence of signs of growth in the liquid
medium was verified by plating on the surface of the
agar medium, followed by incubation under stan-
dard conditions. As a negative control, the test cul-
ture was introduced into 1 ml of broth and cultured
under the same conditions, followed by plating on an
agar medium and evaluation of bacterial growth.

For each compound that showed antibacterial
activity, the minimum inhibitory concentration
(MIC) was determined, i.e. the smallest dose of the
substance that completely inhibited bacterial growth
[11, 12]. Based on the results of five repeated experi-
ments, the average values of the MIC and the stan-
dard error were calculated.

Modeling of film formation was carried out on
fragments of a polyvinyl chloride tracheal tube,
which were completely immersed in a liquid nutrient
medium with appropriate dilution of the substance,
after which a dose of S. aureus was inoculated. On
the second day, the tube fragment was withdrawn,
washed using 0.9% sodium chloride, and immersed
in a 0.02% ethylenediaminetetraacetic acid solution
for 10 min to detach bacterial cells; then the obtained
material was plated on a dense nutrient medium
with the subsequent determination of the MIC.

RESULTS AND DISCUSSION

As a result of the studies, it was found that the
starting material — caffeine, 7-butyltheophylline and
beta-alanine derivative of 7-butyltheophylline
(Dr-172) — did not show antibacterial properties. All
xanthine derivatives did not inhibit the growth of
E. coli and P. aeruginosa.

Nen/nm | No. BakrepuaiabHas KyabTypa / Bacterial culture HHokymom, KOE/0.1 mu1 | Inoculum, CFU/0.1 ml
1 S. aureus ATCC 6538 FDA 209P (6.39 £ 0.87)x103
2 B. cereus ATCC 10702 (6.50 +0.76)x103
3 E. coli ATCC 25922 (6.61+£0.70)x103
4 P aeruginosa ATCC 9027 (6.06 +1.11)x103
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JINCH B JKUAKYIO MIUTATEJIHHYIO CPEZy C COOTBETCTBY-
IOIIUM pa3BeJIEHUEM HUCCIeAyeMOU CyOCTaHIUH,
IOCJIe Yero BHOCHJIA ITOCEBHYIO 103y 30JIOTHUCTOTO
cradmwiokokka. Ha BTopble cyTku pparmMeHT TpyOKU
W3BJIEKAJIH, ITO/IBEPTajil OTMBIBKE C HCIIOJIb30BA-
HHEM 0.9% pacTBopa XJIOpUja HaTPUs, 3aTeM IToMe-
A B 0.02% PacTBOP 3THWIEHANAMUHTETPAYKCYC-
HOU KHCJIOTBI Ha 10 MUH J|JIsI OTKpEIUIEHUs OaKTepH-
QJIbHBIX KJIETOK U Jlajlee MPOU3BOJMIN BBICEB Ha
IUIOTHYIO IUTATEIbHYI0 CPeAy C TOCIEIYIOIINM
omnpeznenenuem MUK.

PE3YJ/IBTATBI 1 OBCYKAEHUE

B pesysibrare IpoBeZiIeHHBIX UCCIIEJOBAHUN yCTa-
HOBJIEHO, 4YTO WCXOJHbIE CcyOCcTaHIIMU KOQeuH,
7-0yTHITEODWTHH U OeTa-aIaHUuHOBOE TTPOU3BOI-
Hoe 7-OytmwirteobwuinHa (Dr-172) anTubGakTepu-
aJIbHBIX CBOWCTB HE MPOSBIWIN. Bee uccieoBaHHBIE
MIPOUBBO/THBIE KCAHTUHOB He MOJaBJisiu pocT E. coli
u P. aeruginosa.

Cpenu  cyOGcraHIuii, MOAABJIABIINX  POCT
S. aureus (TabJ1. 2), HAUIYYIIYIO aKTUBHOCTH TIOKA-
3aJIU COeIUHEHMUS, cofiepskalue GpparMeHThl TPET-
OoytuwinoBoro 3dupa L-anmmua — Dr-vl (MUK =
= 333.2 + 57.78 MKIr/MJI) U MeTWUJIOBOro 3dupa
B-penmn-B-amanmaa — Dr-pn (MUK = 408.4 =+
+ 91.65 MKkT/MuT). CoeTUHEHHE, COZIEPIKAIIIEE B KCAH-
THHOBOH CTPYKTYpe (pparMeHT JUTMHHOIIENIOYETHON
aMHUHOKHUCJIOTH  (9-aMUHOTIEJTADTOHOBOH  KHC-
J0Thl) — Dr-pg, HOJIHOCTBIO WHTHOHPOBAJIO POCT
KYyJBTYpBL S. aureus B n03e 483.3 + 44.1 MKr/m,
Dr-pl — B nmosze 583.3 + 63.33 MKr/mi. Y Tpex
Bemects MWK ObUIM BBIINIE M COCTABUJIN: [JIA
kodenH-MeTronuHa Dr-mt — 850 + 76.36 MKr/mu,
Juisi  kKodenH-Oerta-amanuna Dr-in — 866 +
+ 66.67 MKr/mui, Ui IIPOU3BOJHOTO KOQEeUH-
muiuaa Dr-ge — 916.7 + 60.09 Mkr/mt. MUK s
OeTa-aJITaHUHOBOTO IMPOU3BOAHOTO 1-0yTHITEOOPO-
muHa Dr-174 cocraBuia 666.7 £ 60.09 MKI/MJI, 4TO
Hwke, ueM MUK mis GeTa-aJlaHUHOBBIX IIPOU3BO-
IHBIX KodernHa Dr-in u 7-0ytunreodumnaa Dr-172
(866 + 66.67 MKr/Mia 1 >1000 MKI/MJI COOTBET-
ctBeHHO) (cM. Tabs. 2). ITpousBogHOe KodenHa
Dr-pgc He TpOABUIIO aHTUOAKTEPUATLHOU aKTHBHO-
CTH B OTHOIIIEHUU S. aureus.

Jlns1 HarboJiee aKTUBHBIX B OTHOIIIEHUHU S. aureus
coequueHnit — Dr-vl u Dr-pn usyumin cnoco6HOCTh
IMO/IaBJIATh 0Opa30BaHUE OMOIUIEHKU HA MOBEPXHO-
CTH UHTYOAIlMOHHOHN TpPYOKH. BelecTBo, comeprka-
mee (parmeHT TpeT-OyTHIOBOTO 3dupa L-BaauHa
(Dr-vl), momaBsaiIo crocoGHOCTh K IIJIEHKOOOpas3o-
BaHuio B MUK = 266.7 + 16.67 MKr/MJ1, a IPOU3BO-
JHOe KodewnHa, cojepikainee Oeta-deHni-6era-
aanuH (Dr-pn) — 8B MUK = 275 + 25 MKr/mL.

Among the substances that inhibited the growth
of S. aureus (Table 2), the compounds containing
fragments of L-valine — Dr-vl tert-butyl ester
(MIC = 333.2 + 57.78 ug/ml) and -phenyl-3-alanine
methyl esters — Dr-pn (MIC = 408.4 £ 91.65 pug/ml)
showed the best activity. The compound containing a
fragment of a long-chain amino acid (9-aminopelar-
gonic acid) — Dr-pg in the xanthine structure, com-
pletely inhibited the growth of S. aureus culture at a
dose of 483.3 = 44.1 pg/ml, Dr-pl — at a dose of
583.3 + 63.33 pug/ml. In three substances, the MIC
was higher and amounted to: 850 + 76.36 ug/ml for
caffeine-methionine Dr-mt , 866 + 66.67 ug/ml for
caffeine-beta-alanine Dr-in, 916.7 + 60.09 pg/ml for
caffeine-glycine derivative Dr-gc. The MIC for the
beta-alanine derivative of 1-butyltheobromine
Dr-174 was 666.7 + 60.09 pg/ml, which is lower than
the MIC for the beta-alanine derivatives of caffeine
Dr-in and 7-butyltheophylline Dr-172 (866 <+
+ 66.67 ug/ml and >1000 pg/ml, respectively) (see
Table 2). The caffeine derivative Dr-pgc showed no
antibacterial activity against S. aureus.

For the compounds most active against S. aureus,
Dr-vl and Dr-pn, the ability to inhibit biofilm forma-
tion on the surface of the endotracheal tube was
studied. The substance, containing a fragment of
L-valine tert-butyl ester (Dr-vl), inhibited the film
formation at MIC = 266.7 + 16.67 ug/ml, and the caf-
feine derivative containing beta-phenyl-beta-alanine
(Dr-pn) — at MIC = 275 + 25 pug/ml.

Nine amino acid derivatives were able to inhibit
the growth of B. cereus culture (Table 3). Substances
that inhibited the growth of S. aureus at a concentra-
tion > 500 pg/ml showed lower MIC values for inhib-
iting the growth of B. cereus. For caffeine-phenylala-
nine Dr-pl, this indicator was 150 + 25 pg/ml, for
caffeine-methionine Dr-mt — 150 + 17.68 pg/ml and
for caffeine-beta-alanine Dr-in — 150 + 25 ug/ml.
Hybrid compounds Dr-pg, Dr-pge, Dr-vl had MIC
values equal to 233.3 + 16.67, 225 + 25 and
206.2 + 29.54 pg/ml, respectively. The caffeine-beta-
phenyl-beta-alanine derivative Dr-pn had an antibac-
terial activity against B. cereus in higher concentra-
tions (MIC = 366.7 + 66.67 ug/ml). The caffeine-gly-
cine derivative (Dr-gc) — MIC = 583.3 + 83.33 ug/ml
showed even less activity against B. cereus.

Thus, all derivatives of caffeine and 1-butyltheo-
bromine, containing fragments of amino acid methyl
esters at the C-8 position of the xanthine backbone,
showed antibacterial activity against S. aureus and/
or B. cereus test strains.

Additionally, the antibacterial activity of
8-ethinylcaffeine (Dr 250-4) containing an acetylene
substituent at the C-8 position of the xanthine back-
bone was determined. This compound completely
inhibited the growth of S. aureus at a concentration

Journal homepage: http://jsms.ngmu.ru
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Ta6auna 2. AHTHGaKTepHaIbHAs aKTUBHOCTD IPOU3BO/IHBIX KOQEHHA, COAePKaAINX aMUHOKHCIOTHbIe pparMeHThl,

B OTHOIIIEHUH S. aureus

Table 2. Antibacterial activity of caffeine derivatives, containing amino acid fragments, against S. aureus

MuHMMaIbHasi MHFHGUPYIOLIAsA KOHIEHTPALUs, MKT /MJI

KB, RO G Minimum inhibitory concentration, pg/ml
1 Dr-pg 4833 +44.1

2 Dr-pl 583.3+63.33

3 Dr-mt 850 + 76.36

4 Dr-in 866 + 66.67

5 Dr-vl 333.2+57.78

6 Dr-gc 916.7 £ 60.09

7 Dr-pn 408.4+91.65

8 Dr-174 666.7 + 60.09

9 Dr-172 >1000

JleBATh aMUHOKHCJIOTHBIX IIPOU3BOAHBIX OKa3a-
JINICH CIIOCOOHBI TOPMO3UTH POCT KYJIBTYPHI B. cereus
(tabs. 3). BeriectBa, KOTOpble MHTHOUPOBATIUA POCT
S. aureus B KOHIIEHTPAIINH > 500 MKT/MJI, TOKa3aJIu
Menbline 3HaveHuda MUK, nopasadromue poct
B. cereus. Jlna xodeun-denmnananuaa Dr-pl sator
[IOKa3aTeJIb COCTABUJI 150 + 25 MKT'/ MJIL, 1151 KO erH-
MeTHOHHWHA Dr-mt — 150 + 17.68 MKr/mia um s
kodeunn-0era-aianuna Dr-in — 150 + 25 MKI/MIL
I'ubpunnsie coeauuenust Dr-pg, Dr-pge, Dr-vl
umenu 3HaueHus MUK, paBubie 233.3 + 16.67,
225 + 25 U 206.2 + 29.54 MKI/MJI COOTBETCTBEHHO.
IIpousBosmHoe  KodenH-OeTa-deHMI-6eTa-aTaHuH
Dr-pn oka3piBasio aHTHOAKTEPHATIBHOE JIEHCTBHE B
OTHOIIIEHNHU B. cereus B 60jiee BBICOKUX KOHIIEHTpA-
musax (MUK = 366.7 + 66.67 mkr/mi). Eiie MeHb-
IIyl0 aKTUBHOCTh B OTHOIIEHWUU JAHHOTO TeCT-
MUKpoOa MIPOSBUIO IIPOU3BOAHOE KODENH-TIIUIINH
(Dr-gc) — MUK = 583.3 + 83.33 MKT/MJL.

Taxkum 06pa3oM, Bce MPOU3BOAHBIE KOdenHA U
1-6ytunteobpoMuHa, cozep:kamue  (GparMeHThbI

of 587.5 + 59.07 pug/ml and inhibited the growth of
B. cereus at a concentration of 383.3 + 72.65 pug/ml.

CONCLUSION

The ability of natural xanthine caffeine and 12 of its
derivatives to inhibit the growth of four cultures of
opportunistic bacteria was studied. In most amino
acid derivatives of caffeine, the antibacterial proper-
ties against S. aureus and B. cereus have been revealed.
The best effect was demonstrated by compounds con-
taining fragments of alpha- and beta-amino acid esters
(L-valine and beta-phenyl-beta-alanine), which deter-
mines the prospects for further research.
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Ta6auna 3. AHTHOGaKTepHaIbHAst aKTUBHOCTD NPOM3BOAHBIX KOQEHHA, COAePKalluX aMUHOKHCIOTHbIe pparMeHThl,

B OTHOIIEHUHU B. cereus

Table 3. Antibacterial activity of caffeine derivatives, containing amino acid fragments, against B. cereus

MuHUMAaIbHAsA MHFUGUPYIOIasi KOHIeHTPALUs, MKT /MJI

MR LD, IS AR TS Minimum inhibitory concentration, pg/ml
1 Dr-pg 233.3+16.67

2 Dr-pl 150 + 25

3 Dr-mt 150+ 17.68

4 Dr-in 150 + 25

5 Dr-pgc 225+ 25

6 Dr-vl 206.2 £ 29.54

7 Dr-gc 583.3£83.33

8 Dr-pn 366.7 £ 66.67

9 Dr-174 708.3 £41.67
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METHJIOBBIX 3(GUPOB aMHUHOKHUCJIOT B IIOJIOKEHUU
C-8 KCaHTHHOBOTO OCTOBA, IIPOSBUJIN AaHTUOAKTEPH-
QJIPHYI0O aKTHUBHOCTH B OTHOIIIEHHU TECT-IITaMMOB
S. aureus v/unu B. cereus.

JlomotHUTEITHHO ObLIA OIIpesiesieHa AaHTHOAKTEPH-
ajibHas aKTHUBHOCTH 8-sTHHIWIKOGenHA (Dr 250-4),
coZiepoKaIero aneTuIeHOBBIN 3aMecTUTe b B I0JIO-
skeHnu C-8 KCaHTHMHOBOTO OCTOBA. DTO COEAUHEHUE
IIOJIHOCTHIO MHTUOUPOBAJIO POCT S. aureus B KOHIIEH-
Tparuu 587.5 + 59.07 MKI/MJI U TOJABJISIO POCT
B. cereus B koHIIleHTpanuu 383.3 + 72.65 MKTr/MJL.

3AK/JIOYEHUE

Bruta u3ydeHa cnocoOHOCTh MPUPOIAHOTO KCAH-
TUHA KOdErnHa U 12 ero IMPOU3BOJHBIX MO/IABJIATH
POCT YeThIPEX KYJIBTYP YCIOBHO-IIATOTEHHBIX OaKTe-
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