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The purpose of the work was to study the antimicrobial activity of 2-((4-R-3-(morfolinomethylene)-4H-1,2,4-triazole-5-yl)thio) acetic acid
salts by “hanging drop” and “serial dilution” methods in broth (limiting concentration option) and establish some patterns of ““structure—action”
depending.

Materials and methods. The objects of research were 9 new compounds of 2-((4-R-3-(morfolinomethylene)-4H-1,2,4-triazole-5-yl)thio)
acetic acid salts. These compounds are the crystal substances which are odorless, soluble in water and organic solvents. To achieve a more
objective picture of the research we applied two methods: “hanging drop” and “serial dilution” in broth (limiting concentration option). To
study the effectiveness of substances we used the test cultures of E. coli, Salmonella typhymurium, Staphylococcus epidermidis, P. aeruginosa.

Results and discussion. In the study we have found that 2-((4-R-3-(morfolinomethylene)-4H-1,2,4-triazole-5-yl)thio) acetic acid salts
can differently inhibit the growth of test cultures. The results show that the data obtained by two methods correlated with each other. Thus,
the 2-((4-R-3-(morfolinomethylene)-4H-1,2,4-triazole-5-yl)thio) acetic acid salts are active against most strains of E. coli. and Salmonella
typhymurium. Analyzing the impact of 2-((4-R-3-(morfolinomethylene)-4H-1,2.,4-triazole-5-yl)thio) acetic acid salts we have noted that the
replacement of the phenyl radical (PKR-135, 139) on the free amino group at N4 nitrogen of 1,2,4- triazole cycle (PKR-173, 177) leads to the
disappearance of antimicrobial activity against the studied strains. It was established that the transition from morfolin cation (PKR-133) to the
piperydyn cation (PKR-134) in the molecules of 2-((4-phenyl-3-(morfolinometylen)-4H-1,2,4-triazole-5-yl) thio) acetic acid is accompanied
by a significant increase in antimicrobial effect. It was interesting that among all the cations in the molecules of 2-((4-amino-3-(morfolinomety-
len)-4H-1,2,4-triazole-5-yl) thio) acetic acid salt (PKR-173, 174, 177, 234) only the presence of sodium cation (PKR-174) leads to a pronounced
antimicrobial effect against studied strains.

Conclusions. The study had found that the most effective in relation to the main groups of pathogenic bacteria are substances PKR-134, 135,
136, 139 and 174. Certain regularities based on “structure—action” have been established, this information can be integrated into future targeted
search of substances with antimicrobial properties.

JocaixxkeHHs mpoTuMikpooHoi aii coseii 2-((4-R-3-(mopdoginomerunen)-4H-1,2,4-Tpia3on-5-is1)Tio)aneraTHux
KHCJIOT

P. O. Lepouna, O. I. Ilanacenxo, €. I Knuw, I A. @omina, €. B. Bawux, T. I. @omina

MeTta po6oTn — H0CTiKEHHS MPOTUMIKpoOHOT i comeii 2-((4-R-3-(MopdominomeTnnen)-4H-1,2,4-Tpia30m-5-11)Ti0)alieTaTHAX KUCIOT
METOJIAMH «CTIKA04Y0i Kparuli» Ta «CepiiiHUX po3BeAeHb» y OyIbiioHI (BapiaHT rpaHMYHOT KOHIIEHTpAIIii), BCTAHOBJICHHS IESKUX 3aKOHOMIp-
HOCTEH 3aJIeXHOCTI «CTPYKTypa — Iish».

Marepiaiau Ta Mmetoau. O0’exTaMu TOCIIDKEHB Oyl 9 HOBUX cIIONyK coneit 2-((4-R-3-(mopdoninomernnen)-4H-1,2,4-tpia3on-5-im)Tio)
areTaTHUX KUCIIOT. L1i criommyKu SIBIISFOTH COO0I0 KPUCTANIIYHI PEYOBHHMY, 110 HE MAIOTh 3aI1axy, PO3YMHHI Y BOJIi Ta OPraHiYHUX PO3YUHHUKAX. [71s
JOCSITHEHHST 0171111 00’ €KTHMBHOT KAPTUHH JOCIII JUKSHHS 32CTOCYBAJIM JIBa METOH JIOCIIIPKSHHS: «CTIKAI0U0i KparIi» Ta «CepiiHNX po3BEACHb»
y OysbiioHi (BapiaHT rpaHUYHOI KOHLeHTpaii). [lyist BUBUeHHS e(DeKTHBHOCTI PEUOBHH BUKOPUCTOBYBAJIN TeCT-KyIbTypH E. coli, Salmonella
typhymurium, Staphylococcus epidermidis, P. aeruginosa.

PesyabTaTu. Y mincyMKy D0CIiDKSHHS BCTAHOBHUIIH, 1110 coti 2-((4-R-3-(mopdoninomerunen)-4H-1,2,4-rpia3on-5-i1)Tio)aneTaTHUX KHCIOT
MO-Pi3HOMY 3/1aTHI IPUTHIYYBATH PiCT TECT-KyNbTyp. JlaHi, o oTpuMaHni IBOMa cnocodamu, KOpeorTh Mixk coboro. Tak, comi 2-((4-R-3-(-
MopdomiHoMeTHIeH )-4H-1,2,4-Tpia301-5-111)Ti0 )aleTAaTHUX KUCIIOT € HAHO1IBII aKTHBHUMH OO IITaMiB E. coli. Ta Salmonella typhymurium.
Amnanizyroun BB coneit 2-((4-R-3-(mopdoninomerunen)-4H-1,2,4-Tpia3on-5-11)Tio)aneTaTHUX KHCIOT, BiJ3HAYCHO: 3aMiHa ()EHITBHOTO
panukana (ITKP-135, 139) 3a N, aromom azoty 1,2,4-TpiazonoBoro mukiy BinbHOrO aminorpymoto (ITKP-173, 177) npu3BouTh 10 3HUKHEHHS
MIPOTHMIKpOOHOT i moxo mraMiB, o BUBYAIH. Beranosmy, 1o mepexia Bix kariona mopdominito (ITKP-133) no xariona minepuauHito
(TIKP-134) y monekynax coneii 2-((4-¢penin-3-(mopdoninomeruieH)-4H-1,2,4-rpia3oi-5-i1)Tio)aeTaTHUX KUCIIOT CYIIPOBOIKY€THCSI 3HATY UM
i IBUILIEHHSAM IPOTHMiKpoOHOTO edexTy. LlikaBo, 1110 31 BCiX KaTiOHIB y MoneKkynax coiel 2-((4-amino-3-(Moponinomeruien)-4H-1,2,4-tpia-
30m-5-im)rio)anerarnux kucnot (ITKP-173, 174, 177, 234) rinbku HasBHIiCTH KarioHa Hatpito (ITKP-174) npu3BoauTs 10 BUpaXeHOTO aHTUMi-
KpOOHOTO e(eKTy MO0 MITaMiB MIKPOOPTaHi3MiB, KOTPi TOCIIIKyBaJIH.

BucnoBku. BeranoBuiny, 1o HaiO1IbII e(heKTUBHIMU IIOJI0 OCHOBHHUX TPYI MaTOTeHHUX Oaxtepiii € peyounu [1KP-134, 135, 136, 139 1
174. BinzHaueHi 1esiKi 3aKOHOMIPHOCTI 3aJIE)KHOCTI «CTPYKTypa — Iish», IO MOXKYTh OyTH IHTETPOBaHi B IIUJIECTIPSIMOBAHUI MONIYK PEYOBUH 13
MIPOTHMIKPOOHUMH BIIACTHBOCTSIMU.

Knrwouosi cnosa: 1,2,4-mpiazon, npomumikpooHa akmuHicms, Memoo Cmikaiouoi Kpanii, Memoo CepitiHux po36e0eHb.
3anopizekuii meduunuii yxcypnan. — 2016. — Ne 4 (97). — C. 97-100

HccnenoBanne npoTUBOMUKPOOHOIO AeiicTBus couieii 2-((4-R-3 (mopdonunomeruiien)-4H-1,2,4-Tpua3on-5-ui)Tmo)
aleTaTHBIX KUCJIOT

P O. Ulepouna, A. U. Ilanacenro, E. I Knuvtui, A. A. @omuna, E. B. Bawux, T. 1. @omuna

Hean pa6oThbl — U3yueHHE IPOTUBOMUKPOOHOTO JeicTBus comnelt 2-((4-R-3-(MopdonnHomMeTrneH)-4H-1,2,4-Tprua3on-5-1i1)THO )alle TaTHBIX
KHCIIOT METOIAMH «BUCSAYEH KaIllln» U CEpUIHBIX pa3BesieHnil B OyIbOHE (BapUAHT MPEe/eNIbHONM KOHLEHTPAIMH) M yCTAHOBIEHHE HEKOTOPBIX
3aKOHOMEPHOCTEN 3aBUCUMOCTH «CTPYKTypa — AEUCTBUEM.
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Marepuaanl n MeToabl. OObeKTaMH UCCIICIOBAHHMA ObUTH 9 HOBBIX COeMUHEHMIA, comeil 2-((4-R-3-(Mopdonmuuomermiien)-4H-1,2,4-tpua-
3011-5-HJT)THO )AIleTATHBIX KUCIIOT. JlaHHbIE COSTMHEHNS IPEICTABIIFOT COO0M KPHCTAUTHYeCKUe BelecTa Oe3 3amaxa, paCTBOPUMbIE B BOJIE U
OpraHUYeCKUX pacTBOpHUTelsiX. st focTikeHus 0osee 00beKTHBHOM KapTUHBI UCCIIEIOBAHMUS ObUTH MPUMEHEHBI /1Ba METO/a UCCIIEIOBAHUS:
«BHCSIUCH KalUIM» M «CEPUHHBIX pa3BeleHU» B OyiaboHE (BapHaHT HpeelbHON KOHIEeHTpauuw). st n3ydeHns >pQeKTHBHOCTH BEIIECTB
HCTIOJIB30BAIIH TeCT-KYNBTYpHI E. coli, Salmonella typhymurium, Staphylococcus epidermidis, P. aeruginosa.

PesynbTarsl. YeranosneHo, uto conu 2-((4-R-3-(mopdonHoMeTinen)-4H-1,2,4-Tpra3oin-5-1ir) THO)alle TaTHBIX KUCIIOT M0-Pa3HOMY CIIOCOOHEI
TIOZIABIISITE POCT TECT-KYIBTYp. M3 pe3ynsTaToB BUIHO, UTO TaHHBIE, TIOMyIE€HHBIE IBYMs CIIOCOOaMH, KOPPEIHPYIOT Mexay coboit. Tak, comn
2-((4-R-3-(mop¢omunomernien)-4H-1,2,4-1prua3on-5-1ia)THO) alleTaTHBIX KUCIOT ABJISIIOTCS HanOojIee aKTUBHBIMH B OTHOIICHUH IITaMMOB
E. coli u Salmonella typhymurium. Ananusupys Bnusaue coneit 2-((4-R-3-(mopponnnomeruien)-4H-1,2,4-Tpra3oi-5-1i)THO )alieTaTHBIX
KHCIIOT, OTMEYEHO, YTO 3aMeHa (peHutbHoro pamukana (ITKP-135, 139) npu N, atome azora 1,2,4-TpHa3oa0Boro HUKIa Ha CBOOOIHYIO aMHHO-
rpymmy (IIKP-173, 177) npuBoIuT K HCYE3HOBEHUIO TPOTHBOMUKPOOHOTO ACHCTBUS B OTHOLICHUH M3yYaeMBbIX IITAMMOB. BayKHBIM sIBIsI€TCS
TOT (axT, 4to repexoy ot karnona Mopdonunus (ITKP-133) k karnony nunepugunus (ITKP-134) B monexynax coneit 2-((4-penun-3-(mopdo-
JTHHOMeTHIIEH)-4/-1,2,4-Tpra3oi-5-1T)THO )alleTaTHBIX KHCIIOT COPOBOXKIAETCSI 3HAYUTEILHBIM ITOBBIIICHNEM IPOTHBOMHUKPOOHOTO 3¢ eKTa.
WHTepecHbIM sBISETCS TOT (DAKT, YTO U3 BCEX KATHOHOB B MOJIEKYax cojeit 2-((4-amuHo-3-(MopdomunomeTnneH)-4H-1,2,4-Tprua3omn-5-mi)Tuo)
anerarubix kucnot (ITKP-173, 174, 177, 234) Tonbko Hanmnuue karuona Harpust (ITIKP-174) npuBoaut K BeIpaKeHHOMY HPOTHBOMHKPOOHOMY
3¢ dexTy OTHOCHTETBHO HCCIICIOBAHHBIX ITAMMOB MHKPOOPTAHI3MOB.

BeiBonbl. B pesyibrare uccieoBaHus yCTaHOBICHO, YTO HanOoliee 3(QGEKTHBHBIMU 110 OTHOIICHHIO K OCHOBHBIM IPYIINaM ITaTOTeHHbBIX
OakTepnii sisoTes Bemectsa [IKP-134, 135, 136, 139 n 174. OTMedeHBI HEKOTOPBIE 3aKOHOMEPHOCTH 3aBUCHMOCTH «CTPYKTypa — IeHCTBHEY,

KOTOpBIE MOTYT OBITh HHTETPHPOBAHBI B JATbHEHIIIEM MPH [EJICHANPABICHHOM HOMCKE BEIIECTB C MPOTUBOMUKPOOHBIMU CBOHCTBAMH.

Knrwuesvie cnosa: 1,2,4-mpuazon, npomusomukpobHoe oeticmesue, Memoo UCIYell Kaniu, Memoo CepuiiHbIX pazeedeHull.

3anoposcckuii meouyunckui ycypuai. —2016. —Ne 4 (97). — C. 97-100

Natural antibiotics and their synthetic counterparts are
currently main methods to combat with pathogens which
are the causative agents of various infectious diseases [1].
These classes of drugs exhibit pronounced antibacterial activity
against wide range of bacterial strains. However, antibiotics kill
sensitive microorganisms and cause deep and lasting negative
consequences.

Unfortunately often and uncontrolled use of antibiotics has a
number of negative consequences. The formation of microbial
resistance to applied drugs is one of them. Allergic reactions,
disorders of the digestive system, intestinal dysbiosis, nephrotic
hepatotoxic effects and hematological disorders — this is only
a partial list of side effects that can continue. Strains of bac-
teria, which are resistant to different groups of antibiotics are
constantly emerging. Due to the above mentioned information
the need of finding new, effective and safe antimicrobial agents
undoubtedly has particular relevance [1,2].

1,2,4-triazole thioderivatives are unique heterocycles. They
are actively investigated by foreign and domestic scientists,
and according to obtained data we can create new original
drugs based on them [3,4]. Analyzing literature sources it
was found that the variety of heterocyclic systems based
on 1,2 4-triazole-5-thiol have been investigated previously
but poor attention was given to the derivatives of 3-(mor-
folinometylen)-4-R-4H-1,2,4-triazole-5-thiols, although the
presence of morpholine residue in the molecule can lead to a
significant increase in the pharmacological effects of synthetic
substances [5].

The purpose of the work was to investigate the antimicro-
bial activity of 2-((4-R-3-(morfolinomethylene)-4H-1,2,4-tri-
azole-5-yl)thio) acetic acid salts by “hanging drop” and “serial
dilution” methods in broth (limiting concentration option) and
establish some patterns of “structure—action” depending.

Materials and methods

The objects of research were 9 new compounds of
2-((4-R-3-(morfolinomethylene)-4H-1,2,4-triazole-5-yl)thio)
acetic acid salts which were synthesized at the toxicological
and inorganic chemistry department, Zaporizhzhia State Med-

ical University. These compounds are the crystal substances
which are odorless, soluble in water and organic solvents. The
research of antimicrobial properties of synthesized substances
was held in Sumy National Agrarian University under the direc-
tion of Doctor of Veterinary Science, Professor T. I. Fotina. To
achieve a more objective picture of the research we applied two
methods: “hanging drop” and “serial dilution” in broth (limiting
concentration option). To study the effectiveness of substances
we used the test cultures of E. coli, Salmonella typhymurium,
Staphylococcus epidermidis, P. aeruginosa.

Hanging drop method. In this method test cultures are daily
evenly distributed on the surface of MPA (meat peptone agar),
which is kept in an incubator at +37 °C for 40 min, then 1 drop
of disinfectant solution (solution of studied compound diluted
1: 1 with sterile 0.9% saline) is put into each tube and is left
to stand for drip drops. In other two test tubes disinfectants are
not made and are left for control. Test tubes are incubated in
thermostat at +38 °C, the records were taken after 12, 24, 48
hours. The effective concentration of the disinfectant solution is
the one with clearly manifested growth delay line at disinfectant
solution application [6].

The serial dilutions method in broth (limiting concentration
option). In this method 1 ml of studied compound (diluted
1:1 with sterile 0.9 % saline) was poured into test tubes with
1 ml of MPB (meat peptone broth). One tube of MPB was left
without studied solution to make the negative control. Each
tube contained 1 ml of suspension of the studied test cultures.
Suspension from broth cultures is prepared equivalent to tur-
bidity standard 0.5 (by McFarland), and then diluted 100 times
MPB. The incubation is carried out for 24 hours at + 37 °C.
The control tube is kept in a refrigerator at 4 °C and used for
comparison. Results were carried out visually by the presence
or absence of crops growth in transmitted light, compared with
control [7,8].

Results and discussion. In the study we have found that
2-((4-R-3-(morfolinomethylene)-4H-1,2,4-triazole-5-yl)thio)
acetic acid salts can differently inhibit the growth of test cultures
(Scheme 1).
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Scheme 1
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where R=phenyl, R =morpholyl (PKR-133); R=phenyl, R =piperidyl
(PKR-134); R=phenyl, R,=K (PKR-135); R=phenyl, R =Na
(PKR-136); R=phenyl, R =NH, (PKR-139); R=amino, R =K
(PKR-173); R=amino, R;=Na (PKR-174); R=amino, R=
NH, (PKR-177); R=amino, R,=NH, (PKR-177); R=amino,
R =NH,-CH, (PKR-234).

Experimental part

As a result of investigations by hanging drop method it was
found that substances PKR 133, 134, 135, 136, 174 were rel-
atively effective against E. coli, PKR-136, 174 were effective
against Salmonella typhymurium, PKR-134, 135, 136, 139,
174 — Staphylococcus epidermidis, PKR-134, 136, 174 —
P. aeruginosa respectively (Table 1).

Table 1
Bactericidal activity of drugs by hanging drop method
Ne Compound E. coli tyS;r:?rgEﬁﬂ; Stzgit:jﬂ?;ci)dci(;us P. aeruginosa
1| PKR-133 + - - -
2 | PKR-134 + +- + +
3| PKR-135 + +- + +-
4 | PKR-136 + + + +
5 | PKR-139 += - + +=
6 | PKR-173 - - - -
7 PKR-174 + + + +
8 | PKR-177 - - - -
9 | PKR-234 - - - -

Note: “+” — the existence of the growth delay line of bacteria,
presence of bactericidal action; “—” — no bacterial growth delay line,
no bactericidal action; “+—" — fuzzy bacterial growth line delay, weak
bactericidal action.

Further research was conducted by serial dilution in broth
(limiting concentration option). As shown in 7able 2, there were
effective against E. coli salts PKR-134, 135, 136.139, 174, on
Salmonella typhymurium PKR-134, 136, 174, Staphylococcus
epidermidis PKR-135, 136, 139, 174, P. aeruginosa — PKR-
135, 136, 174 respectively.

The results show that the obtained data in two methods
correlated with each other. Thus, the 2-((4-R-3-(morfoli-
nomethylene)-4H-1,2,4-triazole-5-yl)thio) acetic acid salts
are active against most strains of E. coli and Salmonella

The serial dilutions method in broth
(limiting concentration option)

Ne Compound E. coli t}?:r:;qnﬁz(:ill:?n St:z:ggsr%?(;zus P. aeruginosa
1| PKR-133 +- - - -
2 | PKR-134 + + +- +-
3 | PKR-135 + +- + +
4 PKR-136 + + + +
5 | PKR-139 + +- + -
6 | PKR-173 - - - -
7 | PKR-174 + + + +
8 | PKR-177 - - - -
9 | PKR-234 - - - -
Note: “+” — the existence of the culture growth, presence of

2

bactericidal action; — no bacterial growth, no bactericidal action;
“+=" —low bacterial growth, weak bactericidal action.

typhymurium. Analyzing the impact of 2-((4-R-3-(morfoli-
nomethylene)-4H-1,2,4-triazole-5-yl)thio) acetic acid salts we
have noted that the replacement of the phenyl radical (PKR-135,
139) on the free amino group at N4 nitrogen in 1,2,4-triazole
cycle (PKR-173, 177) leads to the disappearance of antimicro-
bial activity against the studied strains. It was established that
the transition from morfolin cation (PKR-133) to the piperydyn
cation (PKR-134) in the molecules of 2-((4-phenyl-3-(mor-
folinometylen)-4H-1,2,4-triazole-5-yl) thio) acetic acid is
accompanied by a significant increase in antimicrobial effect.
It was interesting that from all the cations in the molecules of
2-((4-amino-3-(morfolinometylen)-4H-1,2,4-triazole-5-yl) thio)
acetic acid salt (PKR-173, 174, 177, 234) only the presence of
sodium cation (PKR-174) leads to a pronounced antimicrobial
effect against studied strains.

Conclusions

1. The antimicrobial action of 2-((4-R-3-(morfolinomety-
len)-4H-1,2,4-triazoles-5-yl) thio) acetic acid salts has been
studied using hanging drop method and serial dilutions in broth
(limit concentration option).

2. The study had found that substances PKR-134, 135, 136,
139 and 174 are the most effective in relation to the main groups
of pathogenic bacteria.

3. Certain regularities based on ”structure—action” have been
established. This can be integrated in the future for targeted
search substances with antimicrobial properties.

Conflicts of Interest: authors have no conflict of interest to
declare.
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