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Abstract. Relevance. Despite notable progress in the development of new
antibacterial agents, antimicrobial resistance, including multidrug resistance (MDR),
remains one of the most serious challenges of modern medicine. MDR refers to
the simultaneous resistance of pathogens to several drugs, which significantly
complicates treatment strategies. The rapid increase in infections caused by resistant
microorganisms is occurring against the background of considerable difficulties in
creating fundamentally new and effective medicines. Therefore, the search for and
development of novel anti-infective and antimicrobial compounds is highly relevant.

The aim of this study was to develop a production technology for a highly effective
antimicrobial agent of the piperidine series, 1-benzyl-4-(p-fluorobenzoyloxyimino)
piperidine hydrochloride (AIP-15), and to evaluate its cytotoxicity under laboratory
conditions.
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In vitro cytotoxicity was assessed using monolayer MDCK cell cultures. The
quantitative toxic effect of the studied compound was determined by the MTT assay
after 72 hours of exposure. Based on the obtained experimental data, CCs, values were
calculated to assess the safety profile of the compound.

As a result of the in vitro cytotoxicity study using the MDCK cell culture model, it
was shown that its value for the AIP-15 compound is 0.7 mg/ml.

This work presents a four-stage technological scheme for obtaining AIP-15 as an
active pharmaceutical substance. The developed technology provides a consistent
and structured approach to its synthesis. Additionally, the cytotoxic properties of
AIP-15 were evaluated in vitro, confirming its biological safety within the studied
concentrations.

Keywords: cytotoxicity, substance, antimicrobial effect, piperidine, synthesis,
hydrochloride, production technology
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AnHoTamusi. Oszexminiei. JKaHa OakrepusiFa Kapchl IpernaparTapibl 93ipieyie
Oesriuii Oip )KeTicTIKTepre KoJjl )KeTKI31IIreHiHe KapaMacTaH, 19pi-19pMEKKe TO3IM/ILIIK,
COHBIH imIiHe OipHeme Tonka 0ip Me3ruiae Te3imainik (MDR — multidrug resistance),
Ka3ipri MeIUIIMHAHBIH ©3€KTi MocelenepiniH 0ipi OOJBIN OTHIP. ATaHIAaTaAPIBIK KANT
— TO3IM1 MUKpOaF3aiap TYIbIPAaThIH aypyJap/IblH CAHBIHBIH KYPT apTybl KaHa JOpLTIK
3arTapAbl JKacay iCiHJeTi aifiKblH KUBIHABIKTAPMEH KaTap *Kypyae.

OcpiraH OaitlaHbICTHl HHOEKIUSFA KapChl )KOHE aHTUMHKPOOTHIK OCICEHITIKKE He
KOCBUIBICTAp/IbI 13/IECTIPY MEH 3ipJiey ©3eKTi MaceeaepIiH 0ipi OOJbIT TaObLIa b,

TaKBIPBINTHIH ©3EKTUIITTH €CKePe OTHIPHII, OYJT )KYMBICTBIH MaKCAThl — ITHIIEPUITH
TYBIHJIBICBI OOJIBINT TAOBLIATBIH, JKOFApbhl THIMAI WHQEKIHSIFa/MUKPOOKa Kapchl
1-6en3un-4-(n-GpTopOCH30MIIOKCHUMUHO )TUMEepUIuH  ruapoxiopuai  (AIP-15) amy
TEXHOJIOTHSCHIH d3ipJiey )KOHE OHBIH IIUTOYBITTBUIBIFBIH 3€PTTEY OOJIBI TaObLIaIbI.

In vitro >xar;maiiblHAa TUTOYBITTBUIBIKTEL Oaranay YVIIH OipKaOaTThl ecremi
xkacyma nmakpuimapel — MDCK  kemici maijamaHpuiiel. 3epTTENIN  OTBHIPFaH
KOCBUIBICTBIH YBITTBI dcepiH caHiblK Oaranay MTT-tecT ofici apKbLIbl KYPri3iii.
JlepekTep KOCBHUIBICTIEH OHJEITCHHEH KeliH 72 caraTTaH COH TipKenai. AJIBIHFaH
votmwkenep Herizinne L TKs, MoHnepi eceneni.

MDCK sxacymia KyiabTypachblHBIH MOACIIHJIET1 i# Vitro HUTOYBITTBUIBIKTHL 3epTTEY
HoTHxkeciHae oHbIH AIP-15 KochuIbIch! yImiH MaHi 0,7 MI / MJT €KSHJIIT KOpCeTiIi.

Ocbl 3epTTey KYMBICHI asChIHJA THUIEPHIUH KaTapblHa JKaTaThIH JKOFApbl THIMJI
AHTHUMHUKPOOTBIK KOCBUIBIC — 1-0eH3min-4-(1-pTopOeH30MITOKCHUMIHO )TUTICPUIH
rugpoxiopugin (AIP-15) amy TtexHomorusicel ychiHBULABL. AIP-15 KOCBUIBICHIH
OernceHai (apManeBTHKAIBIK CyOCTaHIMS PETiHAE ay[IblH TEXHOJOTHSIIBIK yIepici
TOPT caThIJJaH TYPAThIH CXeMa TYPiH/Ie KOpceTiIli. ¥ ChIHBUIFaH TEXHOJIOTHSUIBIK CXeMa
KOCBUIBICTBI ally YACpIiCiHIH HeTi3ri Ke3eHIePiH JKoHE OJap/blH OPBIHAANY PETTUIIrH
cunartaiasl. ConbiMeH Karap AIP-15 KOCBUIBICBIHBIH KayilCi3/liK KOpCETKIITepiH
OaraJiay jKOHE YBITTHI dcepi OaliKaiMalTBIH €H KOFapbl KOHIECHTPAIMSACHIH aHBIKTAY
MaKCaTbIHJIa OHBIH i1 Vifro KarJAalbIHIaFbl UTOYBITTBUIBIFEI 3epTTeni. Ochuiaiima,
xyMbicTa AIP-15 KOCBIIBICBIH ally TEXHOJIOTHSICHI MEH OHBIH IUTOYBITTHUIBIFBIH
3epTTey HOTHXKeJepi YChIHBUIIBI.

Tyiiin ce3aep: TUTOYBITTHUIBIK, CyOCTaHIINS, aHTUMHKPOOTBIK dcep, MHIIEPHUINH,
CHHTE3, THIPOXJIOPU, OHIPY TEXHOIOTHSIICHI
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AHHOTanus. AxmyanvrHocms. HecMOTpsI Ha OIpenesieHHbIE YCIeXH B CO3/IaHUU
HOBBIX aHTHOAKTEPUANILHBIX MTPENAapaToB. JIEKAPCTBEHHAS] yCTOMYUBOCTh, B TOM YHCIIC
MHOkecTBeHHas (MDR), T.e. olHOBpeMEeHHasi PE3UCTEHTHOCTh BO30YyIUTENCH cpasy K
HECKOJIbKMM JIEKapCTBEHHBIM TperaparaM, CTAaHOBUTCS OJHOM M3 OCHOBHBIX MPoOieM
COBpeMEHHOM MeuIUHBL. OCOOYI0 TPEBOTY BBI3BIBAET TOT (AKT, UTO CTPEMHUTEILHOE
yBeIMYCHUE 4YHcia  3a00JIeBaHM, BBI3BIBAEMBIX  YCTOMYMBBIMH  (hopmMamu
MHUKPOOPTI'aHU3MOB, ITPOUCXOAUT Ha (DOHE OUEBUIHBIX TPYJAHOCTEH B CO3IAHUH HOBBIX
JIEKapCTBEHHBIX MTpPerapaToB.

B aT0i1 cBSI3M BechbMa akTyallbHBIM SIBIISICTCSI TIOUCK M Pa3paboOTKa COCTUHEHUH,
00aIaf0IUX TPOTUBOMH(DEKITMOHHBIM/aHTUMHUKPOOHBIM JICHCTBUEM.

Lenpio Hacrosmedt paboThl sBiIsfeTCA pa3padOTKa TEXHOJIOTHH MOJy4YeHUS
BBICOKOA((GEKTHBHOTO TPOTUBOMH()EKIIMOHHOTO/TIPOTHBOMUKPOOHOTO  COENHEHHS
MUINIEPUIMHOBOTO psijia - Tuapoxjopuaa 1-0eH3un-4-(n-pTopOeH30MIOKCUUMHUHO)
nunepunuHa (AIP-15) u u3ydenne ero MUTOTOKCHYHOCTH.

J7151 OLIEeHKM IUTOTOKCUYHOCTH i71 Vi{r0 UCTI0JIb30BAJI MOHOCJIOMHBIE IEPEBUBAEMbIE
kynbTypbl ki1eTok — MDCK. KomnyecTBeHHass OIEHKAa TOKCHYECKOTO MEUCTBUS
HCCIIElyEMOr0 COEIMHEHUs MpOoBOAWIIACh C Hcnosib3oBanueM MTT-tecta. Yuyer
JAHHBIX POU3BOMIIN TIOCIE 72 4 BO3/1eHiCTBUA coenHeHus. Ha ocHOBe momydeHHBIX
JaHHBIX paccunTanbl 3HaueHuUs LITK, .
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B pesynbprare uzydeHus HUTOTOKCUYHOCTH in Vitro HA MOJAENHU KYJIBTYpPhI KIETOK
MDCK 0bu10 0Ka3aHo, 4To ero 3Hadenue st coegunenuss AIP-15 cocrasmser 0,7
MT/MJL.

B pamMkax HaCTOAIIETO HCCIEIOBAHUS TIPEIJIOKEHA TEXHOJIOTHS TMOIYYeHUs
BBICOKOA(()EKTUBHOTO AaHTUMUKPOOHOTO COCAMHCHHUS IHUIICPUIMHOBOTO psija —
rugpoxyopuna  1-6en3uin-4-(n-¢propoeH3onnokcuuMuno) rnunepuauna  (AIP-15).
TexHonoruueckuil nporecc noiayuyeHus: coegquHeHuss AIP-15 B kadecTBe akTHBHOM
(apmaieBTHYECKON CYOCTAHIIMM TPEJCTABICH B BUJIE UYCTBIPEXCTAJAMHHON CXEMBI,
OTpa’Karollleii OCHOBHBIC ATAMBI U MOCIEA0BATEILHOCTE ero nonyuenus. Kpome toro,
C LEJbI0 OIEHKH Oe30MacHOCTH COSAWHEHHS W OIpeleNiCHHs ero MaKCUMalbHON
KOHIICHTpAI[UM, HE OKa3bIBAIOIICH TOKCHYECKOTO BO3JICHCTBUS, Oblla H3ydyeHa
IUTOTOKCHYHOCTH AIP-15 B ycnoBusix in vitro. Takum 00pa3oM, B pabOTe MpeICTaBICHBI
TexHoJiorust monyudenus coenunenuss AIP-15 u pesyaprarel HCCICAOBaHHS €ro
UUTOTOKCUYHOCTH.

KuroueBsble cjI0Ba: IMTOTOKCUYHOCTD, CYOCTAHIIUS, TPOTHBOMUKPOOHOE ICHCTBUE,
MUNEPUUH, CUHTE3, TUAPOXIOPHU, TEXHOJIOTUS MPOU3BOACTBA

Introduction. Infectious diseases were the leading cause of death in humans before
the discovery and use of antimicrobial drugs. The discovery of penicillin from Penicillium
notatum by Alexander Fleming in 1928, as well as the subsequent period, called the
“golden era of antibiotics”, gave a powerful impetus to research in this direction and
led to the discovery of new antibacterial agents, which was a real breakthrough in the
treatment of many dangerous diseases. Beta-lactams, aminoglycosides, tetracyclines,
macrolides, glycopeptides, synthetic quinolones and other compounds, discovered as
a result of these studies, served as basic drugs in the treatment, as well as the main
chemical platform for their modification in order to obtain new drugs (Monnet, 2010).

Despite some success in the development of new antibacterial drugs, drug resistance,
including multiple resistance (MDR), i.e. simultaneous resistance of pathogens to
several drugs at once, is becoming one of the main problems of modern medicine (Smith
et al., 2002, Kurganov et al., 2022, Losasso et al., 2014, World Health Organization,
2014, Ivanov et al., 2020, Popov et al., 2021). Of particular concern is the fact that the
rapid increase in the number of diseases, caused by resistant forms of microorganisms,
is taking place against the background of obvious difficulties in creating new
medicines. The number of new antibiotics, which have been comprehensively tested
and recommended for clinical use, is steadily decreasing every decade (Magiorakos et
al., 2012, Bérdy, 2005, Bérdy, 2012).

The need for new antibacterial drugs is due to various reasons: the expansion of the
antimicrobial spectrum, an increased activity against resistant pathogens, improved
pharmacokinetic properties, reduced toxicity, etc. It should be noted that most of the
drugs currently used were licensed more than ten years ago. The search and development
of new antibacterial drugs continues, but the number of newly registered antibiotics
is small. The strategies for the search for new antibacterial drugs are reduced to the
search for biologically active natural compounds, the synthesis of new compounds, as
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well as the chemical modification of the already known classes of antibacterial drugs.
Thus, the need for new drugs determines the relevance of the research, aimed at finding
and creating new antimicrobial agents.

Numerous studies have confirmed the high biological activity of a number of
fluorinated organic compounds, this interest is caused by a significant improvement
in the pharmacological properties of fluorinated compounds. The introduction of a
fluorine atom into the molecules of organic compounds increases their bioavailability,
metabolic stability, and lipophilicity, as well as improves the ability of these substances
to interact with the target proteins (Maksatova et al., 2023, Demain et al., 2009, Rizzo
et al., 2023, Satbayeva et al., 2024, Chernykh et al., 2025, Nairoukh et al., 2020).

In connection with the above, a highly effective antimicrobial compound AIP-
15 has been identified in the search for new anti-infective drugs among the fluorine
derivatives of the piperidine series (Akhmetova et al., 2024). In the frames of this
study, cytotoxicity has been studied in an in vitro experiment and a technological
scheme for the production of a highly effective antimicrobial compound AIP-15 as an
active substance has been presented.

Research objective. Based on the relevance of the topic, the purpose of this work
is to develop a technology for the production of a highly effective antimicrobial
piperidine compound 1-benzyl-4-(p-fluorobenzoyloxymino) piperidine hydrochloride
(AIP-15), and the study of its cytotoxicity.

Materials and Methods. Test Systems. Cell Culture. A monolayer continuous cell
culture of MDCK (Madin-Darby Canine Kidney) cells was used, obtained from the
Cell Biotechnology Laboratory of the Research Institute for Biological Safety
Problems, the National Center for Biotechnology, the Ministry of Education and
Science of the Republic of Kazakhstan.

Research methods. Passaging and Storage of Cell Cultures. To determine the
number of viable cells, 20.0 pL of cell suspension was mixed with 20.0 uL of 0.4%
trypan blue solution in a 1.5 mL Eppendorf tube. A 20.0 pL drop of the mixture was
placed under a cover glass on a hemocytometer. The cells were counted, and the
percentage of viable cells was calculated, using the following formula:

Viable cells = N x100% )

N

where N, — the number of unstained (viable) cells in the 4 large squares,
N — the total number of cells in the 4 large squares.

The contents of the cryovials were transferred into a flask, containing the growth
medium. The incubation was carried out at 37°C with 5% CO,. The MDCK cell culture
was maintained with the addition of 10% fetal serum and antibiotics.

The cultivation of the monolayer cultures was carried out as follows: the nutrient
medium was removed, the monolayer was rinsed with phosphate-buffered saline or the
HanK’s solution, treated with 0.25% trypsin-EDTA solution, and the cellular monolayer
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was detached. The released cell suspension was carefully transferred into a sterile tube.
The cells were centrifuged at 125 xg for 10 minutes.

After the centrifugation, the supernatant was removed from the tubes. Then, 1-5
mL of the growth medium was added to the tube, containing the cell pellet. The number
of cells was counted, using a hemocytometer according to the formula (3).

C, :%x2><104, (3)

where C; - the initial concentration of the cells;
N - the total number of unstained cells in the 4 large squares;
2 — the dilution factor;
10* - the conversion factor for the hemocytometer.

The cells were seated at the density of 4=104.

Determination of the Cytotoxic Effect of the Substances In Vitro on the MDCK Cell
Culture. The cytotoxicity of the tested substances was evaluated in vitro, using the MTT
assay (Praliyev, et.al., 2026).

The cells were seeded into 96-well plates at the concentration of 2.5 x 10° cells per
1.0 mL. The plates were incubated in a thermostat at 37°C and 5.0% CO,. After 24
hours of incubation, the growth medium was removed from the wells, and 200.0 pL of
the DMEM medium, containing the test substances at the specified concentrations was
added.

For the negative control wells, 200.0 uL of the incomplete DMEM medium was
added.

After 72 hours, the medium containing the substance was removed from the wells,
and 200.0 pL of fresh nutrient medium and 50.0 pL of the working MTT solution were
added. The plates were incubated for 4 hours at 37°C. After the incubation period, the
supernatant was removed. Then, 100.0 uL of DMSO was added to each well (Akhmetova,
et.al,, 2025).

The optical density in the wells was measured, using a Tecan Sunrise RC.4 microplate
reader (Austria) at the wavelength of 540 nm (main filter) and 620 nm (reference filter).
The results were calculated, using the formulas (3)-(5).

the arithmetic mean of the optical density (Y ) for the negative control was
calculated, using the formula (4).

Y= Zy,, (4)

where - the result of measuring OP on each object of the group;
- the number of the objects in the group;
- the calculation of the percentage of surviving cells for each repetition of each
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concentration of the substance under study was carried out according to the formula

(5):

Viable cells = Y x100% (5)
Y

where Y is the result of measuring OP on each object of the group;

Y . — the arithmetic mean of OP (}") for negative control;

- the calculation of the arithmetic mean of the percentage of the surviving cells (¥ )
for each concentration of the substance under study was carried out, using the Formula
4

- CC,, (the concentration of substances in which 50% of cell death occurs) was
calculated for each test substance, using the formula (6):

[ Xi=50

CC,, =
50 X, - X,

x (Mx, — Mx, ) ]+ Mx, , (6)

where O, — more than 50% of the surviving cells;

02 — the concentration of the substance in which more than 50% of the cells
survived;

MXx, —less than 50% of the surviving cells;

Mx, — the concentration of the surviving substance less than 50% of the cells.

Results and Discussion. Determination of cytotoxicity of the studied compound
AIP-15 in vitro on the MDCK cell line. The safety of medicines is of paramount
importance when studying the properties of candidate compounds under development.
To determine the maximum concentrations, which do not have toxic properties, the
cytotoxic effect of AIP-15 has been studied. A monolayer transferable cell culture,
MDCK, has been used to assess toxicity.

The quantitative assessment of the toxic effect of the studied compound was
quantitatively assessed using the MTT assay. The cytotoxic effect of the studied
compound was quantitatively evaluated using the MTT assay on MDCK cells after 72
h of exposure. Based on the obtained data, the CCs, value of AIP-15 was calculated to
be 0.7 mg/mL.

As a result of a targeted search for new anti-infective agents, the highly active
antimicrobial compound AIP-15 (1-benzyl-4-(p-fluorobenzoyloxyimino) piperidine
hydrochloride) was identified among fluorinated piperidine derivatives. The compound
demonstrated activity against the susceptible reference strain Staphylococcus aureus
ATCC 6538-P as well as against the multidrug-resistant strain Staphylococcus
aureus ATCC BAA-39, exhibiting antimicrobial efficacy 16-fold greater than that of
gentamicin. Combined testing of AIP-15 with gentamicin or amoxicillin revealed a
synergistic effect, resulting in a several-fold reduction in the minimum bactericidal
concentration (MBC) (Akhmetova, et.al., 2024). The AIP-15 compound appears
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promising for further in-depth investigation as a potential agent for combating
Staphylococcus aureus infections.

Within the framework of this study, its cytotoxicity was evaluated in vitro, and a
technological scheme for the production of AIP-15 as a highly effective antimicrobial
active pharmaceutical ingredient was developed and is presented in Figure 1.

The technological scheme for obtaining the AIP-15 substance includes the 4 main
stages (Figure 1).

Stage 1. Pre-training. The preparation of the technological process begins first with
the auxiliary work. The reagents (t.melting/t.boiling, refractive index for liquids, etc.)
and solvents are checked. Auxiliary substances and materials are being prepared.

The reactor is tested for tightness, proper mixing, areturn refrigerator, a thermometer,
etc.

Stage 2. The oximation. The process of obtaining 1-benzyl-4-ketopiperidine
oxime first involves the mixing of 1-benzyl-4-ketopiperidine and hydroxylamine
hydrochloride in ethanol with constant stirring for 2-3 hours, preventing overheating of
the reaction mixture above 55 °C. After cooling to the room temperature, the mixture
is mixed for 12 hours. The precipitate (1-benzyl-4-ketoxympiperidine hydrochloride)
is filtered and dried in the air for 12 hours. The resulting product is dissolved in water
and alkalized to the pH of 10-12.

1-Benzyl-4-ketoxympiperidine is extracted with benzene. Benzene is distilled on a
rotary evaporator to half the volume. The precipitate is filtered, washed with diethyl
ether and recrystallized from isopropanol.

Stage 3. The fluorobenzoylation. The process of acylation of 1-benzyl-4-
ketopiperidine oxime first involves mixing it with p-fluorobenzoyl chloride in dioxane
with constant stirring for 2-3 hours, preventing overheating of the reaction mixture
above 60°C. After cooling to the room temperature, the mixture is mixed for 12 hours.
The precipitated 1-benzyl-4-(p-fluoro-benzoyloxyimino)piperidine hydrochloride
(AIP-15) is filtered, thoroughly, washed with diethyl ether on the filter, and dried in
the air for 12 hours. The resulting product is recrystallized from isopropanol and dried.

Stage 4. The packing. The product dried to a constant weight is 1-benzyl-4-(p-
fluoro-benzoyloxymino)piperidine hydrochloride, temperature 179-181°C, R, 0.90
(ALQO,, eluent — benzene:dioxane — 4:1), packed in a light-proof glass package with

the AIP-15 label.
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TECHNOLOGICAL STEPS
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Figure 1. The technological scheme for the AIP-15 substance.

Thus, a technology has been developed for the production of the AIP-15 - 1-benzyl-
p-fluorobenzoyloxyketoxympiperidine hydrochloride as a substance, which has passed
the stages of synthesis, proving the structure, determination of the biological activity
and cytotoxicity, which will be recommended for promotion to the pharmaceutical
market of Kazakhstan as an anti-infective agent.

Conclusion. Thus, in the frames of this work, a technology for the production
of a highly effective antimicrobial piperidine compound 1-benzyl-4-(p-
fluorobenzoyloxymino) piperidine hydrochloride (AIP-15) has been developed. It has
been shown that the technological scheme for obtaining the AIP-15 compound as an
active substance consists of the 4 stages. The cytotoxicity of the studied compound
AIP-15 was evaluted in vitro using the MDCK cell line. The cytotoxicity of the test
substance in vitro has been evaluated, using the MTT test.
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