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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, CC₅₀ 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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Аннотация. Өзектілігі. Жаңа бактерияға қарсы препараттарды әзірлеуде 
белгілі бір жетістіктерге қол жеткізілгеніне қарамастан, дәрі-дәрмекке төзімділік, 
соның ішінде бірнеше топқа бір мезгілде төзімділік (MDR – multidrug resistance), 
қазіргі медицинаның өзекті мәселелерінің бірі болып отыр. Алаңдатарлық жайт 
– төзімді микроағзалар тудыратын аурулардың санының күрт артуы жаңа дәрілік
заттарды жасау ісіндегі айқын қиындықтармен қатар жүруде. 

Осыған байланысты инфекцияға қарсы және антимикробтық белсенділікке ие 
қосылыстарды іздестіру мен әзірлеу өзекті мәселелердің бірі болып табылады. 

Тақырыптың өзектілігін ескере отырып, бұл жұмыстың мақсаты – пиперидин 
туындысы болып табылатын, жоғары тиімді инфекцияға/микробқа қарсы 
1-бензил-4-(п-фторбензоилоксиимино)пиперидин гидрохлориді (AIP-15) алу 
технологиясын әзірлеу және оның цитоуыттылығын зерттеу болып табылады.

 In vitro жағдайында цитоуыттылықты бағалау үшін бірқабатты өспелі 
жасуша дақылдары – MDCK желісі пайдаланылды. Зерттеліп отырған 
қосылыстың уытты əсерін сандық бағалау MTT-тест əдісі арқылы жүргізілді. 
Деректер қосылыспен өңделгеннен кейін 72 сағаттан соң тіркелді. Алынған 
нəтижелер негізінде ЦТК₅₀ мəндері есептелді.

MDCK жасуша культурасының моделіндегі in vitro цитоуыттылықты зерттеу 
нәтижесінде оның AIP-15 қосылысы үшін мәні 0,7 мг / мл екендігі көрсетілді.

Осы зерттеу жұмысы аясында пиперидин қатарына жататын жоғары тиімді 
антимикробтық қосылыс – 1-бензил-4-(п-фторбензоилоксиимино)пиперидин 
гидрохлоридін (AIP-15) алу технологиясы ұсынылды. AIP-15 қосылысын 
белсенді фармацевтикалық субстанция ретінде алудың технологиялық үдерісі 
төрт сатыдан тұратын схема түрінде көрсетілді. Ұсынылған технологиялық схема 
қосылысты алу үдерісінің негізгі кезеңдерін және олардың орындалу реттілігін 
сипаттайды. Сонымен қатар AIP-15 қосылысының қауіпсіздік көрсеткіштерін 
бағалау және уытты әсері байқалмайтын ең жоғары концентрациясын анықтау 
мақсатында оның in vitro жағдайындағы цитоуыттылығы зерттелді. Осылайша, 
жұмыста AIP-15 қосылысын алу технологиясы мен оның цитоуыттылығын 
зерттеу нәтижелері ұсынылды.

Түйін сөздер: цитоуыттылық, субстанция, антимикробтық әсер, пиперидин, 
синтез, гидрохлорид, өндіру технологиясы 
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Аннотация. Актуальность. Несмотря на определенные успехи в создании 
новых антибактериальных препаратов. лекарственная устойчивость, в том числе 
множественная (MDR), т.е. одновременная резистентность возбудителей сразу к 
нескольким лекарственным препаратам, становится одной из основных проблем 
современной медицины. Особую тревогу вызывает тот факт, что стремительное 
увеличение числа заболеваний, вызываемых устойчивыми формами 
микроорганизмов, происходит на фоне очевидных трудностей в создании новых 
лекарственных препаратов. 

В этой связи весьма актуальным является поиск и разработка соединений, 
обладающих противоинфекционным/антимикробным действием. 

Целью настоящей работы является разработка технологии получения 
высокоэффективного противоинфекционного/противомикробного соединения 
пиперидинового ряда - гидрохлорида 1-бензил-4-(п-фторбензоилоксиимино) 
пиперидина (AIP-15) и изучение его цитотоксичности.

 Для оценки цитотоксичности in vitro использовали монослойные перевиваемые 
культуры клеток – MDCK. Количественная оценка токсического действия 
исследуемого соединения проводилась с использованием МТТ-теста. Учет 
данных производили после 72 ч воздействия соединения. На основе полученных 
данных рассчитаны значения ЦТК50. 
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В результате изучения цитотоксичности in vitro на модели культуры клеток 
MDCK было показано, что его значение для соединения AIP-15 составляет 0,7 
мг/мл.

В рамках настоящего исследования предложена технология получения 
высокоэффективного антимикробного соединения пиперидинового ряда – 
гидрохлорида 1-бензил-4-(п-фторбензоилоксиимино) пиперидина (AIP-15). 
Технологический процесс получения соединения AIP-15 в качестве активной 
фармацевтической субстанции представлен в виде четырехстадийной схемы, 
отражающей основные этапы и последовательность его получения. Кроме того, 
с целью оценки безопасности соединения и определения его максимальной 
концентрации, не оказывающей токсического воздействия, была изучена 
цитотоксичность AIP-15 в условиях in vitro. Таким образом, в работе представлены 
технология получения соединения AIP-15 и результаты исследования его 
цитотоксичности.

Ключевые слова: цитотоксичность, субстанция, противомикробное действие, 
пиперидин, синтез, гидрохлорид, технология производства 

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 µL of cell suspension was mixed with 20.0 µL of 0.4% 
trypan blue solution in a 1.5 mL Eppendorf tube. A 20.0 µL 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  = N1×100%  (2)
  N

where N₁ – 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% CO₂. 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 ×g 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).
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where C₁ – the initial concentration of the cells;  
N – the total number of unstained cells in the 4 large squares;  

2 – the dilution factor;  
10⁴ – 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 × 10⁵ cells per 
1.0 mL. The plates were incubated in a thermostat at 37°C and 5.0% CO₂. After 24 
hours of incubation, the growth medium was removed from the wells, and 200.0 µL of 
the DMEM medium, containing the test substances at the specified concentrations was 
added.

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

After 72 hours, the medium containing the substance was removed from the wells, 
and 200.0 µL of fresh nutrient medium and 50.0 µL 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 µL 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).
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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 



259

ACADEMIC JOURNAL OF PHYSICAL AND CHEMICAL SCIENCES

concentration of the substance under study was carried out according to the formula 
(5): 

Viable cells  = Y1×100%                               (5)                                                                                    
      Y

where iY is the result of measuring OP on each object of the group;
NCY NC – the arithmetic mean of OP (Y ) for negative control;

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

- CC50 (the concentration of substances in which 50% of cell death occurs) was 
calculated for each test substance, using the formula (6):
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where 1Õ  – more than 50% of the surviving cells;
2Õ  – the concentration of the substance in which more than 50% of the cells 

survived;
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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 CC₅₀ 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, a return 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 179-1810C, Rf 0.90 
(Al2O3, eluent – benzene:dioxane – 4:1), packed in a light-proof glass package with 
the AIP-15 label.
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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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