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Abstract. Introduction. Modern computer modeling methods make it possible to predict the
biological activity and pharmacokinetic properties of compounds at early stages of drug development,
thereby accelerating the identification of promising candidates. Piperidine derivatives are of particular
interest due to their high potential pharmacological value. The aim of this study is to evaluate the
biological activity, pharmacokinetic parameters, and toxicity of novel piperidine derivatives using in silico
methods. Results and discussion. Four new compounds were synthesized via aminomethylation of 1-(2-
ethoxyethyl)-4-ethynylpiperidin-4-ol esters, isolated by column chromatography on Al20s3, and
characterized using physicochemical analysis methods. Biological activity was assessed using the PASS
program, pharmacokinetics via SwissADME, and toxicity via ProTox-I1l. The compounds demonstrated a
high probability of antibacterial, anti-inflammatory, and analgesic activity, as well as potential
effectiveness in the treatment of osteoporosis, diabetic neuropathy, and neurological disorders.
Pharmacokinetic analysis indicated good absorption and the ability to cross the blood-brain barrier.
According to ProTox-Ill, the compounds showed predominantly low toxicity (lowest for compound 5,
LDso = 2935 mg/kg). Conclusion. Compounds 2, 3, 6, and 7 are considered especially promising for
further research due to their high bioavailability and low toxicity. The results support the feasibility of
continued in vitro and in vivo screening of the synthesized compounds.
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1. Introduction

In the 21st century, there has been a shift from empirical drug discovery
toward rational drug design based on theoretical prediction of biological activity.
This approach considers the relationship between chemical structure and
pharmacological effect, enabling the early exclusion of ineffective or toxic
candidates and focusing efforts on promising molecules. One of the key strategies
involves chemical modification through the introduction of functional groups
capable of enhancing or altering biological activity.

Modern computational technologies play a crucial role in evaluating the
biological activity, toxicity, lipophilicity, and pharmacokinetic properties of
compounds, including gastrointestinal absorption and the ability to cross the
blood-brain barrier. Computational methods, including ADME parameter
prediction, are applied at all stages of drug development, facilitating the design of
molecules with optimized pharmacodynamic and toxicological profiles. The use
of machine learning algorithms enables the prediction of biological targets,
protein interactions, and toxicity without the need for costly in vivo studies,
thereby reducing expenses, development time, and reliance on animal testing.

The advancement of computational toxicology has become an integral part of
preclinical safety assessment, relying on the progress in chemistry and molecular
biology. Under these conditions, in silico methods provide an efficient means to
evaluate the pharmacological and toxicological potential of compounds at the
early stages of drug development [1].

The aim of the present in silico assessment is to determine the impact of
chemical modification on the biological activity of the starting compounds. The
study is focused on identifying enhancement, attenuation, or emergence of new
types of activity, which contributes to predicting their pharmacological potential
and optimizing synthetic strategies.

B HACTOALICM UCCIICAOBAHUU B KAUCCTBC MpEAMETA JIsI UH CUJIIMKO OLCHKH
ObLIH BLI6paHLI MIPOUBOAHBIC IMTUIICPUINHA.

Piperidine derivatives are known for their high pharmacological activity and
are considered “privileged structures,” serving as scaffolds for the development of
drugs with various mechanisms of action. They are found in more than twenty
drug classes [2], including anticancer agents [3], Alzheimer’s disease treatments
[4], antibiotics [5], analgesics [6], antipsychotics [7], and antioxidants [8].

2. The experimental part

To identify the studied compounds as potential sources of biologically active
agents, the following web-based tools were employed: PASS for predicting
biological activity [9], SwissADME for evaluating pharmacokinetic properties
(ADME) [10], and ProTox-111 for toxicity prediction [11].

The synthesis methods for compounds 2 and 3 are described in reference
[12].

Synthesis of compounds 4-7. To a mixture of 0.0026 mol of
paraformaldehyde and 0.0023 mol of 1-benzhydrylpiperazine or
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pyrimidylpiperazine in acetonitrile, with continuous stirring at room temperature,
0.0019 mol of compound 2 or 3 was added dropwise. Then, 5 mol% of freshly
prepared copper (1) chloride was introduced. The reaction was carried out at the
boiling point of acetonitrile for 72—-78 hours. Upon completion, the mixture was
cooled, the acetonitrile was evaporated, and the residue was acidified with
hydrochloric acid solution (1:1) to pH ~2 and washed with diethyl ether 3 times to
remove paraformaldehyde residues. Next, the reaction mixture was then basified
to pH ~10 using sodium hydroxide solution. The product is extracted with hexane.
After, it was purified by column chromatography on AlLOs using a
chloroform:acetone system (10:1), followed by solvent evaporation. Yields
ranged from 40% to 80%. The composition and structures of the synthesized
compounds were confirmed by elemental analysis and spectral data.
1-Benzhydryl-4-(3-(1-(2-ethoxyethyl)-4-(2-phenoxyethoxy)piperidin-4-
yhprop-2-yn-1-yl)piperazine (4). Cs7Ha7N3O3; nyoD = 1.546; Found, %: C 76.38,
H 8.14, N 7.22. Calculated, %: C 76.25, H 8.09, N 7.35; IR spectra, v, cm™:
1245.4 (-C-0-C(N)), 1110.7 ((-C-O-C(Ph)), 755.4, 1497.2, 1586.0 (Ph); *C NMR
spectra (101 MHz, Chloroform-d) & 152.07, 149.72, 130.64-121.26, 117.81
(Chenz), 81.18, 86.17, 48.65 (C=C-CH,), 76.83 (C2Ph), 71.66, 50.62, 36.75
(Cpiperidine), 5265, 5138 (Cpiperazine), 6938, 2769 (QHzQHzOPh), 6849, 6669,
57.89, 15.64 (NCH2CH>0O_CH>CH3s).
1-Benzhydryl-4-(3-(1-(2-ethoxyethyl)-4-(2-phenoxybutoxy)piperidin-4-
yl)prop-2-yn-1-yl)piperazine (5). CssHs1N303; n®p = 1.539; Found, %: C 76.81, H
8.43, N 6.89. Calculated, %: C 76.95, H 8.25, N 6.35; IR spectra, v, cm™: 1245.8
(-C-0-C(N)), 1109.2 ((-C-O-C(Ph)), 756.4, 1497.1, 1586.0 (Ph); *C NMR
spectra (101 MHz, Chloroform-d) & 159.10, 142.79, 129.44-120.53, 114.50
(Coenz), 81.12, 86.11, 47.08 (C=C-CH,), 75.94 (C2Ph), 71.61, 50.58, 36.84
(Cpiperidine),  52.27, 51.82  (Cpiperazine), 67.62, 62.72, 26.78, 26.42
(CH,CH,CH,CH,0OPh), 68.41, 66.54, 57.93, 15.28 (NCH,CH,0 CH,CHb).
2-(4-(3-(1-(2-Ethoxyethyl)-4-(4-phenoxyethoxy)piperidin-4-yl)prop-2-yn-1-
yl)piperazin-1-yl)pyrimidine (6). C2sHzoNsOs; n*p = 1.563; Found, %: C 68.13, H
7.96, N 14.19. Calculated, %: C 68.95, H 7.75, N 14.35; IR spectra, v, cm™:
1245.2 (-C-0-C(N)), 1110.8 ((-C-O-C(Ph)), 753.3, 1496.2, 1599.7 (Ph), **C NMR
spectra (101 MHz, Chloroform-d) 6 159.06, 129.41, 120.48, 114.48 (Cpenz), 86.57,
80.57, 47.39 (C=C-CH), 51.71, 43.61 (Cpiperazine), 161.68, 157.78, 110.12
(Cpyrimidine), 71.59, 50.53, 36.61 (Chpiperidine), 67.57, 27.36 (CH.CH,OPh), 68.35,
66.49, 57.74, 15.24 (NCH,CH,0O CH,CHj3).
2-(4-(3-(1-(2-Ethoxyethyl)-4-(4-phenoxybutoxy)piperidin-4-yl)prop-2-yn-1-
yl)piperazin-1-yl)pyrimidine (7). CsoHsNsO3; n?°p = 1.556; Found, %: C 69.07, H
8.31, N 13.42. Calculated, %: C 68.98, H 8.29, N 13.36; IR spectra, v, cm™
1245.6 (-C-O-C(N)), 1110.4 ((-C-O-C(Ph)), 756.3, 1496.0, 1597.7 (Ph), *C NMR
spectra (101 MHz, Chloroform-d) 6, 159.16, 130.08, 120.51, 114.95 (Cpenz),
86.68, 80.59, 47.45 (C=C-CH,), 51.79, 43.69 (Cpiperazine), 161.70, 157.77, 110.01
(Cpyrimidine), 71.65, 50.96, 36.78 (Cpiperigine), 67.59, 62.36, 26.75, 26.41
(CH.CH,CH>CH,0Ph), 68.42, 66.52, 57.81, 15.29 (NCH>CH-0O_CH>CH3).
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3. Results and discussion
The compounds studied include the parent compound — 1-(2-ethoxyethyl)-4-
ethynylpiperidin-4-ol (1), the intermediate ethers (2 and 3), and the final target

products (4-7).
~ O N/_\N—CHZ—CEC O—CnH2no—©
~cm,0) &y fj

fj fj [, CuCl. N 45

C,H,0C,H;
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Compounds 2 and 3 were synthesized via the Williamson reaction by
alkylation of the parent acetylenic alcohol 1 with the corresponding phenoxyalkyl
bromides in the presence of powdered potassium hydroxide in acetonitrile at room
temperature. Compounds 4—7 were obtained via aminomethylation of ethers 2 and
3 using a mixture of paraformaldehyde and a cyclic amine (pyrimidinylpiperazine
or diphenylmethylpiperazine) in acetonitrile. The reaction was catalyzed by
freshly prepared cuprous chloride. Upon completion, excess amine was removed
based on differences in solubility between the product and the secondary amine in
hexane. The structures of the synthesized compounds were confirmed using
physicochemical analytical methods.

Pharmacological activity prediction using the PASS software evaluated the
probabilities on a P, scale: values of P, > 0.3 indicate moderate likelihood, and P,
> 0.7 denote high probability and pharmacological relevance. According to these
results, the compound 1 (acetylenic alcohol) showed antibacterial (0.304), anti-
inflammatory (0.421), antiviral (0.352), and antioxidant (0.487) activities. These
properties suggest potential in treating infections and inflammatory conditions,
although the probability levels remain moderate.

Further modification of the molecule by synthesizing simple ethers 2 and 3
allowed for the assessment of the impact of phenoxyalkyl substituents on
biological activity. Antibacterial activity slightly increased (to 0.321), potentially
indicating enhanced cellular penetration. These compounds also exhibited
predicted activity in bone disorders (0.536 and 0.498, respectively), implying
potential utility in treating osteoporosis or related conditions. Compound 2
showed promising activity in the treatment of diabetic neuropathy (0.322) and
cocaine dependence (0.372), suggesting potential in neurological therapy.

The incorporation of  the bulky heterocyclic fragments
(diphenylmethylpiperazine and pyrimidinylpiperazine) into the compounds 4-7
led to a marked increase in biological activity and the emergence of new
pharmacological effects. Notably, analgesic activity was predicted with
probabilities of 0.609 (compounds 4 and 5) and 0.642 (compound 6), positioning
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these molecules as promising analgesic candidates. Spasmolytic activity reached
0.577 (5) and 0.551 (7), indicating potential for reducing smooth muscle tone.
Additionally, an enhanced antisecretory effect was predicted for compound 7
(0.462), potentially relevant for treating peptic ulcer disease. Derivatives 47, as
their initials 2 and 3, retained promising activity for bone disorders (0.528-0.363).

Thus, PASS predictions indicate a favorable biological activity profile for the
studied compounds, warranting further experimental validation.

The SwissADME tool provides a cost-effective means to predict ADME
(absorption, distribution, metabolism, excretion) pharmacokinetic properties and
assess drug-likeness based on molecular structure and physicochemical
parameters. Using the Boiled-Egg model which is calculated on the basis of
lipophilicity (WLOGP) and polarity (TPSA), passive gastrointestinal absorption
and blood-brain barrier (BBB) permeability were evaluated (Figure 1).
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Figure 1 — The BOILED-Egg model for compounds 1-7.

Compound 1, located in the white ellipse, demonstrated high potential for
passive gastrointestinal absorption. In contrast, compounds 2—7, located in the
yellow ellipse, showed high BBB permeability, indicating potential CNS
availability. These categories are not mutually exclusive; molecules may exhibit
both properties.

Compounds 1, 4, 6, and 7 (blue dots), identified as P-glycoprotein substrates
(PGP+), may be actively effluxed from the brain or intestinal lumen. Compounds
2, 3, and 5 (red dots), identified as non-substrates (PGP-), have a lower
probability of active transport-based efflux.

Assessment of six key physicochemical parameters — lipophilicity (LIPO),
size (SIZE), polarity (POLAR), solubility (INSOLU), flexibility (FLEX), and
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saturation (SATU) — determines drug-likeness when values fall within the optimal
range. These ranges are visualized in a radar plot (Figure 2) as a pink zone
representing preferred values: lipophilicity (XLOGP3) from -0.7 to +5.0;
molecular weight from 150 to 500 g/mol; topological polar surface area (TPSA)
from 20 to 130 AZ; solubility (log S) not greater than 6; saturation (fraction of sp?
carbons) > 0.25; and flexibility (number of rotatable bonds) < 9. Full compliance
indicates a high probability of drug-likeness

Radar plots revealed that compounds 2 and 3 fall within most optimal ranges
(Figure 2), suggesting favorable drug-like properties. In contrast, compounds 4
and 5 containing diphenylmethylpiperazine moieties exceeded optimal flexibility
limits, likely due to structural complexity. Compounds 6 and 7, with
pyrimidinylpiperazine fragments, displayed the most favorable physicochemical
profiles within the optimal range, indicating the promise of this structural motif.
These compounds showed the best alignment with drug-likeness criteria, making
them strong candidates for further investigation and development.

Furthermore, all studied compounds meet Lipinski’s rule of five, indicating
favorable drug-likeness. However, compounds 4 and 6 do not fully comply with
the more stringent Muegge rule, which considers additional structural parameters
in early drug discovery (Table 1).
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Figure 2 - Radar diagram of compounds 2—7.
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Table 1 - Compliance of compounds 1-7 with bioavailability rules

Compound Lipinski rule Egan rule Muegge rule
1 Yes Yes Yes

2 Yes Yes Yes

3 Yes Yes Yes

4 Yes Yes No

5 Yes Yes Yes

6 Yes Yes No

7 Yes Yes Yes

Finally, the ProTox-I11 web tool was employed to predict compound toxicity.
Among all compounds, compound 3 showed the highest predicted toxicity (LDso
= 134 mg/kg), classifying it as class 3. Other compounds were categorized as
class 4-5, indicating moderate to low toxicity. Compound 5 exhibited the lowest
predicted toxicity (LDsp = 2935 mg/kg), placing it in class 5. Overall, the
compounds varied in toxicity, but none fell into the most hazardous (classes 1-2)
or least toxic (class 6) categories. Hepatotoxicity predictions were low across all
compounds (0.04-0.25), with compounds 1-4 and 6 showing minimal values
(<0.07). Compounds 5 and 7 also remained within acceptable limits (0.25 and
0.23), indicating a generally safe liver toxicity profile. Cytotoxicity was similarly
low for all compounds (0.18-0.3), supporting their favorable safety potential. The
target compounds displayed the lowest toxicity, supporting their potential safety
for therapeutic use.

Table 2 - Predicted toxicity of compounds 1-7

Comp. | LDso(mg/kg) | Hepatotoxicity, | Cytotoxicity, Toxicity Average Prediction
% % class similarity accuracy
(%) (%)

1 1050 0.05 0.18 4 70.13 69.26

2 480 0.04 0.23 4 66.02 68.07

3 134 0.04 0.21 3 61.87 68.07

4 700 0.07 0.22 4 49.36 54.26

5 2935 0.25 0.3 5 45.23 54.26

6 1087 0.07 0.2 4 48.98 54.26

7 2000 0.23 0.3 4 45.24 54.26

4. Conclusion

The conducted in silico assessment demonstrated that the studied compounds
possess a broad spectrum of predicted biological activities. According to PASS
predictions, the parent compound and its derivatives exhibit antibacterial, anti-
inflammatory, antiviral, and antioxidant properties, along with potential activity
against osteoporosis, diabetic neuropathy, and neurological disorders. Compounds
4-7 showed pronounced analgesic and spasmolytic effects, making them
promising candidates for the treatment of pain syndromes and related conditions.
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Pharmacokinetic analysis using SwissADME confirmed that the compounds
meet key drug-likeness criteria, including Lipinski’s rule of five, indicating their
potential oral bioavailability. According to the Boiled-Egg model, the compounds
demonstrated good gastrointestinal absorption and the ability to penetrate the
blood-brain barrier, which is particularly important for central nervous system
(CNS) therapies. Compounds 2, 3, 6, and 7 aligned well with bioavailability
criteria, whereas compounds 4 and 5, containing diphenylmethylpiperazine
fragments, exceeded optimal flexibility parameters due to their structural
complexity.

Toxicity evaluation using ProTox-111 showed that most compounds exhibited
moderate to low predicted toxicity. Compound 5 was the least toxic, while
compound 3 showed higher toxicity, which could potentially be mitigated by
immobilization strategies, such as encapsulation in dextrins. Importantly,
compound 3 is considered an intermediate, and its derivatives demonstrated lower
toxicity profiles.

Overall, the in silico analysis identified promising compounds for further
pharmacological investigation and provided a rational basis for prioritizing
candidates for experimental validation.
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In silico 9 AICI APKbLIIbI ZKAHA MUTTEPUIWH TYBIHIBIJIAPBIHBIH
DOAPMAKOKHHETHKACHI MEH YBITTBUIBIFBIH BAT'AJIAY

J.Bucenéain"’, A.FO.Ten’, B.K. 10", JK.M. Kaxcubaesa’, V.Dembitsky®

'«0.B. bexmypos amvinoazer Xumust 2vLieimoapel uncmumymoly AK, Armamel, Kazaxcman
?Abai amvinoaevl Kasax ¥nmmuix Iledazoeuxanvix Yuusepcumemi, Aimamei, Kazaxcman
3Kondanbanvl 3epmmeynep, UHHOBAYUANAP HCIHE KICINKepIiK opmanvlevl, Jlembpuic Konneoxrci,
Jlembpuooc, Kanaoa

*E-mail: ten-assel@mail.ru

Tyiiingeme. Kipicne. Ka3ipri 3amMaHfbl KOMIBIOTEPIIK MOJEIBACY OMICTEPl KOCBUIBICTAP/BIH
OMONIOTHSUIIBIK OEJICEHIUNIrT MeH (apMaKOKHMHETHKAIBIK KaCHETTEpPiH JSPLIIK 3aTTapibl 93ipieyiH epre
Ke3eHJepinae Ooinkayra MyMKIHIIK Oepeni, Oy THIMII MoJeKynanapisl ipikrey yaepiciH alTapiblKTai
xKpuiamMaaTanabl. OChl KOCBUIBICTAP/BIH IMIIHAE MUIEPUINH TYbIHABUIAPbIHA OJAPABIH JKOFAPBl BIKTUMAI
(apMaKoIOrHsIIBIK KYHIBUIBIFbIHA OaMIaHBICTBI €peKIlie Ha3ap aynapbuiajbl. 3epmmey MaKcamol - KaHa
CHHTE3/ICIITCH THIEPUINH TYBIHIBUIAPBIHBIH OWOJOTHSUIBIK O€ICEHIUITH, (apMaKOKHHETHKAIIBIK
mapaMeTpiepi MEH YBITTBUIBIFBIH KOMITBIOTEPIIIK MOJENbACY OMICTepiH KOJJaHa OTBIPBIN Oaraiay.
Homuorcenep oicone mangpiiay. Con yuin 1-(2-3TOKCHITHIN)-4-3THHHIITHIIEPUAUH-4-051  dupIiepin
aMUHOMETHIIICY HOTIDKECIHIE TOPT JKaHa KOCBUIbIC aiblHAbl. Byn kocsutbictap Al203 Herisinperi
GaraHanbl XpoMarorpadust oficiMeH OemiHilN, (U3NKa-XUMUSIIBIK Talgay 9IiCTepi apKbUIbl CUIATTaJIbL.
KocbutbicTapapie  Ononorusuiblk  Gencenainiri PASS Oarmapiamacsl apKbUibl, (papMakOKMHETHKABIK
kacuerrepi SwissADME munatdopmackinza, an yeirteutbirsl ProTox-111 kemerimen 3eprrenai. 3epTrenrexn
KOCBUIBICTAp/IbIH OaKTepusiFa Kapchl, KaObIHYFa Kapchl >KOHE aHAJIbIe3WsUIbIK OENICeHAUTIKKE >KOFaphl
OelliMainikke He, COHBIMEH KaTap OCTEONOpo3, AUAa0eTTIK HeHpomaTus >koHe XKyHKe xkyleci aypynapsl
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CUSKTBl TATOJIOTHSUIBIK JKaFjainapra Kapchl OeliceHIUNiK kepceryi MyMKiH. DapMakOKMHETHKAJIBIK
CHUIaTTaMaJIapblH Taj/lay OJIApABIH KaKchl aOCOpOUMsIIaHATBHIH JKOHE TeMaTOdHIE(aIbIK 0ereTTeH oTe
anaTelHbiH  KepcerTi. ProTox-III kemeriMeH KOCBHUIBICTApIBIH YBITTBUIBIFBI TOMEH JICHTEHIE eKeHi
AHBIKTAIIBI (€H TOMEH YBITTBUIBIK 5-Kochutbic, LDso = 2935 Mr/kr). Kopwsimsinowsi. Ocipece, 2, 3, 6 xone
7-KOCBUIBICTAp OMOKETIMALIITT JKOFapbl XKOHE YBITTBUIBIFBI TOMEH OoJyblHa OailaHbICTBhl Opi Kapait
3epITeyre aca IMEepCIEeKTUBAJIbl OONBINT TaObUIaAbl. AJIBIHFAH HOTIDKEIEp HETi3iH/Ae, CHHTE3JCNITeH
KOCBUIBICTAp/IBI 9pi Kapaid in Vitro sxoHe in ViVO CKpHHUHITEH OTKi3yl OPBIHIIBI JICTT aiiTyFa oAbl

Tyiiin ce3aep: numepuaAnH TybIHIbUIAPHI, KOMIbIOTEPIiK Moaenbaey, PASS, SwissADME, ProTox-1ll,
(hapMaKOKHHETHKA, YBITTBUIBIK, JOPITiK KOCHUIBICTAP.
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Pe3tome. Bsedenue. CoBpeMEHHbIE METOABI  KOMIBIOTEPHOTO  MOJEIHPOBAHHS  IMTO3BOJISIOT
MIPOTHO3UPOBATh OHMOJOTHYECKYI0 AKTUBHOCTh W (hapMaKOKMHETHUECKUE CBOWCTBA COCAMHEHHMH Ha
paHHMX JTanax pa3pabOTKH JIEKapCTB, YCKOPSS MOMCK MEPCHEeKTHBHBIX KaHaunatoB. OcoOblii MHTEpec
MPEJCTABIISIOT ~ NUIEPHIMHOBBIE  NPOWM3BOJHBIE  Oyarojapss WX  BBICOKOW  HOTCHIMAIBHON
(apmakonorndeckoit UeHHOCTH. [lenvlo Hacmoswjed pabomvi SBISETCS OLCHKA OHOJOTHYECKOM
aKTHUBHOCTH, (PapMaKOKWHETHKH M TOKCHYHOCTH HOBBIX IHIIEPHANHOBBIX TPOU3BOAHBIX METOHaMH N
silico. Pesymomamer u obcyscoenue. Tlyrém amuHOMETHIMpOBaHHs 3PupoB 1-(2-3TOKCHITHI)-4-
STHHWINHUICPUANH-4-071a ~ CHHTE3MPOBAaHBI ~ YETHIPE  COCIAWHCHHUS,  BBIICIICHHBIE  KOJOHOYHOH
xpomarorpadueii Ha Al2O3 U oxapakTephu30BaHHBIE (HU3UKO-XUMHYECKHMU METOAaMu. bHomormdeckast
aKTHBHOCTh OLICHMBAJIACh C UCIOJb30BaHMeM mporpammbl PASS, dapmakokunernka — B SwissADME,
TokcnyHOoCcTh — B ProTox-1II. YcraHOBieHO, YTO coOeAWHEHWs O0JAaNaOT BBICOKOH BEPOSTHOCTHIO
aHTHOAKTEpUAIbHOM, IPOTHBOBOCHIAINTEIBHON W  aHAIBIe3UPYIOMEW aKTUBHOCTH, a  TaKke
MOTEHIMANBHON (P (HEKTUBHOCTBIO MPU OCTEOINOpO3e, IHAOCTHUECKON HEeHWpomaTuH M 3a00JIeBaHMAX
HEepBHOU cucTeMbl. DapMaKOKMHETHYECKHE XapaKTEPUCTHKU CBUICTENILCTBYIOT O XOpoIIei abcopOounu u
CIIOCOOHOCTH TIPOHMKATh 4Yepe3 remartodHuedanndeckuii Oapbep. CormacHo ProTox-III, coenunenms
HMEIOT NMPEHMYIIIECTBEHHO HU3KHI YPOBEHb TOKCHYHOCTH (HaMMEHbIast — y coeanHerus 5, LDso = 2935
Mr/kr). 3akmouenue. OCOOECHHO TEPCHEKTUBHBIMH Ul JajbHEHIINX HCCICAOBAHUI  SIBISIOTCS
coenuHenus: 2, 3, 6 u 7 Onaronapst BBICOKOH OHOJOCTYITHOCTH M HHU3KOW TOKCHYHOCTH. IlomyueHHBIE
PE3yIbTaThl MOATBEPIKAAIOT I[EIecO00pasHOCTh HaibHelmero in Vitro w in Vivo ckpuHHHTa
CHHTE3UPOBAHHBIX COCANHEHUI.

KiroueBble c/I0Ba: THIEPUAMHOBBIC IPOU3BOIHBIC, KOMIIBIOTEpHOE MojenupoBaHue, PASS,
SwissADME, ProTox-III, hapMakOKHHETHKa, TOKCHIHOCTb, JIEKAPCTBEHHBIE COCIMHCHHUSL.
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Ten Acenv FOpvesna Kanouoam xumuyeckux HayK, accoyuuposanuuiii npogeccop
1O Banenmuna Koncmanmunoena Jokmop xumuueckux Hayk, npogeccop
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