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Abstract. The relevance: This study is driven by the need for preliminary screening
in drug development, with a particular focus on a promising class of 1,3,5-triazine
derivatives known for their diverse pharmacological potential. The high cost of
experimental screening necessitates robust in silico methods to prioritize viable
candidates. Aim: to conduct a comprehensive computer-aided screening of a series
of novel 1,3,5-triazine derivatives. Methods: The research employed computational
approaches to predict the biological activity, pharmacokinetics, and toxicity of six novel
1,3,5-triazine derivatives. The PASS algorithm predicted biological activities, while the
ADMETIab-3.0 platform evaluated drug-like properties, including compliance with
Lipinski’s rule, intestinal permeability, blood-brain barrier penetration, metabolism
by cytochrome P450 enzymes, and various toxicity endpoints. Results: Key findings
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indicate promising predicted activities, particularly as inhibitors of testosterone-17f-
dehydrogenase and anaphylatoxin receptors, suggesting applications in oncology
and immunology. Pharmacokinetic analysis showed that all compounds have good
predictable bioavailability when administered orally. Significant differences were
identified: compound 4 showed high blood-brain barrier penetration, while compounds
1 and 2 were predicted to be safer with lower overall toxicity. However, critical
toxicological risks were highlighted, such as potential cardiotoxicity for compounds 3
and 6, and neurotoxicity for compound 4. Practical significance: The results demonstrate
the practical utility of integrated in silico profiling for rational lead selection. Study
enables ranking of compounds by predicted activity and safety, helping to identify
the lead candidates (1 and 2) for further development. This strategy can significantly
accelerate early drug development by reducing the number of compounds requiring
costly laboratory testing.
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AHHOTanus1. O3exminici: 3epTTey KYMBICHI OPTYPIIi (hapMaKOIOTHSIIBIK SJIeyeTiMEeH
TaHbIMal 1,3,5-TpuasuHHIH >KaHa 6 TYBIHABICHIHBIH (DapMaKOIOTHSIIBIK KaCHETTEPiH,
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OHMOJIOTHUSITBIK OSJICEH/IUTITIH )KOHE YBITTBUIBIFBIH i1 silico oMiciMeH OoJDKayFa apHaJFaH.
OKCNEePUMEHTTIK CKPUHUHITIH JKOFapbl KYHIBUIBIFbIHA OaiJIaHBICTBI TEPCIIEKTUBTI
yMiTKepiepre 6achIMIbUIBIK Oepy ymiiH in silico smictepin maipanaHy KaXeTTiiri
TysIHOARael. Makcamor: JKana 1,3,5-Tpua3wH TYBIHIBUIAPBIHBIH CEPHACHIH KEIICHI
KOMITBIOTEPIIIK CKPUHHUHTTEH OTKI3y. 3epmmey 20icmepi: BUOMOTUSIBIK OEICeHITITIK
PASS anroputmi apkpuiel Oopkannel, an ADMETIlab-3.0 mnardopmacer Herisri
(hapMaKOKMHETHKAIIBIK KaCHETTEpIli, COHBIH imnHAe JIMIMHCKUN epekeciH cakray,
IIIeK OTKI3TilTiri, reMaTo’Huedanaslk oererTin enyi, P450 muroxpom depmentrepi
ApPKBUTBI METAa0OJM3M JKOHE OpPTYpJIi YBITTBUIBIKTApHI OaFajiay VIMiH KOJJIaHBUIIEL.
Homuoice: AnplaraH HOTWKENEp, aran alTKaH#a, TecTocTepoH-17f-mermmporeHasa
YKOHE aHA(DHUIATOKCHH PEleNTOPIaphIHBIH MHTHOUTOPIAPHl PETIHIIE OHKOJIOTHS MEH
HMMYHOJIOTHSIAA KOJIaHyFa MYMKiHAIK Oepeni. DapMakoKHHETUKANBIK Taiaay OapiibiK
KOCBUIBICTAP/IBIH 1ITKe KaObUIIaFaH/1a jKaKChl OMOKETIMITIIITT OOKaHFAHBIH KOPCETTI.
CoHbIMEH KaTap Keyecified aWbIpMallbUIBIKTAD Jla aHBIKTAIABL: 4-KOCBHUIBICTBIH
remMarodHIehanaplK OereT apKbpUIBI JKOFAphl OTKI3TIMITINT Oalkammel, am 1 xoHe
2-KOCBUTBICTAP/IBIH JKaJIIbl YBITTHUTBIFBI TOMEH OOJITBI, IETEHMEH OJIap YIIiH Oenriii 6ip
Kayinrep J1e 0aKanpl. 3 xoHe 6 KOCBLIBICTAp YIIIiH KapINOYBITTHUIBIK XKOHE 4 KOCBLIBIC
YIIiH HEHPOYBITTHUIBIK CUSKTHI MaHbBI3bl TOKCHKOJIOTHSIIBIK KayilTep aHBIKTaJIIbL.
Hotmxenep in silico omiciHiH KOCBUIBICTAPABl YTHIMJBI IpIKTEYZEri  TXipHOeIniK
KYHJIBUIBIFBIH KopceTeli. [Ipakmukanviy mansizvl: JXYMBICHI KOCBUIBICTAPIIBI OOIDKAY
MEH KayiIlci3miri TYPFBICBIHAH capaliayFa MyMKiHII Oepemi. byt apbl KapalFel o3ipiey
YIIH €H NepCHeKTHBTI KaHaumartapabl (1 skoHe 2) aHBIKTayFa KeMeKTeceli. by
CTpaTerusi KbIMOAT TYPaThIH 3ePTXaHAJIBIK CHIHAKTAPbl KAXKET €TETiH KOCBUIBICTAP/IBIH
CaHbIH a3alTy apKbUIbI IOPUTIK 3aTTapibl 931piey/li alTapibIKTall Te3AeTyre MyMKIHIIK
oepeni.

Tyiiin ce3mep: 1,3,5-Tpuasun; PASS; ADME/Tox; dapMakoKHHETUKACH;
YBITTBUIBIK; TOPLTIK 3aTTap/AbIH JaMYbl
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AHHOTaNMsI. Axmyanvrocmo: Jannoe HCCIIeZIOBaHUE 00yCIIOBJICHO
HEOOXOJMMOCTBIO TPEABAPUTENLHOTO CKPUHHHTa B pa3paboTKe JIeKapCTBEHHBIX
npenaparoB, yaensisi ocoboe BHHMaHHE IMEPCHEKTHBHOMY KIIACCY TPOU3BOIHBIX
1,3,5-TpuazuHa,  W3BECTHBIX  CBOMM  Pa3HOOOpPa3HBIM  (apMaKOJIOTHMYECKHM
MOTEHIIHAIOM. BbICOKasi CTOMMOCTB 3KCIIEPUMEHTAIBHOI0 CKPUHUHTA 00yClIaBIMBAET
HEOOXOAMMOCTh HCIIOJIB30BaHUSI HAJCKHBIX METOIOB in Silico JUisl ONpEIeIICHUs
MIPUOPUTETHOCTH TIEPCIEKTUBHBIX KaHAUAATOB. [[enb: TIPOBECTH BCECTOPOHHUMN
KOMITBIOTEPHBII CKPUHUHT psfja HOBBIX IPOW3BOAHBIX 1,3,5-Tpuasuna. Memoowr:
buonornyeckyro akTMBHOCTh MPOTHO3MPOBAIM € MoMolnbio anroputma PASS, B TO
Bpems kak miargopma ADMETIlab-3.0 Obuia ucrosib30BaHa Ui OLEHKHA KJIFOUEBBIX
(hapKaKOKMHETUYECKMX CBOWMCTB, BKIIOYash COOTBETCTBHE MpaBwiy JIMmmHCKOTO,
KHIICYHYIO TPOHHUIIAEMOCTh, IPOHUKHOBEHUE Yepe3 TeMaTodHIedatnieckuii oapbep,
MeTaboam3M GepmenTamMu nuToxpoma P450 1 olleHKH pa3IudHbIX BUIOB TOKCHYHOCTH.
Pesynomamei: OCHOBHBIE BBIBOABI YKa3bIBAIOT Ha MEPCHEKTHBHBIE MPOTHO3UpYEMBbIe
AKTHBHOCTH, B YACTHOCTH, B KQ4€CTBE HHTMOUTOPOB TECTOCTEPOH- 1 7B-meruaporeHassl
W peuentopoB aHa(QHUIATOKCHHA, YTO MpEANojaracT MPUMEHEHHE B OHKOJIOTHH
n umMMmyHosornu. dapMakOKMHETHYECKMH aHalu3 IMoKa3ald, YTO BCE COEAMHEHUS
00JIa/Ial0T XOpOoIIel MPOTHO3UPYEMOM OMOJOCTYITHOCTBIO MPH NpUeMe BHYTPb. Bbuin
BBISIBJIEHBI CYIIECTBEHHBIE PA3INUMs: COeIMHEHHE 4 MPOJEMOHCTPHUPOBAJIO BBICOKYIO
MIPOHHIIAEMOCTh Yepe3 reMaTodHIedanndeckuii 6apbep, B TO BpeMsl Kak COCAMHEHHS
1 u 2, obmamany MeHbIIeH OOIell TOKCHYHOCTBIO, XOTS U IS HUX OBIIH OTMEYEHEI
OTIpe/ieJIeHHbIe PUCKU. YCTaHOBJIEHbI KPUTHUECKHE TOKCHKOJIIOTHYECKUE PUCKH, TaKHe
KaK TOTeHIMaJIbHAas KapJHOTOKCUYHOCTh JJIs COeTMHEHNH 3 U 6 1 HEHPOTOKCUYHOCTh
s coeauHeHuss 4. Pe3ynbrarthl  IEMOHCTPHPYIOT —TPAKTUYECKYIO I[€HHOCTh
HMHTETPUPOBAHHOTO MPOQUIUPOBAHHUS i1 Silico IS PallMOHAILHOTO BEIOOPA OCHOBHBIX
coequHeHnd. [lpakmuueckas sHayumocms: VlcciaenoBaHre MO3BOJSIET PaHKUPOBAThH
COEIMHEHH MO MEePCIIeKTUBHOCTH 1 0€301acHOCTH, BBIABIIAS HanOoJee MOIXOAIINX
kanauaaroB (1 u 2) ans nanpHeimei pa3paboTku. DTa cTpaTerust MOXKeT 3HAYUTEIILHO
YCKOPUTh PAHHIOI Pa3pabOTKy JIEKapCTBEHHBIX MPENapaToB 3a CYET COKpAIlEeHUs
KOJIMYECTBA COEIMHEHNH, TPEOYIOIINX JOPOTOCTOSIINX J1a00PATOPHBIX HCIBITAHHH.

KaoueBbie caoBa: 1,3,5-Tpuasun; PASS; ADME/Tox; ¢apmakokuHeTHKa;
TOKCUYHOCTB; pa3padoTKa JIeKapCTBEHHBIX MPenaparoB
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Introduction. The relevance of searching for new highly effective compounds, both
natural and synthetic, is confirmed by many research (Silva et al., 2025; Dyusebaeva,
2024; Duzbayeva et al., 2023; Ikhsanov et al., 2023; Kantureyeva et al., 2021;
Zhonderbek et al., 2021). At the same time, the development of new drugs is a complex,
multi-step, and resource-intensive process characterized by a high failure rate at late
stages, often due to unexpected toxicity, unsatisfactory pharmacokinetics (ADME),
or insufficient efficacy. In this context, computer prediction methods (in silico) have
become an integral tool in modern medicinal chemistry, enabling virtual screening and
prioritization of compounds at the earliest stages, significantly reducing time and costs.

The introduction of new pharmacologically active compounds based on nitrogen-
containing heterocyclic systems is a strategic direction in the fight against socially
significant diseases (Bayazit, 2025). Promising compounds in this regard include
1,3,5-triazines, which were chosen as the object of this study. 1,3,5-Triazines find wide
application in chemistry, medicine and pharmacology due to their flexibility and diverse
biological activity. These six-membered cyclic structures contain three nitrogen atoms,
which allows them to be easily modified to obtain various derivatives with unique
properties. Due to their versatility and ability to interact with various biological targets,
they are actively studied for the creation of new therapeutic drugs.

However, the synthesis and experimental testing of all potentially interesting triazine
derivatives is physically impossible. Therefore, the key task is to rationally select the
most promising candidate structures for subsequent synthesis and in-depth study.

Here, modern in silico approaches come to the forefront, enabling:

1. Prediction of Activity Spectra for Substances (PASS). The PASS algorithm
evaluates the likelihood of a compound exhibiting a broad spectrum of biological
activity based on its molecular structure, helping to hypothesize primary and secondary
pharmacological effects and identify potential new mechanisms of action (Sukhachev
et al., 2025).

2. Evaluate ADME (Adsorption, Distribution, Metabolism, Excretion) properties
and toxicological profile (ADME/Tox). The success of a molecule as a drug candidate is
determined not only by its high activity in vitro, but also by its ability to reach the target
in the body, have an adequate half-life, and an acceptable safety profile. Prediction
of parameters such as solubility, permeability, metabolic stability, and cardiotoxicity
(hERG) using modern computational platforms (such as ADMETIab) is an important
step in the selection process (Dulsat et al., 2023; Xiong et al., 2021).

Thus, there is a clear scientific and practical need for comprehensive in silico analysis
of new 1,3,5-triazine-based chemical structures prior to their synthesis. This allows for
focusing experimental efforts on compounds that are highly likely to combine not only
the target pharmacological effect but also favorable drug-like properties.

The aim of this study is to conduct a comprehensive computer-aided screening of a
series of novel, previously undescribed 1,3,5-triazine derivatives using the PASS and
ADMET]ab prediction technologies to:

1. Predict potential biological activities.

2. Assess key pharmacokinetic and safety parameters.
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3. Identify the most promising candidate structures that optimally combine predicted
high activity and a favorable ADME/Tox profile for subsequent prioritized synthesis
and biological validation.

The choice of the 1,3,5-triazine scaffold for this in silico study is justified by its
exceptional versatility and proven potential across multiple therapeutic domains, as
evidenced by recent research.

A brief review of the literature on 1,3,5-triazine derivatives. The relevance of
searching for new nitrogen-containing heterocyclic compounds with targeted biological
activity is confirmed by modern research aimed at overcoming drug resistance. For
example, a recent study by Kazakhstan scientists presented a technology for the
synthesis and preclinical evaluation of a new antimicrobial piperidine derivative, AIP-
5, illustrating the current trend in medicinal chemistry toward the creation of such
structures (Akhmetova et al., 2025).

Modern research also confirms that 1,3,5-triazines are a highly promising molecular
scaffold for the development of broad-spectrum drugs due to the possibility of targeted
synthesis and modification. Of particular interest is research into the creation of hybrid
molecules and multitargeted ligands (MTDLs), a major trend in medicinal chemistry in
recent years.

In oncology, the strategy of hybridizing the triazine core with other pharmacophores
has yielded highly active and selective inhibitors of key targets. For example,
quinazoline-1,3,5-triazine hybrids have proven to be potent inhibitors of the epidermal
growth factor receptor (EGFR), demonstrating significant antitumor activity in vivo
without toxicity to normal cells (Lim, 2024). Another successful strategy has been the
development of new triazine and pyrimidine derivatives containing a dithiocarbamate
moiety based on the well-known inhibitor ZSTK474. One such compound demonstrated
high selectivity for the PI3Ka isoform and caused significant tumor regression in a
U87-MG glioma xenograft model without signs of toxicity, indicating its potential
as a targeted therapeutic agent (Sharma, 2024). Another successful strategy was the
development of new derivatives containing a dithiocarbamate moiety based on the
known inhibitor ZSTK474 (Tang et al., 2023). In this work, a rational structure-based
modification was implemented to achieve high selectivity for the PI3Ka isoform. The
lead compound demonstrated exceptional activity (ICs, = 1.2 nM against PI3Ka) and,
in an experiment on mice bearing U87-MG glioma xenografts, caused significant
tumor regression without signs of toxicity.

Apromising avenue is the use of 1,3,5-triazines for the treatment of neurodegenerative
diseases. A systematic review (Silva et al., 2025) highlights the potential of this scaffold
in the treatment of Alzheimer's disease, analyzing the activity of derivatives within two
main hypotheses: inhibition of acetylcholinesterase (AChE) and action on the amyloid
cascade (inhibition of BACE-1 and B-amyloid aggregation). The authors conclude that
triazines hold great promise for the development of multitargeted ligands capable of not
only alleviating symptoms but also modifying the course of the disease.

Significant results have also been achieved in the fight against infectious diseases. The
design of hybrid molecules combining a 1,3,5-triazine core with a 2,4-thiazolidinedione
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(TZD) moiety has led to the creation of compounds with activity against multiple
pathogens simultaneously. The lead compound in this series demonstrated potent
activity against HIV-1 (reverse transcriptase inhibition), demonstrated an inhibitory
effect against SARS-CoV-2, and demonstrated strong antibacterial and antibiofilm
activity, particularly against Gram-negative bacteria (Singh et al., 2025). This approach
addresses the current challenge of coinfections and multidrug resistance.

Anti-inflammatory and metabolic research are also actively developing. For example,
new 1,3,5-triazine derivatives, inspired by the structure of the drug imeglimine, were
identified as selective and potent inhibitors of dipeptidyl peptidase-4 (DPP-4). In animal
studies, the lead compound produced dose-dependent improvements in blood glucose
and insulin levels, lipid profile, and antioxidant status, confirming the potential of this
class for the treatment of type 2 diabetes (Gupta et al., 2023). Furthermore, new triazine-
based histamine H4 receptor (H4R) antagonists have been synthesized, demonstrating
pronounced analgesic and anti-inflammatory activity in vivo with low toxicity, opening
up new possibilities for chronic pain treatment (Olejarz-Maciej et al., 2023).

Research in the field of antimicrobial therapy is also ongoing. A modern review
(Rathod, 2024) summarizes trends in the development of antibacterial compounds
containing a triazine moiety, emphasizing the key role of cyanuryl chloride as a versatile
reagent for the preparation of biologically active derivatives.

Thus, a review of current publications convincingly demonstrates that 1,3,5-triazines
remain an exceptionally flexible and productive platform for the design of innovative
drugs. Current efforts are focused on the creation of hybrid molecules and multitargeted
agents aimed at treating socially significant diseases: oncology, neurodegenerative,
infectious, and metabolic. These data support the need for continued research and the
search for new derivatives with targeted biological properties.

Materials and methods. This study utilized a sequential computational (in silico)
approach that precedes labor-intensive and costly chemical synthesis and biological
screening. The primary goal of the methodology was to predict the properties of six
new 1,3,5-triazine derivatives, given on the scheme. This approach enables the early
identification of the most promising candidate compounds possessing both the desired
biological activity and favorable pharmacokinetic and toxicological profiles, significantly
increasing the efficiency of subsequent experimental stages of drug development.

OH OH o W
N/_/ N HN4<NH
HN/_ HN/_ > /_jNJ
NH NH
O>_ HO>_ Hscﬁo
1 2 3
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Two-dimensional (2D) chemical structures of all derivatives were constructed and
optimized using the Avogadro software package (v.1.2.0) using the Universal Force
Field (UFF) for energy minimization. The resulting three-dimensional (3D) molecular
models were saved in .mol and .sdf formats for subsequent computer analysis.

The PASS (Prediction of Activity Spectra for Substances, online version) algorithm
was used to predict the potential biological activities of the derivatives. This algorithm,
based on the analysis of over 300,000 known biologically active compounds and their
structural descriptors, estimates the likelihood that a given molecule will exhibit a
particular pharmacological effect. Standardized SMILES (Simplified Molecular Input
Line Entry System) notations for all six derivatives were uploaded to the PASS web
server. The analysis was performed in prediction-only mode. Standard values of 0.5
were used as thresholds for the probabilities of activity (P,) and inactivity (P,). The
results were analyzed, and the most probable biological activities with the highest P,
values (>0.7) were selected for each compound.

An assessment of the ADMET properties (absorption, distribution, metabolism,
excretion, and toxicity) of new 1,3,5-triazine derivatives was performed using
the ADMETlab 3.0 web platform. Using standardized SMILES notations, key
physicochemical descriptors were calculated for each compound, including molecular
weight, LogP, number of hydrogen bond donors and acceptors, and topological polar
surface area. These descriptors were used to assess compliance with drug similarity rules
(Lipinski, Hahn, and Wieber). Absorption and distribution parameters were modeled
by predicting permeability through Caco-2 and MDCK cell monolayers, blood-brain
barrier penetration, and plasma protein binding. To assess the metabolic profile, the
compounds' potential to act as inhibitors or substrates of the major cytochrome P450
isoforms was analyzed. The toxicological assessment included determination of the risk
of hERG channel inhibition (cardiotoxicity), hepatotoxicity potential, mutagenicity,
carcinogenicity, and calculation of the integral toxicity index (Tox-score) in the range
from 0 to 1, where values approaching 1 indicate a high overall risk.

These in silico approach efficiently prioritized candidates for further testing. The
criteria for identifying promising candidates were defined as follows:

1. At least one predicted therapeutically relevant activity with a Pa > 0.7 based on
PASS data.

2. Full compliance with Lipinsky's rules.

3. Favorable absorption parameters: Caco-2 permeability > -5.15 log cm/s (high),
predicted BBB penetration consistent with the target site of action.

4. Low toxicity risk: no high risk (Tox score < 0.5) for key parameters (hERG,
hepatotoxicity, mutagenicity).
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Results. PASS prediction of compounds 1-6. The results of computer prediction
of the spectrum of biological activity for 1,3,5-triazine derivatives 1-6 revealed a
number of potentially significant pharmacological effects, which confirms the promise
of the selected molecular framework. Computed PASS profiles 1-6 are given in Table
1, highlighting predicted “property of being active” (P, > 0.7) and “property of being

inactive” (P)).

Table 1 — PASS predicted activities of compounds 1-6

Compound P P Activity
1 0.84 0.01 | Anaphylatoxin receptor antagonist
0.82 0.02 | Testosterone 17beta-dehydrogenase (NADP+) inhibitor
0.80 0.01 | Mannotetraose 2-alpha-N-acetylglucosaminyltransferase inhibitor
0.79 0.00 | Growth hormone agonist
0.78 0.00 | (R)-Pantolactone dehydrogenase (flavin) inhibitor
0.76 0.05 | Phobic disorders treatment
0.75 0.01 | 2-Dehydropantoate 2-reductase inhibitor
0.74 0.01 | Pterin deaminase inhibitor
0.74 0.01 | Trimethylamine-oxide aldolase inhibitor
0.73 0.02 | NADPH peroxidase inhibitor
0.73 0.01 | Leukopoiesis stimulant
0.72 0.00 | CYP2C19 inducer
0.70 0.02 | Fucosterol-epoxide lyase inhibitor
2 0.84 0.01 | Anaphylatoxin receptor antagonist
0.75 0.02 | Mannotetraose 2-alpha-N-acetylglucosaminyltransferase inhibitor
0.74 0.02 | NADPH peroxidase inhibitor
0.73 0.06 | Phobic disorders treatment
0.71 0.00 | Growth hormone agonist
3 0.87 0.01 | Mannotetraose 2-alpha-N-acetylglucosaminyltransferase inhibitor
0.72 0.07 | Phobic disorders treatment
0.70 0.00 | Growth hormone agonist
4 0.85 0.01 | Testosterone 17beta-dehydrogenase (NADP+) inhibitor
0.80 0.00 | Pterin deaminase inhibitor
0.78 0.00 | CYP2C19 inducer
0.76 0.02 | Nicotinic alpha2beta2 receptor antagonist
5 0.76 0.04 | Testosterone 17beta-dehydrogenase (NADP+) inhibitor
0.74 0.01 | Thioredoxin inhibitor
0.74 0.02 | NADPH peroxidase inhibitor
0.74 0.05 | Aspulvinone dimethylallyltransferase inhibitor
6 0.79 0.04 | CYP2C12 substrate
0.76 0.01 | 5-O-(4-coumaroyl)-D-quinate 3'-monooxygenase inhibitor
0.75 0.02 | Mannotetraose 2-alpha-N-acetylglucosaminyltransferase inhibitor

Thus, the predicted activity spectra of these compounds demonstrate their
potential as modulators of hormonal regulation, including inhibition of testosterone-
17B-dehydrogenase (1, P, = 0.82; 4, P, = 0.85; 5, P, = 0.76) and activation of growth
hormone (1, P, =0.79; 2, P, =0.71; 3, P_ = 0.70). These properties indicate the potential
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of these derivatives for the development of therapeutic agents for hormone-dependent
oncological diseases (Li et al., 2024) or the correction of metabolic disorders.

Anti-inflammatory and immunomodulatory potential: a pronounced tendency to
suppress inflammatory processes is observed. Thus, compounds 1 and 2 are highly
likely (P, = 0.84) to act as antagonists of the anaphylatoxin receptor, a key mediator
of inflammation [Buelli et al., 2024]. Additionally, compounds 2 and 5 are predicted to
be inhibitors of NADPH peroxidase (P, = 0.74), and compound 5 is predicted to be an
inhibitor of thioredoxin (P, = 0.74), indicating a possible mechanism for modulating
oxidative stress. The activity of compounds 3 and 6 as inhibitors of mannotetraose-2-
alpha-N-acetylglucosaminyltransferase (P, = 0.87 and 0.75) may be associated with
the effect on carbohydrate metabolism in the context of inflammatory processes, which
opens up prospects for the treatment of autoimmune diseases.

Neurotropic activity: the prediction indicates possible effects on the central nervous
system. Compounds 1-3 showed probable activity as agents for the treatment of phobic
disorders (P, = 0.72-0.76), and compound 4 showed probable activity as a pterine
deaminase inhibitor (P, = 0.80) and nicotinic a2f32 receptor antagonist (P, = 0.76) (El
Nebrisi et al., 2025). However, the relatively high probabilities of inactivity (P,) for
some of these effects (e.g., 0.07 for compound 3) require cautious interpretation and the
need for experimental confirmation.

Pharmacokinetics of compounds 1-6. Analysis of the physicochemical properties
of compounds 1-6 predicted by ADMETIab-.0 shows that all compounds meet the
Lipinski rule (MW < 500, logP < 5, TPSA < 140 A?), indicating a high probability
of their oral bioavailability (Table 2). However, compound 3 has the highest logP
(1.027) and the lowest TPSA value (45.76 A?), which may lead to high lipophilicity,
potentially reducing water solubility. At the same time, compounds 1 and 2 have higher
hydrophilicity (logP < 0), which may limit their membrane permeability.

Table 2 — Pharmacokinetic parameters of compounds 1-6

Property Compound
1 2 3 4 5 6
Molecular Weight (MW) 145.09 147.1| 203.16 177.09 179.11 207.14
TPSA. A2 64.6 67.76 45.76 44.37 47.53 36.53
logP -1.024 -1.463 1.027 1.091 0.48 1.395
logD7.4 -0.316 -0.591 1.472 1.308 0.899 1.67
Caco-2 permeability. log cm/s -5.777 -5.263 -5.33 -5.092 -5.095 -5.027
MDCK permeability. log cm/s -5.101 -5.12|  -4.856 -4.679 -4.826 -4.749
BBB Penetration + -- - +++ ++ ++
PPB (%) 39 10.6 20.6 56.2 37.0 37.5
Fu (%) 95.7 84.2 66.3 40.1 54.1 55.0
CLplasma. ml/min/kg 8.455 8.404 9.499 6.202 9.806 9.266

Drug absorption and transport are studied in intestinal permeability cell models such
as Caco-2 and Madin—Darby Canine Kidney cells (MDCK). A compound is considered
to be Caco-2 permeable if the value is > -5.15 log cm/s. MDCK Permeability >20x10°
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cm/s is assessed as high permeability; 2x107° cm/s <20x10° cm/s —average permeability:
2x107° cm/s; < 2x10°° cm/s — low permeability (Xiong (2021)). Intestinal permeability
is important for drug development, as it ensures efficient absorption and achievement
of therapeutic concentrations in the blood. Predicted permeability indicates average
absorption for most compounds (Table 2). Compounds 4, 5 and 6 have higher Caco-2
permeability values, indicating more favorable pharmacokinetic properties.

The ability of compounds 1-6 to penetrate the blood-brain barrier (BBB) varies.
Compound 4 shows the highest penetration (+++), making it a promising candidate for
central nervous system (CNS) activity. Compounds 6 and 5 also have good values (++),
indicating a probable neurotropic effect.

Plasma protein binding (PPB) also influences the distribution of compounds in the
body. The high binding (PPB > 50%) of compound 4 (56.2%) may slow its elimination
and prolong its duration of action. In contrast, compounds 1 and 2 have low PPB values
(3.9% and 10.6%), which may contribute to their faster elimination and lower effect on
the body.

Fu (%) is the free fraction of the substance in the blood plasma, showing the percentage
of the compound not bound to proteins (e.g. albumin). Only the unbound fraction is able
to penetrate membranes, interact with targets and be metabolized. High Fu (>20% High
Fu; 5-20% medium Fu; <5% low Fu) increases the availability of the substance, but can
accelerate its elimination. CLplasma is the plasma clearance (ml/min/kg), reflecting the
rate of elimination of the substance from the body through metabolism and excretion
(>15 ml/min/kg: high clearance; 5-15 ml/min/kg: moderate clearance; <5 ml/min/kg:
low clearance).

Compounds 1-3 have high Fu (>20%), indicating high availability for target
interaction and metabolism. However, this also increases the risk of rapid elimination.
For all three compounds, CLplasma is in the moderate range (8.4-9.5 mL/min/kg),
consistent with the high Fu.

Compounds 4—6 have a moderate Fu (5-20%), indicating moderate availability. The
CLplasma values for these compounds are also in the moderate range (6.2-9.8 mL/
min/kg), providing a balance between availability and stability in the body. Compound
4 has the lowest clearance (6.202), indicating its long-term presence in the body and
potentially longer-lasting therapeutic effect.

The metabolism of the studied compounds is associated with CYP450 isoenzymes.
The most important CYP enzymes for the metabolism of the compounds are CYP3A4,
CYP2C19 and CYP1A2. These enzymes are actively involved in the metabolism of
many drugs, so high activity with them increases the risk of drug interactions, requiring
caution in combination therapy (Sakamuru et al., 2025).

Table 3 — Metabolism and excretion of compounds 1-6

Property Compound
1 2 3 4 5 6
CYP2C19 Substrate +H++ - -+ — — +
CYP2D6 Substrate - — — — - T+
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CYP1A2 Substrate ++ - - + R Tt
CYP2C9 Substrate - + ++ - + -
CYP3A4 Substrate 4+ ++ + — - ++
HLM Stability - — - +++ — 4t

Compounds 1, 3 and 6 demonstrate high activity with CYP enzymes: 1 with CYP2C19
and CYP3A4, 3 with CYP2C19, and 6 with CYP1A2 (Table 3). This makes them more
susceptible to metabolic interactions with other drugs, which requires caution when
used together (Sakamuru et al., 2025).

Compounds 2, 3 and 6 also exhibit moderate activity with CYP enzymes. Their
moderate metabolism reduces the risks, but still requires attention in combination
therapy.

Compounds 4 and 5 are practically not metabolized by the main CYP enzymes,
which makes them the most stable and safe in terms of metabolic interactions.

Compounds 4 and 6 show high stability in the liver (HLM Stability +++), which
may indicate a longer duration of action in the body. In contrast, 3 and 5 are rapidly
metabolized, which may require more frequent dosing.

Prediction of toxicity parameters of compounds 1-6. The types of toxicity predicted
by the ADMETIab-3.0 tool (Table 4) represent in silico assessments of potential
toxicological risks of compounds. According to the toxicophore theory used in this type
of prediction, fragments that correlate with a certain type of toxicity can be identified
in the structures of molecules. Information on the presence of toxicophores allows
preliminary selection of potentially hazardous compounds (Sukhachev (2025)).

Table 4 — Toxicophores of structures 1-6

Property Compound
1 2 3 4 5 6
Aquatic Toxicity Rule 0 0 0 0 0 0
Genotoxic Carcinogenicity Mutagenicity Rule 0 0 0 1 1 1
NonGenotoxic Carcinogenicity Rule 0 0 0 0 0 0
Skin Sensitization Rule 2 2 2 2 2 2
Acute Toxicity Rule 0 0 0 0 0 0
NonBiodegradable 0 0 1 0 0 1
SureChEMBL Rule 0 0 0 0 0 0
FAF-Drugs4 Rule 0 0 0 1 1 1

As aresult of prediction, the structure of compounds 4, 5 and 6 was found to contain
toxicophores that lead to the risk of genotoxicity, carcinogenicity and mutagenicity.

The presence of two skin sensitizing toxicophores in the structures of compounds
1-6 indicates a high probability of skin irritation.

It was also found that compounds 3 and 6 are non-biodegradable, which indicates
their possible persistence in the environment and potential accumulation in living
organisms.

SureChEMBL and FAF-Drugs4 are filters that identify medically unfriendly
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compounds. According to SureChEMBL, no structural features of high toxicity were
found in the structure of compounds 1-6. Compounds 4, 5 and 6 do not meet the
requirements of the FAF-Drugs4 rule.

The aboveresults of toxicophore detection do not provide information on the numerical
values of toxicity, for example, they do not allow calculating the contributions of the
identified groups to the toxicological properties. Table 5 shows the results of predicting
the quantitative values of various types of toxicity calculated by ADMETIab-3.0. The
results are presented on a scale from 0 to 1, where 0 is no toxicity.

Table 5 - Toxicological parameters of compounds 1-6

Property Compound
1 2 3 4 5 6
hERG Blockers 0.077 0.148 0.264| 0.065| 0.202| 0.299
hERG Blockers (10um) 0.307 0.501 0.675 0.421 0.64| 0.687
DILI 0.188 0.152 0.210| 0.333| 0.243| 0.296
AMES Toxicity 0.506 0.485 0.582 0.593 0.381| 0.401
Rat Oral Acute Toxicity 0.203 0.506 0.491 0.162| 0.681| 0.646
FDAMDD 0.071 0.155 0.112| 0.142| 0.217| 0.175
Skin Sensitization 0.911 0.576 0.357| 0.784| 0.091 0.25
Carcinogenicity 0.545 0.282 0.465 0.636| 0.189| 0.255
Eye Corrosion 0.336 0.724 0.795 0.107| 0.144| 0.262
Eye Irritation 0.989 0.926 0.773 0.987| 0.847| 0.840
Respiratory 0.661 0.899 0.786| 0.415| 0.821| 0.810
Human Hepatotoxicity 0.493 0.540 0.337 0.389| 0.559| 0.562
Drug-induced Nephrotoxicity 0.354 0.720 0.456 0.133| 0.694| 0.471
Drug-induced Neurotoxicity 0.799 0.703 0.580 0.915| 0.829| 0.778
Ototoxicity 0.361 0.733 0.351 0.206| 0.732| 0.433
Hematotoxicity 0.262 0.285 0.166| 0.302| 0.342| 0.326
Genotoxicity 0.834 0.357 0.042 0.996 0.926 0.779
RPMI-8226 Immunotoxicity 0.028 0.037 0.059| 0.016| 0.021| 0.023
A549 Cytotoxicity 0.012 0.013 0.011 0.027| 0.015| 0.027
Hek293 Cytotoxicity 0.111 0.074 0.125 0.149| 0.059| 0.084
BCF (log10(L/kg) 0.067 0.254 0.330| 0.102| 0.262| 0.500
IGC_, (—log[1[1[(mg/L)/(1000xMW)]) 1.438 1.461 2.216| 2.698| 2.506| 2.696
LC, DM (—logl LI[(mg/L)/(1000xMW)]) 2.160 2.183 3.332| 4.055| 3.876| 4.115
LC, FM (—logl][(mg/L)/(1000xMW)]) 1.333 1.332 2.462 3.148| 2.972| 3.159

Interpretation of the data presented in the table 5 allows us to identify the following
key toxicological risks for each of the compounds. The mechanisms of cardiotoxicity are
associated with the possibility of inhibiting hERG (human ether-a-go-go related gene)
channels and may cause a risk of cardiac arrhythmia (Liao et al., 2024). The highest
risk of cardiotoxicity was found for compound 6 (hRERG Blockers (10um) 0.687). High
values were also found for 3 (0.675) and 5 (0.64).

Hepatotoxicity and drug-induced liver injury (DILI) are among the most common
reasons for drug recalls. The highest DILI is found in compound 4 (0.333), hepatotoxicity
is most pronounced in 5 (0.559) and 6 (0.562).
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High values of the genotoxicity assessment of compounds 4 (0.996) and 5 (0.926)
indicate a significant risk of DNA damage. The greatest neurotoxicity is predicted for 4
(0.915) and 5 (0.829).

Carcinogenicity reflects the ability of compounds to cause malignant neoplasms.
Among the studied substances, the highest risk of cancer development was noted for
compound 4 (0.636), which may indicate its potential danger with long-term exposure.

Strong irritant effect was noted for all compounds: 1-6, indicating a high risk if the
substance gets into the eyes. In addition, 2 (0.724) and 3 (0.795) have the potential to
cause damage to eye tissue, which can lead to irreversible damage.

Immunotoxicity is a property that shows the ability of substances to suppress or
damage the immune system. All compounds show a low level of influence on immune
cells. As for cytotoxicity, all values are also low.

Thus, the analysis revealed significant toxicological risks for most compounds, in
particular high cardio-, hepato-, and neurotoxicity, as well as potential carcinogenicity,
especially for compounds 4 and 5. To reduce risks during further development,
modification of the chemical structure of the problematic compounds and careful
monitoring of relevant parameters in the preclinical stages of research are necessary.

The ecotoxicity assessment demonstrates a clear trend of increasing hazard from
compounds 1 and 2 to compounds 4 and 6. Compounds 4 and 6 pose the greatest hazard
to aquatic organisms, demonstrating maximum toxicity values for daphnia (4.055 and
4.115) and fish (3.148 and 3.159). However, compound 6 has the greatest potential for
bioaccumulation (BCF 0.500), which increases the long-term environmental risks of its
potential spread.

Discussion. The results of an in silico screening of six new 1,3,5-triazine derivatives
provide a comprehensive view of their therapeutic potential and associated risks, which
is fully consistent with the well-known high structural flexibility of this heterocyclic
scaffold. Our data not only confirm its role as a versatile platform for the design of agents
with diverse targets but also reveal subtle relationships between structure, activity, and
safety profile, which is key to rational drug design.

Comparative analysis of the pharmacodynamic profile. The identified spectrum of
biological activity naturally reflects trends described in the current literature. Thus,
the predicted endocrine modulation (AKR1C3 inhibition) for compounds 1, 4, and 5
correlates with the known role of 1,3,5-triazine derivatives in the treatment of hormone-
dependent tumors, where inhibition of this enzyme is a promising strategy (Sharma et
al., 2024). However, the uniqueness of our study lies in the combination of this activity
with other activities. For example, compound 1 potentially combines an antiandrogenic
effect with potent anti-inflammatory activity (anaphylatoxin receptor antagonism,
Pa=0.84), which may open new avenues for the treatment of inflammatory forms of
prostate cancer. Similarly, the neurotropic potential of compounds 1-4 (anxiolytic,
effects on nicotinic receptors), combined with their overall pharmacokinetic profile,
suggests the possibility of CNS action, which is less commonly described for this class
of compounds.

Pharmacokinetics and metabolism assessment. Compounds 1 and 2, with negative
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LogP, exhibit excellent aqueous solubility, which is a major advantage for dosage form
development, but their relatively low predicted permeability through intestinal barrier
models (Caco-2 ~ -5.8 and -5.3 log cm/s) may limit bioavailability. In contrast, more
lipophilic compounds 4—6 exhibit better permeability, but their solubility will likely
require specialized pharmaceutical management. The metabolic prediction deserves
special attention. The fact that compounds 4 and 5 are not predicted to be substrates
of major CYP isoenzymes is a significant strategic advantage, as it minimizes the risk
of serious drug interactions — a common problem in oncology and anti-inflammatory
therapeutic regimens (Sakamuru et al., 2025).

Analysis of toxicological risks and their structural origins. The high cardiotoxicity
(hERG) values for compounds 3, 5, and 6 (>0.64) and genotoxicity values for 4 and
5 (>0.92) require detailed attention. It is important to emphasize that these risks are
likely related not to the 1,3,5-triazine core per se, but to specific substituents and side
chains introduced into the structure. For example, the identified toxicophores, which
pose a risk of skin sensitization for all compounds, require careful analysis of specific
fragments. This points to a clear direction for optimization: future medicinal chemical
synthesis should focus on isosteric substitution or minimal modification of problematic
fragments while preserving the key pharmacophores responsible for the target activity.
Comparison with data on known triazine-based drugs (e.g., gedatolisib) would reveal
whether the identified risks are typical for the class or specific to our new structures
(Rossetti et al., 2024).

Limitations of the method and the way forward. It should be noted that all conclusions
are predictive in nature. Although the PASS and ADMETIab 3.0 algorithms are based
on extensive experimental data, false positive and false negative results are possible.
For example, the high predicted neurotoxicity of compound 4 (0.915) requires priority
testing in specialized in vitro assays on neuronal cell lines. Thus, this study does not
replace, but rather strategically guides subsequent experimental work, indicating what
exactly and in what order to test, which ultimately leads to significant resource savings.

Conclusion. In conclusion, a comprehensive computer-aided screening of six new
1,3,5-triazine derivatives using the PASS and ADMET]ab 3.0 platforms enabled not only
the filtering of compounds but also their multi-level stratification and the formulation of
specific research hypotheses for the next stage of development.

1. Identification of lead candidates. Based on integrated analysis, compound 2
was identified as the most balanced candidate for immediate synthesis and primary
biological testing. It combines predicted antiandrogenic (P =0.75, mannotetraose-
2-alpha-N-acetylglucosaminyltransferase inhibitor) and anti-inflammatory activity
(P,=0.84, anaphylatoxin receptor antagonist) with the most favorable toxicological
profile in the series: low risk of cardiotoxicity (hERG=0.148), genotoxicity (0.357), and
hepatotoxicity (0.152). Its high free fraction in plasma (Fu=84.2%) predicts good tissue
target availability.

2. Identification of candidates for targeted optimization. Compound 4, which exhibits
exceptional BBB permeability (+++) and a unique combination of activity (AKR1C3
inhibition, P =0.85), is recognized as highly potent but requires modification. The
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primary objective is to reduce the unacceptably high predicted risks of genotoxicity
(0.996) and neurotoxicity (0.915) by redesigning specific structural fragments identified
as toxicophores, followed by repeated in silico validation.

3. Practical recommendations for the preclinical program.

Priority is given for compounds 1 and 2 to in vitro tests for AKR1C3 inhibition
and in inflammatory models (e.g., inhibition of complement activation), as well as to
assess membrane permeability using the PAMPA system to refine the bioavailability
prediction. For compounds 4-6 prior to efficacy studies, in vitro assessments for toxicity
are mandatory to experimentally confirm or refute key risks.

Thus, this study serves as a clear demonstration of the "screening-stratification-
optimization" paradigm in modern medicinal chemistry. Computational methods
have demonstrated their power as a decision support system that allows for focusing
real laboratory efforts and resources on the most promising and rational directions,
accelerating the discovery of new drugs based on the high-potential 1,3,5-triazine
scaffold.
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