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In the modern conditions of development of pharmaceutical chemistry and computer modeling, the
most important task is to assess the pharmacokinetic and toxicological properties of chemical compounds at
the early stages of their development. This article discusses the use of the ADMETIlab-3.0 tool in the
educational process of bachelor's and master's chemistry students to predict the key ADME parameters
(absorption, distribution, metabolism, excretion) and toxicity of potential drug molecules.

The aim of the study is to analyze the effectiveness of using ADMETIab-3.0 in teaching bachelor's and
master's students, as well as to assess its role in the formation of practical skills in working with computer
modeling tools. The objectives include developing a practical guide for students on the use of the platform,
testing its capabilities and analyzing the impact on the educational process.

Research methods include computer modeling, analysis of predicted ADME/Tox parameters, student
surveys and studying their satisfaction with training. A step-by-step guide to working with the platform,
sample tasks, and recommendations for integrating ADMETIab-3.0 into educational programs are presented.

The results showed that the use of ADMETIlab-3.0 contributes to the development of analytical skills,
data interpretation, and critical thinking in students. The questionnaire confirmed a high level of satisfaction,
but revealed the need for additional structured materials.

The theoretical significance of the study lies in demonstrating the capabilities of digital tools in
education, and the practical significance lies in developing a methodology for integrating them into the
educational process. ADMETIlab-3.0 is a powerful tool that simplifies the assessment of the pharmacokinetic
properties of compounds and facilitates the training of specialists in the field of computational chemistry.
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BINIM BEPY NMPOLECIHAE XUMUATbIK KOCbIJIbICTAPObIH ®PAPMAKOKMHETUKACDI
MEH YbITTbUJ1bIFbIH BOJTXKAY YLUIH ADMETIlab-3.0 KOJIAAHY

Epeanuesa 3.M.* — PhD, xapambinbicmaHy-fbinbiMu noHOepi kaghedpach! rnpogheccopbiHbiH accuc-
meHmi, Axmem BalimypceiHyrbi ambiHOarbl KOY Kocmanal K, KasakcmaH Pecrniybnukacsi.

Xamum AJXK. — Axmem bBalimypceiHynbl ambiHOafsbl KOY XapamblnbicmaHy-fbliibiMU - 1oHOepi
KaghedpachiHbIH 2-Kypc MazucmpaHmasl, KocmaHal K, KasakcmaH Pecriybnukacsi.

BakupusiHosa .3. — Axmem balmypcbiHynbl ambiHOarbl KOY xapambinbicmaHy-fbifbiMu MoHAepi
KaghedpachiHbIH 2-Kypc MazucmpaHmasl, KocmaHal K, KasakcmaH Pecriybnukacsi.

Kenbaesa XKJK. — Axmem bBatimypcbiHynbl ambiHOarbl KOY XapambiiibicmaHy-fbifibiMU  1oHOepi
KagbedpacbiHbIH 2-Kypc MazucmpaHmsi, KocmaHal K, KasakcmaH Pecrniybnukacsi.

®apmauesmukarblK XUMusi MeH Komribromeprik modendeydi dambimydbiH Kasipei ardalinapbiHOa
XUMUSITIbIK KOCblribicmapObl 93ipreydiH 6acmarnkbl ke3eHOepiHOe onapObiH ¢hapMaKOKUHEeMUKasbIK XXoHe
MOKCUKOII0_USANbIK KacuemmepiH 6aranay aca maHbI30bl MiHOem 6o0sbin mabbinadsl. byn makanada ADME
Heeizai napamempnepiH (abcopbuusi, 6esny, memabornusm, SKCKpeyus) xoHe O08pinik MosnekynanapObiH
ybImmblinbiFblH  605mkay ywiH cmydeHmmep MeH MaaucmpaHm-xumukmeplid 6inim 6epy mnpoueciHoe
ADMETIab-3.0 KyparnbiH KondaHy Kkapacmbipbliadsbi.

3epmmeydiH makcamsi cmydeHmmep meH MazucmpaHmmapObl okbimyda ADMETIlab-3.0 naddanaHy
muimdiniein manday, coHOal-aK OHbIH KoMrbromepnik modenboey KypandapbIMeH XymbiC icmeydiH
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rnpakmukasblK GardblnapbiH Kanbinmacmeipydarbl periH baranay 6onbin mabbinadsl. MiHdemmepae cmy-
OeHmmep ywiH nnamgopmarsl natdanaHy 6olibiHWa rpakmukarsblK HyYCKaybiKmbl 83iprey, OHbIH MYMKIH-
OikmepiH mecminey xoaHe b6inim 6epy npouyeciHe acepiH manday Kipeoi.

3epmmey adicmepi komnbromepnik modendeydi, ADME/Tox 6omkamObi napamempriepiH mandayosl,
cmydeHmmepOdiH cayanHamanapblH xoHe onapObiH OKyfa KaHarammaHywblblfbiH 3epdeneydi kammuodsbi.
lNMnamebopmameH xymbic icmey 6olibiHwa KalamObik Hyckaynblk, ADMETIlab-3.0 6inim 6epy 6ardapnama-
napbiHa biknandacmeipy 6olbiHWwa marcbipmarnap MeH YCbiHbIMOapObiH yzinepi yCbiHbIIObI.

Hemuxenep ADMETIab-3.0 natidanaHy cmydeHmmepdiH aHanumukasnblK 0ardbiiapbiH 0ambimyrFa,
Oepekmepdi myciHdipyee xoHe cbiHU olinaydbl OaMbimyFa biKrnasa ememiHiH kepcemmi. CayanHama KaHa-
fammaHyObiH Xofapbi OeHeeliiH pacmadhbi, bipaK KOCbiMwa KypbiibiMdasnraH mMamepuandapra Kaxemmi-
JliKkmi aHbIKmMaokl.

3epmmeydiH meopusiniblK MaHbI30binbIFbl biniM 6epyde yughprblK KypandapobiH MyMKiHOIKMEpPIH
KepcemydeH, an npakmukasnbiK MaHbI30bibliFbl — 0napObl OKy rpoueciHe biKnandacmsipy adicmemeciH
a3iprnieydeH mypadbi. ADMETIab-3.0 KocbinbicmapdbiH chapmakoKuHemukasbiK kacuemmepiH bararnayObi
JKeHindememiH >XoHe KOMMbomepriKk XumMusi canacbiHOarbl MamaHOapObl Oasipriayfa biknan ememiH
Kyammbl Kypas 6071bin mabbinadsbi.

TytiiHdi ce3dep: ADMETIab-3.0, gpapmakokuHemuka, ybimmbisibiK, ADME, KOMIbomepsiik XUumus.

NMPUMEHEHWE ADMETIab-3.0 4111 NPOrHO3WPOBAHUA ®APMAKOKUHETUKU U
TOKCUYHOCTU XMMNYECKUX COEANHEHNN B OBPA30BATEJIbHOM NPOLIECCE

Epeanuesa 3.M.* — PhD, accucmeHm rnipogheccopa Kaghedpbl ecmecmeeHHO-HayYHbIX OUCUUIIIUH,
HAO «KPY umeHu Axmem BbalimypcebiHynbl», e. KocmaHad, Pecrybriuka KaszaxcmaH.

Xamum AJK. — mazucmpaHm 2 Kypca kaghedpbl ecrmecmeeHHOo-Hay4YHbix oucyunnuH, HAO «KPY
umeHu Axmem BalimypceiHynbi», 2. KocmaHal, Pecrnybnuka KasaxcmaH.

BakupusiHosa 3. — mazucmpaHm 2 Kypca kaghedpbi ecmecmeeHHO-HayYHbix ducyunnuH, HAO «KPY
umeHu Axmem BalimypceiHynbi», 2. KocmaHal, Pecrnybnuka KasaxcmaH.

Konbbaeesa XK.2)K. — masucmpaHm 2 Kypca kaghedpbl ecmecmeeHHo-Hay4 YHbIx ducyuniuH, HAO «KPY
umeHu Axmem balimypcbiHynbi», 2. Kocmanad, Pecriybriuka Kazaxcmar.

B cospemeHHbIx ycrosusix pa3sumusi ¢hapMmay,esmuyecKkol XUMUU U KOMIbMEPHO20 MOOenupo-
g8aHUs eaxHeliwel 3adadyel s8M155€mMCcsi OUeHKa (hapMaKOKUHemMUYEeCKUX U MOKCUKO/I02UYECKUX ceolicme
XUMuYeckux coeduHeHUll Ha paHHUX amarnax ux paspabomku. B daHHOU cmambe paccmampugaemcs
npumeHeHue uHcmpymeHma ADMETIab-3.0 8 o6pa3osamernibHOM ripoyecce cmy9deHmos U Ma2ucmpaHmos-
XUMuKog 01 npo2Ho3uposaHusi Krovesbix rnapamempos ADME (abcopbuus, pacripedeneHue, memabo-
JIU3M, 3KCKpeyusi) U moKCU4YHOCMU MOMeHUUarbHbIX 1eKapCmMeeHHbIX MOEKYII.

Llenbto uccnedosaHus sienssemcsi aHanu3 aghghekmugHocmu ucrosnb3oeaHuss ADMETIab-3.0 e obyye-
HUU cmyOeHmMoe U Maz2ucmpaHmos, a makxe OyeHKa e20 posu 8 hopMupo8aHUU MPaKmMuUYeCKUX HaeblKo8
pabomsbi ¢ UHCMpPYMeHmMamMu KOMbmepHo20 ModesiuposaHusi. 3adadyu eknodarom pas3pabomky npakmu-
yeckoeo pykosoocmea Onsi cmydeHmo8 o UCrob308aHUK 1ameopMbl, mMecmuposaHUe ee 803MOX-
Hocmel u aHanu3 enusiHUsI Ha obpasosameribHbil Mpoyecc.

MemoOb! uccnedogaHusi 8K/IOHaKm KOMIIbIOMeEPHOEe MOOeNuposaHUe, aHasu3 po2HOo3UpPyeMbiX
napamempos ADME/Tox, aHkemuposgaHue cmy0eHmo8 U U3y4YeHue ux y0o8/iemeopeHHoOCmuU oby4yeHuUemM.
lMpedcmasneHo nowaeosoe pykogodcmeo rno pabome ¢ nnamgopmod, npumepsbl 3adaHull U pekomeHOayuu
o uHmeepauyuu ADMETlab-3.0 8 y4ebHble rpozpamMmei.

Pesynbmamesi rnokasanu, ymo npumeHeHue ADMETIab-3.0 crnocobcmeyem pasgumuro aHaaumu-
YeCKUX HaeblKos, uHmeprpemayuu 0aHHbIX U pa3sumuro KpUmMu4eckKoao MbIWIeHUs1 y cmydeHmos. AHKe-
mupogaHue nodmeepdursio 8bICOKUU ypO8eHb yO08/1eMBOPEHHOCMU, HO 8bIisI8USI0 nompebHocmb 8 doriori-
HUMeJIbHbIX CMPYKMYyPUpPOBaHHbIX Mamepuarax.

Teopemuyeckasi 3Ha4YuMocmb uccriedoeaHuss 3akrdaemcs 8 OeMOHCmpayuu 603MOXHocmel
uughposbIx UHCMPYMEHMo8 8 obpa3oeaHuu, a npakmuyeckass 3Ha4uMocmpb — 8 pa3pabomke MemoOuKU UX
UHmMeezpayuu 8 y4ebHnil npouecc. ADMETIab-3.0 s.erisemcsi MOWHbBIM UHCMPYMEHMOM, KOMOopbIU yripo-
waem OueHKy chapMaKkokuHemuyeckux ceolicme coeduHeHuli u criocobcmeyem nod2omoske crieyua-
niucmoe 8 obriacmu KOMMbomMepHoOU XUMuu.

Knroyeenbie cnoea: ADMETIab-3.0, gapmakokuHemuka, mokcuyHocmb, ADME, komrnbromepHas
XUMUS.

Introduction. The search for new compounds with medicinal properties is a complex, multi-stage
process that requires a deep understanding of the interaction of chemical compounds with biological
systems. One of the key aspects of this process is the study of the pharmacokinetic properties of substances
that determine their behavior in the body. Pharmacokinetics describes four main stages of the drug life cycle:

85



NEQATOIMMKA fblJ1IbIMOAPBI NEOATOrMYECKUE HAYKU

absorption, distribution, metabolism, and excretion, united by the acronym ADME [1, p. 1; 2, p. 1]. These
processes directly affect the efficacy, safety, and ease of use of drugs.

Contemporary computational techniques in chemistry and molecular design enable precise evaluation
and prediction of pharmacokinetic characteristics at the initial stages of drug development. In silico methods
enable students to study ADME properties of potential drug compounds, avoiding expensive and time-
consuming experiments [3, p. 2; 4, p. 1760; 5, p. 6477].

Modern computer modeling tools, such as ADMETIlab-3.0 [6], significantly simplify the study of
pharmacokinetic properties and make it accessible to bachelor's and master's students. ADMETIlab-3.0 is an
advanced online platform that allows predicting ADME properties and toxicological characteristics (T —
Toxicity) of chemical compounds based on machine learning data and large databases of experimental
studies. This tool provides users with the ability to assess bioavailability, permeability through the blood-brain
barrier, potential hepatotoxicity and other key parameters necessary for early assessment of the prospects of
new molecules.

For bachelor's and master's students, working with ADMETIlab-3.0 becomes an important step in
mastering modern approaches to drug development, facilitating the practical application of their theoretical
expertise and prepare for real tasks when performing scientific research. Such skills allow future specialists
not only to better understand the mechanisms of action of biologically active compounds, but also to actively
participate in the creation of innovative solutions.

The aim of this article is to demonstrate the possibilities of using the ADMETIlab-3.0 online platform in
the educational process for bachelor's and master's students in chemistry. Special emphasis is placed on
teaching methods for evaluating ADME and toxicological properties, as well as incorporating this tool into
project-based and research-oriented learning.

The objectives of the study include:

1. Developing a step-by-step guide to using ADMETlab-3.0 to analyze chemical compounds.

2. Creating practical tasks aimed at mastering the methods of predicting ADME/Tox parameters.

3. Evaluating the effectiveness of using ADMETIab-3.0 in the educational and project activities of
students through a questionnaire.

4. Formulating recommendations for teachers and students to improve teaching methods using the
platform.

Below is a brief overview of the platform and examples of its use in the scientific literature. ADMETlab-
3.0 is a tool developed using advanced machine learning and big data methods and is an important resource
for researchers involved in drug development [7, p. 424]. It allows for prediction of ADME properties,
including: Absorption (oral bioavailability, intestinal permeability); Distribution (plasma protein binding, blood-
brain barrier permeability); Metabolism (participation of cytochrome P450 isoenzymes); Excretion (renal or
hepatic clearance).

The tool calculates key physicochemical parameters such as lipophilicity and solubility, which helps to
assess the compliance of compounds with Lipinsky's "rule of five" [8, p. 3]. Toxicological analysis using this
service includes prediction of toxicity (hepatotoxicity, cardiotoxicity, mutagenicity and other parameters), as
well as assessment of the risks of drug interactions and side effects.

The user interface provides the ability to load SMILES formulas or SDF files for simultaneous analysis
of multiple molecules. The platform allows users to visualize results in tables and diagrams, which can be
further processed using external software if needed.

The advantages of ADMETIlab-3.0 include: high accuracy of predictions due to the use of machine
learning and a database containing millions of experimental values; a comprehensive approach: which
covers all key aspects of ADME and toxicology, which allows for a complete understanding of the properties
of the molecule; ease of use, which makes the service accessible to bachelor's, master's students and
professionals; the ability to analyze both individual molecules and large data sets (high-throughput
screening) and, finally, free access: the platform is available online without the need to install software.

The accuracy of predictions depends on the presence of similar structures in the database, which may
reduce reliability for new or atypical molecules [9, p. 5]. Like other in silico tools, ADMETlab-3.0 provides only
preliminary predictions that require confirmation by in vitro or in vivo studies.

One of the key stages of drug development is the selection of promising compounds with a high
probability of successfully passing clinical trials, which is performed using early assessment of the “drug-
likeness” of molecules. ADMETIab-3.0 is widely used for evaluating drug potential and for the initial
screening of compounds, as confirmed by studies [10, p. 220; 11, p. 3; 12, p. 152]. The platform is also
effective for optimizing pharmacokinetic parameters [13, p. 19]. An important function is the early detection of
toxicological risks, as demonstrated in studies [14, p. 5; 15, p. 4], in which the predictions made it possible to
identify the safest candidates and minimize risks in the preclinical stages.

ADMETIlab-3.0 proves to be a versatile tool for early-stage drug discovery, offering reliable predictions
that save time and resources while reducing clinical trial risks. By providing rapid and accurate predictions,
this tool streamlines the drug discovery process. Its use contributes to a more efficient selection of promising
compounds and a reduction in the risk of clinical failure. Compared to other freely available ADME prediction
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tools such as SwissADME and pkCSM, ADMETIlab-3.0 provides a broader range of parameters and a more
intuitive interface suitable for educational purposes. While SwissADME focuses primarily on physicochemical
and drug-likeness evaluation, and pkCSM predicts toxicity using graph-based signatures, ADMETIlab-3.0
combines both approaches, making it more comprehensive for student research projects.

Some studies acknowledge that free online tools like ADMET-lab-3.0, SwissADME, and similar
platforms are available and potentially useful for teaching medicinal chemistry, allowing students to predict
ADMET properties without expensive software [16, p. 776, Section 2.2]. However, there is a gap in the
literature regarding the systematic evaluation of these tools in pedagogical studies measuring learning
outcomes, student engagement, or pedagogical effectiveness. This opens significant opportunities for future
research.

Materials and methods. The study materials include the use of the ADMETIab-3.0 online platform for
predicting ADME properties of chemical compounds based on machine learning data. The ChemSketch
chemical editor [17] was used to prepare molecular structures, as well as the PubChem [18] and
ChemSpider [19] databases to select the molecules to be studied. Well-known medicinal compounds such
as caffeine, aspirin, and ibuprofen were considered as examples of analysis, which allowed students to work
with real problems and interpret the obtained parameters.

The research methods included the development of tasks for students, including the preparation of
molecular structures, loading data into ADMETIab-3.0, interpreting and analyzing the prediction results. The
effectiveness of the platform was assessed using a questionnaire among 15 bachelor's and master's
students of the “6B01504-Chemistry” and “7M01503—Chemistry” educational programs, where their
satisfaction with project activities, the level of mastering the program, and suggestions for improving the
teaching methods were analyzed.

GraphPad Prism 8 and MS Excel were used to calculate descriptive statistics (means and standard
deviations). Correlation analysis was performed using the Pearson correlation coefficient with a 95%
confidence interval. Statistical significance was established at p < 0.05.

Results. Step-by-step guide to working with ADMETIab-3.0. The first step is to select the molecules to
be studied and prepare their molecular structures in a suitable format. The choice of molecules depends on
the specific task — for example, these can be compounds isolated from natural sources, synthesized in the
laboratory, or taken from chemical databases such as PubChem or ChemSpider. It is important to consider
that the molecules must be representative of the class of compounds being studied and have enough data
for correct prediction.

After selecting the molecules, it is necessary to prepare their molecular structures in a format
supported by ADMETIab-3.0. The most common formats are SMILES (Simplified Molecular Input Line Entry
System) and SDF (Structure Data File). SMILES are textual representations of molecular structures that can
be easily created using chemical editors such as ChemSketch or online tools. SDF files contain more
detailed information, including atomic coordinates and bonds, and can be exported from molecular modeling
programs such as PyMOL [20] or Avogadro [21, p. 17]. Before uploading, make sure that the files are
correctly formatted and free of errors, as this may affect the accuracy of the predictions.

At the second step you need to go to the official website of the platform (https://admetlab3.scbdd.
com/). Registration is not required to perform the analysis and receive the results. In the Services menu, you
need to select ADMET Evaluation or ADMET Screening. The ADMET Evaluation item is intended for the
analysis of individual molecules, while ADMET Screening is used for high-throughput screening of large data
sets, which allows you to evaluate many compounds simultaneously.

Upload prepared files with molecular structures in SMILES or SDF format via the upload window
(Figure 1). To load a molecule as a file, select Draw Molecule, then the Properties icon and Open from File
icon. After downloading, click Submit.

B2 ADMENab 3.0 A Home @ Services @ API Tutorial ¢5* Help liPublication B8 Contact

Enter a single SMILES string Draw o molecule

O Tips:
= In case of errors, users should verify the accuracy of the SMILES before submission.

* Molecules composed of more than 128 atoms are not recommended for evaluation.

Figure 1 — Screenshot of the ADMETIab-3.0 structure loading window
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The platform will process the information and provide the results in the form of tables that can be used
for further study and interpretation.

The prediction results window in ADMETIab-3.0 provides detailed information about the properties of
the loaded molecules, including bioavailability, toxicity, and other ADME parameters (Figure 2). Users can
export the results in various formats (e.g., CSV or PDF) for further study or reporting. The description of the
presented characteristics and units of measurement pop up in a tooltip when hovering over the information
symbol.

e ADMEMab 3.0 @A Home 8 Services @ API Tutorial 4" Help Il Publication B8 Contact

cc(c)oc(=0)cc(=0)csecinc2c(cecic#N)cce? [ & Radar view ][ 2 Download as CSV M & Download as PDF

STRUCTURE

Caco-2 Permeability -4 ® © hERG Blockers 0.088 ® O

MDCK Permeability C(]tegmy't Inh 0512 [ ]

\\ o PAMPA ?r:gzguz;?.uglue is the Srr;)bubility of being Pgp-inhibitor 06 L]

Pgp inhibitor i+ [ ] AMES Toxicity 0163 ® o0

Pgp substrate - @ © RatOral Acute Toxicity 0.275 ® O

Molecular Weight (Mw) 3181 Q@ F20% - ® ©  skin Sensitization 0.924 ® O
Volume 316.597 [i ] F30% -—- ® ©O Carcinogenicity 0.195 ® O
Density 1.005 Q@ F50% ++ ® © EtyeCorrosion 0.387 i ]
nHA 5.0 [i ] Eye Irritation 0.839 ® O
nHD 0.0 [ ] PPB 92.0% o 0 Respiratory 0.97 ® O
nRot 7.0 (i} VDss 164 ® 0 Hurmnan Hepatotoxicity 0156 ® O
nRing 2.0 o BBB o e 0 Drug-induced Nephrotoxicity — 0.2565 ® O
MaxRing 9.0 [i ] Fu 6.3% ® O Drug-induced Neurotoxicity 0.386 [ ]
nHet 6.0 [ ] OATPIB! inhibitor ot ® © Ototoxicity 0.226 ® O
fchar 0.0 ©®  5ATPIBR inhibitor e ® @ Hematotoxcity 0.218 ® O

Figure 2 — ADMETIab-3.0 forecasting results

The results of the compound bioavailability prediction can also be presented as a radar diagram
(Figure 3). In this diagram, the upper limits of the property values empirically determined for drug compounds
are shown as blue dots, the lower limits are green, and the properties of the compound under study are
yellow. Thus, if all the dots lie within the purple highlighted area, the compound can be determined as drug-
like. To get the radar diagram, click Radar View.

Lower Limit ([l] Upper Limit Compound Properties
MW
logP nRig
.
logs LS y - fChar
. ‘
logD \ ‘ ~ 5 nHet
C— . e
o / \ . -
nHA / \ N MaxRing
:. .
. . hi
nHD nRing
TPSA nRot

Figure 3 — Radar diagram of the bioavailability of the predicted compound
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The next important step in prediction is the interpretation of the results. ADMETIab-3.0 evaluates key
pharmacokinetic and toxicological parameters such as lipophilicity (the ability of a compound to dissolve in
lipids, which affects absorption and distribution in the body), water solubility (determines oral bioavailability),
blood-brain barrier permeability (important for drugs intended to affect the central nervous system), as well
as metabolic stability and potential toxicity.

To interpret the results, it is necessary to compare the obtained values with the acceptable ranges
established for therapeutic compounds: for example, high lipophilicity can improve penetration through cell
membranes, but increases the risk of accumulation in adipose tissue and toxicity. Solubility is analyzed in the
context of the route of administration — low solubility can limit absorption in the gastrointestinal tract, which is
critical for oral drugs. Permeability through the blood—brain barrier (BBB) is assessed on a scale where
values above a certain threshold indicate the ability of the substance to reach the CNS, which is necessary
for neurotropic drugs, but undesirable for agents acting peripherally [22, p. 18].

It is important to consider the interrelationships between parameters during the analysis: for example,
good solubility and moderate lipophilicity can compensate for low permeability, while high plasma protein
binding affects distribution and efficacy.

The results of ADMETlab-3.0 are compared with data from reference drugs or compounds with known
properties to determine whether the molecule meets the requirements for further optimization or clinical trials.
A key step is to identify parameters that fall outside the acceptable range, which requires modification of the
chemical structure to improve the safety and efficacy profile.

The analysis of the results involves selecting the necessary data (if only certain parameters are
analyzed), compiling summary tables (when the properties of several compounds are compared),
interpreting key properties and their values. It is also necessary to pay attention to the units of measurement
of the values presented.

ADMETIab-3.0 analyzes physicochemical and pharmacokinetic parameters using specific units of
measurement, which requires detailed interpretation. For example, lipophilicity (logP) is measured in
logarithmic units: logP = 1.35-1.8 is considered optimal for oral absorption and intestinal absorption. If logP
exceeds 5.5, it may cause accumulation in adipose tissue, increasing the risk of toxicity [23].

Metabolic stability can be expressed through plasma clearance (CLpiasma, ml/min/kg), which determines
the overall exposure of the drug and allows for the calculation of the required dosage. Empirical ranges of
clearance: >15 ml/min/kg — high; 5-15 ml/min/kg — moderate; <5 ml/min/kg — low. High clearance indicates
rapid elimination, which may limit the therapeutic effect without increasing the dose.

The half-life (T12, hours) depends on clearance and volume of distribution. A short T1/2 (<1 hour)
indicates rapid elimination, while a long T2 (>8 hours) indicates slow elimination. These parameters help to
evaluate the pharmacokinetics and optimize the dosage of the drug [24].

Acute toxicity is estimated by LDs, (mg/kg). In the program, LDs, is converted to a logarithmic scale: for
example, LDs, = 500 mg/kg — logio = 2.7 (units: —logio[(Mg/L)/(1000*MW)]). High toxicity requires caution,
while moderate toxicity (LDso = 300 mg/kg — log,, = 2.48) is considered acceptable for many drugs [25].

Plasma protein binding (PPB, %) also affects pharmacokinetics: 90% binding means that only 10% of
the molecules remain active in the blood, which may require an increase in dosage. For example, with 95%
binding and low solubility (10 ug/ml), the drug may only be effective in high doses, which increases the risk
of side effects [26].

Below are examples of tasks created for the purpose of teaching and using ADMETIlab 3.0 in the
classroom with chemistry students:

Task 1. Preparing molecules for analysis

Objective: Learn how to prepare molecular structures for loading into ADMETIab 3.0.

1. Using the chemistry editor, draw the structure of ibuprofen, caffeine, and aspirin.

2. Save the molecule in SMILES and SDF formats.

3. Check the structure for errors (e.g., incorrect valences).

Task 2. Loading data and analyzing prediction results.

Objective: To analyze physicochemical properties.

1. Load the molecules into ADMETIab 3.0.

2. Select parameters for analysis from the prediction results: lipophilicity, water solubility, BBB
permeability. Interpret and conclude on the pharmacokinetic profile of the compounds.

Questions: Is caffeine suitable for oral use? Compare the solubility of caffeine with the solubility of
ibuprofen and aspirin. How does this affect bioavailability?

Task 3. Interpretation of toxicological parameters

Objective: To assess the safety of the compound.

1. Load the aspirin molecule (SMILES: CC(=0)OC1=CC=CC=C1C(0)=0).

2. Analyze the prediction results: LDso, hepatotoxicity, cardiotoxicity (hERG inhibition) and other
toxicities.

Questions: What is the relationship between the structure of aspirin and its toxicity? Suggest a
modification of the molecule to reduce toxicity
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Task 4. ADMET-based structure optimization

Goal: Improve the pharmacokinetic profile.

1. Select a molecule with low solubility (e.g. LogP = 5.0, solubility = 5 ug/mL).

2. Modify the structure:

a) Add a hydroxyl group (-OH);

b) Replace the alkyl substituent with an amino group (-NH,).

3. Reload the modified molecule in ADMETIlab 3.0 and compare the parameters.

Question; How did the solubility and lipophilicity change? Why?

These tasks can be varied using different chemical structures from databases. Also, when completing
tasks, students are divided into groups and present the results in the form of projects. Group discussions are
organized during the defense of the projects.

Recommendations for the use of ADMETIab-3.0 in teaching bachelor's and master's students in
chemistry.

The integration of ADMETIab-3.0 into the educational process is based on combining theoretical
knowledge with practical tasks. Effective mastery of the tool begins with an exploration of theoretical
concepts that explain the foundational principles of ADMET forecasting and parameter interpretation. For
instance, during class or as part of independent study, students can be assigned tasks to examine key
metrics such as logP, solubility, and blood-brain barrier (BBB) permeability using real-world examples of drug
molecules like paracetamol and ibuprofen. Emphasis should be placed on the relationship between the
chemical properties of compounds and their bioavailability, toxicity, or metabolism.

Project examples and research tasks can range from simple to advanced. A basic project might
involve analyzing known drugs from databases such as ChemPub, followed by comparing the calculated
ADMET parameters with literature data. More complex assignments could include optimizing hypothetical
molecules, such as modifying the structure of a neurotropic drug to enhance BBB permeability or reduce
hepatotoxicity. Master's students can investigate the impact of substituents on metabolic stability by
examining a series of derivatives of a single compound. For advanced research projects, tasks related to
computer-aided drug design can be proposed, with ADMETIab-3.0 serving as a virtual screening stage prior
to molecular docking.

By incorporating these approaches, students gain hands-on experience while deepening their
understanding of the interplay between chemical properties and biological effects. This methodological
framework ensures a comprehensive learning experience that bridges theory and practice.

Examples of master's theses topics where ADMET analysis was used:

1. Application of molecular docking to search for promising compounds — GSK-3 inhibitors.

2. Quantum-chemical calculations of the electronic structure and theoretical study of the properties of
new compounds based on N-benzoylpiperidine.

3. Modeling of the electronic structure and computer prediction of the pharmacological properties of
new compounds based on 1,3,5-triazines and their complex salts.

4. Quantum-chemical study of the electronic structure and computer prediction of the spectrum of
biological activity of di- and tetraazabicyclononan-9-ones.

The results of the completed project work are being prepared for publication and will become part of
master's theses.

The assessment criteria for the results include the ability to work with different data formats and
interpret graphical reports. Another assessment criterion may be the creativity of solutions when optimizing
structures, for example, adding polar groups to reduce toxicity. For projects, it is useful to use peer
assessment: students present their findings and ask each other questions. Bachelor's and master's students
must relate numerical values of parameters to biological effects: for example, explain why high lipophilicity
worsens solubility but increases membrane penetration., conducting a discussion. At the same time, it
develops critical thinking and argumentation skills.

In order to analyze the effectiveness of using ADMETIlab-3.0 in students' project work, a survey was
conducted, in which 15 bachelor's and master's students took part. Table 1 contains the results of statistical
processing of students’ responses.

Table 1 — Statistical indicators of the survey results to assess the use of ADMETIab-3.0 (N=15)

Ne Evaluation Parameter Mean (M) Standard
Deviation (SD)
1 Satisfaction with project work 3.80 1.15
2 Ease of mastering functions 3.67 0.82
3 Help in understanding tasks 3.73 1.16
4 Level of teacher support 3.67 1.05
5 Contribution to skills development 3.93 0.70
6 Usefulness of the interface 3.47 0.99
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Continuation of Table 1

7 Quality of educational materials 3.53 0.99
8 Alignment with research needs 3.67 0.98
9 Presence of technical issues* 3.33 0.72

* For item 9, the scale is inverted

Survey results indicate high student satisfaction (over 80%), confirming the platform's ease of use and
educational potential. The highest average scores were obtained for questions regarding the platform's
contribution to skill development (M=3.93) and satisfaction with project work (M=3.80). The lowest average
score, as expected, was obtained for the question regarding technical problems (M=3.33). Low standard
deviations (mostly below 1.0) indicate a relatively homogeneous group of opinions; that is, students were
generally unanimous in their assessments.

To identify relationships between various aspects of ADMETIab-3.0 use, a correlation analysis was
conducted using the Pearson correlation coefficient (r). The results are presented in Table 2.

Table 2 — Correlation matrix between key parameters of the questionnaire

Item Satisfaction Ease of mastering | Level of teacher | Quality of educational
(1) functions (2) support (4) materials (7)

Satisfaction (1) 1 0.84 *** 0.95 *x* 0.92 ***

Ease of mastering | 0.84 *** 1 0.86 *** 0.94 ***

functions (2)

Level of teacher | 0.95 *** 0.86 *** 1 0.94 ***

support (4)

Quality of educational | 0.92 *** 0.94 *** 0.94 *** 1

materials (7)

*Note: ***p < 0.001

Correlation analysis revealed multiple statistically significant relationships between various aspects of
ADMETIab-3.0 use. The strongest positive correlations were observed between satisfaction with project work
and assistance in understanding tasks (r = 0.975, p < 0.001), as well as between interface usefulness and
the quality of training materials (r = 0.966, p < 0.001).

The responses to the open-ended question (What would you change or add in the methodological
materials offered to you on the use of ADMETIlab-3.0 in project activities?) were summarized and presented
below:

1. Add more examples of use for specific chemical problems.

2. Develop step-by-step instructions for completing projects so that students could master the program
independently.

3. Develop additional materials for independent study of the program, such as video tutorials or
interactive guides.

Discussion. The study aimed to analyze the effectiveness of the ADMETIlab-3.0 platform in the
educational process of chemistry students. The survey results (Table 1) indicate high student satisfaction
with the platform's use in project-based activities. The highest average score (M = 3.93) was assigned to the
"Contribution to skills development” parameter, which directly aligns with the primary goal of the study—the
development of practical competencies in computer modeling.

The relatively low score assigned to the "Presence of technical issues" parameter (M = 3.33) confirms
the stability and reliability of the platform, which is a key factor for its successful use in the classroom.
Relatively low standard deviations (mostly < 1.0) indicate consensus among respondents, reinforcing the
reliability of these findings. Correlation analysis (Table 2) revealed statistically significant strong relationships
between key learning aspects. The strongest correlations were found between "Satisfaction with project
work" (1) and "Level of teacher support” (4) (r = 0.95, p < 0.001), as well as between "Quality of learning
materials" (7) and "Ease of learning" (2) (r = 0.94, p < 0.001). Successful implementation depends on two
key factors: 1) the active role of the teacher and 2) the availability of high-quality, structured teaching
materials that, taken together, help students connect the tool's functionality to the solution of specific
educational and research problems.

This conclusion is fully supported by the students' qualitative responses to the open-ended question.
Requests for step-by-step instructions, additional examples, and video tutorials directly indicate the need for
more in-depth methodological development of the course.

As noted above, there is a gap in the systematic pedagogical evaluation of free ADMET tools in
education. This study makes a direct contribution to filling this gap.

The main limitations of this study are the relatively small sample size (N=15) and its location within a
single university. It would be advisable to expand the scope of the study by including students from other
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universities. A promising direction is also the development and testing of the same set of structured materials
(video tutorials, interactive assignments), the need for which was identified during the survey. Furthermore, a
comparative pedagogical study would be of interest, in which students would use not only ADMETIlab-3.0 but
also other platforms, such as SwissADME or pkCSM, to develop a more comprehensive understanding of
the capabilities and limitations of modern in silico tools.

Thus, this study not only confirmed the high educational value of ADMETIlab-3.0 but also allowed us to
develop specific recommendations for its effective use, laying the foundation for further improvements in
computational chemistry teaching methods.

Conclusion. The article explores the application of the ADMETIab-3.0 tool for studying the pharmaco-
kinetic and toxicological properties of chemical compounds within the context of training bachelor's and mas-
ter's students in chemistry. By integrating ADMETIab-3.0 into the educational process, students gain a unique
opportunity to apply theoretical knowledge in practice, address contemporary scientific challenges, and prepare
for real-world research. The platform's user-friendly interface, support for various data formats (SMILES, SDF),
and visualization capabilities in the form of diagrams significantly simplify the analysis process.

A review of the literature highlights the necessity of structured materials, such as step-by-step
instructions, task-specific examples, and video tutorials, to ensure successful mastery of the platform. These
resources would enable students to quickly adapt to working with ADMETIab-3.0 and maximize its potential.
Integrating the platform into curricula represents a crucial step in training highly qualified specialists capable
of working at the intersection of chemistry, biology, and computer science. For master's students,
incorporating ADMETIab-3.0 into research activities opens up opportunities for in-depth exploration of the
pharmacokinetic properties of new compounds and optimization of their structures.

The practical tasks and example scenarios proposed in the article demonstrate how ADMETIlab-3.0
can be effectively integrated into the educational process to solve real-world problems. Survey results
indicate that most participants positively assessed the platform's use in project activities. However, students
emphasized the need for additional educational materials and practical assignments to facilitate more
effective learning. These findings underscore the importance of developing comprehensive resources to
support students' mastery of the tool.

In conclusion, ADMETIlab-3.0 plays a vital role in helping students understand the mechanisms of
interaction between chemical compounds and biological systems. This understanding is a critical step in
preparing specialists equipped with knowledge of computational chemistry tools. Future research should
focus on developing pedagogical strategies for integrating ADMETlab-3.0 alongside other in silico tools such
as SwissADME or pkCSM, enabling comparative learning experiences for students.
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mi, TandbiKkopraH K., KasakcmaH Pecriybrniukacsil.

KbiObipbaesa . T.* — nedazoauka fbinibiMOapbiHbiH KaHOUdambi, OKbimywhbl-0apickep, |.XKaHcyaipos
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Byn fbinbiMu Makana bonawak UHgopmamuka MmyranimOepiH Oasipriay KOHMeKCMmiHOe Jio2uKarbiK
otinay kabinemin 0ambimyOdbiH 8dicmeMeriik xoHe nedazoaukarblK He2i30epiH 3epmmeyeae apHarFaH. 3epm-
meyOdiH e3ekminiai aknapammbiK-KOMMYHUKaUUsIbIK mexHonoausinapobiH (AKT) KapkbiHObI Oamybi xardal-
biH0a MamaHOapObIH XyUeri XoHe CbiHU olnay OardbliapbiHa KolbliambiH masnanmapObiH apmybiMeH
Heezi3deneeH, byn 63 keseaiHOe biniM bepy canacbiH apmmbipydbl manan emedi. S3epmmey 6apbicbiHOa
bonawak uHgopmamuka mamaHOapbIH Kocibu dasipray ydepiciHOe brokmeik 6ardapnamanaydb! (Mbicarbl,
Scratch, Blockly cusikmbi eu3yandbl opmarap) KondaHy apKbifibl f102uKarsblK olnayObl KanblnmacmbipyObiH
muimdi mexaHu3moepi MeH dudakmukasbiK wapmmapbl Kapacmbipbinadsl. Aemopnap 61okmbiK 6bardapna-
manaydbiH Kypdeni anzopummoiik xoHe abcmpakmini yrbiMdapObi eu3yandbl, UHMyumusmi mypoe MeHze-
pyee mMyMmKiHOIK 6epemiH xofapbl dudakmukarbiK aieyemke ue Kypasn pemiHoeai peniH mandaldbl. Ocbl
adicmeMeHi KondaHy OKbimyObl xeKkereHAipyae xoHe cmydeHmmepdiH OKyFa OeaeH iWKi yoxiH apmmbipyFa
KocbiMwa MyMmKiHOikmep 6epemiHi kepceminzeH. Homuxxenep 6nokmeik 6ardapnamanay opmarnapbiH Mak-
cammbl mypOe natiGanaHy 6onawak myranimoepdiH anzopummOoik xeHe 0edykmuemi olinay KabinemmepiH
apmmeipyda, coHOal-aK noHOiK 6inikminikmepiH HbiFralimyda alimapribiKmal oH acep ememiHiH kepcemeoi.
CoHdali-aK, 6yn macin onapdbiH 6onawak Kacibu KeismemiHle kypdeni aknapammbik MiHOemmepoi weuwy-
2e 0alibIHObIfbIH KamMmamacbki3 emedi. ¥CbiHblnFaH rnedazoaukarblk Heaizdep uHgopmamuka rnoHi 6olbIHWa
JKOFapbl OKy opbiHOapbiHOafrbl OKbIMyObIH Ma3MyHbIH Xemindipy2e meopusisibiK XoHe npakmukarsbiK yrec
Kocalbi. Makana fbinbimu-nedazo2ukarsbik KaybiMOacmbikka, OOKmopaHmmapra xoHe binim 6epydi yughp-
JN1aHObIpy MacesnienepiMeH altiHarbicambiH MaMaHOapFa apHasiraH.

TyiiHdi ce3dep: 6inim 6epy, okbimy, UHHOBAUUSINIbIK MexHonoausinap, 6nokmelk 6ardapnamanay,
JioeuKarnbIK odsay.

NEOAMOMMYECKUE OCHOBbI UCMOJIb3OBAHUA
BNOKOBOI'O MNPOrPAMMUPOBAHUA ONA PA3BUTUA IOTMYECKOIO MbILLTEHUA
B MPOLIECCE NOAIrOTOBKN YHYUTENEU NHOOPMATUKHN
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