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Abstract: Acrylic acid derivatives are extensively utilized as initial monomers
in dental materials. Nevertheless, these substances exhibit cytotoxicity towards
different cell types, a phenomenon that must be reduced in future materials.
The primary objective of this research is to establish a QSAR model for the
prediction of cytotoxic effects and to identify molecular fragments and
descriptors with mechanistic interpretations that play a role in cytotoxic effects.
The Monte Carlo optimization technique employed QSAR models that are not
reliant on conformation. These models utilized both molecular graph-based and
SMILES-based descriptors. By employing a variety of statistical
methodologies, an assessment of the predictive capabilities and resilience of
the established QSAR models was achieved. The demonstrated numerical
values used for their validation underscore the strong suitability of these QSAR
models. The Monte Carlo optimization technique effectively identified
molecular fragments represented in QSAR modeling through the use of
SMILES notation, elucidating their impact on cytotoxicity, both positively and
negatively. Given that the majority of molecular databases adhere to this
molecular structure conformation, the featured QSAR models can serve as a
rapid and precise screening tool for novel dental monomers.

Keywords: QSAR; cytotoxicity; dental material; composite resin; SMILES;
Monte Carlo optimization.
INTRODUCTION

Numerous dental procedures necessitate the utilization of polymers, which
are composed of methacrylate-based monomers, including monomethacrylates or
dimethacrylates.!-2 Some of the most frequently employed monomers in this con-
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96 BOSKOVIC et al.

text include urethane dimethacrylate (UDMA), triethylene glycol dimethacrylate
(TEGDMA), 2-hydroxyethyl methacrylate (HEMA), bisphenol-A glycidil
dimethacrylate (Bis-GMA), as well as other more recent functionalized mono-
mers.1=3 The biocompatibility of these materials holds significant relevance for
clinical applications, considering that oral tissues come into direct contact with
them.# In dental practice, direct restorations involving dental adhesives and resin
composites involve interaction with sensitive dentin-pulp complexes and acrylic
acid-based monomers. This interaction can result in the diffusion of monomers
from the restorative material through dentinal tubules, potentially causing adverse
effects on pulp cells and compromising tooth vitality.5-¢ Literary sources indicate
certain biological effects, such as the mutagenicity of various monomers and the
genotoxicity and estrogenicity of Bis-GMA..” The primary mechanism underlying
the free-radical polymerization reaction in dental materials is associated with
methacrylate-based monomers. This chemical process may be linked to incomp-
lete monomer conversion, resulting in the presence of unreacted monomers.8
Given that these unreacted monomers have the potential to leach into nearby
aqueous environments and enter the body, they may pose risks of toxicity.?
Incomplete polymerization not only has the potential to result in the removal of
monomers from the formed polymer but can also contribute to the natural deg-
radation of the matrix. The degradation of the resin phase in composites within
the oral environment may take place through processes like hydrolysis and aging,
which can lead to the release of monomers as a result of the breakdown of the
organic matrix.%10 Resin composite biodegradation may be linked to allergic
reactions, bone loss or irritation of the oral mucosa.!2 The physicochemical char-
acteristics of dental materials, particularly concerning the molecular size of
monomers, their chemical compositions and the presence of various functional
groups, are the primary factors contributing to biodegradation and the subsequent
leaching of materials.!3:14 In the realm of dental materials research, biocom-
patibility investigations tied to quality control hold immense significance. To
achieve this goal, cytotoxicity testing, which assesses cellular responses and the
potential for cell death in response to new material formulations, plays a vital
role in the development of novel dental materials. Minimizing and preventing
cytotoxic effects are paramount, particularly in specialized fields such as endo-
dontics and operative dentistry.15

One of the primary challenges with studies on cytotoxic effects is that they
require a substantial amount of labor and time.!® To streamline and enhance the
screening of novel molecules in the development of materials, a practical solution
is the adoption of in silico-based modeling approaches, such as quantitative struc-
ture—activity relationships (QSAR).17 In contemporary QSAR studies, models
are constructed by utilizing a variety of molecular descriptors derived from a
specific molecule's structure. These descriptors have their own advantages and
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limitations. Subsequently, they are transformed into a mathematical equation that
correlates the biological activities of the examined molecules with their chemical
attributes (molecular descriptors).!8:19 The development of a QSAR model
necessitates not only a strong predictive capacity, robustness and goodness of fit
but also a well-defined domain of applicability. Additionally, QSAR modeling is
subject to regulation by the Organization for Economic Co-Operation and Dev-
elopment (OECD), which has established several criteria that must be met for a
QSAR model to be deemed valid. One of the key criteria involves the mechanis-
tic interpretation of molecular descriptors, which pertains to the utilization of
descriptors linked to molecular structure and relevant molecular fragments.

In recent years, a Monte Carlo optimization method, where the analyzed
activity is regarded as a random event, has gained prominence as a promising
approach in QSAR modeling. This approach relies on a conformation-indepen-
dent methodology and employs optimal descriptors derived from topological
molecular characteristics, as well as molecules represented in the simplified
molecular input line entry system (SMILES) notation.20-21 The described method
offers a significant advantage over more commonly used approaches due to its
simplicity and efficiency. Additionally, this method can identify molecular frag-
ments (calculated as SMILES notation descriptors) that influence the studied
activity and can be linked to the chemical structures of the compounds under
investigation The primary objective of this research is to create a conformation-
independent QSAR model utilizing the Monte Carlo optimization method for
predicting the cytotoxic effects of acrylic acid-based monomers. Furthermore,
another key goal of this research was to identify SMILES notation descriptors
linked to molecular fragments that exert both positive and negative impacts on
cytotoxic effects.

EXPERIMENTAL

To initiate the development of suitable QSAR models, a total of 39 acrylic acid-based
dental monomers were initially drawn using ACD/ChemSketch software version 11.0. These
molecules were subsequently transformed into SMILES notation using the same software.?2
The chemical structures of the compounds utilized for QSAR modeling, along with their cor-
responding SMILES notations, can be found in Table S-I (Supporting material to this paper).
In this QSAR modeling, the pertinent cytotoxic effect activity was assessed using p/Cs, values
against Hela S3 cell lines, data from the literature were converted to p/Cs, values, calculated
as p/Csy = —log IC5y. Once we completed the construction of the relevant database, we pro-
ceeded to perform three distinct random divisions of the main molecule database into two sets:
the training set, comprising 29 compounds (75 %), and the test set, comprising 10 compounds
(25 %). We also assessed the normality of the activity distribution, following the method
outlined in the published literature.?3

To create conformation-independent QSAR models, we utilized the CORAL software
(correlation and Logic, http://www.insilico.eu/coral), which is founded on the Monte Carlo
method and its algorithm, considering the relevant activity as a random occurrence. We con-
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sidered two categories of molecular descriptors derived from the molecular graph and
SMILES notation. Concerning molecular graphs, we defined invariants as local graph invari-
ants, including the Morgan extended connectivity index of increasing order (ECO0), path
numbers of lengths 2 and 3 (p2, p3), valence shells of ranges 2 and 3 (s2, s3), and the code of
nearest neighbors (NNCKk). In recent years, the SMILES notation has gained prominence as
one of the most convenient representations, particularly in the field of chemoinformatics.
SMILES notation is regarded as an appealing alternative to the traditional molecular graph
representation. This characteristic is of great significance in medicinal chemistry because
establishing correlations between molecular fragments and molecular graph-based descriptors
can be quite complex.

The local SMILES attribute, entitled the “SMILES atom”, is a SMILES string fragment
with one ('C', 'N', '=") or two ('Cl', 'Br', '@@") symbols which cannot be decomposed further
for conducting individual analyses. The calculation of DCW, one of the simplest local mole-
cular descriptors, is performed with a mathematical function of the mentioned SMILES atoms.
In essence, the approach translates every character found in the SMILES string into a numer-
ical descriptor. To cite an example, the propionic acid molecule represented by the SMILES
notation as “CCC(=0)O” can be considered. In this specific case, the calculation of the DCW
could be performed on the basis of the individual CW characters:

DCW(“CCC(=0)0” = CW(“C”) + CW(“C”) + + CW(“C”) + CW(*“(*) +
+ CW(“=) + CW(“O”) + CW(*)”) + CW(“O”) 1)

While valuable information is obtained from single atom-based local SMILES descrip-
tors, in order to reveal more complex local chemical environments, one needs to go beyond
individual atoms. Molecular fragments which significantly contribute to the overall molecular
properties may be defined by combining two or three consecutive SMILES atoms. DCWs can
then be calculated by using such fragments, further enhancing the information content avail-
able for QSAR modeling. For instance, propionic acid represented by the SMILES notation as
“CCC(=0)0O” could be considered. Through the combination of consecutive SMILES atoms,
the following molecular fragments can be defined:

DCW(“CCC(=0)0”) = CW(“CC”) + CW(“CC”) + CW(“C(*) +
+ CW(“(=) + CW(“=0") + CW(“0)”) + CW()O”) 2)

When consecutive SMILES atoms are combined in order to define molecular fragments,
there are significant advantages, although it is crucial to make certain considerations. For
example, fragments such as “CO” and “OC” (or “CCO” and “OCC”) are to be treated as dis-
tinct entities, which might lead to unreliable QSAR models and inaccurate representations. A
normalized combination of SMILES atoms is applied in order to address this particular issue.
The utilization of this approach ensures that the fragments are identified and consistently
encoded irrespective of the order in which the atoms occur. In order to achieve this, specific
algorithms need to be used, or it could be achieved by administering the SMILES notation
canonization, which defines a unique order on the basis of the atomic symbols.2%-2! Global
SMILES attribute based descriptors encompass broader characteristics of the whole molecule,
such as whether specific functional groups or atom combinations are present or absent.20:2!
The information available for QSAR modeling can significantly be enriched through the
incorporation of both local and global SMILES-based descriptors. What is more, SMILES
notation-based molecular descriptors present a mechanistic interpretation, considering that this
particular feature is in correlation with molecular fragments.2%-2! The numerical value of every
SMILES notation descriptor that a molecule has contributes to the correlation weight of the
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said molecule (DCW), which is defined as the sum of all the defined correlation weights (CW)
of SMILES descriptors:

DCW(T,Nepoet) = 2CW(ATOMPAIR) +xCW(NOSP) + yCW(BOND) + (CW(HALO) +
+ rCW(HARD) + aZCW(S,) + FECIW(SS,) + yZCH(SSS}) 3)

where z, x, y, t, a, f and y are numbers 1 (yes) or 0 (no), while their values determine whether
the specific SMILES descriptor is used in the development of the model. Symbol Sy represents
one SMILES notation symbol (or two that are inseparable), and is related to the local descript-
tors. These local descriptors also represent linear combinations of two or three SMILES
atoms, represented by symbols SSy and SSSy, respectively. This study includes the following
global SMILES notation-based descriptors: HALO, ATOMPAIR, BOND, HARD and NOSP,
all defined in accordance with the published methodology.20-2! The molecules’ DCW was
calculated by using Eq. (4) because the QSAR model development in this study was per-
formed by combining both the SMILES notation (global and local) and the local graph invari-
ant descriptors, considering that this hybrid molecular descriptor approach ensures the dev-
elopment of more accurate and robust QSAR models than the ones based on a single type of
descriptor:

DCW(T,Napoer) = ECW(S,) + ECH(SS,) + ECW(SSS,) + ECW(ECO,) + SCH(PT2,) +
+ SCIW(PT3,) + SCH(VS2y) + SCI(VS3,) + ZCW(NNC,) (4)

In addition to the aforementioned symbols: Sy, SSy and SSSy, Eq. (2) uses the following
symbols as well: the Morgan connectivity index of the zero order (with the hydrogen sup-
pressed graph) — ECOy, paths in the lengths of 2 and 3 — PT2; and PT3y; valence shells 2 and 3
— VS2, and VS3y; nearest neighbors — NNC,. The calculation of all the above-defined mole-
cular descriptors was made with the CORAL software (http://www.insilico.eu/coral). In this
study, we employed all SMILES notation-based descriptors, encompassing local, global and
HARD-index descriptors. A notable characteristic of the resulting QSAR model, developed
using the Monte Carlo method, is the calculation of correlation weight (CW), which assigns a
numerical value to each of the optimal descriptors utilized.?! The methodology for accomp-
lishing this process involves the generation of appropriate random numbers and assessing the
fraction of numbers that conform to certain properties. In this process, CW values are ran-
domly allocated to all employed optimal descriptors, encompassing both molecular graph-
-based and SMILES notation-based descriptors, in each individual Monte Carlo run. The
Monte Carlo optimization procedure is then extended to compute the numerical data for the
correlation weights, which aim to maximize the correlation coefficient between the studied
activity and the employed optimal descriptors. In this context, the Monte Carlo method relies
on two parameters: threshold (7) and the number of epochs (Npocn)-

In the creation of QSAR models, we explored values ranging from 0 to 10 for 7 and from
0 to 70 for Nepoch. The process of identifying the most predictive combination of T and
Nepoch Was determined based on a methodology outlined in published references.?*-2¢ The
primary objective of any QSAR modeling process is to create a robust model that can predict
the properties of new molecules with objectivity, reliability, and precision. To assess the
quality of the developed QSAR models, we employed the following methods: internal valid-
ation using the training set, external validation using the validation set and data randomization
through a Y-scrambling test. We accomplished this by employing various statistical para-
meters, including the correlation coefficient (%), cross-validated correlation coefficient (¢2),
standard error of estimation (s), mean absolute error (MAE), Fischer ratio (F), root-mean-
-square error (RMSE), R,,2, and MAE-based metrics.2327-31 Recently, a novel criterion known
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as the index of ideality of correlation (//C) has been proposed for evaluating the predictive
capacity of QSAR models.?>?6 This criterion takes into account not only the correlation
coefficient but also the distribution of data points relative to the diagonal line, in the coordin-
ates of observed and calculated values for the studied endpoint. The set of correlation weights:
CW(x) are coefficients producing a maximal value of the target function within the Monte
Carlo optimization procedure and the target function can be defined as:

TF = Rtraining + Rinvisible—training - Rtraining - Rinvisible—training x Const. (5)

where Riraining 18 the correlation coefficient between endpoint and the DCW(T*, N*) for com-
pounds in the training set, the Riyisible-training COTTesponds to the same parameter in the invis-
ible training set; praxis has shown that Const. = 0.1 is a more or less satisfactory choice for
manifold computational experiments with different endpoints. However, while keeping the
value of Const. invariant, the target function can be modified as:

TF,, =TF + IIC xConst. 6)
with the IIC parameter calculated as the following form:

mln( _MAEtest s +MAEtest )
max("MAE ., "MAEcy )

HCegp = Tt X (7N

where, using the differences:

A, =Observed; — Calculated,, ®)

With data available for all A, values in the test set, it is possible to compute the sum of
negative and positive A, values, akin to the calculation of mean absolute error (MAE):

1 - .
“MAE o = WzkivJAkL A, <0, N is the number of A; <0 ©)
+ 1 N R
MAE . = WZ:k=1|Ak|, Ay 20, "N is the number of A, 20 (10)
RESULTS AND DISCUSSION

The concept of the applicability domain (4D) plays a pivotal role in guiding
the selection of molecules.3234 To establish the 4D, we followed a published
methodology and confirmed that all molecules in this study fell within the
defined 4D range, with no outliers identified.2! Utilizing the least squares
method, we present the most optimal QSAR models for the studied activity, with
respect to the 7'and Nepoch values, in the form:

Split 1: p/Cso = —0.3378(0.0938) + 0.0194(0.0005)xDCI(4,9)  (11)
Split 2: pICsg = 0.2293(20.0350) + 0.0411(£0.0005)xDCW(1,6)  (12)
Split 3: pICsg = 0.3749(0.0353) + 0.0326(=0.0005)xDCW(1,18)  (13)

The values of the statistical metrics used to assess the quality of the dev-
eloped QSAR models for predicting the cytotoxicity of acrylic acid-based dental
monomers are presented in Table S-I. These metrics suggest that the method
employed was successful in creating a QSAR model with good reproducibility,
which was further validated using the concordance correlation coefficient. The
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predictability of the developed QSAR model was assessed based on the values
presented in Table S-II of the Supplementary material, confirming the model’s
validity. Additionally, the model was classified as valid using MA4E-based met-
rics. We conducted the ultimate evaluation of the developed QSAR models, both
for the training and the test set, using the index of ideality of correlation and
obtained values that indicate the high predictive potential of the developed
QSAR models. Furthermore, we conducted Y-randomization, involving the ran-
dom shuffling of Y values in 1000 trials across ten separate runs, to gauge the
robustness of the developed QSAR models.?3 The values shown in Table S-1II of
the Supplementary material suggest that there was no chance correlation among
the developed models. Among the statistical methods used, the most favorable
QSAR model was derived from the first split. Notably, the best model was
achieved with a T value of 4, and the most suitable Nepoch value was determined
to be 9. The most successful Monte Carlo optimization runs (with the highest 72
values) for the developed QSAR models from all splits are visually depicted in
Figs. 1-3.
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Fig. 1. Graphical presentation of the best Monte Carlo optimization run (the highest value for
72) for the developed QSAR model for Split 1. (4c(expr.) — experimental value for molecule
pICsg; Ac(calc.) — calculated value for molecule p/Cs using developed QSAR model;
Diff. = Ac(expr.) — Ac(calc.).

One of the primary objectives of this study was to identify molecular frag-
ments, characterized as the SMILES notation’s optimal descriptors, that exert
both positive and negative effects on the studied activity.21:35-37 The complete
list of molecular descriptors, which are derived from both the SMILES notation
and the molecular graph, can be found in Table S-IV of the Supplementary mat-
erial. An illustration of the calculation of a molecule’s summarized correlation
weight (DCW) and the studied activity (p/Csg) is provided in Table 1. In this
example, molecular graph-based descriptors were excluded to facilitate a more
straightforward interpretation.
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Fig. 2. Graphical presentation of the best Monte Carlo optimization run (the highest value for
r?) for the developed QSAR model for Split 2. (Ac(expr.) — experimental value for molecule
pICsg; Ac(calc.) — calculated value for molecule p/Cs using developed QSAR model;
Diff. = Ac(expr.) — Ac(calc.).
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Fig. 3. Graphical presentation of the best Monte Carlo optimization run (the highest value for
r?) for the developed QSAR model for Split 3. (Ac(expr.) — experimental value for molecule
pICsg; Ac(calc.) — calculated value for molecule p/Cs using developed QSAR model;
Diff. = Ac(expr.) — Ac(calc.).

Following the published methodology, we categorized the obtained SAgs as
promoters of the cytotoxicity of acrylic acid-based dental monomers.2!-35-37 In
Table II, we have listed selected SAKs along with their mechanistic interpret-
ations, while the complete list can be found in Table S-II. We have provided an
analysis of the contribution of molecular fragments to the cytotoxicity of acrylic
acid-based dental monomers in Fig. 4. In the presented figure, green denotes
groups that have a positive influence, while red denotes groups that have a neg-
ative influence on the studied effect. As mentioned, each SAx contributes its CW
value.

TABLE I. Example of DCW calculation
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IUPAC name: [2-hydroxy-3-(2-methylprop-2-enoyloxy)propyl]-
-2-methylprop-2-enoate

SMILES notation: 0C(COC(=0)C(=C)C)COC(=0)C(=C)C
\’HKO/HAO)Y DCW = 57.88841
OH pICsp(calc.) =2.6094

SAx  CW(SA)  SA, CW(SAy) SA,  CW(SA)  SA,  CW(SAY

1000100000 2.0407 BOND10000 1.411 Cmax.0...... 0.0745 O..=.... —0.9669
o 2.3831 Co(eonnn —0.8598 HALOO00000 3.1001 O..C..(.. 1.0934
(.C..(.. 05923 C..(.=.. —0.916 Nmax.0...... 1.8318 O..C..... —0.922

++0---B2= 293890 C..(..C.. 1.4187 NOSP01000 1.9941 Omax.5...... 0
= -0.7396  C.......... —0.8583  O..(...... —0.6732 Smax.0...... 2.3577
= e -0.0911 C -0.9573  O..(..C.. 21158 O.=.(.. -0.5599
=.C..(.. 21233 4.2232 O.coveene —0.5305
=..0...( —0.4744 C..0..C... —0.6593

TABLE II. Mechanistic interpretation of selected SAys

Promoters of p/Cs, decrease

Promoters of p/Cs increase
Complex molecular branching with

[ Simple molecular branching and (Ol oxygen atom involving
S complex ++++N--- Presence of independent nitrogen atom
B2== and double bond in molecule
. +4+-++N--- i i

Co(evrennn Molecular branching on carbon _E\I_ Presence of 1ndepenfient nitrogen and
(.C.( atom O=—== oxygen atoms in molecule

""""" S Double bond
++++0--- Presence of independent oxygen _ Double bond involved in molecular

_ atom and double bond in =l :
B2== branching
molecule

L Double bond with oxygen atom
| I Presence of ring in molecule =...0...(... involved in molecular branching

Double bond with carbon atom

C..l... Presence of ring in molecule Cof=
C..1..C.. with carbon atoms TV T involved in molecular branching
N...C..C... Ethyl amine fragment Coees Carbon atom

C.. _: ....... Double bond with carbon atom N Nitrogen atom
C.=.C.. O Oxygen atom

Sequence of carbon-nitrogen- Methyl amine group, or sequence of
C.N..C.. N...C...... .
carbon atoms nitrogen-carbon atom

Covrrerrens Aromatic carbon in molecular 0 (.C Branched carbon atom bounded to

C...Correnn structure VUV aromatic carbon

c..C....... Carbon or oxygen atom bounded Methyl group bounded to aromatic

. c...0..C..
c..O....... to aromatic carbon carbon

Based on the results obtained from QSAR modeling, the SMILES notation
descriptors associated with molecular fragments that have a positive impact on
pICsp for the cytotoxicity of acrylic acid-based dental monomers, leading to a
decrease in cytotoxicity, include: “C...C...” (ethyl group) — representing two car-
bon atoms in sequence in any part of the molecule; “O...C...” (methoxy group) —
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denoting a sequence of oxygen and carbon atoms in any part of the molecule;
“0...C...C” (ethoxy group) — representing oxygen and two carbon atoms in sequ-
ence in any part of the molecule.

Fig. 4. Molecular fragments contribution
to the cytotoxicity of acrylic acid-based
dental monomers (green — increase, red —
decrease).

In more complex molecular groups, some fragments contribute to an inc-
rease in the p/Csq value, while others contribute to a decrease. Therefore, to fully
understand how these complex molecular fragments influence the cytotoxicity
effect, it is essential not only to perform a qualitative analysis of individual mole-
cular fragments but also a quantitative analysis of their CW numerical values. For
instance, a molecular fragment found in Fig. 2 that incorporates a carboxyl group
contains specific subfragments that either exert a detrimental influence on p/Cs,

such as “C............ ” representing a solitary carbon atom or a methyl group,
“Oueeeeerene, ” signifying an individual oxygen atom, “=........... ” indicating the pre-
sence of a double bond, “=...(....... ” denoting a double bond integrated into mole-

cular branching, and “C a double bond with a carbon atom involved in molecular
branching.” In contrast, within the same carboxyl group, there are subfragments

with a beneficial effect on p/Csg, including “(...(.......” and “(........... ” — both
linked to molecular branching, “C...(.......” and “(...C...(...” — related to branching
on carbon atoms and “C...=......” and “C...=...C...” — subfragments associated with

double bonds featuring carbon atoms. This illustrates how intricate molecular
structures can encompass various subfragments that contribute both positively
and negatively to the observed cytotoxicity effect, underscoring the necessity for
a comprehensive qualitative and quantitative analysis.

CONCLUSION

The primary objective of this research is to create robust QSAR models cap-
able of predicting the cytotoxicity of acrylic acid-based dental monomers with
high predictability. This predictability is assessed through the use of various stat-
istical parameters. The conformation-independent models, developed based on
optimal descriptors derived from both local graph and SMILES notation invari-
ants, are calculated using the Monte Carlo optimization method. The application
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of a variety of statistical techniques allowed for the assessment of the predictive
potential and robustness of the developed QSAR models. The validity of these
models is confirmed by the numerical values obtained during their validation.
The Monte Carlo optimization method effectively identified molecular frag-
ments, which are employed as SMILES notation fragments in QSAR modeling,
with both positive and negative effects on the cytotoxicity of acrylic acid-based
dental monomers. In conclusion, the methodology presented in this research can
be employed to pursue the development of new dental materials with reduced
cytotoxicity.

SUPPLEMENTARY MATERIAL

Additional data and information are available electronically at the pages of journal
website: https://www.shd-pub.org.rs/index.php/JSCS/article/view/12828, or from the corres-
ponding author on request.
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H3BO[J

QSAR MOJEJOBAKBE HUTOTOKCUYHOCTHU ZEHTATHUX MOHOMEPA BASUPAHUX
HA NEPUBATHUMA AKPW/IHE KUCEJIMHE TIPUMEHOM MOHTE KAPJIO
OIITUMHU3ALIUIE

MUPJAHA BOILKOBUR!, CAIIA CTAHKOBUR!, JENIEHA B. )KUBKOBUR? u ATIEKCAHJIAP M. BECEJIMHOBUR?

"Ynueesuinieinn y Huuty, Meguuurcku paxyninew, Kawegpa Ciuomaimonowxa upomeinuxa, bynesap
gp 3opana Bunhuha 81, Huw u Ynusesuttietn y Huuwy, Meguyurcku axyniiein, Kaegpa Xemuja,
Bynesap gp 3opana Bunhuha 81, Huw

[TonuMepH Koju ce MPUMEY)Y ¥ CTOMATOJIOLIKOj ITPaKkcH 4ecto cy hopMHpaHu momohy
IepyBaTa aKpHWIHE KUCEIHHE Kao ToYeTHOr MOHOMepa. MehyTuM, HaBeieHU epuBaTH 1oKasyjy
LUUTOTOKCUYHOCT ITpeMa Pa3ITHuUTUM TUIIOBUMa henwja, WTo je edekart koju Mopa OUTH CMambeH
y dymyhum marepujanuma. OCHOBHM IIWJb OBOT UCTpPakKKBama je na ce ycrnoctaBu QSAR mopen
3a npenBuhame HUTOTOKCUYHUX edekaTa TepruBaTa akpuiHe KUCeJMHe Kao U Jja UIeHTHDHKYje
MoJeKysicke parMeHTe, MOJIEKYJICKE IECKPUIITOPe Ca MeXaHWYKUM TyMademeM, KOju UMajy
YTULIAj HA IUTOTOKCHYHOCT. OCHOBHU anroputam 3a podujare QSAR mopena duo je Moute
Kapno TexHMKa onTUMHU3aLMje, @ MOJEIH Cy KOPUCTUIM KOH(OPMAILMOHO He3aBUCHE MOJIEKYII-
CKe [eCKpUIITOpe 3acHOBaHE Ha MoseKkynapHoM rpady u Ha SMILES Horauuju. Pasnuuuti
CTaTUCTHUYKU TapaMeTpu Cy kopuurheHd na Ou ce Banupupanud nodujenn QSAR momenu u
IoOWjeHn pe3ynTaTd ykasyjy Ha nodpy mnpemuktuBHOCT QSAR mopmena. C oB3upom Ha To Ha
BehunHa 0a3a noparaka monexyna kopuctd SMILES HoTauujy 3a mpencraB/bambe MOJIEKYJICKe
CTpyKType, npencTasbeHd QSAR Monenu mMory mociyKHUTH kKao Op3 ¥ eduKacaH anar 3a mpe-
Tpary HOBUX MOHOMepa.

(ITpumibeHo 1. MapTa, peBUaMpaHo 15. anpuia, npuxsaheHo 2. jyHa 2024)
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