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ANALYSIS OF BIOPHARMACEUTICS CLASSIFICATION SYSTEM
BY MEANS OF CHEMOMETRIC METHODS

Actuality. The integration of the Biopharmaceutics Classification System with chemometric methods represents a promising direction
in pharmaceutical research. Biopharmaceutics Classification System categorizes drugs into four classes based on their solubility and
permeability. Predicting these properties using chemometric models can reduce reliance on in vitro and in vivo experiments, thereby
streamlining the drug development process. Combining Biopharmaceutics Classification System with chemometric techniques,
including statistical analyses and neural network models, creates new opportunities for predicting bioavailability, optimizing drug
formulations, and supporting regulatory decision-making. This approach is therefore highly relevant for both scientific inquiry and
practical pharmaceutical applications.

Aim of research. The aim of this study is to develop an accurate drug classification model in accordance with the Biopharmaceutics
Classification System using chemometric methods.

Material and methods. The dataset includes 122 drug compounds characterized by 11 physicochemical and topological molecular
descriptors. The research methods employed were the Kruskal — Wallis test and a Probabilistic Neural Network. The software packages
MATLAB R2024b and ChemOlffice 2020 were used in this study.

Research results. It was found that four descriptors (number of HBond donors, partition coefficient, solubility and polar surface
area) are sufficient for accurate drug classification according to the Biopharmaceutics Classification System. The Probabilistic Neural
Network architecture with a spread value of 0,1 proved to be an effective for this task.

Conclusion. The results demonstrate the strong potential of chemometric methods for constructing predictive models that can
optimize and accelerate the drug development pipeline.

Key words: drug classification, molecular descriptors, pharmaceutical sciences, chemometrics.
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AHAJII3 BIO®APMAIEBTUYHOI KJIACUPIKAIIHHOI CACTEMUA
I3 3ACTOCYBAHHSAM XEMOMETPUYHUX METO/1IB

Axmyanvricme. Inmeepayis 6iogapmayesmuunol Kiacugpikayitinoi cucmemu 3 XeMOMEMPUUHUMU MEMOOAMU € NEPCNEKMUGHUM
Hanpamom y gpapmayesmuunin Hayyi. []a cucmema nooinsie nikapcoki peuosunu Ha YOmupu KIAcu, 3a1exiCHO 8i0 iIXHbOT po3uuHHOCHII
ma nponukHocmi. Bukopucmanmsa xemomempuiunux mooeneii 0is npo2HO3Y8ANHA YUX G1ACMUBOCEl 00360IIAE 3MEHWUMU nompeody
6 1abopamophux (in vitro) ma OoKAiHiuHUX (in ViV0) eKCnepuMeHmax, wo cnpuse npUckOpertio ma 30euesieHHI0 po3pOOLeHHs HOBUX
JiKkapcevkux 3aco6is. Iloeonanus diogpapmayesmuunol Knacugikayiitnoi cucmemu 3i CmamucmudHuUMU Memooamy ma Heupomepe-
JiceBUMU NEOXOOAMU BIOKPUBAE HOBL MOJICAUBOCHI OJisl MOYHIUIO20 NPOCHO3YEANHS 6I000CMYNHOCMI, YOOCKOHANEHH IIKAPCOKUX Popm

i niosuwyenHs echexmugrnocmi pe2ynsimopHux piuiens. Taxuil nioxio Mae 6UCOKY HAYKOBY Ma NPAKMUYHY YIHHICb.

Mema 0ocnidxcenns — po3podieHHs MoUHOI Mooeni Kaacugixayii 1iKkapcvoKux pewosuH, 8ionosiono 0o biogapmayesmudHol Kia-
cugikayiiinol cucmemu, 3 6UKOPUCIAHHAM XEMOMEMPUUHUX MEMOOI8.

Mamepian i memoou. Y oocniodcenni uxopucmano Hadip Oanux, wo exkaouac 122 nikapcvKi peuosutu, oXapakmepuzoeai 3a
oonomoeoro 11 Qizuko-XimiyHux i Monono2iYHUX MONEKYAAPHUX Oeckpunmopis. OCHOBHUMU MeMOOAMU OOCTIONCEeHHs OYIu Kpumepill
Kpyckana — Yonnica ma imosipuicna neiiponna mepesica. Y yvomy oocniodcenni Oynu suxopucmani npoepamui nakemu MATLAB

R2024b ma ChemOffice 2020.

Pezynomamu 0ocnioxncennsn. Ycmanogneno, wo 40mupbox MoneKyIapHUx 0ecKpunmopie (Kinbkicms 00HOPI6 600HEB020 36 A3KY,
Koeghiyicm po3nooiny, po3uuHHICMb | NONAPHA NOBEPXHEEA NILOWA) OOCUMb OJisl MOYHOT KIACUDIKAYI TIKAPCOKUX peHOBUH, 8i0N08IOHO
00 bioghapmayesmuunoi kiacugikayitinoi cucmemu. Apximexmypa tMoGipHICHOT HeUPOHHOT Mepedici 3i 3HAUeHHAM napamempa po3ci-
108anns 0,1 suasunacs eghekmueror 01 po36 A3aHHA NOCMABLEHO20 3AB0AHHS.

Bucnogok. Ompumani pe3ynomamu niomeepoxcyroms 6UCOKUL NOMEHYial XeMOMempUUHUX Memoois y no6y0osei mooeneil npozHo-
3VBAMHSL, 30AMHUX ONIMUMIZYEAMU MA NPUCKOPUMU NPOYEC PO3POONEHHS NIKAPCLKUX NPenapamie.

Knrouogi cnosa: knacugixayisa nikapcbKux pevosun, MoieKyIapHi 0ecKpunmopu, apmayesmudna 2any3b, XeMomempis.

Actuality. The Biopharmaceutics Classification Sys-
tem (BCS) offers a systematic and scientifically grounded
approach to categorizing drug substances based on their
aqueous solubility and intestinal permeability. By also
considering the dissolution of the dosage form, the BCS
evaluates three key factors regulating the rate and extent
of drug absorption from solid oral formulations: dissolu-
tion, solubilization and intestinal permeability (Agniho-
tri, 2024; Mehta, 2023).

Chemometric techniques, including Quantitative
Structure-Activity/Property ~ Relationship ~ (QSAR/
QSPR) modeling, Principal Component Analysis and
Partial Least Squares, enable both qualitative and quan-
titative evaluation of drug properties based on chemi-
cal structure. These methods can predict the BCS class
of new compounds or refine classifications for existing
drugs without extensive experimental testing, reducing
development time and costs (Pushkarova, 2023).

Moreover, the rise of personalized medicine ampli-
fies the need for precise drug formulations tailored to
individual patient profiles. Enhanced BCS classification
accuracy via chemometric models supports the design of
formulations with optimized bioavailability, improving
therapeutic outcomes and safety. The growing volume
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of pharmaceutical data and advances in machine learn-
ing and artificial intelligence integrated into chemom-
etrics further increase the potential to improve predic-
tion accuracy and discover novel drug property patterns.
This integration promises to accelerate drug discovery,
reduce costs and enhance regulatory compliance by sup-
porting early-stage in silico assessments (Niazi, 2023).

Overall, combining the BCS with chemometric methods
opens new avenues for predicting bioavailability and devel-
oping pharmaceuticals, making this research highly signifi-
cant for both scientific progress and practical applications.

Aim of research. The aim of this study is to develop
an accurate drug classification model in accordance with
the BCS using chemometric methods.

Materials and methods. The studied dataset
included 122 drug compounds, which were divided
into two subsets: a training set (104 drug compounds,
85%) and a testing set (18 drug compounds, 15%). The
BCS classes of these compounds were known from sci-
entific literature, which allowed for supervised training
and validation of the classification model (Bergstrom,
2014). The training set is used to develop the classifica-
tion model, while the testing set is used to evaluate its
predictive accuracy on previously unseen data.
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Table 1
Results of the Kruskal — Wallis test for 11 molecular descriptors
Descriptor
MW HBA HBD MR logP logS BI MTI RotB PSA WI
b 5,91 4,41 11,35 5,75 29,64 28,46 5,08 6,26 2,11 13,66 5,88

For each compound 11 physicochemical and topologi-
cal molecular descriptors were calculated using ChemOf-
fice 2020 software: molecular weight (MW); number
of HBond acceptors (HBA); number of HBond donors
(HBD); molar refractivity (MR); partition coefficient
(logP); solubility (logS); Balaban index (BI); molecu-
lar topological index (MTI); number of rotatable bonds
(RotB); polar surface area (PSA); Wiener index (WI).

To identify descriptors with the most significant
impact on drug classification, the Kruskal — Wallis test
was applied (Aravind Kumar, 2024). For the classifica-
tion task, a Probabilistic Neural Network (PNN) was
used due to its ability to provide high accuracy, robust-
ness to noisy data and fast convergence. The network’s
architecture was optimized by adjusting the spread
parameter to improve classification performance (Mohe-
bali, 2020).

The Kruskal — Wallis test and PNN model were imple-
mented using the software package Matlab R2024b.

Research results and their discussion. The
Kruskal — Wallis test was performed for 122 drug com-
pounds characterized by 11 molecular descriptors and
the results are presented in table 1. The critical value of
the chi-squared (y?) statistic at a 5% significance level
and 3 degrees of freedom is 7,81 (Miller, 2010, p. 268).

Descriptors for which the calculated y? value exceeds
the critical value of 7,81 are considered statistically
significant and therefore informative for classification.
It was found that the classification of drug compounds
according to the BCS is most significantly influenced
by the following four molecular descriptors: number of
HBond donors, partition coefficient, solubility and polar
surface area.

For the remaining descriptors, the calculated y? val-
ues were lower than the critical value. Consequently,
molecular weight, number of HBond acceptors, molar
refractivity, Balaban index, molecular topological index,
number of rotatable bonds and Wiener index were deter-
mined to be uninformative for the classification of drug
compounds within the BCS.

In a Probabilistic Neural Network, the spread parame-
ter plays a crucial role in determining the shape and width
of the Gaussian function used in the pattern layer. The
spread parameter controls the smoothness of the prob-
ability density function estimates. A small spread value
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results in a narrow Gaussian curve, making the network
sensitive to small variations and prone to overfitting. A
large spread value results in a wider Gaussian curve, lead-
ing to smoother decision boundaries but potentially caus-
ing underfitting. Selecting an appropriate spread value is
essential for achieving a good balance between model
generalization and accuracy (Mohebali, 2020).

The training set of 104 drug compounds, charac-
terized by four descriptors (number of HBond donors,
partition coefficient, solubility, polar surface area), was
used to determine the optimal architecture of the PNN
for accurate drug classification according to the BCS.
The proportion of misclassified drug compounds at dif-
ferent spread parameter values is presented in table 2.
This proportion was calculated as the number of mis-
classified compounds divided by the total number of
compounds in the training set.

Table 2
Results of Probabilistic Neural Network training
Spread Proportion of misclassified drug
parameter value compounds, %
0,1-0,6 0,0
0,7 0,8
0,8-1,0 1,6

Accurate training of the PNN was achieved at spread
parameter values ranging from 0,1 to 0,6, where no
classification errors occurred. At a spread value of 0,7,
one drug compound was misclassified. At spread values
between 0,8 and 1,0, two drug compounds were misclas-
sified.

To verify the correctness and predictive capability of
the proposed model, which was based on four inform-
ative molecular descriptors and a Probabilistic Neural
Network, its performance was evaluated using the test-
ing set. The list of compounds in the testing set and the
results of their classification according to the BCS are
presented in table 3.

Correct classification of all 18 drug compounds in the
testing set was achieved at a spread parameter value of
0,1. One drug compound (Zidovudine) was misclassified
at spread values ranging from 0,2 to 1,0. Therefore, a
spread parameter value of 0,1 is recommended as the opti-
mal setting for drug classification according to the BCS.
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Table 3
Results of class predictions according to the BCS for the testing set

Drug Correct BCS class Spread parameter value of 0,1 Spread p afl; zﬁe(t)e; :f:llugs ranging

compound (Bergstrom, 2014) Predicted BCS class Predicted BCS class
Tramadol 1 1 1
Zolpidem 1 1 1
Bisoprolol 1 1 1
Venlafaxine 1 1 1
Zidovudine 1 1 2

Doxepin 1 1 1

Enalapril 1 1 1
Rofecoxib 2 2 2
Simvastatin 2 2 2
Celecoxib 2 2 2
Lorazepam 2 2 2
Naproxen 2 2 2
Cimetidine 3 3 3
Risperidone 2 2 2
Acebutolol 3 3 3

Atenolol 3 3 3
Ergotamine 3 3 3
Nevirapine 2 2 2
Conclusions. It was established that four molecu- The Probabilistic Neural Network architecture

lar descriptors (number of HBond donors, partition With a spread parameter value of 0.1 proved to be an

coefficient, solubility and polar surface area) are suf- effe’;tlive tO(l)tl f((i)r this ;liss:l?c?tioP tas:{. cential of ch
. . . e results demonstrate the significant potential of che-
gslf)l:'tdlfz; ilgctllllt;alt;eccslasmﬁcatlon of drug compounds mometric methods for developing predictive models, that

can optimize and accelerate the drug development process.
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