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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 ChemOffice 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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АНАЛІЗ БІОФАРМАЦЕВТИЧНОЇ КЛАСИФІКАЦІЙНОЇ СИСТЕМИ 
ІЗ ЗАСТОСУВАННЯМ ХЕМОМЕТРИЧНИХ МЕТОДІВ

Актуальність. Інтеграція біофармацевтичної класифікаційної системи з хемометричними методами є перспективним 
напрямом у фармацевтичній науці. Ця система поділяє лікарські речовини на чотири класи, залежно від їхньої розчинності 
та проникності. Використання хемометричних моделей для прогнозування цих властивостей дозволяє зменшити потребу 
в лабораторних (in vitro) та доклінічних (in vivo) експериментах, що сприяє прискоренню та здешевленню розроблення нових 
лікарських засобів. Поєднання біофармацевтичної класифікаційної системи зі статистичними методами та нейромере-
жевими підходами відкриває нові можливості для точнішого прогнозування біодоступності, удосконалення лікарських форм 
і підвищення ефективності регуляторних рішень. Такий підхід має високу наукову та практичну цінність.

Мета дослідження – розроблення точної моделі класифікації лікарських речовин, відповідно до біофармацевтичної кла-
сифікаційної системи, з використанням хемометричних методів.

Матеріал і методи. У дослідженні використано набір даних, що включає 122 лікарські речовини, охарактеризовані за 
допомогою 11 фізико-хімічних і топологічних молекулярних дескрипторів. Основними методами дослідження були критерій 
Крускала – Уолліса та ймовірнісна нейронна мережа. У цьому дослідженні були використані програмні пакети MATLAB 
R2024b та ChemOffice 2020. 

Результати дослідження. Установлено, що чотирьох молекулярних дескрипторів (кількість донорів водневого зв’язку, 
коефіцієнт розподілу, розчинність і полярна поверхнева площа) досить для точної класифікації лікарських речовин, відповідно 
до біофармацевтичної класифікаційної системи. Архітектура ймовірнісної нейронної мережі зі значенням параметра розсі-
ювання 0,1 виявилася ефективною для розв’язання поставленого завдання.

Висновок. Отримані результати підтверджують високий потенціал хемометричних методів у побудові моделей прогно-
зування, здатних оптимізувати та прискорити процес розроблення лікарських препаратів.

Ключові слова: класифікація лікарських речовин, молекулярні дескриптори, фармацевтична галузь, хемометрія. 

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 

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 (Bergström, 
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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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 (χ²) statistic at a 5% significance level 
and 3 degrees of freedom is 7,81 (Miller, 2010, p. 268).

Descriptors for which the calculated χ² 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 χ² 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 

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 
parameter value

Proportion of misclassified drug 
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. 

Table 1
Results of the Kruskal – Wallis test for 11 molecular descriptors

Descriptor
MW HBA HBD MR logP logS BI MTI RotB PSA WI

χ2 5,91 4,41 11,35 5,75 29,64 28,46 5,08 6,26 2,11 13,66 5,88
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Conclusions. It was established that four molecu-
lar descriptors (number of HBond donors, partition 
coefficient, solubility and polar surface area) are suf-
ficient for accurate classification of drug compounds 
according to the BCS.

The Probabilistic Neural Network architecture 
with a spread parameter value of 0.1 proved to be an 
effective tool for this classification task.

The results demonstrate the significant potential of che-
mometric methods for developing predictive models, that 
can optimize and accelerate the drug development process.

Table 3
Results of class predictions according to the BCS for the testing set

Drug 
compound

Correct BCS class 
(Bergström, 2014)

Spread parameter value of 0,1 Spread parameter values ranging 
 from 0,2 to 1,0

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
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