
ВІСНИК ФАРМАЦІЇ 1 (103) 202266 ISSN 2415-8844 (Online)

УДК 615.1:004.94                    https://doi.org/10.24959/nphj.22.79

О. V. Kutova, I. V. Kovalevska, N. V. Demchenko 

National University of Pharmacy of the Ministry of Health of Ukraine

Development of a methodological approach to determine 
regression equations in the study of the technology  
for manufacturing tablets based on quercetin

When developing the technology of tablets and tablet masses one of the tasks is to determine the amounts of 
excipients required to obtain pharmaco-technological quality indicators that meet the requirements of the State Pharma-
copoeia of Ukraine (SPhU).

Aim. To develop an algorithm for determining the type of three-factor mathematical models with dependent variables.
Materials and methods. The study object was experimental observations of the quantitative effect of excipients 

in the tablet composition based on a solid dispersion of quercetin on the pharmacopeial characteristics of this dosage 
form, in particular on its flowability. The experimental data were processed by the planned experiment using Mathcad 
15 and MS Excel software according to the algorithm proposed.

Results and discussion. It has been found that the identification of mathematical models in pharmaceutical stud-
ies with three dependent factors, which total value is determined by the quantitative composition of the dosage form 
and fixed at a certain level, is difficult to perform due to the difficulty of interpreting the multiple regression parameters  
as characteristics of factors in isolation through their correlability. It has been proven that the replacement of variables 
leads to the determination of a mathematical model that does not reveal the mechanism of the factors’ action and is  
a static description of their overall impact on the indicator studied.

Conclusions. As a result of the research conducted, regression equations were found to determine the effect of 
the amount of these excipients on the tablet flowability. It has been found that the most influential role in determining 
the target in the factor space studied is played by the interaction of factors. The algorithm for determining the mathemati-
cal description of the dependence with three variables has been proposed. Based on the fact that the research is 
conditioned by strict conditions in the quantitative composition, the chosen mathematical model of the dependence of 
the quadratic equation with two factors, for which there are limitations, has no correlation. The model determined is 
characterized by the possibility of providing the graphical interpretation and simplification of analysis and can be used 
for forecasting and optimization.
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Розроблення методологічного підходу до визначення регресійних рівнянь  
під час дослідження технології виготовлення таблеток на основі кверцетину 
Під час розроблення технології таблеток і таблеткових мас одним із завдань є визначення кількості допо-

міжних речовин, необхідних для отримання фармакотехнологічних показників якості, які відповідають вимогам 
Державної фармакопеї України.

Метою роботи є розроблення алгоритму визначення виду трифакторних математичних моделей із залеж-
ними змінними.

Матеріали та методи. Об’єктом досліджень були експериментальні спостереження кількісного впливу допо-
міжних речовин у складі таблеток на основі твердої дисперсії кверцетину на фармакопейні характеристики зазна-
ченої лікарської форми, зокрема на її сипкість. Експериментальні дані обробляли з використанням запланованого 
експерименту за допомогою комп’ютерних програм Mathcad 15 та MS Exсеl за запропонованим алгоритмом. 

Результати та їх обговорення. Визначено, що ідентифікацію математичних моделей у фармацевтичних 
дослідженнях з трьома залежними факторами, сумарне значення яких визначається кількісним складом лікарської 
форми та фіксується на певному рівні, важко проводити внаслідок ускладнення інтерпретації параметрів мно-
жинної регресії як характеристик факторів у ізольованому вигляді через їх корельованість. Доведено, що заміна 
змінних призводить до визначення математичної моделі, яка не розкриває механізму дії факторів і є статичним 
описом їх загального впливу на досліджуваний показник. 

Висновки. У результаті проведених досліджень визначено рівняння регресії для виявлення впливу кількості 
зазначених допоміжних речовин на сипкість таблетки. З’ясовано, що найбільш впливову роль у визначенні цільового 
показника в досліджуваному факторному просторі відіграє взаємодія факторів. Запропоновано алгоритм визначен-
ня математичного опису залежності з трьома змінними. З огляду на те, що дослідження мають відповідати жорстким 
умовам за кількісним складом, обрано математичну модель залежності у вигляді квадратичного рівняння з двома 
факторами, за якими є обмеження і між якими немає кореляції. Така модель характеризується можливістю надання 
графічної інтерпретації та спрощення аналізу й може бути використана для прогнозування і оптимізації.

Ключові слова: кількісний вплив допоміжних речовин; трифакторна математична модель; залежні 
змінні фактори; алгоритм ідентифікації 
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Разработка методологического подхода к установлению регрессионных 
уравнений при исследовании технологии изготовления таблеток на основе 
кверцетина
При разработке технологии таблеток и таблеточных масс одной из задач является определение количества 

вспомогательных веществ, необходимых для получения фармакотехнологических показателей качества, соот-
ветствующих требованиям Государственной фармакопеи Украины.

Целью работы является разработка алгоритма установления вида трехфакторных математических моде-
лей с зависимыми переменными.

Материалы и методы. Объектом исследований были экспериментальные наблюдения количественного 
влияния вспомогательных веществ в составе таблеток на основе твердой дисперсии кверцетина на фарма-
копейные характеристики указанной лекарственной формы, в частности на ее сыпучесть. Обработку экспе-
риментальных данных проводили с использованием планируемого эксперимента с помощью компьютерных 
программ Mathcad 15 и MS Exсеl по предложенному алгоритму.

Результаты и их обсуждение. Определено, что идентификацию математических моделей в фармацев-
тических исследованиях с тремя зависимыми факторами, суммарное значение которых определяется количе-
ственным составом лекарственной формы и фиксируется на определенном уровне, трудно проводить вследствие 
осложнения интерпретации параметров множественной регрессии как характеристик факторов в изолирован-
ном виде из-за их коррелируемости. Доказано, что замена переменных приводит к установлению математи-
ческой модели, которая не раскрывает механизма действия факторов и является статическим описанием их 
общего влияния на исследуемый показатель.

Выводы. В результате проведенных исследований определены уравнения регрессии для установления влияния 
количества указанных вспомогательных веществ на сыпучесть таблетки. Установлено, что наиболее влиятель-
ную роль в определении целевого показателя в исследуемом факторном пространстве играет взаимодействие 
факторов. Предложен алгоритм определения математического описания зависимости с тремя переменными. 
Исходя из того, что исследования должны отвечать жестким условиям по количественному составу, выбрана 
математическая модель зависимости в виде квадратичного уравнения с двумя факторами, по которым есть 
ограничения и между которыми нет корреляции. Установленная модель характеризуется возможностью предо-
ставления графической интерпретации и упрощения анализа и может быть использована для прогнозирования 
и оптимизации.

Ключевые слова: количественное влияние вспомогательных веществ; трехфакторная 
математическая модель; зависимые переменные факторы; алгоритм идентификации

Introduction. Quantitative research in the develop-
ment of the tablet technology involves finding the opti-
mal composition of a dosage form (fillers, disintegran-
ts, binders, glidants and lubricants, etc.), parameters of 
technological modes determined by the type of a dosage 
form (compression pressure, compression rate, film-for- 
ming solution temperature), the drying time of the coa- 
ting, etc.), as well as ensuring the values of pharmaco- 
technological quality indicators, in accordance with the re-
quirements of the State Pharmacopoeia of Ukraine (SPhU).

It should be noted that there is often a need to find 
a significant amount of excipients when developing  
the technology of tablet drugs. Multifactoriality is one 
of the specific features of these studies at the experi-
mental stage. In this study, the determination of regres-
sion relationships is associated with three quantitative 
factors, which total value is fixed at a certain level. Inter-
pretation of multiple regression parameters in this case 
is complicated by their correlation.

Various modifications of the planned experiment 
are used to construct multifactor models [1-5]. In the study 
of three factors in the presence of certain restrictions on 
two of them, the third factor becomes dependent and 
changes under the conditions of the passive experiment. 
As a result, the levels of the dependent factor х3 in  
the experiments are only recorded, but not specified. In this 
case, the researcher is not able to control the dependent 
factor and becomes a passive observer of the phenome-

na occurring. We have to deal with the values of the fac-
tors, which change unevenly. Due to the uneven change 
in the corresponding range of the dependent factor, the usual 
methods of finding empirical dependences are unsuitable, 
and there is a need to develop the effective one in the con- 
ditions studied [6].

The aim of the article was to develop an algorithm 
for determining the type of three-factor mathematical 
models with dependent variables.

Materials and methods. The algorithm for identi-
fying the regression equation for three dependent quan-
titative factors is shown on the example of the develop-
ment of the tablet technology based on solid dispersion 
of quercetin [7]. According to the standard procedure 
at the first stage as a result of studies, the effect of exci- 
pients on the pharmacological characteristics of tablets 
was determined by their qualitative composition. Three 
excipients significantly affecting the tablet mixture and 
tablets – microcrystalline cellulose (х1 factor), nesulin 
(х2 factor) and sodium starch glycolate (х3 factor) were 
selected. At the second stage it was necessary to determine 
the quantitative content of excipients under the following 
conditions: 12 < x1 < 14, 12 < x2 < 14, x1 + x2 + x3 = 29.

The tablet weight and finished tablets were monito- 
red according to five pharmaco-technological indicators 
(reviews, target functions): y1 – the Kara index, у2 – the tab-
let mass flowability, у3 – the Hausner coefficient, y4 – the tab- 
let strength, y5 – the tablet disintegration time.
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In classical regression analysis, the structure consi- 
dered is known before planning, but in pharmaceutical 
research it is not always so. In many cases, the purpose 
of building a regression model is to elucidate the rela-
tionship between independent factors and the dependent 
pharmacopoeial index. Determining this structure is one 
of the tasks in the regression analysis. It is usually formed 
as a search for an equation with the best estimates of 
static significance. This is not entirely true as the aim of 
the study is not the goal of mathematical statistics alone. 

The strategy for constructing the equation determi- 
nes the requirements for planning the experiment. In this 
case, the formulation of the problem does not ensure 
the independence of factors, and as a result, there will 
be no good conditionality of the matrix full of factor 
planning.

To achieve the factor independence, the variable x3 
was excluded from consideration [8-10]. This allowed 
us to apply the experimental areas of the standard form 
22 and 32.

The mathematical processing of the results of the study 
was performed using Mathcad 15 software [11], the least 
squares method (LSM). The estimation of the signifi-
cance of regression equations and their coefficients was 
performed using statistical functions of the MS Exсеl 
spreadsheet [12].

Results and discussion. For this study, the effect 
of the third excipient P – a loosening substance, which 
amount directly depends on the number of the first two 
excipients, is excluded from consideration as the most 
correlated factor. To propose a type of the regression 

equation, we used a graphical approach based on the vi- 
sual analysis of location of the points of the experimen-
tal surface obtained according to Plan 22 (Tab. 1) using 
Mathcad 15 software (Fig. 1a).

The assumption about the linearity of the mathema- 
tical description was refuted by the type of response surface. 
In addition, the coefficient of determination of the linear 
equation y2 = f(x1,x2) was equal to 0.28, the average 
relative error of calculations at base points exceeded 
the accepted 3 %. Based on the graphical interpretation 
of the experimental dependence and the experimental 
plan 22, the regression equations with the interaction of 
factors were analyzed:

y2(x1,x2) = a0 + a1x1 + a2x2 + a3x1x2. 

The plan with the minimum number of experiments 
(saturated plan) allows the method of least squares to 
determine the coefficients of the equation (1):

y2(x1,x2) = 230.23 – 17.55x1 –  
– 18.035x2 + 1.405x1x2,

but the requirements for the quality of the evalua-
tion of the function and its parameters are not met de-
spite the maximum coefficient of determination (R2 = 1), 
the absence of a relative calculation error at base points 
and satisfactory coincidence of experimental and theo-
retical response surfaces (Fig. 2).

To make a final decision on the determination of the ma 
thematical model, despite a good assessment of the adequacy 

Table 1
The factor experiment planning matrix 22 and the research results

No. х1 х2 у1 у2 у3 у4 у5
1 14 (+) 12 (–) 21.42 ± 0.4 4.5 ± 0.35 0.85 ± 0.05 0.56 ± 0.04 10 ± 0.5
2 14 (+) 14 (+) 12.03 ± 0.6 7.92 ± 0.86 1.39 ± 0.07 0.58 ± 0.03 13 ± 0.7
3 12 (–) 14 (+) 30.23 ± 0.9 2.68 ± 0.4 1.31 ± 0.055 0.61 ± 0.04 9 ± 0.66
4 12 (–) 12 (–) 17.0 ± 0.3 4.83 ± 0.43 1.15 ± 0.03 0.52 ± 0.03 5 ± 0.45

Fig. 1. The experimental response surfaces: a) by complete factorial experiment 22, b) by complete factorial experiment 32

(1)

(2)
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of two statistical indicators, it was proposed to analyze 
the separate influence of factors on the target indicator 
within the interval studied. In this study, the increase in 
the content of microcrystalline cellulose with different 
amounts of neusilin in different ways affects the target: 
if x2 = 12 %, when the greater x1, the lower the value 
of y2; if x2 = 14 %, then an increase in x1 leads to   
an increase in y1 = f(x1) (Fig. 3a). 

An increase in the content of neusilin at x1 = 12 % 
leads to a decrease in the value of the mass flowability, 
at x1 = 14 % – to an increase in this indicator (Fig. 3b).

The main effect of the factors is masked and gives 
the final increasing linear dependence, hiding the non-
linear behavior of variables within the factor space. 
Thus, the available information indicates the impossi-
bility of using the equation (1) as a mathematical de-
scription of this study despite a good assessment of its  
adequacy on two statistical indicators, and indicates the need 
to consider a second-order regression model.

Increasing the experimental base by adding the expe- 
riment in the center of the plan 22 – y2(13.13) = 7.0 al-
lows obtaining statistical estimates of the equation (1): 
the coefficient of determination – R2 = 0.77 shows a suf-
ficient approximation accuracy; the reliability according 
to the level of significance of the Fisher criterion is 

0.58 – the model is not significant; the p-values for the coef-
ficients of the equation – 0.35, and it proves their insigni- 
ficance. The results obtained do not allow us to consider 
the regression equation (1) as an adequate mathemati-
cal model.

There is a need to plan an experiment for a quadratic 
model. It is advisable to build the optimal plan for the qua- 
dratic model in such a way that it includes the points 
of the optimal plan for the linear model, maintaining 
orthogonality (Tab. 2).

The graphical interpretation of the experimental res- 
ponse surface y2 obtained from the results of the expe- 
rimental matrix according to Plan 32 differs from option 
22 (Fig. 1b).

Calculations by the 2nd order regression equation, 
which coefficients are determined using the regress func-
tion in Mathcad 15:

y2(x1,x2) = –93.3472 – 17.8683x1 +  
+ 32.325x2 + 1.405x1x2 +  
+ 0.0133x12 – 1.9367x22,

give a slight average relative error at base points not 
exceeding 0.5 %. Experimental and theoretical response 
surfaces, which are given in Fig. 4, match quite well.

Fig. 2. The graphical interpretation of the dependence y2 = f(x1,x2): 1) experimental, 2) obtained by the equation (1)

Fig. 3. The scattering diagram for factors: а) y2 = f(x1)x2 = const, b) y2 = f(x2)x1 = const

(3)
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Statistical estimates of the equation (3) are as follows: 
the coefficient of determination – R2 = 0.999 shows 
an excellent approximation accuracy; the reliability accor- 
ding to the level of significance of the Fisher criterion is 
0.0000429, that is, the model is significant; the p-value 
for all coefficients of the equation is much lower than 
0.05, except for the value of 0.77 for the coefficient at х12. 
The presence of alternating positive and negative deviations 
indirectly confirms the absence of a systematic error in 
the regression equation constructed. Confidence intervals 
of the function at base points are: y2(14,12) = 4.1586 ± 3.82; 
y2(14,14) = 7.4402 ± 3.82; y2(12,14) = 3.145 ± 3.82; 
y2(12,12) = 5.4836 ± 3.82; y2(14,13) = 7.736 ± 3.17; 
y2(12,13) = 6.25 ± 3.17; y2(13,14) = 5.2794 ± 3.17; 
y2(13,12) = 4.808 ± 3.17; y2(13,13) = 6.980 ± 3.17.

The results obtained allow us to consider the regression 
equation (3) as an adequate mathematical description.

By the equation (3) it is impossible to determine the true 
mechanism of influence of factors х1, х2, х3 on the re-
sultant trait due to the reasons previously mentioned. 
Therefore, the real mechanism of action and interaction 
of factors can be proposed by comparing the possible 
mathematical structures of the equation (3), and using 
the substitution х3 = 29 – х1 – х2. The equation (5) is 
identical to three parametric dependences:

y2(x1,x2) = a0 + a1x1 + a2x2 + a3x3 +  
+ a4x1x2 +a5x1x3 + a6x2x3.

Taking into account that the assessment of the influence 
of the coefficients of the equation (5) using MS Excel, 
shows no significance of the component х12 (p-value is 
equal to 0.77), it is possible not to consider also the inter-
action of variables at level х1х3. Thus, we can offer the form 
of the equation as a mathematical description:

y2(x1,x2, x3) = a0 + a1x1 + a2x2 + a3x3 +  
+ a4x1x2 + a5x2x3 + a6x22,

with the coefficients determined:

y2(x1,x2,x3) = –603.72 + 17.522x3 +  
+ 3.124x1x2 + 1.719x2x3 – 0.218x22.

In the equation (8), all the coefficients are significant, 
the average calculation error is 0.6 %, the coefficient of 
determination – R2 = 0.9994 shows an excellent approxi-
mation accuracy; the reliability according to the level of 
significance of the Fisher criterion is 0.0000562, the gra- 
phical interpretation of the given equation proves the co-
incidence of the response surfaces similar to Fig. 4. 

Confidence intervals of the function at base points were 
determined using the Student’s test with 95 % reliability: 
y2(14.12) = 4.15 ± 3.82; y2(14.14) = 7.45 ± 3.82; y2(12.14) = 
3.15 ± 3.82; y2(12.12) = 5.49 ± 3.82; y2(14.13) = 7.74 ± 3.17; 
y2(12.13) = 6.256 ± 3.17; y2(13.14) = 5.3 ± 3.17; y2(13.12) = 
4.826 ± 3.17; y2(13.13) = 6.99 ± 3.17.

Table 2
The factor experiment planning matrix 32 and the research results

No. х1 х2 у1 у2 у3 у4 у5
1 14 (+) 12 (–) 21.42 ± 0.4 4.15 ± 0.35 0.85 ± 0.05 0.56 ± 0.04 10 ± 0.5
2 14 (+) 14 (+) 12.03 ± 0.6 7.42 ± 0.86 1.39 ± 0.07 0.58 ± 0.03 13 ± 0.7
3 12 (–) 14 (+) 30.23 ± 0.9 3.18 ± 0.4 1.31 ± 0.055 0.61 ± 0.04 9 ± 0.66
4 12 (–) 12 (–) 17.0 ± 0.3 5.53 ± 0.43 1.15 ± 0.03 0.52 ± 0.03 5 ± 0.45
5 14 (+) 13 (0) 16.7 ± 0.35 7.8 ± 0.8 1.17 ± 0.32 0.62 ± 0.04 10.2 ± 1.2
6 12 (–) 13 (0) 23.6 ± 0.62 6.2 ± 0.64 1.19 ± 0.3 0.61 ± 0.05 5.5 ± 0.6
7 13 (0) 14 (+) 21.1 ± 1.1 5.3 ± 0.52 1.35 ± 0.35 0.56 ± 0.05 10.1 ± 0.9
8 13 (0) 12 (–) 19.2 ± 0.8 4.8 ± 0.4 1.17 ± 0.4 0.57 ± 0.07 5.5 ± 0.6
9 13 (0) 13 (0) 20.15 ± 0.95 7.0 ± 0.58 1.26 ± 0.45 0.58 ± 0.04 6.4 ± 0.54

Fig. 4. The graphical interpretation of equation (5) and determination of the calculation error using it

(4)

(5)

(6)
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In the same way, regression equations were deter-
mined for all targets studied in order to further optimize 
the technology of manufacturing tablets [13].

Conclusions and prospects for further research
The essence of the methodological approach pro-

posed to the determination of regression equations is 
reflected in the example of a mathematical description 
of one of the five pharmacopoeial characteristics of tab-
lets studied – the flowability of the tablet mass based 
on quercetin.

To reduce the required number of experiments, taking 
into account the dependence of the variables affecting 
the target indicator, the mathematical processing of the re-
search results has been performed using two factors, which 
content in the dosage form studied is strictly limited by 
the research conditions.

A satisfactory estimate of the regression equation de-
termined by the fractional plan with two variables has 
been revised after the analysis of the isolated influence 
of factors. There is a need to expand the information 
base within the factor space in order to consider the re-
gression equation of the 2nd order.

The result of the mathematical processing is the de-
termination of a regression equation in the form of an in-
complete algebraic polynomial of the 2nd degree, in which 
the constants determined do not reflect the actual degree 
of influence of the variables. After the mathematical trans-
formation, the dependence of three variables with re-
fined coefficients has been obtained, revealing the real 
mechanism of the influence of factors on the indicator 
studied. Thus, the presence of the excipients in combi-
nation with the active ingredients in the formulation of 
tablets developed has a significant effect on the flowa-
bility of the test dosage form. Increasing the amount of  
neusilin from 12 to 14 % can lead to a decrease in flowa-
bility, but in the mixture with the amount of microcrys-
talline cellulose from 12 to 14 % and sodium starch gly-
colate from 1 to 3 % the target value increases.

The methodological approach proposed is applied 
to all pharmacopoeial characteristics studied. The regres-
sion equations obtained can be used to optimize the tech-
nology of manufacturing tablets.
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