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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.

Key words: quantitative effect of excipients, three-factor mathematical model; dependent mixture factors;
identification algorithm

O. B. KyToBa, I. B. KoBanescbka, H. B. [lemueHko
HauioHanbHun bapmavueBTuYHMI yHiBepcuTeT MiHicTepcTBa OXOPOHM 300POB’A YKpaiHu

Po3po6neHHsA meTogOMOrIYHOrO Nigxoay A0 BU3HA4Y€HHS perpecimHMxX piBHAHb
nig Yac JocnigkeHHs TEXHONOrii BUTOTOBIEHHSA TabneToK Ha OCHOBI KBepPLETUHY

Mig yac po3pobneHHs TexHonorii TabneTok i TabneTkoBMX Mac O4HUM i3 3aBAaHb € BU3HAYEHHS KiNbKOCTi JOMO-
MDKHWUX PEYOBUH, HEOOXIAHWX ANs OTPUMAaHHS PapMakOTEXHOMOTYHMX MOKa3HMKIB SKOCTI, AKi BigNoBi4alTb BUMOram
[epxaBHoi bapmakonei YkpaiHu.

MeToto po60TH € po3pobrneHHs anropuTMy BU3HAYEHHS BUAY TPUMAKTOPHUX MaTeMaTUYHUX MOAENEN i3 3anex-
HUMW 3MIHHUMWA.

Marepianu Ta meToau. O6’ekTOM JocCnimpKeHb Oynn ekcnepuMeHTarnbHi CNOCTEPEXEHHS KiNTbKICHOTrO BMMBY AOMO-
MDKHUX PEYOBUH Y CKnafi TabneTok Ha OCHOBI TBEPAOI AMCNEPCii KBEPLETUHY Ha chapMaKOMneliHi XapakTepUCTUKN 3a3Ha-
YeHoi nikapcbkoi hopMu, 30KkpeMa Ha i cunkicTb. EkcnepumeHTanbHi faHi 06pobnanu 3 BUKOPUCTAHHSAM 3anfiaHOBaHOIo
eKCnepuMEeHTY 3a AoMoMOroto Komm'loTepHux nporpam Mathcad 15 Ta MS Excel 3a 3anponoHoBaHUM anropuTMOM.

Pe3synbraTy Ta ix o6roBopeHHA. BusHayeHo, Lo igeHTudikauito MatematuiHnx Mogenen y dapMaueBTUYHUX
OOCHIMKEHHSIX 3 TPbOMa 3aNexHNMU hakTopaMmu, CyMapHe 3Ha4YeHHS SIKUX BU3HAYaETbCSA KiMbKICHUM CKNagoM FikapcbKol
dopMmM Ta IKCYETBCA Ha NEBHOMY PiBHi, BaXKKO NPOBOAUTM BHACMIAOK YCKIMAAHEHHS iHTepnpeTaii napameTpiB MHO-
XXVMHHOI perpecii sik xapakTepycTuk pakTopiB y i30rbOBaHOMY BUIMSAi Yepes iX kopenboBaHicTb. [loBeaeHo, Wwo 3amiHa
3MiHHMX NPU3BOANTL A0 BU3HAYEHHS MaTeEMaTUYHOI MOAeNi, Ska He PO3KpMBaE MexaHiamy Aii hakTopiB i € CTaTu4HUM
ONUCOM iX 3ararnbHOro BNAUBY Ha AOCNIAXYBaHUA NOKa3HUK.

BucHoBKW. Y pesynerati npoBegeHVX AOCHiAXeHb BUSHAYEHO PIBHSIHHS perpecii AN BUSIBNEHHS BMNUBY KiNbKOCTI
3a3HaYeHNX JOMOMIKHMX PEYOBMH Ha CUMKICTb TabneTkn. 3'icoBaHo, LLO HabiNbLL BNAMBOBY POrb Y BU3HAYEHHI LiNTbOBOMO
noKasHvKa B JOCNimKyBaHOMY hakTOpHOMY MPOCTOPI Bigirpae B3aemopia hakTopis. 3anponoHOBaHO anropyuTM BU3HAYeH-
HS MaTeMaTU4HOrO OMNMCY 3aneXHOCTi 3 TPpbOMa 3MiHHMMU. 3 oAy Ha Te, Lo AOCNISKEHHS MatkoTb BiAMOBIAATY XKXOPCTKUM
YMOBaM 3a KifbKiCHMM CKagom, obpaHo MaTteMaTuyHy MoAerb 3anexHOCTi Y BUMMsAi KBaapaTUYHOrO PiBHSHHSA 3 ABOMA
bakTopamu, 3a SKMMU € OOMEXKEHHST | MiXK SKMMI HeMae Kopensii. Taka Mogernb XxapakTepuayeTbCst MOXKIUBICTIO Ha4aHHS
rpadivHoi iHTEepnpeTauii Ta CNpoLLEeHHs aHaniay 1 Moxe ByTu BUKOpUCTaHa Ans NPOrHo3yBaHHs | onTumisadii.

Knrovoei crnoea: kinbkicHUl 8riug O0MOMKHUX PEH08UH, mpughakmopHa MamemamuyHa MoOesb; 3anexXHi
3MiHHI chakmopu; aneopumm ideHmuaikauyir
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O. B. KyTtoBas, V. B. KoBanesckas, H. B. lemuyeHko
HauwnoHanbHbIN hapmaueBTuyecknii yHmuBepcenteT MnHucTepcTea 3gpaBooXpaHeHnst YkpanHbl

Pa3pa60TKa mMeToaosiornd4eckoro nogxoga K yCraHOBJ1IeHUHO perpecCUOHHbIX
ypaBHeHuﬁ npu nccrnegoBaHM TeXHOJIOrMU U3roToBIieHUA TabneTok Ha OCHOBe
KBepueTuHa

Mpu pa3paboTke TeXHONOrMM TabNeTok 1 TabneToYHbIX Macc OAHON 13 3afay SIBNsSieTCs onpeaeneHne KonmyecTaa
BCMoMoraTernbHbIX BELLECTB, HEOOXOAUMbIX A5 Nony4YeHns hapMakoTEXHONOMMYECKMX NoKasaTenen kayecTsa, CooT-
BETCTBYHOLLMX TpeboBaHuAM [ocyaapcTBeHHON dhapMakonen YKpauHbl.

Llenbto paboThl ABnseTca pa3paboTka anroputma yCTaHOBMEHUS BUAA TPEX(aKTOPHbIX MaTeMaTUYECKUX Moae-
neu ¢ 3aBUCUMbIMU NEPEMEHHBIMU.

MaTtepuanbl n metoabl. O6GbEKTOM MCCNenoBaHMIN Bbinn 3KCNepuMeHTanbHble HabnioaeHnsa Konm4ecTBEHHOro
BMUSIHUS BCMIOMOraTenbHbIX BELLECTB B cocTaBe TabneTtok Ha OCHOBe TBepAow AMCMepcumn KBepueTuHa Ha dapma-
KonewvHble XapaKTepuCTMKN yYKa3aHHOW NeKkapCTBEHHOW (hopMbl, B YAaCTHOCTU Ha ee cbinyyecTb. OBpaboTky akcne-
PYMEHTanbHbIX AaHHbIX MPOBOAWMAM C UCMOMb30BaHNEM MIIAHUPYEMOTO IKCMEPUMEHTA C MOMOLLbIO KOMMBIOTEPHbIX
nporpamm Mathcad 15 n MS Excel no npeanoxxeHHOMy anropuTmy.

Pe3ynbraTthl U Ux obcyxaeHue. OnpeneneHo, YTo naeHTnudmKaumo MaTeMaTu4eckux mogenen B apmManes-
TUYECKMX UCCNEAOBaHMAX C TPEMS 3aBUCUMbIMU haKTOpaMu, CyMMapHOe 3HadYeHne KOTOpbIX onpeaensieTcs Konmye-
CTBEHHbIM COCTABOM feKapCTBEHHOM DOpMbI 1 (HMKCUMPYETCS HA ONPENENEHHOM YPOBHE, TPYAHO NPOBOAUTL BCEACTBUE
OCMOXHEHMS1 HTEpNpeTaLUmMm NnapameTpoB MHOXXECTBEHHOW PErpeccun Kak xapakTepucTuk akTopoB B M30NMpPOBaH-
HOM BUMAE M3-3a UX KoppenupyemocTu. [lokazaHo, YTO 3aMeHa NepeMeHHbIX NPUBOAUT K YCTAaHOBIIEHUIO MaTemaTtu-
YeCKOM MOoZenu, KOTopas He packpbiBaeT MexaHu3ma AeNCTBUSE (hakTOpPOB M ABNSAETCA CTAaTUYECKMM ONMCaHUeM UX
obuero BNMSHNS Ha Uccneayemblii nokasarternb.

BbiBogbl. B pesynsrarte npoBeaeHHbIX UCCrenoBaHnin onpeaeneHsl ypaBHEHUsSI PErpeccum Ans yCTaHOBMNEHWS BIMAHUS
KOnmn4yecTBa ykasaHHbIX BCMOMOraTenbHbIX BELLECTB Ha CbiNy4ecTb TabneTku. YCTaHOBMNEHO, YTO Hambonee BNMATENb-
HYI0 pOrib B OMpeaeneHny LeneBoro nokasaTens B uccnenyemMom hakTopHOM NPOCTPaHCTBE UrpaeT B3auMOLenCcTBne
(hakTopoB. [peanoxeH anropuTM onpeaerneHnss MaTeMaTMyecKoro onMcaHust 3aBMCMMOCTM C TPEMST ePEMEHHbLIMM.
Vcxoast n3 Toro, YTo McCneaoBaHnst AOMKHbI OTBEYATb XXECTKMM YCIOBUSAM MO KONMYECTBEHHOMY COCTaBy, BblOpaHa
MaTemaTtumyeckasi Modenb 3aBUCUMOCTU B BUAE KBAAPATUYHOIO YpaBHEHMS C ABYMS1 pakTopamu, MO KOTOpPbIM eCTb
OorpaHMyeHns 1 Mexay KOTopbiMU HET KOppensaunn. YCTaHOBMNEHHAsA MOAENb XapakTepuayeTcsl BO3MOXHOCTbIO Npeao-
CTaBneHus rpacpruyeckor MHTePNpeTaLIMmn 1 YNPOLLEHNSI aHanM3a 1 MOXeT ObITb UCMONb3oBaHa A1 NPOrHO3MpPOBaHUS

n onTtnMmnsauunn.

Knroueenble crioea: Koru4ecmeeHHoOe e/lusiHUE 8CrioMoO2ameribHbIX 8euecms; mpexgakmopHasi
Mamemamu4deckas MoOerib,; 3a8UCUMbIe riepeMeHHble hakmophbl; arnzopumm udeHmuquKauuu

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 x3 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 (x/ factor), nesulin
(x2 factor) and sodium starch glycolate (x3 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, y2 —the tab-
let mass flowability, 3 — the Hausner coefficient, y4 —the tab-
let strength, y5 — the tablet disintegration time.
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Table 1
The factor experiment planning matrix 2? and the research results
No. x1 X2 y1 y2 y3 y4 y5
1 14 (+) 12 (-) 21.42+04 4.5+0.35 0.85 + 0.05 0.56 + 0.04 10+0.5
2 14 (+) 14 (+) 1203+ 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 =04 1.31+£0.055 0.61 +0.04 9+0.66
4 12 (-) 12 (-) 170+ 0.3 4.83+043 1.15+0.03 0.52 +0.03 5+0.45

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 Excel
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

(x1,x2,y2)

a)

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 2? (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 = fix1,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:

V2(x1.x2) =a,+ axl + ax2 + axlx2. 1)

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

12(x1,x2) = 230.23 — 17.55x1 — 2
~ 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 (R* = 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

(x1,x2,y2)

b)

Fig. 1. The experimental response surfaces: a) by complete factorial experiment 22, b) by complete factorial experiment 32
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Y2,(xl,x2,v2)

Y2(14,12) = 4.15 L

YI(14,14) = 742 —_—

Y2(12.14) = 3.18 s =0

¥2(12.13) = 5.53 L ——

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

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 = fix1) (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 — R* = 0.77 shows a suf-
ficient approximation accuracy; the reliability according
to the level of significance of the Fisher criterion is

y=f(x1)

y=212x-2226.-®

y=-069%: 1381

a)

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
2% (Fig. 1b).

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

V2(x1,x2) =-93.3472 — 17.8683x1 +
+32.325x2 + 1.405x1x2 + 3)
+0.0133x12 - 1.9367x2?,
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.

y=f(x2)

¥=1635¢-15,47.-¢

3 y=-1175x=16.:63 8

115 12 125 13 135 14 145

b)

Fig. 3. The scattering diagram for factors: a) y2 = f(x1),, - conss P) ¥2 = AX2),1 - const
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Table 2
The factor experiment planning matrix 3? and the research results
No. X1 X2 y1 y2 y3 y4 y5
1 14 (+) 12 (-) 2142 +04 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+04 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+045
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 55+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 48+04 11704 0.57 £0.07 55+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

Statistical estimates of the equation (3) are as follows:
the coefficient of determination — R* = 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 x1°.
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;
v2(14,14) = 7.4402 + 3.82; y2(12,14) = 3.145 + 3.82;
¥2(12,12) = 5.4836 + 3.82; y2(14,13) = 7.736 + 3.17;
¥2(12,13) = 6.25 £ 3.17; y2(13,14) = 5.2794 + 3.17;
¥2(13,12) =4.808 + 3.17; »2(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 x1, x2, x3 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 x3 = 29 — x1 — x2. The equation (5) is
identical to three parametric dependences:

V2(x1x2)=a,+axl +ax2 +ax3+ )
+a,x1x2 tax1x3 +ax2x3.

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 x1? (p-value is
equal to 0.77), it is possible not to consider also the inter-
action of variables at level x1x3. Thus, we can offer the form
of the equation as a mathematical description:

V2(x1x2,x3)=a,+ axl +ax2 +ax3 + 5)
+ax1x2 + ax2x3 + ax2?,

with the coefficients determined:

J2(x1 x2,03) = —603.72 + 17.522x3 + ]
+3.024x1x2 + 1.719x2x3 — 0.218x22,  (©)

In the equation (8), all the coefficients are significant,
the average calculation error is 0.6 %, the coefficient of
determination — R* = 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:
12(14.12)=4.15+3.82;12(14.14) =745+ 3.82;2(12.14) =
3.15+3.82;)2(12.12)=5.49+3.82;)2(14.13)=7.74 £ 3.17,
12(12.13)=6.256 +3.17;)2(13.14)=5.3 +3.17;)2(13.12) =
4.826 +3.17;¥2(13.13) = 6.99 + 3.17.

y2 —4.171 y2, —7.743
0 —5.06x10 > 4 — 7308x10°
¥2, ¥2,
y21 — 7.455 3 y25 - 6.257 3
=—4.717x10 =-9.194x10
¥2, ¥2s
y2, = 3.159 i y2¢ — 5.287 .
=6.604x10 =2.453%10
¥2, ¥2¢
y2., —5.495 y2., —4.813
3 —6.329x10°° ! = 2708x10° >
(x1,x2,y1), Y1 ¥4 2,

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