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Optimization of the content of excipients in tablets

When developing a tablet drug technology, there is a need to search for the quantitative content of excipients that
should provide optimal values of a set of appropriate pharmaco-technological indicators. This makes it necessary to

solve the problem of multicriteria optimization in a multi-factor space.

Aim. To develop a methodological approach to determining the optimal quantitative content of excipients in tablets.
Materials and methods. To determine the optimal number of three excipients, the total amount of which is fixed,
the method of mathematical modeling with the application of regression analysis and the theory of multicriteria optimi-
zation was used. Software tools, such as MS Excel and Mathcad 14, were used to process the experimental data and

perform calculations.

Results and discussion. A methodical approach to finding the optimal solution in pharmaco-technological studies
with quantitative factors has been proposed on the example of establishing the optimal content of excipients with a
fixed total amount in the development of the tablet technology. The issues of constructing a pharmaco-mathematical
description characterizing the effect of the quantitative content of excipients on a number of pharmaco-technological
parameters of tablets based on the experimental data have been considered. Attention is focused on the peculiarities
of using static methods for processing experimental data in pharmaco-technological studies. A generalized optimiza-
tion criterion that contains unit vectors — Y (X) = F(y1(X), y2(X), ..., yi(X)) where X = f(x1,x2,...xn) has been proposed
and is a multidimensional vector function. Minimization of this function leads to the determination of the coordinate of
the point in the acceptable domain of the solution that satisfies the condition of equal approximation of all individual

criteria to their optimal values.

Conclusions. The optimal number of excipients with a fixed total amount in the composition of tablets has been
determined, which will ensure the maximum approximation of the pharmacological and technological parameters of

tablets under the study conditions.
Keywords: quantitative factors; multi-factor space; regression analysis; optimization criterion;, multicriteria
optimization; tablet composition
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OnTumisauia BMiCTy AONOMiIXKHUX pe4OBUH y TabneTkax

IMig yac po3pobnsHHs TexHonorii TabneToBaHMx Nikapcbknx 3acobiB BUHUKAE HEOOXIAHICTb MOLLYKY KiflbKiICHOro
BMICTY JOMOMIKHUX PEYOBVH, LLO Mae 3abe3neunTy onTumarbHi 3Ha4yeHHss Habopy BiANOBIAHMX hapMakoTEXHOMONiY-
HMX NokasHuKiB. Lle 3ymoBmntoe HeobxigHICTb po3B’sa3atn npobnemy GaraTtokpuTepianbHoi onTumisauii B 6aratodakTop-

HOMY NpPOCTOPi.

MeTa gocnigkeHHs1 — po3pobuT METOAOMOriYHMIA Niaxin A0 BU3HAYEHHS ONTMMArbHOIO KiflbKiCHOro BMICTY A0-

NMOMiXKHUX PEYOBUH Yy Cknagi TabneTok.

MaTtepianu Ta metoau. [ing BU3Ha4YEHHA ONTUMAIbHOI KiflbKOCTi TPbOX JOMOMDKHUX PEYOBWH, CyMapHa KinbKicTb
SIKMX pikcoBaHa, BUKOPUCTOBYBanM MeTog MaTeMaTUYHOrO MOZENOBaHHS i3 3aCTOCYBaHHSIM PErpeciiHoro aHanisy
Ta Teopii baratokpuTepianbHoi onTuMisauii. [Ins 06pobku ekcnepMmMeHTanbHUX OaHUX i BUKOHAHHS pOo3paxyHKiB BU-

KopucToByBanu nporpamHi 3acobu MS Excel i Mathcad 14.

PesynbraTtyh Ta ix o6roBopeHHs. Ha npuknagi BU3Ha4eHHs ONTMManbHOro BMICTYy JOMOMDKHUX PEYOBUH i3 k-
COBAHOK CyMapHO KifbKiCTHO A5 pO3po0KN TeXHONOrii TabrneTok 3anponoHOBaHO METOAUYHMIA MiaxXig A0 NOLIYKY
ONTUMAanbHOrO PilleHHNA Y (PapMakoTEXHOMOTYHNX AOCTIAXEHHAX 3 KiNbKiCHMMU dhakTopamu. PO3rnsaHyTo nuTaHHSA
nobynosu hapmakoMmaTeMaTUYHOO OMNMCY, L0 HAa OCHOBI EKCNEPUMEHTaNbHUX AaHUX XapakTepuaye BMMB Kinbkic-
HOro BMICTY AOMOMDKHMX PEYOBMH Ha HU3KY hapMakoTEXHOMOrYHMX NapameTpiB TabneTok. AKLEHTOBaHO yBary Ha
0COBNMBOCTSX BUKOPUCTAHHSA CTAaTUCTUYHMX METOAIB 06pobKy ekcneprMeHTanbHUX AaHnX Y hapMakoTEXHOMOMYHNX
[ocCnigKeHHsIX. 3anponoHOBaHO y3aranbHEHUA KpUTEpin onTumisaLii, Ak MicTuTb oguHu4Hi Bektopm Y (X) = F(y1(X),
y2(X), ..., Yi(X)), ae X = f(x1,x2,... xn), i € 6aratoBMMipHOIO BeKTOp-(hyHKUi€t0. MiHimizauisa uiei dpyHKuii fo3Bonse Bu-
3HAYUTU KOOPAMHATU TOYKN B 30HI BUOOPY, LLO 3a40BOMbHAE YMOBI PIBHOTO HabnKeHHS BCIX OKpeMUX KpUTepiiB A0

IXHIX ONTUManbHUX 3HAYEHb.
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BucHoBkuW. BusHavyeHo onTrmanbeHy KinbKicTb AONOMDKHUX PEYOBYH i3 (DiIKCOBAHOK CyMapHOHO KiNbKICTIO y Cknagi
Tabnertok, sika 3abe3neunTb MakcMmanbHe HabnmKeHHs apMaKoTEXHOMOTYHNX NapamMeTpiB TabneTok 4o IXHiX onTu-

MalnbHUX 3Ha4YeHb B yMOBax OOCTIOKEHHS.

Knrodoei cnoea: KinbkicHi gpakmopu; 6azamoghakmopHuli mpocmip, peapecitiHul aHani3; Kpumepid
onmumi3auji; 6bazamokpumepianbHa onmumisayis; Komrno3uyis mabnemxu

Introduction. The quantitative composition of exci-
pients affects a number of pharmaco-technological pa-
rameters under study, which leads to the need to solve
the problem of the multicriteria optimization. One of the
effective ways to find an optimal solution is to process
experimental data using experimental and statistical me-
thods and the theory of the multicriteria optimization.

A typical task in the development of the tablet tech-
nology is to determine the optimal number of excipi-
ents required to ensure that the values of the pharmaco-
technological quality indicators under study meet the
developer’s requirements. The development of the solid
dosage form technology involves finding the optimal
dosage form composition, which includes various types
of excipients — fillers, baking powder, binders, sliding
agents, lubricants, etc. [1]. It should be noted that in the
vast majority of cases when developing a tablet techno-
logy, there is a need to determine the quantitative con-
tent of three or more excipients [2-4]. The quantitative
composition of excipients affects a number of pharmaco-
technological parameters under study, which leads to
the need to solve the problem of the multicriteria op-
timization. One of the effective ways to find an opti-
mal solution is through mathematical calculations us-
ing experimental and statistical methods [5-7] and the
multicriteria optimization theory [8, 9]. The generali-
zed optimization criterion that we propose is a multi-
dimensional vector function containing unit vectors —
Y(X)=F(r1(X),»2(X), ..., »,(X)) where X = f(x1 x2,...x,).
Minimization of this function leads to the determina-
tion of the coordinate of the point in the acceptable do-
main of the solution that satisfies the condition of equal
approximation of all individual criteria to their optimal
values [10, 11].

The dependencies yi = f(X) are determined by the re-
gression analysis. When processing experimental data,
attention should be paid to the fact that in the conditions
of pharmaco-technological research with quantitative
factors, the requirements of this method of mathemati-
cal statistics are not always met, which can lead to in-
correct interpretation of the results obtained [12-14].

Materials and methods. The methodology for fin-
ding the optimal quantitative content of excipients is shown
on the example of developing the composition of tab-
lets containing excipients, such as microcrystalline cel-
lulose (MCC), Neusilin, and sodium starch glycolate.
To determine the optimal number of three excipients,
the amount of which is fixed in the tablet, the method
of mathematical modeling with the application of sta-
tistical analysis and a multicriteria optimization was
used. Such software tools as MS Excel and Mathcad
14 spreadsheets were used to process the experimental
data and perform calculations [15, 16].

Results and discussion. As part of the research
work [17-19] the studies were conducted on the crea-
tion of drugs containing a solid dispersion of quercetin.
The development of the tablet technology was carried
out according to the standard procedure. After determi-
ning the qualitative composition, three quantitative fac-
tors affecting the pharmacopeial parameters of the tab-
let mixture — MCC, Neusilin, and sodium starch gly-
colate were selected. MCC (factor x1) has an excellent
flowability and significantly improves the ability to
press, promotes better drug dissolution. Neusilin (fac-
tor x2) avoids such difficulties in working with powder
systems as dusting, poor pressing and improves flowa-
bility. Sodium starch glycolate (factor x3) is used as a
disintegrator and provides the necessary disintegration
time of the tablet, improves the flowability of the pow-
der mixture. It was found that it was advisable to control
the tablet mass and tablets by five pharmaco-technolo-
gical parameters (PTP): yl — the Cara index; y2 — the
tablet mass fluidity, s; y3 — the Hausner’s coefficient;
y4 — the tablet strength, mN; y5 — the disintegration time,
min. From the mathematical point of view, the pharma-
co-technological indicators studied are three-parameter
functions, each is a unit vector in a five-dimensional vec-
tor function. We present the formalization of the opti-
mization problem in a form suitable for solving by ex-
perimental and statistical methods:

YO0 = (y100), y200), y3(X), y4(X), y5(X),
X=flx1, x2, x3),
12<x1>14,12<x2>14,1<x2>5,
x1+x2+x3=29
12 <y1(X)<30,3,2<)32(X) <74,
0.85 <»3(X) <5.53,0.55 <y4(X) <0.63,
5<y5(X) <13,
y1(X) — min, y2(X) — max,

V3(X) — max, y5(X) — min

Let us consider some features of the regression ana-
lysis to establish three-factor dependencies yi = f(X).
If there are dependent quantitative variables based on
the task of determining the number of excipients with a
fixed total content of 29 %, it is necessary to pay attention
to the most important issues when using the regression
analysis. The factors under study have a significant cor-
relation, which can lead to negative consequences when
estimating regression equations: the inability to correctly
apply statistical criteria t and F; the inability to separate
the influence of different factors and correctly estimate
regression coefficients. In addition, a change in the num-
ber of observations can change not only the value of the
estimate, but also its sign, making the equation unac-
ceptable for analysis [20].
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In this case, it was advisable to switch from a three-
factor dependence to a two-factor dependence to elimi-
nate these negative effects. In this case, one of the mix-
ture components is excluded from consideration, and the
effect of the excluded factor on the pharmacopeial in-
dicator studied is distributed by the coefficients of the
regression equation, the constants established do not re-
flect the real degree of influence of the variables studied.

However, there are some mathematical advantages to
processing the data: the data analysis is easier; it is pos-
sible to build graphical dependencies with the exclusion
of'the third dependent factor to visually assess the perfor-
mance of the regression equation; the number of required
test points is reduced under the experimental design.

Thus, the factor x3, which, according to the correla-
tion analysis, was most responsible for multicollinear-
ity, was excluded from the model. We define the prob-
lem in the form of:

YOX) = (y1(X), y2(X), y3(X), y4(X), y5(X),
X=1flx1, x2),
12<x1>214,12<x2>14,1<x2>5,
12 <y1(X) £30,3.2<y2(X) < 7.4,
0.85 <»3(X) <5.53, 0.55 < y4(X) < 0,63,
5<y5(X) =13,

Y1(X) = min, y2(X) — max,

V3(X) — max, y5(X) — min

To form a general idea of the mathematical descrip-
tion of the dependencies yi = f(X), the experimental data
were graphically interpreted. An example of a graphical
analysis of the experimental dependences of the tablet
mass fluidity on the quantitative content of excipients
obtained according to Plan 22 is shown in Fig. 1.

Let us assume a linear model with interaction terms.
Using Mathcad 14, let us set its coefficients:

12(x1, x2) = 230.23 — 17.55x1 — 0
— 18.035x2 + 1.405x1x2.

The analysis of equation (1) shows excellent con-
vergence of the calculations (the relative calculation
error — 0 %) and complete coincidence of the experi-
mental and theoretical response surfaces. However, the
adequacy of the model obtained by statistical methods
cannot be proven without calculating the statistical
characteristics of the model estimation, considering the
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saturation of the experimental plan. In addition, the
correctness of the model structure has not been proven.
Therefore, it is advisable to track the individual influ-
ence of factors on the indicator studied, bearing in mind
that the task of pharmaceutical research is being solved,
and not just using a statistical method to mathematically
describe experimental data. Processing procedures should
be logical and heuristic rather than statistical [21].

An increase in the factor x1 with different amounts of
x2 has a different effect on the target indicator: if x2 =12 %,
and the larger x1, the lower value of y2 is observed,
if x2 = 14 %, the function 2 = f{x1) has an increasing
character. An increase in x2 at x1 = 12 % leads to a de-
crease in the fluidity of the mass, and at x1 = 14 % to
an increase. Changes do not occur to an equal degree.
The main effects of factors x1 and x2 are hidden (Fig. 2).

Thus, it is highly likely that x1 and/or x2 will have
a nonlinear individual character within the factor space.
Such behavior of dependencies will indicate the presence
of x1x3 and/or x2x3 interaction in the mechanism of in-
fluence on the target indicator.

The graphical interpretation of the experimental re-
sponse surface obtained from the results of the matrix
of the experiment according to plan 22 is fundamental-
ly different from the data of the experiment according
to the fractional plan with experiments within the factor
space (Fig. 3).

We set the coefficients of the quadratic equation us-
ing Mathcad 14:

Y2(x1, ¥2) = -91.105 - 18.042x1 + 32.152x2 + (5
+1.405x1x2 + 0.02x1% — 1.93x22.

¥2, - 415
=0
Y2(14,12) = 4.15 ¥2,
y2, - 742
Y2(14,14) = 7.42 =0
¥,
Y2(12,14) = 3.18 ¥2,-3.18
=0
vz,
Y2(12,12) = 5.53 =
¥2, - 5.53
=0
¥25

Y2,(x1,x2,¥2)

Fig. 1. The graphical interpretation of the dependence y2 = f(x1,x2)
in Mathcad 14: 1 — the experimental response surface;
2 — the theoretical response surface
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Fig. 2. The main effects of factors on the mass fluidity: a) dependence y = f(x1); b) dependence y = f(x2)
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The experimental and theoretical response surfaces,
according to Equation (2), presented graphically, coin-
cide quite well (Fig. 4). Calculations based on the equa-
tion at the base points have a relative error that does not
exceed 0.92 %.

According to statistical indicators, the mathemati-
cal description of (2) obtained is generally significant
(R2 = 0.9979; the significance of the F-criterion does
not exceed 0.05 and is 0.01), the coefficient at x12 does
not show statistical significance (the p-value of the co-
efficient is 0.777, which exceeds the required value of
0.05), which may be the result of processing correlated
effects. The real mechanism of interaction can be es-
tablished by comparing possible similar mathematical
structures of equation (2) under the condition 29 = x1
+ x2 + x3. However, the dependence y2 = f{x1,x2) ob-
tained is sufficient to solve the optimization problem.

The other dependencies under study were obtained
similarly:

y1(x1, x2) =-903.165 + 70.068x1 + 74.472x2 —
5.655x1x2;

y3(x1,x2)=1.317 +0.931x1 — 1.033x2 + 0.093x1x2 —
0.083x1%—0.0025x2%;

y4(x1,x2)=8.19 — 1.23x1 + 0.06x2 + 0.035x1x2 +
0.03x1% —0.02x22;

y5(x1,x2) =428.9 — 32.25x1 —34.3x2 + 1.45x1* +
1.4x2?2

In accordance with the problem formulation, the ac-
ceptable domain of the solution is formed (Fig. 5).

The coordinates of the optimal point were calcu-
lated using the optimization criterion proposed, which

Fig. 4. Before the regression equation (2) is analyzed

domain of function

e

_,—'—'—'_'_'_'_'_'_F
12 12.5 13 1335 14

xl

Fig. 5. The acceptable search area for an optimal solution

was formed according to the principle: the sum of the
squared deviations of each pharmaco-technological indi-
cator from its optimal value should be minimal. The cal-
culated values of the factors x1 = 12 and x2 = 12, respec-
tively, and x3 = 5 ensure that the pharmaco-technologi-
cal indicators are found as close as possible to the optimal
values previously determined by researchers as a single-
criterion optimization task for the regression equations
obtained: the Cara index — y1(12,12) = 16.995; the tablet
mass fluidity — y2(12,12) = 5.495; the Hausner’s coeffi-
cient—y3(12,12) = 1.173; the tablet strength — y4(12,12) =
0.63; the tablet disintegration — y5(12,12) = 4.45.
Conclusions. The optimal number of excipients
in the composition of tablets has been determined,
which will ensure the maximum approximation of the
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pharmaco-technological parameters of tablets under the
study conditions. The optimal solution was selected using
the proposed optimality criterion based on the regres-
sion equations obtained, a pharmaco-mathematical de-
scription of the experimental dependencies of pharma-
co-technological parameters studied on three dependent
quantitative factors. It has been shown that the replace-
ment of variables in the case of correlated factors leads
to the creation of a pharmaco-mathematical model that
does not reveal the mechanism of action of individual
factors and is a static description of their overall impact
on the quality indicator studied. It should be noted that

the optimization criterion applied is flexible, and the
researcher, if necessary, can effectively and quickly re-
spond to the narrowing of the formed valid search area.
In this case, the maximum amount of effective informa-
tion is obtained within the specified research limitations
and errors in the conclusions are eliminated.

Prospects of further research. Further testing of
the method proposed for optimizing the quantitative
content of excipients in the composition of the dosage
forms developed is of interest.

Conflict of interests: authors have no conflict of
interests to declare.
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