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The creation of drugs with an anxiolytic activity, which do not have the main side effects characteristic of drugs of this group,
is an important and socially significant task. For its implementation, within the framework of the development of an original
drug with an anxiolytic activity, the composition and manufacturing of GML-1 tablets (N-benzyl-N-methyl-1-phenylpyrrolo
[1,2-a] pyrazine-3-carboxamide) are being developed.

The aim of this article is to study, using a four-factor analysis of variance, the influence of composition factors on the manu-
facturing properties of GML-1 tablets and the selection of the type, the amount, stage of the disintegrant addition and the
type of lubricating excipients used in the technology of wet granulation of GML-1 tablets.

Materials and methods. The materials used are: the substance — GML-1 (N-benzyl-N-methyl-1-phenylpyrrolo [1,2-a] pyra-
zine-3-carboxamide). Excipients: microcrystalline cellulose 101 (MCC 101); polyvinylpyrrolidone (PVP); crospovidone, cros-
carmellose sodium (CCS), sodium starch glycolate (SSG); magnesium stearate (MS), sodium stearyl fumarate (SSF). To obtain
tablet mixtures, wet granulation and tableting with the study of their main pharmaceutical and technological properties was
used.

Results. Model compositions were developed and their pharmaceutical and technological properties were studied. These
results have been analyzed, the degree of these factors’ influence and their interactions have been determined. In most of
the cases considered, the interactions of the factors did not cause a significant change in the optimization criteria. With an
increase in the amount of a disintegrant, the disintegration time decreased unevenly, so an increase in the amount of these
excipients from 4 to 6 mg had a stronger effect than from 2 to 4 mg. Factor B affected the release degree non-linearly. Fac-
tor A influenced all the optimization criteria considered, especially a PS release. The best release and disintegration were
observed with crospovidone, which was of a particular importance when processing the test results using a generalized
desirability method.

Conclusion. In view of the conflicting variance analysis results, for particular factors, the resulting values were additionally
analyzed using the generalized desirability function. The use of this method made it possible to reduce the conflicting vari-
ance analysis results to the most optimal composition.

Keywords: GML-1; tablet; analysis of variance; four-factor; influence of factors; interaction of factors; desirability function
Abbreviations: MP — medicinal product; DP — drug product; DF — dosage form; PS — pharmaceutical substance; APl — active
pharmaceutical ingredient; PVP — polyvinylpyrrolidone; MCC — microcrystalline cellulose; SCC — sodium croscarmellose; SSG
— sodium starch glycolate; MS — magnesium stearate; SSF — sodium stearyl fumarate; GPM — General Pharmacopoeia Mono-
graph.
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Co3aaHne nekapcTBeHHbIx cpeacTs (/1C) ¢ aHKCUONUTUYECKOW aKTUBHOCTbIO, KOTOpble He 06/1a4aloT OCHOBHbIMM NO6OY-
HbIMK 3ddEKTaMM, XapaKTEPHbIMU A5 eKapCTBEHHbIX npenapatos (/M) gaHHOM rpynmnbl, ABAAETCA BaXKHOW M COLMANBHO
3HauYMMOM 3agauei. [1nA e€ BbINoAHEHNA B paMKax pa3paboTkm opurmHanbHoro J1IC ¢ aHKCMONUTUYECKOM aKTUBHOCTbIO NPO-
BOAMTCA pa3paboTka cocTaBa u TexHonorumn tabnetok FTM/-1 (N-6eH3nn-N-metun-1-deHnnnuppono [1,2-a] nnpasmH-3-Kap-
b6okcamua).

Lienb. M3yyeHne c NOMOLLbO YeTbIpEXPAKTOPHOrO AUCMEPCUOHHOO aHaN3a BAUAHUA GAaKTOPOB COCTaBa Ha TEXHONOTNYe-
cKue cBoicTBa Tabnetok TMJI-1 u nogbope TMNa, KONNYECTBa, CTaAUU A00ABNEHUA AE3UHTErpaHTa U CMa3blBatOLLEro BCno-
MmoraTesibHOro BelecTtsa (BB).

Matepuanbl u metogpl. Micnosnb3yemble matepuanbl: cybctaHuma: TM-1 (N-6eH3un-N-metun-1-deHnnnumppono(1,2-a] nu-
pasuH-3-kapbokcamna). BcnomoratenbHble BELLECTBA: MUKPOKpPUCTaIMYecKan wenntonosa 101 (MKL,), noamsuHuanmppo-
nmaoH (KBM), KpocnoBMAoH, HaTpua Kpockapmenosa (HKK), HaTpua kpaxmana rukonat (HKT), marius cteapat (MC), HaTpus
cteapun dpymapart (HCD). MpumeHsnocb nonyveHme TabaeTouHbIX CMeCen C MOMOLLbIO BNAXKHOM rpaHynaumm u Tabnetnposa-
HUWE C U3yYeHUEM MUX OCHOBHbIX GapMaLLEBTUKO-TEXHOIOTMYECKUX CBOMCTB.

Pe3ynbratbl. PazpaboTaHbl MOAe/bHble COCTaBbl U U3y4YeHbl UX GapMaL,eBTUKO-TEXHONOIMYECKMe CBOMCTBA. [laHHble pe3y/b-
TaTbl NPOAHAIM3NPOBAHbI, ONpeaesieHa CTeneHb BAUAHUA GAKTOPOB U UX B3aumoaencTeus. Bsaumogenctemna ¢akTopos B
6ONbLIMHCTBE PAaCCMATPUBAEMBIX C/Iy4aEB He BbI3blBa/IM CyLLECTBEHHOE U3MEHEHWE KpUTEPMEB ONTUMMU3ALLMU. Bpema pac-
nafaemocTy NpY yBEIMYEHUM KOIMYECTBA Ae3MHTerpaHTa CoKpaLlanocb HepaBHOMEPHO. Tak, yBeanyeHne KomyecTsa AaH-
HbIX BB ¢ 4 0 6 M OKa3blBano 6onee cMabHOe BANAHUE, Yem C 2 40 4 mr. Ha cTeneHb BbICBO6OXAeHMA daKkTop B BO34eMCTBO-
Ba/l HeMMHeHO. ®akTop A BAMAN HA BCE PAacCMATPMBAEMble KpUTEPUM ONTUMMU3ALNKN, 0COBEHHO Ha BbicBoboXaeHne DC.
Haunnyywee BbicBOBOXKAEHME M pacnafaeMocTb HabAAINCh MPU UCMONb30BAHMM KPOCNOBUAOHA, YTO MMeNo ocobeHHoe
3HayeHue Npu 06paboTKe pPe3ynbTaToB UCMbITaHUA METOAOM 0606 LLEHHOM KeNaTeIbHOCTU.

3akntoueHue. BBray npoTMBOpPEYMBbIX Pe3y/IbTaToB AUCNEPCUOHHOIO aHaIN3a, AN YaCTHbIX GAaKTOPOB, NOMYUYNBLLUMECA 3HA-
YeHWUA AOMONHUTENIbHO NMPOAHANN3UPOBAHbI C MOMOLLLbIO 060OLWEHHOW GYHKLMK XKenaTenbHOCTU. Mcnonb3oBaHWe AaHHOMO
MeToZa MO3BO/IUI0 MPUBECTU MPOTUBOPEUMBBIE PE3Y/bTaTbl AUCNEPCUOHHOIO aHaM3a K O4HOMY Haubonee onTUMmabHOMY
cocrasy.

KntoueBble cnosa: IM/1-1; TabneTka; AUCNEPCUOHHbIV aHaNU3; YeTbIPEXPAKTOPHBIN; BAMAHME GaKTOPOB; B3auMoaencTeme
$aKTOPOB; GYHKLMA KENATENbHOCTU

Cnucok coKpaleHuii: JIC — nekapcTBeHHoe cpeacTso; JIM — nekapcTBeHHbI npenapat; /IO — nekapcteeHHaa dopma; PC
— dapmaneBTUYecKan cybctaHums; BB — BcnomoratenbHble Belectsa; MBMN — noansmuHuanupponnaoH; MKL — mukpokpu-
CcTannuyeckan uenntonosa; HKK — Hatpus kpockapmenosa; HKI — HaTpus kpaxmana rankonat; MC — marHua crteapat, HCO
— HaTpusa cteapun pymapat; OPC — obwan papmakoneriHana cTaTbA.

INTRODUCTION

Currently, the search for new drugs for the treat-
ment of neurotic disorders and other neuropsychiatric
diseases is becoming an increasingly urgent task. For
example, the global prevalence of anxiety disorders,
according to various sources, ranges from 6.0 to 13.6%
[1]. In addition, the use of many tranquilizers, in par-
ticular the benzodiazepine series, is limited due to the
manifestation of a large number of side effects and le-
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gal restrictions. Accordingly, one of the most promising
areas of psychopharmacology is the creation of drugs
based on the structure of mitochondrial translocator
protein ligands acting on alternative pharmacological
targets without serious side effects and toxicity.

In the Research Institute of Pharmacology named
after V.V. Zakusov, an original active pharmaceutical
ingredient (API), which is a derivative of pyrrolopyra-
zine — N-benzyl-N-methyl-1-phenylpyrrolo [1,2-a] pyra-
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zine-3-carboxamide (GML-1) [2, 3], having an anxiolytic
activity, was developed and synthesized (Fig. 1) [2]. API
has an anxiolytic activity; pronounced antidepressant,
nootropic and neuroprotective effects have also been
revealed [4-6], while there are no sedative, muscle re-
laxant and amnestic effects characteristic of this group
of drugs [7]. In addition, as a result of toxicological stud-
ies, GML-1 has shown a low acute toxicity when admin-
istered intraperitoneally to mice (LD,, > 1000 mg/kg)
[7]. The data obtained demonstrate a high potential of
this API for the creation of the drug.

For GML-1, it is planned to develop a tableted dos-
age form (DF), based on the carried out preclinical stud-
ies and on the characteristics of the proposed pharma-
cological application [9, 10].

THE AIM of this work is to study, using an analysis
of variance, the effect of the type and amount of the
disintegrant on the technological properties of GML-1
tablets, as well as the lubricating excipient type and
the stage of incorporating the disintegrant into the
tablet mass on the technological properties of GML-1
tablets.

In the presented study, using the analysis of vari-
ance and desirability function, it is necessary to select
the composition and technology of tableted LF GML-1
obtained by wet granulation.

MATERIALS AND METHODS

The used materials

The substance — GML-1 (N-benzyl-N-methyl-1-phen-
ylpyrrolo [1,2-a] pyrazine-3-carboxamide)) (Fig. 1).

o A
CHj

Figure 1 — Structural formula of GML-1

Excipients — microcrystalline cellulose 101 (MCC
101) (Microcel MCC 101, Blanver, Brazil); polyvin-
ylpyrrolidone (PVP, Kollidon 25, BASF, Germany);
crospovidone (Polyplasdone XL, BASF), croscarmel-
lose sodium (CCS) (Solutab, Blanver, Brazil), sodium
starch glycolate (SSG) (Solutab, Blanver, Brazil); mag-
nesium stearate (MS) (Niticka Pharm. Specialties PVT.
LTD.), sodium stearyl fumarate (SSF) (Pruv, JRS Phar-
ma, Gerany).
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Equipment and techniques used

To preparation the tablets, a manual hydrau-
lic press PRG-50 was used. A resistance of tablets to
crushing (General Pharmacopoeia Monograph (GPM).
1.4.1.0015.15, SP X1V, volume 2)! was tested with a re-
sistance analyzer TBF 1000 CopleyScientific® (Great Bri-
tain).

The methods for disintegration determining
(GPM.1.4.2.0011.15., SP XIV, volume 2)? is PTZ-S dis-
integration tester (Pharma Test, Germany). The test
method of “dissolution” for GML-1 tablets, 1 mg, was
developed by the analytical group of the Research In-
stitute of Pharmacology named after V.V. Zakusov [11,
12] according to GPM.1.4.2.0014.15 “Dissolution for
solid dosage forms”3. Herewith, the used device was
“Paddle stirrer” type (Erweka, Germany); the dissolu-
tion medium was 900 ml of 3% sodium lauryl sulfate
solution in water, the dissolution medium temperature
was 37 * 1°C, the stirrer rotation speed was 50 rpm.
The samples were taken every 10 minutes. After taking
each sample, the medium was replenished. The optical
density of the prepared solutions was measured on a
spectrophotometer at the wavelength of 256 £ 2 nm
in a cuvette with a layer thickness of 10 mm, using a
3% aqueous solution of sodium lauryl sulfate as a refer-
ence solution [13].

Statistical analysis

The analysis of variance (ANOVA) is used to deter-
mine the degree of influence of factors and their in-
teractions on the technological and physicochemical
properties of tablets [14-16]. In the presented work,
a cross-balanced full analysis of variance (parametric
model) was used to determine the effect of: A —the type
of disintegrating excipients; B — the amount of disinte-
grating excipients in the tablet; C — the type of lubricat-
ing excipients; D — the process of introducing a disinte-
grant into the tablet mass and a combination of these
factors (parameters), a resistance of tablets to crushing,
disintegration of tablets (c), APl release (%).

The S, R and adjusted R-values reflect the correspon-
dence in the mathematical model of the dependence of
the random value on the values for the ANOVA model
shown in Table 7. The S-value is measured in the units
of the response variable and is the standard deviation
for the data used. R (R?) is the coefficient of the deter-
mination describing the degree of dependence of the
variable explained by the factors of the process under
consideration. To compare models with different num-
bers of variables, the value of the corrected coefficient
of determination (adjusted R?) which cannot be artifi-
cially overestimated and takes into account the number
of terms in the model, is introduced. [17].

! State Pharmacopoeia of the Russian Federation XIV ed.
T. I-IV. Available from: http://femb.ru/pharmacopea.php.

2 |bid.

3 Ibid.
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The factorial design of the experiment consisted of
combinations of factors to describe the degree of influ-
ence of the composition, was carried out in a random-
ized order and to reduce the experimental error, the
experiment at the center point was repeated five times
on different days. The results of the average responses
for the experiments are shown in Table 3. The values in-
dicated the reproducibility of the process. A statistical
evaluation of the results was performed by the analysis
of variance (ANOVA) using a commercially available sta-
tistical software package (Minitab 18, PA, USA). Fisher’s
test was used to compare the variances of variational
series, and the degree of confluence of factors was de-
termined by its relative value of Fisher’s tabular value.
In addition, for the mathematical analysis of the results,
the generalized desirability function was used, which
makes it possible to determine the most optimal mod-
el composition. During the optimization of the compo-
sition, it is necessary to combine the partial responses
of technological, physicochemical properties in order
to obtain a tablet with the desired characteristics. The
use of the desirability function allows this process to be
carried out in one dimension and makes it possible to
determine the most suitable composition for all desir-
ability criteria.

The combination of responses in a generalized de-
sirability function requires the computation of individual
desirability functions [18, 19], which can have one-way
and two-way constraints. Within the framework of this
study, only one-way constraints will be considered, since
the optimization parameters used have only upper and,
accordingly, lower permissible values. To transform the
selected partial optimization parameters into some sub-
jective estimate or partial desirability, it is necessary to
use the following equations with a one-way constraint:

d =exp[—exp(-y)], (1)

The conversion of the values of dimensional (natu-
ral) indicators (pharmaceutical and technological char-
acteristics) (x) into dimensionless (y) indicators, under
the accepted condition of a linear relationship between
them, is carried out as follows: y = a, + a x, and this ex-
pression can be calculated using the following system of

equations: { a,+ka =1,51 (2)

a, +k,a,=0,01"

where: k isthe best parameter value, k, is the worst
parameter value.

The value of Harrington’s generalized desirability is
calculated by converting particular desirability indica-
tors (D) into a single comprehensive assessment using
the formula:

D =N,.d,, 3)
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where: n is the number of used indicators of com-
parison parameters in this system

When recalculating according to this formula, the
weight coefficients of particular indicators are not tak-
en into account. These indicators are combined into a
generalized Harrington desirability function (D) by de-
termining the geometric mean of particular desirability
(d). [20-23].

RESULTS

At the previous stages of the research, the proper-
ties of the API GML-1 were studied, the technology of
the GML-1 tablets, wet granulation, was selected. This
choice is due to the need to ensure the dosage unifor-
mity for 1 mg of API, which has unsatisfactory physico-
chemical and technological properties. In addition, a fill-
er, a binder and the optimal amounts of these excipients
have been selected. The preliminary stages of optimiza-
tion of the technological process have been carried out
[13]. However, due to the unsatisfactory technological
properties of GML-1 tablets, especially in terms of such
indicators as disintegration and the API release from the
tablets, it was decided to additionally introduce disinte-
grants.

To implement this research plan, at the next
stage, the type and amount of disintegrant, as well
as the stage of the introduction of disintegrating ex-
cipients and the type of lubricating excipient were
selected.

To ensure the necessary technological properties,
a four-factor fractional experiment was carried out and
the following factors were identified as the factors af-
fecting the quality of the tablets:

A — the type of disintegrant: A, — crospovidone, A,
— sodium croscarmellose; A, — sodium starch glycolate;

B — the amount of disintegrant in the tablet: B, —
2mg, B,—4 mg, B, -6 mg;

C — the type of lubricating excipient: C, — 8%, C, —
10%;

D — the process of adding disintegrant: D, — into
the tablet mixture before moistening, D, — half of the
amount of disintegrant into the tablet mixture and the
rest at the stage of dusting.

The factors are investigated at three or two levels of
change. The range of variation of the selected variable
factors is shown in Table 1.

The following criteria were chosen as optimiza-
tion ones: Y, — Resistance of tablets to crushing (N);
Y, — Disintegration of tablets (s); Y, — API release
(%).

The compositions of the model mixtures and the re-
sults of evaluating the indicators of the tablets are pre-
sented in Tables 2 and 3.
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Table 1 — Characteristics of variable factors affecting the technological characteristics of GML-1 tablets

Factors
Factor A B C D
levels . The amount of disinte- Type of lubricating Disintegrant addition
Disintegrant type . L
grant in a tablet, mg excipient process
1 Crospovidone 2 Magnesium stearate into tab!et m|x before
moisturizing
) Sodium 4 Sodium stearate 50% before moisturizing
crosscarmellose fumarate and 50% during dusting
3 Sodium starch 6 _ _
glycolate
Table 2 — Model compositions of GML-1 tablets, mg
MCC Disintegrants Lubric.ating
No. GML-1 101 PVP excipients
Crospovidone NCC SSG MS SSF

1 1.0 90.0 6.0 2.0 = = 1.0 =
2 1.0 90.0 6.0 2.0 - = - 1.0
3* 1.0 90.0 6.0 2.0 = = 1.0 =
4% 1.0 90.0 6.0 2.0 - - - 1.0
5 1.0 88.0 6.0 4.0 = = 1.0 =
6 1.0 88.0 6.0 4.0 - - - 1.0
7* 1.0 88.0 6.0 4.0 = = 1.0 =
8* 1.0 88.0 6.0 4.0 - - - 1.0
9 1.0 88.0 6.0 6.0 = = 1.0 =
10 1.0 88.0 6.0 6.0 - = - 1.0
11* 1.0 88.0 6.0 6.0 = = 1.0 =
12* 1.0 88.0 6.0 6.0 - - - 1.0
13 1.0 90.0 6.0 = 2.0 = 1.0 =
14 1.0 90.0 6.0 - 2.0 - - 1.0
5% 1.0 90.0 6.0 = 2.0 = 1.0 =
16* 1.0 90.0 6.0 - 2.0 - - 1.0
17 1.0 89.0 6.0 = 4.0 = 1.0 =
18 1.0 88.0 6.0 - 4.0 - - 1.0
19* 1.0 88.0 6.0 = 4.0 = 1.0 =
20* 1.0 88.0 6.0 - 4.0 - - 1.0
21 1.0 88.0 6.0 = 6.0 = 1.0 =
22 1.0 88.0 6.0 - 6.0 - - 1.0
23%* 1.0 88.0 6.0 = 6.0 = 1.0 =
24* 1.0 88.0 6.0 - 6.0 - - 1.0
25 1.0 90.0 6.0 = = 2.0 1.0 =
26 1.0 90.0 6.0 - - 2.0 - 1.0
27* 1.0 90.0 6.0 = = 2.0 1.0 =
28* 1.0 90.0 6.0 - - 2.0 - 1.0
29 1.0 88.0 6.0 = = 4.0 1.0 =
30 1.0 88.0 6.0 - - 4.0 - 1.0
31* 1.0 88.0 6.0 = = 4.0 1.0 =
32%* 1.0 88.0 6.0 - - 4.0 - 1.0
33 1.0 88.0 6.0 = = 6.0 1.0 =
34 1.0 88.0 6.0 - - 6.0 - 1.0
35%* 1.0 88.0 6.0 = = 6.0 1.0 =
36* 1.0 88.0 6.0 - - 6.0 - 1.0

Note: * — adding disintegrant to the tablet mixture and when dusting the granulate.
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Table 3 — Research results of technological characteristics of tablet mixtures and tablets (average values)

Formulation Y, Y, Y,
number Resistance to crushing (N) Disintegration time (s) API release (%)
1 108.1+0.03 268+0.3 78.8+1.0
2 97.4+0.02 244+0.2 79.310.5
3 95.840.02 231+0.2 77.610.6
4 91.4+0.03 227+0.1 78.910.4
5 109.3+0.05 212+0.4 89.1+0.5
6 89.9+0.04 190+0.2 87.840.3
7 88.710.04 196+0.1 81.7+0.3
8 80.1+0.02 189+0.1 83.6+0.8
9 95.4+0.03 170£0.1 83.1+1.0
10 96.1 +0.06 165+0.2 85.3+0.5
11 75.9+0.02 157+0.5 80.2+0.4
12 78.7+0.03 159+0.2 85.1+0.2
13 117.3+0.03 249+0.5 84.6+0.3
14 114.6+0.01 24310.4 83.1+0.2
15 106,2+0.02 239+0.6 80.4+0.1
16 107.9+0.02 23810.5 79.610.4
17 105.9+0.03 351+0.6 71.5£0.2
18 104.4+0.03 34910.3 71.30.3
19 93.1+0.04 230+0.5 72.7+0.4
20 90.0+0.03 224+0.4 72.8+0.5
21 99.8+0.03 210+0.2 77.2+0.2
22 102.5+0.04 21310.2 79.410.3
23 88.9+0.02 201+0.1 77.6+0.6
24 85.5+0.03 20010.2 78.1+0.5
25 127.7+0.04 378+0.5 81.4+0.3
26 115.6+0.03 36710.2 80.9+0.2
27 100.5+0.05 360+0.6 76.410.3
28 99.7+0.02 355+0.5 73.2+0.6
29 101.9+0.03 351+0.4 71.5+0.3
30 101.1+0.04 349+0.4 71.3+0.3
31 99.4+0.06 233+0.2 70.7+0.5
32 98.9+0.08 23210.6 70.9+0.6
33 115.240.05 212+0.6 69.7+0.4
34 108.1+0.02 224+0.5 69.5+0.4
35 89.4+0.03 215+1.0 68.31£0.3
36 85.5+0.04 214+0.9 67.8+0.4
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Figure 2 — Graph of the influence of the main factors effects on the average values
of tablets GML-1 resistance to crushing
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Table 4 — Analysis of variance for the resistance to crushing of GML-1 tablets

. . Degrees of Sum of Squares Average square
Source of dispersion freedogm, number (SS()}I (gAs)q Fexp Fo
Factor A 2 2465.7 1232.86 81.02 3.14
Factor B 2 3686.2 1843.11 121.12 3.14
Factor C 1 474.0 474.05 31.15 3.99
Factor D 1 4847.4 4847.39 318.55 3.99
Factor A* Factor B 4 128.3 32.07 2.11 2.52
Factor A * Factor C 2 53.2 26.60 1.75 3.14
Factor A * Factor D 2 109.6 54.81 3.60 3.14
Factor B * Factor C 2 106.3 53.13 3.49 3.14
Factor B * Factor D 2 377.7 188.85 12.41 3.14
Factor C * Factor D 1 10.9 10.89 0.72 3.99
Factor A * Factor B * Factor C 4 236.1 59.03 3.88 2.52
Factor A * Factor C * Factor D 2 79.7 39.86 2.62 3.14
Factor A * Factor B * Factor D 4 768.3 192.09 12.62 3.14
Factor B * Factor C * Factor D 2 85.0 42.49 2.79
Within cells 76 1156.5 15.22 - -
Total 107 14585.0 - - -
Table 5 — Analysis of variance for the disintegration of GML-1 tablets
. . Degrees of Sum of Squares  Average Square
Source of dispersion freedom, number (55) (AS) F oo Fos
Factor A 2 140526 70262.9 183.07 3.14
Factor B 2 159138 79568.8 207.32 3.14
Factor C 1 1836 1836.2 4.78 3.99
Factor D 1 36834 36834.4 95.97 3.99
Factor A* Factor B 4 61568 15392.0 40.10 2.52
Factor A * Factor C 2 604 302.2 0.79 3.14
Factor A * Factor D 2 6426 3212.9 8.37 3.14
Factor B * Factor C 2 175 87.5 0.23 3.14
Factor B * Factor D 2 22852 11425.9 29.77 3.14
Factor C * Factor D 1 11 10.6 0.03 3.99
Factor A * Factor B * Factor C 4 726 181.6 0.47 2.52
Factor A * Factor C * Factor D 2 970 485.0 1.26 3.14
Factor A * Factor B * Factor D - - - - -
Factor B * Factor C * Factor D 2 814 407.2 1.06 3.14
Within cells 80 30704 383.8 - =
Total 107 463184 - - -
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Figure 3 — Graph of the factors influence on the average values
of GML-1 tablets disintegration
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Table 6 — Results analysis of variance of the dissolution test of GML-1 tablets

. . Degrees of Sum of Squares  Average Square
Source of dispersion freedogm, number (SS()}I (gAS)q o Fo
Factor A 2 1896.08 948.041 131.44 3.14
Factor B 2 263.74 131.872 18.28 3.14
Factor C 1 0.91 0.914 0.13 3.99
Factor D 1 76.71 76.713 10.64 3.99
Factor A* Factor B 4 1145.10 286.275 39.69 2.52
Factor A * Factor C 2 14.10 7.051 0.98 3.14
Factor A * Factor D 2 25.68 12.839 1.78 3.14
Factor B * Factor C 2 21.77 10.886 1.51 3.14
Factor B * Factor D 2 18.95 9.475 1.31 3.14
Factor C * Factor D 1 1.02 1.015 0.14 3.99
Factor A * Factor B * Factor C 4 20.35 5.087 0.71 2.52
Factor A * Factor C * Factor D - = — — -
Factor A * Factor B * Factor D 2 20.59 10.294 1.43 3.14
Factor B * Factor C * Factor D 2 1.44 0.720 0.10 3.14
Within cells 80 577.04 7.213 - -
Total 107 4083.48 = = =
Table 7 — Standard deviations and coefficients of variable indicators determination
in the model of GML-1tablets
Manufacturing characteristics S R? R?(rate)
Resistance to crushing (N) 3.90089 92.07% 88.84%
Disintegration time (s) 13.3661 97.07% 95.87%
API release (%) 2.49791 88.39% 83.65%
Factor A Factor B Factor C Factor D
B2
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Specific factors

Figure 4 — Graph of the main influence effects of particular factors on the average kinetics values
of the GML-1 tablets dissolution

The test results were subjected to the analy-
sis-of-variance method to obtain Fisher’s F-test for each
term in the model. The experimental values of Fisher’s
F-test were compared with the tabular value of the
F-test, which is described for the significance level a =
0.05, the degrees of freedom for each factor. The shown
comparison reveals the degree of influence of each fac-
tor on the optimization criteria for model tablets GML-1
(a=0.05; Fexp> Ftab,)’ as well as the interactions of factors
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(Tables 4-8) [24]. The obtained data were additionally
compared with the average values of particular factors
to explain the obtained regularities.

When processing the analysis of variance results on
the resistance to crushing values of GML-1 tablets (Table
4), a significant exceedance of the experimental F-crite-
rion values above the theoretical Fe02005 N factors A and
B, F80,1,0,95' in factors C and D, as well as a relative exceed-
ance in the interaction of factors B and D was observed.
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Table 8 — Values of particular and generalized desirability parameters

Sequential
nimber Y, Y, Y, d d, d, D
1 108.1+0.03 26810.3 78.811.0 0.677 0.625 0.634 0.645
2 97.4+0.02 244+0.2 79.3£0.5 0.588 0.671 0.644 0.633
3 95.8+0.02 231+0.2 77.61£0.6 0.573 0.694 0.609 0.623
4 91.4+0.03 227+0.1 78.9+0.4 0.532 0.701 0.636 0.619
5 109.3+0.05 212+0.4 89.1+0.5 0.686 0.726 0.802 0.736
6 89.9+0.04 190+0.2 87.8+0.3 0.517 0.759 0.785 0.675
7 88.7+0.04 196+0.1 81.7+0.3 0.505 0.750 0.689 0.639
8 80.1+0.02 189+0.1 83.61£0.8 0.416 0.760 0.722 0.611
9 95.4+0.03 170+£0.1 83.1+1.0 0.570 0.786 0.714 0.684
10 96.1 £0.06 165+0.2 85.31£0.5 0.576 0.792 0.749 0.699
11 75.940.02 157+0.5 80.2+0.4 0.372 0.802 0.661 0.582
12 78.7+0.03 159+0.2 85.1+0.2 0.401 0.799 0.746 0.621
13 117.310.03 24910.5 84.610.3 0.742 0.662 0.738 0.713
14 114.6+0.01 243+0.4 83.1+0.2 0.724 0.673 0.714 0.703
15 106.2+0.02 23910.6 80.4+0.1 0.663 0.680 0.665 0.669
16 107.940.02 238+0.5 79.61£0.4 0.676 0.682 0.650 0.669
17 105.94£0.03 35140.6 71.5+0.2 0.660 0.439 0.466 0.513
18 104.4+0.03 349+0.3 71.310.3 0.648 0.443 0.461 0.510
19 93.1+0.04 23010.5 72.7+0.4 0.548 0.696 0.496 0.574
20 90.0+0.03 224+0.4 72.840.5 0.518 0.706 0.498 0.567
21 99.8+0.03 210£0.2 77.210.2 0.609 0.729 0.600 0.643
22 102.5+0.04 213+0.2 79.4+0.3 0.632 0.724 0.646 0.666
23 88.9+0.02 201+0.1 77.620.6 0.507 0.742 0.609 0.612
24 85.5+0.03 200+0.2 78.1+0.5 0.472 0.744 0.619 0.602
25 127.7+£0.04 378+0.5 81.41£0.3 0.802 0.372 0.684 0.588
26 115.6+0.03 367+0.2 80.9+0.2 0.731 0.399 0.675 0.582
27 100.5£0.05 360£0.6 76.4+0.3 0.615 0.416 0.583 0.530
28 99.7+0.02 355+0.5 73.2+£0.6 0.608 0.429 0.508 0.510
29 101.94£0.03 351+0.4 71.5+0.3 0.627 0.439 0.466 0.504
30 101.1+0.04 349+0.4 71.310.3 0.620 0.443 0.461 0.503
31 99.4+0.06 23310.2 70.7£0.5 0.606 0.691 0.446 0.571
32 98.9+0.08 23210.6 70.910.6 0.601 0.692 0.451 0.573
33 115.2+0.05 21210.6 69.7£0.4 0.728 0.726 0.421 0.606
34 108.1+0.02 224+0.5 69.5+0.4 0.677 0.706 0.415 0.584
35 89.4+0.03 215+1.0 68.310.3 0.512 0.721 0.385 0.522
36 85.5+0.04 214+0.9 67.810.4 0.472 0.722 0.372 0.502

Table 9 — GML-1 tablets composition, 1 mg, according to the results of research
and the mathematical analysis methods

Composition

Quantity, g

GML-1

0.001

MCC 101

0.088

Kollidon 25

0.006

Crospovidone

0.004

Magnesium stearate

0.001

Tablet weight

0.100

Accordingly, all factors of the presented analysis of vari-
ance and the interaction of factors B and D influenced
the resistance to crushing of the GML-1 tablets.

The stage of adding disintegrant to the tablet mass
had the greatest influence on the resistance to crush-
ing index. Fig. 2 can explain this phenomenon by a de-
crease in the binding capacity for the tablet mass during
the compression when the disintegrant is between the
granules. The second largest impact was the amount of

Tom 10, Beinyck 1, 2022

disintegrant, as well as its type, which is explained by a
change in the processes of brittle and plastic deforma-
tion with changes in A and B factors. The least effect was
exerted by the type of a lubricating excipient, due to its
low amount in the tablet mass. Among the interactions
of the factors, the interaction between the amount and
the stage of adding a disintegrant stands out, since these
factors are indirectly interrelated, but their influence is
relatively insignificant. The distribution of the average
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values of the resistance to crushing of the GML-1 tablets
by particular factors is shown in Fig. 2.

The graphs in Fig. 2 make it possible for us to con-
clude that the lowest resistance of tablets to crushing
is when the disintegrant crospovidone is used, and the
highest resistance is for the compositions with sodium
starch glycolate. There was also an uneven decrease in
resistance with an increase in the amount of a disinte-
grant, as well as a lower resistance takes place for for-
mulations containing sodium stearate fumarate and a
disintegrant in the granule dust.

Factors A and B, as well as factor D, had a significant
effect on the disintegration rate, as it was expected. The
most significant effect was produced by the amount of a
disintegrant, and the next was the type of disintegrant
and the process of introducing this disintegrant into the
tablet mass.

These effects can be explained by the functional
purpose of this group of substances. The disintegration
time was also affected by interactions between the type,
amount and process of adding disintegrant at the stage
of dusting, since the total amount of disintegrant affects
the amount of disintegrant inside the granules and in
the dusting, respectively, exacerbating the influence of
this factor. Factor C had the least effect on the disinte-
gration time due to relatively low amounts of lubricating
excipients in GML-1 tablets.

Perhaps, partially due to the decrease in the tab-
let resistance, formulations with crospovidone (Fig. 3)
showed shorter disintegration times, and formulations
with sodium starch glycolate — longer. As expected, with
an increase in the amount of a disintegrant, the disinte-
gration time decreased (Fig. 3), the difference between
the compositions with 4 and 6 mg of a disintegrant is
much greater than the difference between 2 and 4 mg.
The separation of the disintegrant and its addition at
different stages of the technological process, on aver-
age, can reduce the disintegration time by 40 s. Despite
a small effect of the type of lubricating excipients, the
inclusion of stearate fumarate in the composition of so-
dium makes it possible to reduce the disintegration time
due to the hydrophilic groups in the composition of the
excipients.

The study of the factors determining the degree of
the GML-1 release in the dissolution test showed (Table
6) that a type of disintegrant affects the optimization
parameter much stronger than other factors due to the
different nature of the polymers, which, in addition to
the disintegrating effect, may have a solubilizing effect.
The effect on the GML-1 release manifested by the inter-
action of the type and amount of desitegrants, is twice
as weak. The next factors influencing the GML-1 release,
are exerted by factor B (the amount of disintegrant) and
factor D (the process of introducing a disintegrant into
the composition of the tablet).

The influence of particular factors on the resistance
of GML-1 tablets to crushing is reflected in the graphs
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of average release values (Fig. 4) from which it can be
concluded that the APl release from GML-1 tablets is the
best when crospovidone is used. The worst results were
observed with the use of sodium starch glycolate, with
the quantitative content of disintegrant 4 mg and the ad-
dition of half of the disintegrant at the stage of dusting.

Table 7 shows the values of the determination co-
efficients adjusted coefficients of determination, which
illustrate the relationship between the factors consid-
ered in this model and the parameters responses of the
analysis of variance optimization [23].

Based on the coefficients of determination for the
mathematical model shown in Table 9, a conclusion can
be made about the applicability of the presented mod-
el and a high degree of connectivity of the considered
factors with the optimization criteria. This conclusion is
based on the high values of the determination (R?) co-
efficient from 88.39 to 97.07% and the adjusted coeffi-
cient of determination (rate R?) from 83.65 to 95.87% for
all considered manufacturing characteristics. The lowest
R? values among other indicators were observed in the
analysis of the API release, since the demonstrated indi-
cator was influenced, to a greater extent, by random fac-
tors that were not included in this ANOVA model, e.g.,
the conditions of the dissolution test, the influence of
other excipients, etc.

Due to the multidirectionality of the influence of
particular factors of variance analysis and the varying
degree of these factors’ influence, the generalized de-
sirability method was used to select one of the most
rational model composition. To determine the value of
the generalized desirability in accordance with para-
graph 2.2.5. “Materials and Methods” were trans-
formed into dimensionless quantities considered in
Table 2, response values (Table 3): resistance of tablets
to crushing (N), disintegration (s), the API release (%),
The obtained response values (Y) according to these
parameters were converted into partial desirability (d),
the values of which were distributed on the desirability
curve (Fig. 5) from 0 to 1, where 1 is the best value
of the parameter, and 0 manifests absolutely unsat-
isfactory results. Then the particular desirability was
transformed into a generalized one (D) by finding the
geometric mean. The values of the optimization pa-
rameters, as well as the calculated partial and general-
ized desirability, are shown in Table 8.

Analyzing the data obtained and the of the partic-
ular and generalized desirability functions, the authors
conclude that there are no absolutely unsatisfactory
model compositions with D values less than 0.2 among
the considered ones.

Model composition No. 5 has the value of the gen-
eralized desirability function (0.736) closest to 1 and,
accordingly, is suitable for the totality of the studied
parameters. In addition, the presented composition has
the highest values of the APl GML-1 release, which is a
key optimization parameter under the conditions of a
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sparingly soluble substance. Based on the obtained re-
sults of the generalized desirability and analysis of vari-
ance, the following composition of model GML-1 tab-
lets, 1 mg, was selected (Table 9).

DISCUSSION

As a result of the analysis of variance, a conclusion
was made about the absence of one factor that most
intensively affects all manufacturing characteristics.
However, due to the low content of lubricating excipients
in the tablets, their appearance had the least effect on
the studied manufacturing characteristics, or in the case
of the APl release, it did not have a statistically significant
result. The resistance of tablets to crushing largely
determines the process of adding a disintegrant to the
GML-1 tablet mass. The duration of disintegration is
largely determined by the amount of a disintegrant, and
the degree of the API release by the type of disintegrant.
Among the particular factors of the dispersion analysis,
crospovidone should be distinguished, which most
intensively reduces the resistance of tablets to crushing,
disintegration time and increases the degree of the API
release. At the same time, the amount of disintegrant
had a non-linear effect on the degree of release, for
example, 4 mg slowed down the API release, and with
2 mg, the release was the most intensive. Besides,
the addition of half of the disintegrant during the
dusting step decreased the resistance of tablets to
crushing, disintegration time, and the API release rate.
In most cases, the interaction of factors did not have
a statistically significant effect; however, there was a
mutual influence of B and D factors on the resistance of
tablets to crushing and on disintegration. The interaction
of factors A and B had a statistically significant effect on
the process of the APl release. The use of the analysis of
variance in this development did not allow us to identify
the most optimal composition, however, a statistically

significant relationship was established between the
results obtained and the variable factors. In addition,
the available data on the predominant influence of
factors and the peculiarities of their interaction with
pharmaceutical and manufacturing characteristics
allows us to draw long-term conclusions for further
developments. The selection of the most optimal factor
is most conveniently carried out by other methods,
for example, using the function of the generalized
desirability based on the expert assessments of
researchers. In this method, each model composition,
regardless of the optimization factors, is considered
separately and the combination of its pharmaceutical
and technological characteristics determines its position
on the desirability curve.

CONCLUSION

The methods of mathematical planning used in
this work have shown their effectiveness in optimizing
the composition and manufacturing process of adding
a disintegrant to the composition of model tablets. The
analysis of variance made it possible to identify the
factors affecting the resistance of tablets to crushing,
disintegration and the API release from GML-1 tablets. It
is shown that the main number of interactions of factors
did not cause a significant change in the considered
optimization criteria. In addition, the consideration of
the influence of each factor led to conflicting results
and did not allow us to identify the most optimal
composition.

The use of the generalized desirability method made
it possible to reduce the conflicting results of the analysis
of variance to one, the most optimal composition. As a
result of using the methods of mathematical analysis,
composition No. 5 was selected: it has the most optimal
composition and technology for preparing GML-1 tablets
and meets all manufacturing requirements.
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