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Infantile hemangioma (IH) is a benign vascular neoplasm, occurring in 4-10 % of newborns and requiring timely therapy
in cases of complicated progression. Currently, propranolol is recognized as the “gold standard” for IH treatment due to
its proven efficacy and safety. However, in the Russian Federation, there are no readily available dosage forms (DFs) of
propranolol for children, which creates a significant problem for pediatric practice. In this regard, the development
of a DFs that ensures accurate dosing and ease of use in children is relevant.

The aim. To develop the composition and technology for obtaining orodispersible mini-tablets (OMT) of propranolol
hydrochloride for children using the Quality by Design (QbD) approach.

Materials and methods. The active pharmaceutical substance of propranolol hydrochloride and excipients were used:
mannitol, microcrystalline cellulose 102 (MCC 102), crospovidone (CPV), sodium saccharin dihydrate, sodium stearyl
fumarate (SSF), and colloidal silicon dioxide. The composition development was carried out using the QbD methodology,
with experimental design planned using the Mixture Design (MD) method. The independent variables were the content
of MCC 102, CPV, and SSF. OMT with a diameter of 3 mm were obtained by direct compression. The tablet blend and
OMT were tested according to the methods presented in the State Pharmacopoeia of the Russian Federation, XV edition:
flowability, bulk density and tapped density, crushing strength, friability, disintegration, and mass uniformity. The dose
uniformity of the optimized composition was determined by HPLC.

Results. During the first stage, the target quality profile of the OMT was determined. In accordance with this, critical
quality attributes (CQAs) were established: for the powder blend — flowability, bulk density, tapped density; for the
OMT — crushing strength, disintegration, friability, and dose uniformity. A composition was developed and optimized,
which allowed the required values for all CQAs to be achieved. Statistical analysis revealed significant inter-component
interactions affecting the crushing strength and disintegration of the OMT.

Conclusion. The composition and technology for obtaining orodispersible mini-tablets of propranolol hydrochloride have
been developed.

Keywords: propranolol hydrochloride; mini-tablets; orodispersible forms; Quality by Design; infantile hemangioma
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microcrystalline cellulose; CPV — crospovidone; CQA — critical quality attribute.
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WHdaHTUNbHaA remaHrmoma (M) npepctasnsetr coboit  A06POKAYecTBEHHOe cocyauctoe HoBOoobpasoBaHue,
BcTpeyvatoweeca y 4-10% HOBOPOMKAEHHbIX U Tpebylollee CBOEBPEMEHHOW Tepanuu Npu OCNOMKHEHHOM TeyeHuu. Ha
CErofHAWHUM AeHb NPOMNPAHO/ION NPU3HAH «30/10TbIM CTaHAAPTOM» nedyeHua UI bnarogapa AoKazaHHOW 3deKTUBHOCTH
1 6e3onacHocTu. OfHaKo B Poccuiickol desepauMm OTCyTCTBYIOT AOCTYMNHbIE IeKapcTBeHHble dopmbl (/1P) nponpaHonona
ONA AeTel, YTO co34aeT 3HAUUTe/IbHY0 Npobaemy ona negmaTpUYeckoin NPakTUKK. B €BA3M ¢ 3TMM aKTyasibHA pa3paboTka
J1®, obecneymBaroLeli TOHHOCTb 403UPOBAHMA M YA06CTBO NPUMEHEHUA Y AETEN.

Llenb. Pa3paboTka coctaBa M TEXHONOTMM MOAYYEHUA OPOAMCIEpPrUpyembiXx MWUHWU-Tabnetok (OLAMT) nponpaHonona
rMapoxaopuaa ANs AeTen C MCNoAb30BaHWeM NOAX0AA «KavecTBo Yepes gusanH» (Quality by Design, QbD).

Matepuanbl u metogbl. A OCTUNKEHUA LLENN UCCNef0BaHUA UCMONb30BaW aKTUBHYIO papMaLLeBTUYECKYO CybCTaHLMIo
nponpaHosiona rMApPOXAopuaa W BCNOMOraTe/sibHble BELeCTBa: MAHHWUTON, MWKPOKPUCTanAM4yeckaa uenatonosa 102
(MKL, 102), kpocnoeugoH (KMB), HaTpusa caxapuHaTa Auruapat, HaTpua cteapundpymapat (HCD) u KpemHua auMoKcua
KOMNOWUAHbIN. Pa3paboTKy cocTaBa MpPOBOAMAM C MCMO/Nb30BaHMeM meTogonormn QbD, nnaHupoBaHME 3KCNepumeHTa
meTogom Mixture Design (MD). HesaBucMMbIMKM NepemeHHbIMU BbICTynann cogepskatve MKL, 102, KNB u HCO.
OAMT pguameTpom 3 MM Moaydann NPAMbIM npeccoBaHuem. TabneTouHyo cmecb n OAMT UCMbITbIBAIM MO METOAMKAM,
npeactaBaeHHbIM B [ocyaapcTBeHHON dapmakonee Poccuiickon ®epepaumm XV M3aaHUA: Cbiny4yecTb, HAaCbIMHAA NNOTHOCTb
M NAOTHOCTb MOC/Ae YN/JIOTHEHUA, MPOYHOCTb Ha pa3faBAUBaHUE, UCTUPAEMOCTb, PacnafgaeMocTb, OAHOPOAHOCTb MAcChl.
OAHOPOAHOCTb AO3MPOBaHMA ONTUMM3NPOBAHHOIO COCTaBa onpeaenann metoaom BIKX.

Pe3synbratbl. Ha nepsom 3Tane onpegennau uenesoi npoounb Kayectsa OAMT. B coOTBETCTBUM C HUM YCTaHOB/EHbI
KpUTUYeckme nokasatenu Kadectsa (KMK): 4ns nopowKoBoOM CMecu — CbiNy4ecTb, HAcbiMHAA MNAOTHOCTb, NIOTHOCTb Nocne
ynnoTtHenua; ana OAMT — npo4yHOCTb Ha pa3AaBavBaHuMe, pacnagaemMocTb, UCTUPAEMOCTb U OAHOPOAHOCTb A03MPOBAHUA.
PaspabotaH M ONTMMU3MPOBAH COCTaB, NO3BOAMUBLLMI AOCTUYb Tpebyembix 3HaueHul Bcex KIMK. B xoge cTtaTucTMYecKoro
aHa/M3a BbIAB/IEHbl 3HAYMMbIE MEKKOMMNOHEHTHbIE B3aMMOZLENCTBUA, BAUAIOLLME HA NPOYHOCTb U pacnagaemocts O4MT.
3aKkntoueHue. PaspaboTtaH coctaB 1 TexHonorusa nonydeHnsa OAMT nponpaHonona rmapoxaopuaa.

KnioueBble cnoBa: NponpaHo/iona rMApoxXAopua; MUHW-TaBAETKM; opoaucneprupyemble ¢GOpmbl; KayecTBO 4epes

NPOEKTUPOBaAHUE; MH¢aHTMﬂ bHaA remaHrmoma

CnucoKk cokpauweHuiti: UI — wuHbaHTUAbHaA remaHrvoma; OAMT — opogucneprupyemble MUHW-Tabnetku; e —
neKkapcteeHHble ¢opmbl; JIN — nexkapcTBeHHbIM npenapat; QbD — KayecTBO uepes3 npoeKTuposaHue; QTPP —
uenesoi npoduab Kayectsa; DoE — nnaHupoBaHve 3KcnepumeHTa; HC® — HaTtpua creapundymapar; MKL —

MWKPOKPUCTaNNNYecKan uenntonosa; KrNB — kpocnosmaoH; KMK — Kputnyeckne nokasartenm Kavyecrtsa.

MpuHAaTa K nevaTtn 24.04.2026

INTRODUCTION

Infantile hemangioma (IH) is a benign vascular
neoplasm, occurring, according to various data, in
4-10 % of newborns [1]. Currently, the pathogenesis of
the disease is not absolutely studied [2], however, it is
assumed that IH is a consequence of dysregulation of
vasculogenesis and angiogenesis [3]. In most cases, I|H
does not pose a threat and resolves spontaneously, but
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in 10-15 % of cases, hemangiomas localized in the head
and neck area, at the border with mucous membranes,
pose a danger’. They can lead to complications such as
bleeding, ulceration, deformation, and obstruction with
functional impairments [1, 4].

Medication therapy is among the main methods

* Infantile hemangioma. Classificator of Clinical Guidelines. Available
from: https:// cr.minzdrav.gov.ru/preview-cr/769_1. Russian
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for treating IH. Although corticosteroid therapy was
considered the most effective approach for a long time,
a number of serious side effects due to its prolonged
use were subsequently identified [5]. Therapy of IH
with the immunosuppressant sirolimus (rapamycin),
an mTOR receptor inhibitor, is known. However, due
to side effects such as immunosuppression, metabolic
disorders, and nephrotoxicity, the drug is not a first-line
treatment [4]. Beta-blockers, atenolol and timolol, are
used for local and oral administration in the treatment

of IH; however, propranolol remains the “gold
standard” [3, 6, 7].
Propranolol belongs to non-selective beta-

adrenoblockers and has antihypertensive, antianginal,
and antiarrhythmic effects. Its use as a treatment
for IH has been known since 2008 [8]. The dosage of
propranolol according to clinical recommendations?
depends on the form of IH and ranges from 0.5 to
3 mg per kg of body weight per day, with the dose
divided into 2-3 administrations. Overdose can lead
to the development of bradyarrhythmia and arterial
hypotension. Currently, there are no available dosage
forms (DFs) of propranolol for children in the Russian
Federation [9]. In this regard, the development of
propranolol in a DF that ensures accurate dosing and
ease of use in young children is relevant.

Mini-tablets (MTs) are a promising DF for children.
According to the definition by P. Lennartz and
J.B. Mielck, MTs are tablets with a diameter of
2-3 mm or less [10]. They demonstrate high
acceptability in young children, which allows them
to be considered a preferred alternative to liquid DFs,
particularly syrups [11]. Unlike the latter, MTs do not
contain sugar and preservatives, have a stable dosage,
do not require the use of a dosing device, and reduce
the risk of dose discrepancy.

Interest in MTs has grown rapidly in recent
years [11]. MTs have been developed for the treatment
of gastrointestinal diseases [12, 13], cardiovascular [14—
16], ophthalmological [17], and other pathologies [18—
20]. The expediency and safety of using MTs in pediatric
practice have been confirmed by regulatory decisions
of the European Medicines Agency (EMA). For example,
the drug Slenyto (melatonin) [21] is a prolonged-
release MT approved for the treatment of insomnia
in children from two years of age. The drug Aqumeldi
(enalapril maleate) [22], produced in the form of
orodispersible mini-tablets (ODMTs), is approved
for use in children from the first days of life for the
therapy of heart failure. The industrial production of
these DFs confirms the technological feasibility and
clinical acceptability of MTs even for the youngest age
groups.

In accordance with the
2 |bid.

international standard
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ICH Q8 (R2), the Quality by Design (QbD) approach is
recommended for the pharmaceutical development
of medicines. QbD is based on a systematic approach
to product design and development, which allows for
increased development efficiency, reduced time costs,
and optimization of the medicine composition [23].
The development includes the sequential determination
of the Quality Target Product Profile (QTPP)
of the medicine, identification of Critical Quality
Attributes (CQAs), risk assessment, establishment of
the design space, development of a control strategy,
as well as Product Lifecycle Management and
Continual Improvement. One of the key tools ensuring
the effective implementation of QbD is Design of
Experiments (DoE) [24]. The application of DoE can
significantly reduce the time and resources spent on
determining the optimal composition and technology
for obtaining the developed drug [25]. Among various
types of DoE, “mixture design” (MD) deserves special
attention. This method allows for the simultaneous
determination of the optimal ratio of components in
a mixture and the influence of various technological
parameters [26].

THE AIM was to develop the composition and
technology for obtaining orodispersible mini-tablets of
propranolol hydrochloride for children using the QbD
approach.

MATERIALS AND METHODS

Materials

During the development of ODMTs, the
pharmaceutical substance propranolol hydrochloride
(Changzhou Yabang Pharmaceutical Co., Ltd,,
China) and the following excipients (Excipients)
were used: mannitol—Pearlitol 200 SD (Roquette,
France), microcrystalline cellulose (MCC) 102,
crospovidone—PolyplasdoneTM  XL-10  (Huangshan
Bonsun Pharmaceuticals Co., Ltd., China), sodium
saccharin dihydrate (China Pingmei Shenma Group
Kaifeng Xinghua Fine Chemical Ltd., China), sodium
stearyl fumarate—PRUV (JRS Pharma, Germany),
colloidal silicon dioxide—Aerosil (Madhu Silica Pvt.
Ltd., India).

For sample analysis by HPLC, acetonitrile for
gradient HPLC (Greenway SPB LLC, Russia), ammonium
formate (Thermo Fisher Scientific’'s, Germany), and
formic acid (Scharlab S.L., Spain) were used. Type
| ultrapure water was obtained from the Simplicity
UV water purification system (Merck, Germany). A
standard sample of propranolol hydrochloride (NCSO
LLC, Russia) was used to prepare the standard solution.
Sample filtration was carried out using a 25 mm
polypropylene syringe filter with a pore diameter of
0.45 um (Filter-Bio, China). Mobile phase filtration
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was carried out using 47 mm regenerated cellulose
membrane filters with a pore diameter of 0.45 um
(Filter-Bio, China).

All weighings were performed on SHPBG-215i-ION
semi-microbalances (Bel Engineering Srl, Italy).

Pharmaceutical development of mini-tablets

Defining the Target Quality Profile of Mini-Tablets

The first step is to define the characteristics of the
ODMTs (oral drug delivery tablet) for next obtaining
a safe and effective medicine, i.e., the target quality
profile of the drug [27].

Defining critical quality attributes

and risk assessment

At the initial stage of development, the CQAs of
the ODMTs were identified: powder blend flowability,
hardness, friability, disintegration time, and absence
of adhesion to the tooling. During subsequent risk
assessment, factors capable of influencing these
CQAs were systematized: process parameters (mixing,
compression force); APl properties (particle shape
and size); type and content of excipients (ratio of
filler, disintegrant, and lubricant). Insufficient powder
blend flowability and an imbalance in the content
of superdisintegrant and lubricant have the greatest
impact on achieving the target quality attributes,
which was taken into account when planning the
experiment. A detailed analysis and ranking of the
identified risks are presented in a previously published
work [28].

Experimental design and statistical

analisys

The development and optimization of the
propranolol hydrochloride ODMTs composition were
carried out using DoE. The experimental design
and statistical processing of the obtained data were
performed using Minitab 21 software, USA. The critical
significance level for hypothesis testing was taken
as a = 0.05.

The content of microcrystalline cellulose 102
(MCC 102, X, 31.0-36.5 %), crospovidone (CPV, X,
1.0-5.0%) and sodium stearyl fumarate (SSF, X,
0.5-2.0 %) as a percentage of the total mass were
considered as independent variables. The content of
mannitol, sodium saccharin dihydrate, and aerosil was
kept constant. The composition of the investigated
ODMTs is presented in Table 1. The dependent
variables (responses) evaluated were: tablet crushing
strength (Y,), friability (Y,), disintegration (Y,), powder
blend flowability (Y,), and Carr’s index (Y.).

An Extreme Vertex design (Table 2) was chosen as
the experimental design MD.
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Based on the obtained data, the ODMTs
composition was optimized. The dependent

variables were ranked by degree of significance
and priority, with assigned weight and importance
coefficients.

Technology for obtaining mini-tablets

The ODMTs were obtained by direct compression
in several sequential stages. In the first stage, the active
pharmaceutical ingredient and all excipients were
sieved through a laboratory sieve with a mesh size of
315 um. Sieved components, with the exception of SSF
and colloidal silicon dioxide, were mixed in a Schatz
M10 laboratory mixer (Powteq, China) at a rotation
speed of 30 rpm for 30 min, after which the resulting
mixture was sieved again. In the final stage, colloidal
silicon dioxide and SSF were added and mixed at a
speed of 20 rpm for 3 min.

The resulting mixture was loaded into an eccentric
tablet press EP-1 (Erweka, Germany). Compression was
carried out using a steel press tool, including 3 mm
biconcave punches with a single tip and a die.

Powder mixture characteristics

Flowability

Flowability was assessed in accordance with
the requirements of the State Pharmacopoeia of
the Russian Federation, 15th edition (SPh RF XV ed.)
GPhM.1.4.2.0016 “Powder Flowability”® using a GTB
flowability tester (Erweka, Germany) by measuring
the free flow time of 100.0 g of the mixture, placed
in a 450 mL funnel with a 10.0 mm opening, in three
replicates. The built-in mixing function of the tester was
used.

Bulk density and tapped density

Bulk density and tapped density were assessed
in accordance with the requirements of SPh RF XV ed.
GPhM.1.4.2.0024 “Bulk Density and Tapped Density”*
using an SVM-223 tester (Erweka, Germany). Bulk
density before tapping was calculated by measuring
the volume of 40.0 g of the mixture, freely poured
into a 100 mL cylinder. Tapped density was calculated
by determining the powder volume after 10, 500, and
1250 taps. The Hausner ratio and compressibility index
were also calculated.

3 GPhM.1.4.2.0016 “Powder Flowability”. State Pharmacopoeia
of the Russian Federation, XV edition. Available from: https://
pharmacopoeia.regmed.ru/pharmacopoeia/izdanie-15/1/1-4/1-4-2/
sypuchest-poroshkov/. Russian

4 GPhM.1.4.2.0024 “Bulk Density and Tapped Density”. State
Pharmacopoeia of the Russian Federation, XV edition. Available
from: https://pharmacopoeia.regmed.ru/pharmacopoeia/izdanie-15/
1/1-4/1-4-2/nasypnaya-plotnost-i-plotnost-posle-uplotneniya/.
Russian
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Characteristics of quality parameters
of mini-tablets

Mass Uniformity

Mass uniformity was assessed in accordance with
SPh RF XV ed. GPhM.1.4.2.0009 “Uniformity of Mass
of Dosed Dosage Forms”® by individual and collective
weighing of 20 ODMTs.

Hardness

The hardness of ODMTs (n = 10) was assessed
in accordance with SPh RF XV ed. GPhM.1.1.1.0017
“Tablet Crushing Strength”® using a TBH-125 tester
(Erweka, Germany).

Geometric parameters

The thickness and diameter of ODMTs (n = 10)
were measured simultaneously with the crushing
strength assessment using a TBH-125 tester (Erweka,
Germany).

Friability

The friability of ODMTs (n = 10) was assessed
in accordance with SPh RF XV ed. GPhM.1.1.1.0015
“Tablet Friability””, method 2, using a TAR-220 tester
(Erweka, Germany). The tablets were pre-weighed,
then placed in a drum at 20 revolutions per minute for
5 minutes. At the end, the tablets were dedusted and
weighed again.

Disintegration

The disintegration time of ODMTs (n = 6) was
assessed using a ZT-221 tester (Erweka, Germany)
at 37 £ 0.5 °C. Due to the small size of the ODMTs,
a modified assembly was used: a steel sieve with
0.25 x 0.25 mm cells was attached to the lower part of
the basket (unlike the sieve specified in the GPhM).

Content Uniformity

The content uniformity of the optimized MT
composition was assessed in accordance with SPh RF
XV ed. GPhM.1.4.2.0008 “Content Uniformity”® by

° GPhM.1.4.2.0009 “Uniformity of Mass of Dosage Forms”. State
Pharmacopoeia of the Russian Federation, XV edition. Available
from: https://pharmacopoeia.regmed.ru/pharmacopoeia/izdanie-15/
1/1-4/1-4-2/odnorodnost-massy-dozirovannykh-lekarstvennykh-
form/. Russian

6 GPhM.1.1.1.0017 “Tablet Crushing Strength”. State Pharmacopoeia
of the Russian Federation, XV edition. Available from: https://
pharmacopoeia.regmed.ru/pharmacopoeia/izdanie-15/1/1-1/1-1-2/
prochnost-tabletok-na-razdavlivanie/. Russian

7 GPhM.1.1.1.0015 “Tablet Friability”. State Pharmacopoeia
of the Russian Federation, XV edition. Available from: https://
pharmacopoeia.regmed.ru/pharmacopoeia/izdanie-15/1/1-1/1-1-2/
istiraemost-tabletok/. Russian

8 GPhM.1.4.2.0008 “Content Uniformity”. State Pharmacopoeia
of the Russian Federation, XV edition. Available from: https://
pharmacopoeia.regmed.ru/pharmacopoeia/izdanie-15/1/1-4/1-4-2/
odnorodnost-dozirovaniya/. Russian
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direct determination of the active substance content
(method 1). The arithmetic mean (Xi), standard
deviation (s), relative standard deviation (RSD), and
acceptance value (AV) were calculated according to the
method specified in the GPhM.

The determination of propranolol hydrochloride
was carried out by high-performance liquid
chromatography. The method was previously validated
for linearity, accuracy, specificity, and repeatability
(precision).

Mobile Phase A (MP A)

Approximately 630 mg of ammonium formate was
placed in a 1000 mL volumetric flask and dissolved in
900 mL of water for chromatography R, and the pH of
the solution was adjusted to 3.0 + 0.1 with formic acid
R. The resulting solution was transferred to a 1000 mL
volumetric flask, and the volume was adjusted to the
mark with water for chromatography R and mixed.

Mobile Phase B (MP B)
Acetonitrile for chromatography R.

Standard Solution

Approximately 11.4 mg (exact weight) of
propranolol hydrochloride reference standard was
placed in a 100 mL volumetric flask, 10 mL of water
for chromatography R was added, dissolved, and the
volume was adjusted to the mark with acetonitrile for
chromatography R and mixed.

The concentration of
approximately 0.1 mg/mL.

propranolol base is

Sample Solution

1 ODMT of propranolol hydrochloride was
placed in a 10 mL volumetric flask, 1 mL of water for
chromatography R was added, sonicated for 15 min,
cooled to room temperature, the volume was adjusted
to the mark with acetonitrile for chromatography R,
and mixed. The resulting solution was filtered through
a syringe filter.

The concentration of
approximately 0.1 mg/mL.

propranolol base is

Chromatographic conditions

The analysis was performed on a LicArt 62
chromatographic system (Russia) with a gradient
quaternary low-pressure pump QP-62d, an autosampler
S-42dc, a column thermostat T-85C, and a DAD-62
spectrophotometric detector on an Atlantis HILIC Silica
150 x 4.6 mm column, particle size 5 um, packed with
L3 type sorbent (Waters, Ireland). Propranolol was
determined at a wavelength of 290 nm. Elution was
carried out in an isocratic mode using mobile phase
(A : B) in a ratio of 20 : 80. Flow rate is 1 mL/min,
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column thermostat temperature—30 °C, autosampler
temperature—6 °C. Chromatographic run time—6 min,
propranolol hydrochloride retention time ~3.8 min.

The content of propranolol hydrochloride in ODMT
relative to the nominal content was calculated using
the formula:

5 X0ps XW, XxPXx100 s, xags xW, xP
T Sps XWo XLX100  Spe X Wi XL

where S is the peak area of propranolol
hydrochloride in the chromatogram of the sample
solution, mAUxmin; S__ is the peak area of propranolol
hydrochloride in the chromatogram of the reference
standard, mAUxmin; a Is the weighed amount of
the reference standard, mg; L is the declared content
of propranolol hydrochloride in ODMT, mg; W _is the
volume of the volumetric flask used for diluting the
sample, W, is the volume of the volumetric flask used
for diluting the reference standard, P is the content of
propranolol hydrochloride in the reference standard, %.

RESULTS

The target quality profile of the designed ODMTs
with justification of the selected characteristics and
their target values is presented in Table 3.

Disintegration

As a result of the experimental evaluation of 10
ODMT compositions, the disintegration times varied
from 7.00 to 23.00 s (Table 4). Most compositions
showed stable and reproducible results (standard
deviation within 1-2 s), with the exception of
compositions 6 (15.33 + 5.30 s) and 7 (10.33 + 3.82 s),
which were characterized by increased disintegration
variability. Analysis of the regression model (Table 5)
showed that all pairwise interactions between the
mixture components had a statistically significant
effect on disintegration time (p < 0.05). Negative
coefficients for these interactions indicate that the
actual disintegration time for binary mixtures is less
than the calculated time predicted based on the
additive contribution of each component. The strongest
effect was observed for the pair PVPC and NSF
(coefficient -9440).

Hardness

The experimentally determined hardness values
for the studied compositions varied from 19.10 + 1.22
to 33.00 + 2.84 N (see Table 4). Analysis of the
regression model for hardness (see Table 5) showed
a heterogeneous pattern of interaction significance
between components. Of the three possible pairwise
interactions, two were statistically significant: the
interaction of MCC 102 x SSF (p = 0.028) and CPV x SSF
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(p = 0.015). Negative coefficients for these interactions
indicate that the actual hardness of tablets containing
NSF with MCC 102 or SSF with CPV simultaneously was
lower than the calculated hardness predicted based
on the additive contribution of each component. The
largest negative effect in magnitude was observed
for the CPV x SSF interaction (coefficient -10362).
The model showed that the key factor modifying
hardness is the interaction of SSF with other mixture
components.

Flowability

All studied compositions demonstrated satisfactory
flowability: values ranged from 31.77 + 0.65 s to
38.17 + 0.94 s, which corresponds to a technologically
acceptable range for direct compression (see Table 4).
The reproducibility of the results was satisfactory for
most compositions; a slight increase in variability was
noted only for composition 7 (33.47 £ 3.78 s).

According to the results of the regression analysis
(see Table 5), the linear effects of the components did
not have a significant impact on flowability (p > 0.05).
The interaction effects of MCC 102 x SSF (p = 0.017)
and CPV x SSF (p = 0.043) were statistically significant;
the interaction of MCC 102 x CPV did not reach the
significance level (p = 0.081). Negative coefficients for
significant interactions indicate improved flowability
with the co-presence of the specified pairs. Thus,
flowability is mainly determined by inter-component
interactions, particularly those involving SSF.

Friability
The obtained data showed no statistically
significant influence of interactions on friability

(p > 0.05) (see Table 5). It should be noted that none
of the compositions exhibited friability problems in the
form of borderline values. The friability index for all
studied compositions did not exceed 3 % (see Table 4).

Mass uniformity

and geometric parameters

For all studied compositions, ODMTs were
assessed for mass uniformity, thickness, and diameter
(see Table 4). The average tablet weight varied
from 19.50 + 0.14 mg to 20.49 = 0.13 mg, with low
standard deviation values (0.07-0.14 mg) indicating
high reproducibility of the compression process and
uniform die filling. ODMT thickness ranged from
2.60£0.02 mm to 2.84+0.01 mm, and diameter ranged
from 2.9940.01 mm to 3.02+0.03 mm.

Optimization of composition

Based on the experimental data obtained,
the composition of propranolol ODMT was
optimized using a multifactorial approach. Strength,
flowability, disintegration, and adhesion to the
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press tool were selected as responses. For each
response, a weight and importance coefficient
was assigned in the range of 0.1 to 10, where a
higher weight amplified the response’s influence
on the optimization result. The objective functions
included minimization, maximization, or achieving
a target value within specified intervals (Table 6).
The highest priority was assigned to the absence
of adhesion: weight—10, importance—4, goal—
minimization (target value 0, acceptable maximum—1).
Disintegration, as a critical indicator of orally
disintegrating dosage forms (ODDFs), was also subject
to minimization: target value—10 s, upper limit—15 s,
weight—1, importance—1. For  strength, a
maximization goal was set: lower limit—21 N, target
value—23 N, weight—1, importance—2. Flowability,
characterized by the least accurate predictive model,
was optimized towards minimization: target value—
34 s, upper limit—36 s, weight—1, importance—3. As
a result of optimization, a composition satisfying the
specified criteria was obtained.

As a result of the optimization performed, the
following composition of mini-tablets (wt. %) was
determined: MCC 102—31.55; CPV—5.00; SSF—1.45.
The desirability function value for all responses was
1.00, indicating full compliance of the achieved

indicators with the specified criteria (Table 7). Predicted
values of critical quality parameters: strength—23.47 N;
flowability—33.98 s; disintegration—7.1 s; adhesion—
0.097 (practically complete absence of sticking).

The optimized composition was reproduced and
subjected to experimental evaluation. Considering that
the strength of the initial composition was insufficient,
the authors increased the compression pressure to
1.0-1.1 kN, having confirmed the absence of sticking
risk. The obtained mini-tablets were characterized by
the following indicators: average mass 20.15 + 0.11 mg,
thickness 2.62 + 0.01 mm, diameter 3.00 + 0.01 mm,
strength from 30 to 39 N (average 33.60 + 2.05 N),
disintegration 20.67 + 2.12 s, friability 0.5 %. Thus,
increasing the compression pressure allowed achieving
strength  fully compliant with pharmacopoeial
requirements (> 30 N), while maintaining acceptable
disintegration parameters and the absence of adhesion.

A test for dosage uniformity was also performed
for the obtained mini-tablets (Fig. 1). The average
content of propranolol hydrochloride was 99.05 % of
nominal, standard deviation — 4.24, relative standard
deviation — 4.28, calculated acceptability value —
10.18, which corresponds to established
pharmacopoeial requirements (AV < 15).

Table 1 — Composition of propranolol hydrochloride mini-tablets

Ingredient Name Function

Mass fraction in tablet, % Quantity per mini-tablet, mg

Propranolol hydrochloride Active pharmaceutical ingredient  5.70 1.14
Mannitol Filler 27.15 5.43
Microcrystalline Cellulose 102  Filler 31.00-36.50 6.20-7.30
Crospovidone Superdisintegrant 1.00-5.00 0.20-1.00
Sodium stearyl fumarate Hydrophilic Lubricant 0.50-2.00 0.10-0.40
Silicon Dioxide Glidant 1.00 0.20
Sodium Saccharin Artificial Sweetener 1.00 0.20
Tablet Mass: 100.00 20

Table 2 — Mixture design experiment matrix

Experiment Level values
MCC 102 content, % CPV content, % SSF content, %

1 31.00 5.00 2.00
2 33.00 3.00 2.00
3 31.75 5.00 1.25
4 32.50 5.00 0.50
5 33.75 3.00 1.25
6 35.75 1.00 1.25
7 33.75 3.00 1.25
8 35.00 1.00 2.00
9 36.50 1.00 0.50
10 34.50 3.00 0.50

Note: MCC, microcrystalline cellulose; CPV, crospovidone; SSF, sodium stearyl fumarate.
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Table 3 — Target quality profile of mini-tablets

Characteristic

Target Value

Rationale

Dosage Form

Orodispersible mini-
tablets

Ensures accurate dosing and ease of use in children under 1 year
of age.

Dosage

1 mg of propranolol
base in each mini-tablet

In accordance with clinical recommendations, the daily dose of
propranolol is 0.5 to 3 mg/kg, divided into 2-3 administrations.
The drug is prescribed for infants aged 35 days to 5 weeks, with

a therapy duration of 6 to 24 months or more. The child’s weight
during this period varies from 2.5 to 12 kg; therefore, 1 to 4 mini-
tablets will be administered per dose, ensuring ease of use.

Mini-tablets Mass

Not more than 20 mg

Ensures ease of use.

Mini-tablets Size

Mini-tablet diameter
not more than 3 mm

Ensures ease of use.

Organoleptic Properties

Neutral taste, absence
of bitterness

A neutral taste (not sweet) prevents the perception of the drug
as confectionery, minimizing the risk of accidental overdose and
the formation of a food-related behavioral habit. The absence of
pronounced bitterness is necessary to prevent the gag reflex and
refusal to swallow.

Description White, round, biconvex Splitting of mini-tablets is not permissible; the chamfer will ensure
tablets with a chamfer,  ease of use by smoothing sharp edges.
without a score line

Authenticity Compliance with Identification of propranolol hydrochloride.

regulatory document
quality requirements

Disintegration

Not more than 30 s in
water

A short disintegration time ensures that if a mini-tablet is
accidentally chewed or held in the mouth, it will disintegrate
instantly, eliminating the risk of aspiration of a solid foreign body,
and also making it impossible to subsequently spit out the min-
tablet, which ensures the completeness of the administered dose
and safety of use.

Crush strength

Not less than 25 N

Ensures the integrity of the mini-tablet during transportation and
storage.

Abrasion

Not more than 3 %
(Method 1)

Ensures the integrity of the mini-tablet during transportation and
storage.

Content uniformity

Acceptable value for 10
tablets not more than
15 %

Ensures the efficacy and safety of each mini-tablet.

Related
Substances / Quantitative
Determination

Compliance with
regulatory document
quality requirements

Ensures the efficacy and safety of the mini-tablet.

Microbiological Purity

Category 3A

Efficacy and safety of the medicines.

Table 4 — Parameters of tablet blend and mini-tablets

Parameter Experiment
1 2 3 4 5 6 7 8 9 10
Blend Properties
Flowability 38.17+094 3733:028 33.77+1.78 3290+1.15 35.13+092 3177+0.65 3347378 3570097 34.77+0.76 36.53+1.67
Bulk density 0.49 0.50 0.50 0.50 0.49 0.50 0.49 0.49 0.49 0.49
Tapped density 0.66 0.66 0.67 0.66 0.65 0.65 0.65 0.65 0.64 0.64
Compressibility Index ~ 25.31 2438 25.46 23.99 2453 23.15 24.39 23.46 22.84 23.55
Hausner Ratio 1.34 132 134 132 133 1.30 132 131 1.30 131
Mini-tablet Properties
Average mass, mg 20.08+0.10 20.17+0.11 20.01£0.09 2049%0.13 19.94%0.14 1991+0.07 1950%0.14 20.06+0.08 19.84+0.07 19.57+0.11
Average thickness, mm  2.84£0.01 2.79+0.01 280+0.09 274+0.02 2.75£0.01 275000 2.69+001 276+0.00 2.70£0.01 2.60+0.02
Average diameter, mm  3.02£0.02 2994001 299+0.08 3.01+0.01 3.02£0.03 3.01£0.02 3.02+002 3.00+0.01 3.01£0.03 3.02£0.03
Disintegration, s 7.00+184 1033+106 9.33+1.06 1433+£1.06 11.00£0.00 1533+530 10.33+3.82 20.00+1.84 23.00+1.84 17.00+1.84
Strength, N 2180+151 2190+1.26 25.50+2.90 33.00+2.84 2030+194 21.10+1.80 19.10+1.22 2030+1.52 25.80%2.22 27.50%0.89
Abrasion, % 0.75 0.60 0.50 0.25 0.46 0.45 0.57 0.50 0.41 0.77

208 Volume X1V, Issue 2, 2026



Hay4Ho-npakTunyeckuin XxypHan OPMI’MHAﬂbHAﬂ CTATbﬂ

gﬁﬁMﬁggﬁngﬂ DOI: 10.19163/2307-9266-2026-14-2-201-213

(PHARMACY & PHARMACOLOGY)

Table 5 — Regression coefficients and significance levels

. Disintegration Strength Flowability Carr’s Index
Independent Variable — - - -
Coefficient p-value Coefficient p-value Coefficient p-value Coefficient p-value

MCC 102 33.62 >0.05 33.09 >0.05 38.23 >0.05 21.31 >0.05
CPV 615 >0.05 680 >0.05 -455 >0.05 1.1 >0.05
SSF 8219 >0.05 7730 >0.05 6271 >0.05 -1032 >0.05
MCC 102xCPV -754 0.103 -665 0.128 555 0.081 374 0.553
MCC 102xSSF -8827 0.026 -8325 0.028 -6696 0.017 1139 0.05
CPVxSSF -10623 0.015 -10362 0.015 -5097 0.043 1345 0.033

Note: MCC, microcrystalline cellulose; CPV, crospovidone; SSF, sodium stearyl fumarate.

Table 6 — Composition optimization parameters

Response Aim Lower Target Upper Weight Importance
Strength, N Maximize 21 23 - 1 2
Flowability, s Minimize - 34 36 1 3
Disintegration, s  Minimize  — 10 15 1 1
Sticking Minimize  — 0 1 10 4

Table 7 — Predicted responses

Individual probability

Response VG of achieving desired results
Strength, N 23.47 1.00
Flowability, s 33.98 1.00
Disintegration, s 7.13 1.00
Sticking -0.097 1.00

Composite Probability

of Achieving Desired Results 1.00
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Figure 1 — Chromatograms of test solutions for determining the content uniformity
of propranolol mini-tablets.
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DISCUSSION

A number of the obtained results, in the opinion
of the authors, require more detailed discussion and
interpretation in the context of existing literature data.

Justification for the choice

of experimental design

The MD method was chosen as the experimental
design by the authors. Unlike the Response Surface
Methodology, where factors are independent, MD
considers components as part of a mixture: the
response here is determined not by absolute values,
but by the ratio of proportions, the sum of which
always equals 100%. There are three types of MD:
simplex lattice, simplex centroid, and optimal mixture
“simplex” denotes equal
ranges of all components, “lattice”—a grid method

(Extreme vertex), where

of selecting experimental points, and “centroid”—
includes only central points. The latter type, extreme
vertex, is used when two-sided constraints (lower and
upper bounds) are imposed on the components or
linear constraints are added for several components®.
Extreme vertex was chosen as one of the most
suitable for the development of a multi-component
pharmaceutical composition. The chosen design
allowed reducing the number of experimental points
from 27 (full three-factor experiment) to 10, including
2 degrees of freedom and one central point, performed
in duplicate. In accordance with the specifics of MD,
the influence of individual linear variables is not
included in the calculation due to the constraint
of constant sum of proportions. Their contribution
to the is fully accounted for through
a system of significant interactions. The presence of

response

significant negative interactions between all pairs of
components allows for targeted optimization of the
MT composition to achieve minimal disintegration
time.

Justification of the composition and technology

for obtaining orally disintegrating mini-tablets

The direct compression method is most commonly
used in the production of mini-tablets [11], as its
advantages are due to the
technological stages and, consequently, economic
efficiency. The authors of the present study followed
this example and also used the direct compression
method.

reduced number of

The risk analysis performed showed that the

° Design of Experiments for Pharmaceutical Product Development:
Volume I: Basics and Fundamental Principles; Beg S, editor; Singapore:
Springer Singapore; 2021. DOI: 10.1007/978-981-33-4717-5
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effectiveness of the direct compression method is due
to the flowability of the powder mixture. Considering
the low content of the active ingredient (propranolol
hydrochloride content—5.7 %), flowability is mainly
determined by the composition of excipients [14]. To
select the optimal composition, the authors analyzed
existing ODMT formulations [16, 29-31] obtained
by direct compression, as well as reference data on
excipients?®,

The main group of excipients in mini-tablets
are fillers. The choice of mannitol was necessary—
it is one of the few excipients that fully meets the
objectives of developing orally disintegrating forms
due to its favorable organoleptic properties and low
hygroscopicity’'. However, the use of mannitol in high
concentrations led to adhesion of the powder mixture
to the punches, due to which its content was limited
to 55.3%. At the same time, varying the proportion of
mannitol near this value did not significantly affect
flowability. To compensate for the filler, MCC 102
was additionally introduced into the composition.
Its choice is due to optimal flowability, as well as its
ability to perform the function of a binder, ensuring the
formation of strong tablets during direct compression.
The proportion of MCC 102 was set in the range of 31 %
to 36.5 %, which was dictated by the need to comply
with the main MD constraint—achieving a total mixture
mass equal to 100 %.

However, even with an optimal ratio of fillers, the
flowability of the mixture remained insufficient for
stable filling of small-sized dies. The die filling process
is critical for ensuring the quality of mini-tablets,
as their uneven filling leads to variability in mass
and, consequently, active ingredient content [32].
The use of a 3 mm diameter die in the present study
necessitated a significant increase in the flowability of
the tablet mixture. For this purpose, colloidal silicon
dioxide was introduced into the composition at a
fixed concentration of 1.0%—the upper limit of the
recommended range'?. This measure allowed achieving
satisfactory flowability and stabilizing the tableting
process.

The second critical quality parameter
disintegration time, which is determined by the
content of both disintegrants and superdisintegrants
and lubricants. Since the target disintegration time
for mini-tablets was less than 30 s, the content of

was

CPV and SSF was chosen as independent variables.

© Rowe RC, Sheskey PJ, Quinn ME. Handbook of pharmaceutical
excipients, 6th ed. London: Pharmaceutical Press; 2009

1 |bid.

2 |bid.
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At the same time, an increase in the proportion of
superdisintegrant, on the one hand, can contribute
to accelerated disintegration, and on the other hand,
reduce the mechanical strength of mini-tablets and
worsen the flowability of the mixture. The choice of
CPV as a superdisintegrant is due to its ability to ensure
rapid disintegration of tablets [33, 34]. The content of
the superdisintegrant varied in the range of 1 % to 5 %,
which corresponds to the recommended limits for this
group of excipients.

The content of the lubricant was also of decisive
importance: its deficiency leads to adhesion of the
mixture to the punch surfaces, while an excess causes
an increase in disintegration time and a decrease in
the strength of mini-tablets [30]. The choice of SSF
as a lubricant is due to its advantages compared to
traditional stearates [35]. It is characterized by lower
hydrophobicity and no pronounced retardation of
disintegration rate compared to magnesium stearate,
while maintaining comparable lubricating ability
and not inferior in its effect on tablet strength. It is
important to note that its lubricating effectiveness
increases with increasing mixing time, and tablet
disintegration is not impaired [36].

it was found
0.5%  SSF
mass to the

that
caused

During the experiment,
compositions
adhesion of the

containing
tablet punch
surfaces after pressing only a few units. Despite
mechanical strength indicators,
could not be considered

satisfactory
these compositions
acceptable. In this regard, an additional response
was into the optimization scheme—
adhesion of the mixture to the press tool, which was
expressed on a binary scale: 0—no sticking, 1—sticking.
This indicator had priority in the selection of the
composition.

introduced

Quality assessment of obtained mini-tablets

When developing mini-tablets, special attention
should be paid to the validity of pharmacopoeial testing
methods, as standard procedures do not always take
into account the geometric features of this dosage
form.

The first example is the standardization of
the strength indicator. The State Pharmacopoeia
of the Russian Federation, XV edition, establishes
requirements for the minimum strength of tablets
with a diameter of 6 mm and above, equal to 30 N;
however, the regulated standards are not applicable
to mini-tablets with a diameter of 3 mm. Guided by
practical expediency, the authors established a target

Tom 14, Beinyck 2, 2026

strength of at least 25 N, which ensures the integrity
of mini-tablets during packaging, transportation, and
subsequent use.

A similar problem arises when assessing the
disintegration of mini-tablets [11]. The main part of
the disintegration apparatus is a collecting basket.
According to  GPhM.1.4.2.0013  “Disintegration
of Solid Dosage Forms”, a mesh with holes of
2.0 £ 0.2 mm should be attached to the lower
surface of the bottom plate of the basket. At the
same time, the size of mini-tablets is 3 mm or less.
Often, ODMTs pass through the sieve holes during
disintegration testing, leading to unreliable results.
One solution has been proposed by Kleinebudde [11].
The ODMT is placed in a cylinder 15 mm
high and 10 mm in internal diameter, closed at the top
and bottom with a mesh of 710 um pore diameter.
This cylinder was placed in a disintegration testing
apparatus. The authors proposed another method:
using a sieve with a pore size of 0.25 x 0.25 mm
instead of the pharmacopoeial sieve fixed to the
lower surface of the basket. This modification proved
successful, as it reliably retained the ODMTs in the
basket throughout the test and yielded reproducible,
objective disintegration time results.

Regarding the results of the abrasion assessment,
it should be noted that the reliability of the obtained
values may be limited due to the mismatch between
the geometric parameters of the ODMTs and the
dimensions of the apparatus drum, as stipulated
by the SPh RF XV ed. In the authors’ opinion, the
pharmacopoeial method requires adaptation for an
objective assessment of ODMT abrasion.

Study Limitations

The study is limited to the laboratory stage; further
investigation into storage stability, biopharmaceutical
studies, and subsequent clinical trials are required.

CONCLUSION

During the study ODMTs of propranolol
hydrochloride intended for personalized therapy of
IH in children were developed and obtained. The
application of the QbD methodology and the Design of
Experiments (DoE) method allowed for a scientifically
grounded formulation, quantitative assessment of the
influence of excipients on CQA, and identification of
significant inter-component interactions. The optimized
formulation ensures the required technological
characteristics of the ODMTs—strength, disintegration,
abrasion, and content uniformity—and fully complies
with established requirements.

211



RESEARCH ARTICLE
ISSN 2307-9266 e-ISSN 2413-2241

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

(®PAPMALMA N PAPMAKO/IOTNA)

10.

11.

12.

212

FUNDING

The propranolol hydrochloride and all excipients were provided by JSC Tatchimpharmpreparaty.
Solvents for HPLC, a chromatographic column, and a standard sample
of propranolol hydrochloride were purchased under the Priority 2030 Program.

CONFLICT OF INTEREST
The authors declare that there is no conflict of interest.

AUTHORS CONTRIBUTION
Yaroslav S. Novikov — conceptualization, methodology, investigation, writing—original draft, visualization;
Maria D. Uryasova — methodology, investigation; Svetlana N. Egorova — conceptualization, methodology,
guidance, writing—original draft, writing—review & editing. All authors confirm that their authorship meets the
international ICMIJE criteria (all authors have made significant contributions to the development of the concept,
research and preparation of the article, read and approved the final version before publication).

REFERENCES

Holm A, Mulliken JB, Bischoff J. Infantile hemangioma:
the common and enigmatic vascular tumor. J Clin Invest.
2024;134(8):e172836. DOI: 10.1172/1CI172836

Colmant C, Powell J. Medical Management of
Infantile Hemangiomas: An Update. Paediatr Drugs.
2022;24(1):29-43. DOI: 10.1007/s40272-021-00477-9
Léauté-Labréze C, Harper JI, Hoeger PH. Infantile
haemangioma. Lancet. 2017;390(10089):85-94.
DOI: 10.1016/S0140-6736(16)00645-0

Resi¢ A, Barcot Z, Habek D, Pogoreli¢ Z, Baskovi¢ M. The
Evaluation, Diagnosis, and Management of Infantile
Hemangiomas-A Comprehensive Review. J Clin Med.
2025;14(2):425. DOI: 10.3390/jcm14020425

Khachatryan L.A., Nikolaeva D.M. Modern treatment
of infantile hemangioma. Pediatric Hematology/
Oncology and Immunopathology. 2021;20(2):156-67.
DOI: 10.24287/1726-1708-2021-20-2-156-167. EDN: TRJIEQS
Xu W, Zhao H. Management of infantile hemangiomas:
Recent advances. Front Oncol. 2022;12:1064048.
DOI: 10.3389/fonc.2022.1064048

Huang X, Si W, Zou Z, Li B, Mu Y, Zhong W, Yang K. Efficacy
and safety of oral propranolol and topical timolol in the
treatment of infantile hemangioma: a meta-analysis and
systematic review. Front Pharmacol. 2024;15:1515901.
DOI: 10.3389/fphar.2024.1515901

Léauté-Labréze C, Dumas de la Roque E, Hubiche T,
Boralevi F, Thambo JB, Taieb A. Propranolol for
severe hemangiomas of infancy. N Engl J Med.
2008;358(24):2649-51. DOI: 10.1056/NEJMc070881
Novikov YaS, Egorova SN. An analysis of the
range of propranolol-based drugs in the Russian
and global pharmaceutical markets. Journal of
Siberian Medical Sciences. 2024;8(2):21-31.
DOI: 10.31549/2542-1174-2024-8-2-21-31. EDN: LGNEIJ
Lennartz P, Mielck JB. Minitabletting: improving the
compactability of paracetamol powder mixtures. International
Journal of Pharmaceutics. 1998;173(1-2):75-85.
DOI: 10.1016/S0378-5173(98)00206-3

Lura V, Lura A, Breitkreutz J, Klingmann V. The revival of
the mini-tablets: Recent advancements, classifications
and expectations for the future. Eur J Pharm Biopharm.
2025;210:114655. DOI: 10.1016/j.ejpb.2025.114655
Souza DFD, Goebel K, Andreazza IF. Development of
enteric coated sustained release minitablets containing
mesalamine. Braz J Pharm Sci. 2013;49(3):529-36.
DOI: 10.1590/51984-82502013000300014

13.

14.

15.

16.

17.

18.

19.

20.

21.

Kwon TK, Kang JH, Na SB, Kim JH, Kim YI, Kim DW,
Park CW. Novel Esomeprazole Magnesium-Loaded
Dual-Release Mini-Tablet Polycap: Formulation,
Optimization, Characterization, and In Vivo Evaluation
in Beagle Dogs. Pharmaceutics. 2022;14(7):1411.
DOI: 10.3390/pharmaceutics14071411

Khan D, Kirby D, Bryson S, Shah M, Mohammed AR.
Development of an Age-Appropriate Mini Orally
Disintegrating  Carvedilol Tablet with Paediatric
Biopharmaceutical Considerations. Pharmaceutics.
2021;13(6):831. DOI: 10.3390/pharmaceutics13060831
Issa MG, De Souza NV, Jou BWC, Duque MD, Ferraz HG.
Development of  Extended-Release  Mini-Tablets
Containing Metoprolol Supported by Design of
Experiments and Physiologically Based Biopharmaceutics
Modeling. Pharmaceutics. 2022;14(5):892.
DOI: 10.3390/pharmaceutics14050892

Alalaiwe A, Alsenaidy MA, Almalki ZS, Fayed MH.
Development  and Optimization of  Sildenafil
Orodispersible Mini-Tablets (ODMTs) for Treatment
of Pediatric Pulmonary Hypertension Using Response
Surface Methodology. Pharmaceutics. 2023;15(3):923.
DOI: 10.3390/pharmaceutics15030923

Moosa RM, Choonara YE, du Toit LC, Kumar P,
Carmichael T, Tomar LK, Tyagi C, Pillay V. A review of
topically administered mini-tablets for drug delivery to
the anterior segment of the eye. J Pharm Pharmacol.
2014;66(4):490-506. DOI: 10.1111/jphp.12131

Elezaj V, Lura A, Canha L, Breitkreutz J. Pharmaceutical
Development of Film-Coated Mini-Tablets with Losartan
Potassium for Epidermolysis Bullosa. Pharmaceutics.
2022;14(3):570. DOI: 10.3390/pharmaceutics14030570
Bebawy G, Sokar M, Abdallaha OY. Novel risperidone

orally  disintegrating  minitablets for  pediatric
use: patient acceptance and dose adjustment.
Drug Dev Ind Pharm. 2021;47(4):542-51.

DOI: 10.1080/03639045.2021.1879829

Gong L, Yu M, Sun Y, Gao Y, An T, Zou M, Cheng G.
Design and optimization of gastric floating sustained-
release mini-tablets of alfuzosin hydrochloride based
on a factorial design: in vitro/in vivo evaluation.
Drug Dev Ind Pharm. 2018;44(12):1990-9.
DOI: 10.1080/03639045.2018.1506473

Yuge K, Nagamitsu S, Ishikawa Y, Hamada |, Takahashi H,
Sugioka H, Yotsuya O, Mishima K, Hayashi M, Yamashita Y.
Long-term melatonin treatment for the sleep

Volume X1V, Issue 2, 2026



Hay4Ho-npakTunyeckuin XxypHan

OAPMALIA N
OAPMAKONIOTUA

(PHARMACY & PHARMACOLOGY)

OPUTNHAJIbHAA CTATbA
DOI: 10.19163/2307-9266-2026-14-2-201-213

22.

23.

24,

25.

26.

27.

28.

problems and aberrant behaviors of children with
neurodevelopmental  disorders. BMC  Psychiatry.
2020;20(1):445. DOI: 10.1186/s12888-020-02847-y
Steichert M, Cawello W, Laeer S; LENA Consortium.
Population Pharmacokinetic Analysis of Enalapril
and Enalaprilat in Newly Treated Children with Heart
Failure: Implications for Safe Dosing of Enalapril (LENA
Studies). Clin Pharmacokinet. 2025;64(7):1103-18.
DOI: 10.1007/s40262-025-01520-5

Yu LX, Amidon G, Khan MA, Hoag SW, Polli J,
Raju GK, Woodcock J. Understanding pharmaceutical
quality by design. AAPS ). 2014;16(4):771-83.
DOI: 10.1208/s12248-014-9598-3

Kotsur YuM, Flisyuk EV, Narcevich IA. Application of the
quality by design (QbD) approach for the development
of composition of extended-release tablets based
on sodium 4,4'-(propanediamido)dibenzoate. Drug
development & registration. 2026;15(1):53-61.
DOI: 10.33380/2305-2066-2026-15-1-2218. EDN: HCOVGH
Serrano ACCL, Viana MC, Pinto NV, Lages EB, Carneiro G,
Borges GSM. The Use of Design of Experiments (DoE)
Approaches for the Development of Self-Emulsifying
Drug Delivery Systems (SEDDS). Applied Nano.
2025;6(1):4. DOI: 10.3390/applnano6010004

Golubev AN, Nguyen TSh, Basevich AV, Sorokin VV,
Kaukhova IE, Marchenko AL, Smirnova EM. Approaches
to the Development of Drugs with the Use of Modern
Statistical Software Concepts and Quality-by-Design.
Drug development & registration. 2019;8(3):45-8.
DOI: 10.33380/2305-2066-2019-8-3-45-48. EDN: BCCOUH
Karlina MV, Kosman VM, Makarova MN, Makarov VG.
Application of the Quality-by-Design Approach at the
Laboratory Stage of Tablet Development. Regulatory
Research and Medicine Evaluation. 2025;15(2):168-78.
DOI: 10.30895/1991-2919-2025-15-2-168-178.
EDN: AMPPSW

Novikov Ya.S., Egorova S.N. Assessment of potential risks

AUTHORS

Yaroslav S. Novikov — postgraduate student of the

Institute of Pharmacy, Kazan State Medical. ORCID ID:
0009-0005-2916-3756. E-mail: voilt01-12@mail.ru

Maria D. Uryasova — resident of the Institute

of Pharmacy, Kazan State Medical University. ORCID ID:
0009-0006-7232-0056. E-mail: mashenka21.01.2000@mail.ru

Tom 14, Beinyck 2, 2026

29.

30.

31

32.

33.

34.

35.

36.

at the pharmaceutical development stage of minitablets.
Pharmacy & Pharmacology. 2025;13(4):260-9.
DOI: 10.19163/2307-9266-2025-13-4-260-269. EDN: QZUJAP
Warnken Z, Trementozzi A, Martins PP, Parekh J, Koleng JJ,
Smyth HDC, Brunaugh A. Development of Ilow-
cost, weight-adjustable clofazimine mini-tablets for
treatment of tuberculosis in pediatrics. Eur J Pharm Sci.
2023;187:106470. DOI: 10.1016/j.ejps.2023.106470
Stoltenberg |, Breitkreutz J. Orally disintegrating mini-
tablets (ODMTs)--a novel solid oral dosage form for
paediatric use. Eur J Pharm Biopharm. 2011;78(3):462-9.
DOI: 10.1016/j.ejpb.2011.02.005

Hejduk A, Tezyk M, Jakubowska E, Kriger K,
Lulek J. Implementing the Design of Experiments
(DoE) Concept into the Development Phase of
Orodispersible  Minitablets  (ODMTs)  Containing
Melatonin.  AAPS  PharmSciTech.  2022;23(1):60.
DOI: 10.1208/s12249-021-02185-6

Lura A, Breitkreutz J. Manufacturing of mini-tablets.
Focus and impact of the tooling systems. Journal of
Drug Delivery Science and Technology. 2022;72:103357.
DOI: 10.1016/j.jddst.2022.103357

Zhao N, Augsburger LL. Functionality comparison of 3
classes of superdisintegrants in promoting aspirin tablet
disintegration and dissolution. AAPS PharmSciTech.
2005;6(4):E634—E640. DOI: 10.1208/pt060479

Patil C. Effect of various superdisintegrants on the drug
release profile and disintegration time of Lamotrigine
orally disintegrating tablets. Afr J Pharm Pharmacol.
2009;5(1):76-82. DOI: 10.5897/AJPP10.279

Sabbatini B, Romano Perinelli D, Filippo Palmieri G, Cespi M,
Bonacucina G. Sodium lauryl sulfate as lubricant
in tablets formulations: Is it worth? Int J Pharm.
2023;643:123265. DOI: 10.1016/j.ijpharm.2023.123265
Li J, Wu Y. Lubricants in Pharmaceutical Solid
Dosage Forms. Lubricants. 2014;2(1):21-43.
DOI: 10.3390/lubricants2010021

Svetlana N. Egorova — Doctor of Sciences

(Pharmacy), Professor, Deputy Director for Educational
Activities of the Institute of Pharmacy, Kazan State
Medical University. ORCID ID: 0000-0001-7671-3179.
E-mail: svetlana.egorova@kazangmu.ru

213



