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Abstract

Relevance. Direct compression enables lozenge manufacturing without wet granulation and drying.
However, variability in the properties of herbal extracts may affect the reproducibility of critical quality
attributes. Quality risk management within the Quality by Design framework supports systematic identifi-
cation of variability sources and justification of a control strategy.

Objective. To identify and assess quality risks during the development of a direct compression technol-
ogy for lozenges containing dry Ajania fruticulosa (Ledeb.) Poljak extract.

Materials and methods. Potential sources of variability were structured using an Ishikawa cause-and-ef-
fect diagram. Risks were ranked using Failure Mode and Effects Analysis. Severity, occurrence, and detect-
ability were assessed using five-point scales, and Risk Priority Numbers (RPNs) were calculated. Residual
risks were predicted by expert reassessment of occurrence and detectability under the proposed mitigation
scenario, while severity scores remained unchanged.

Results. Thirty-six potential variability factors were identified, and seven priority failure modes were
selected for Failure Mode and Effects Analysis. Initial RPNs ranged from 18 to 48. Powder blend segrega-
tion during feeding into the hopper zone had the highest initial RPN. Under the proposed mitigation sce-
nario, predicted residual RPNs ranged from 6 to 24. Six of the seven failure modes were classified as low
risk, including five initially classified as medium risk. Powder blend segregation remained a medium risk
requiring continued monitoring.

Conclusions. The proposed control strategy provides a basis for further process development, technol-
ogy transfer, and scale-up. Risk reduction represents an expert prediction and requires experimental confir-
mation through measurement of the corresponding critical quality attributes.

Keywords: Tablets; Plant Extracts, Risk Management, Quality Control, Ajania fruticulosa, Quality by
Design, Ishikawa diagram, Failure Mode and Effects Analysis.

Introduction

The development of solid dosage forms re-
quires a scientifically grounded and systematical-
ly organized approach that integrates formulation
design, manufacturing process development, and a
quality control strategy. In contemporary pharma-
ceutical development, the Quality by Design (here-
inafter — QbD) paradigm provides a structured
framework in which product quality is regarded
not merely as the result of end-product testing, but

as the outcome of a comprehensive understanding
of the formulation, manufacturing process, and
sources of variability. Within this framework, the
relationships between critical material attributes
(hereinafter — CMAs), critical process parameters
(hereinafter — CPPs), and critical quality attributes
(hereinafter — CQAs) of the finished dosage form
should be identified during the early stages of de-
velopment and managed throughout the product
lifecycle [1-3].
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Quality risk management is a central element of
QbD-based pharmaceutical development, as it enables
systematic identification, evaluation, and control of
factors that may affect product quality. According to
the International Council for Harmonization (herein-
after — ICH) guideline Q9(R1), quality risk manage-
ment comprises a systematic process for the assess-
ment, control, communication, and review of risks
to the quality of medicinal products. In this context,
risk assessment tools are used to determine which
material attributes and process parameters are most
likely to influence CQAs and therefore require fur-
ther investigation, monitoring, or control [2]. Cause-
and-effect analysis and Failure Mode and Effects
Analysis (hereinafter - FMEA) are among the most
widely applied tools for this purpose, as they allow
potential sources of variability to be structured, their
impact to be evaluated, and appropriate control strat-
egies to be developed during formulation and process
development [4-8].

Direct compression is widely used for the man-
ufacture of tablets and lozenges because of its tech-
nological simplicity, reduced number of unit oper-
ations, and omission of wet granulation and drying
stages. These advantages make the method attrac-
tive from both technological and economic perspec-
tives. However, the simplified nature of the process
also increases its dependence on the intrinsic prop-
erties of the powder blend, since there are fewer
intermediate processing steps capable of correcting
suboptimal material behavior. Consequently, pow-
der flowability, compressibility, particle-size distri-
bution, moisture content, and segregation tendency
may directly affect key CQAs of the finished dosage
form, including mass uniformity, content uniformi-
ty, resistance to crushing, friability, and disintegra-
tion behavior [8-10].

The need for a risk-based development strategy
is also relevant to directly compressed dosage forms
containing plant-derived materials. A study of
Atriplex halimus powder tablets examined particle
size and compression force in relation to tablet prop-
erties [9], while research on Merremia tridentata ex-
tract tablets used formulation optimization to obtain
acceptable tablet characteristics [10]. These studies
support evaluating material attributes, formulation
composition, and process parameters during the de-
velopment of plant-based tablets. For the present
Ajania fruticulosa formulation, their potential influ-
ence on CQAs was therefore considered during risk
identification. Formulation and direct compression
have also been investigated for non-herbal orally

106

disintegrating tablets, although these findings do not
establish the properties of herbal extracts [11; 12].

In this regard, Ajania fruticulosa (Ledeb.) Poljak
represents a promising plant-derived substance for
further pharmaceutical development. This perennial
species of the Asteraceae family is widely distrib-
uted in Kazakhstan, other regions of Central Asia,
Mongolia and China. Phytochemical investigations
of its aerial parts have reported the presence of fla-
vonoids, terpenoids, phenolic acids, and sesquiter-
penoid compounds, which supports its potential as
a source of biologically active constituents for phar-
maceutical applications [13-15]. Based on this phy-
tochemical potential, previous formulation studies
established the composition and preliminary techno-
logical parameters of lozenges containing dry Ajania
fruticulosa extract using the QbD approach [13].

Nevertheless, although the formulation compo-
sition and preliminary technological parameters of
these lozenges have been previously proposed, the
quality-related risks associated with their manufac-
ture by direct compression have not yet been suffi-
ciently systematized. In particular, the material- and
process-related factors that may affect the CQAs of
the dosage form during formulation development,
technology transfer, and scale-up require further
identification, assessment, and prioritization. Such
an assessment is necessary to support the develop-
ment of a scientifically justified control strategy and
to improve the robustness and reproducibility of the
manufacturing process.

Therefore, the aim of the present study was to
identify and assess quality-related risks associated
with the development of a direct compression tech-
nology for lozenges containing dry Ajania fruticulo-
sa extract within the QbD framework.

Materials and Methods

This study was designed as an pharmaceutical
development study incorporating a structured ex-
pert-based quality risk assessment. The object of
the study was the direct compression technology for
lozenges containing dry Ajania fruticulosa extract.
The methodological framework included the identi-
fication of potential sources of variability, ranking of
quality-related risks, and assessment of residual risk.

Manufacturing of lozenges by direct compression

Lozenges were manufactured by direct com-
pression according to the procedure disclosed in
Republic of Kazakhstan utility-model patent No.
11229, dated 3 October 2025 [16]. Dry Ajania fru-
ticulosa extract was used as the API at a content of
3.75 mg per dosage unit. Sorbitol, copovidone, talc,
magnesium stearate, and peppermint oil were used



L ew

472

THE JOURNAL KAZAKH-RUSSIAN MEDICAL UNIVERSITY

as excipients. Prior to processing, all solid compo-
nents were passed through a 0.5 mm sieve. The API
was initially blended with a portion of sorbitol until
visual homogeneity was achieved. The remaining
sorbitol, copovidone, peppermint oil, and talc were
then added sequentially, while magnesium stearate
was incorporated at the final blending stage. Final
mixing was performed for 5-10 min at 30-40 °C, and
the moisture content of the powder blend was main-
tained within the range of 2.5-3.0 %. Compression
was carried out using a single-punch tablet press at
a compression force of 15-30 kN to obtain flat cylin-
drical lozenges with an average mass of 250 mg. The
reported parameter ranges were considered prelim-
inary operating ranges. Their formal establishment
as a Design Space using Design of Experiments was
beyond the scope of the present study.

Risk assessment

Initial identification of potential risk sources was
performed using cause-and-effect analysis and pre-
sented in the form of an Ishikawa diagram. The iden-
tified factors were classified into seven categories:
materials, direct compression process, equipment,
quality control, personnel, environmental conditions,
and packaging. In total, 36 potential factors were ini-
tially identified across these categories [2].

Factors were retained for detailed FMEA rank-
ing if they met at least one of the following criteria:
direct potential impact on predefined CQAs, includ-
ing uniformity of content, uniformity of mass, fri-
ability, resistance to crushing, and disintegration,
association with the known technological variabil-
ity of herbal extracts, relevance to the robustness
of the direct compression process, or anticipated
need for additional control during scale-up. Factors
considered to have only indirect or minor influence
were retained within the general control strategy but
were not subjected to detailed Risk Priority Number
(hereinafter — RPN) ranking [2; 17].

FMEA was selected as the quantitative risk-rank-
ing tool because the study required a systematic
comparison of multiple material- and process-relat-
ed risk factors that may affect the quality of lozeng-
es manufactured by direct compression. Unlike fault
tree analysis, which is primarily used to investigate
a defined failure event, and unlike Hazard Analysis
and Critical Control Point (hereinafter - HACCP),
which is mainly focused on the identification and
control of critical control points, FMEA allows het-
erogeneous failure modes to be evaluated simulta-
neously according to several independent criteria
[2; 17]. These criteria include severity of impact on
CQAs (hereinafter — S), probability of occurrence

(hereinafter — O), and detectability (hereinafter — D).
Higher D scores indicate a lower likelihood of de-
tecting the failure before batch release.

The use of FMEA was therefore considered
methodologically appropriate for this study because
the manufacturing process involved a plant-derived
extract with variable technological properties. Such
variability may influence powder flow, compress-
ibility, moisture sensitivity, and reproducibility of
compression. FMEA enabled the transformation of
qualitatively identified risk factors into a quantita-
tive ranking system and provided a basis for prior-
itizing proposed risk mitigation measures. The se-
quential use of Ishikawa analysis and FMEA was
applied to combine qualitative root-cause structur-
ing with quantitative risk prioritization within the
QbD framework.

For each potential failure mode, the possible
consequences for CQAs, the most probable causes,
and the existing control measures were identified.
Risk was assessed using three criteria: S, O, and
D. Each criterion was scored on a five-point scale,
as presented in Table 1. Scoring was performed by
an expert panel consisting of five specialists repre-
senting the academic and industrial partners of the
study, namely the School of Pharmacy at KazNMU
and Viva Pharm LLP. The panel members had com-
bined expertise in formulation development, phar-
maceutical technology, and quality control.

Panel members were selected based on their
professional background in one of these areas and
a minimum of five years of relevant practical expe-
rience. Three panel members were also co-authors
of the manuscript and contributed, respectively, to
scientific supervision, risk identification and scor-
ing, and evaluation of the technological feasibility
of the proposed risk mitigation measures from a
manufacturing perspective. Initial scores were as-
signed independently and subsequently harmonized
by consensus after discussion of the technological
relevance of each failure mode, its expected im-
pact on CQAs, and the ability of existing in-process
controls to detect the failure before batch release.
If consensus could not be reached, the higher score
was retained as a conservative measure.

Study-specific five-point scales for severity, oc-
currence, and detectability were developed in accor-
dance with the quality risk management principles
of ICH Q9(R1), with reference to the risk-analysis
approach described by Ccopa Ibarra et al. [2; 18].
The level descriptors were reformulated to reflect
the CQAs relevant to direct-compression lozenge
manufacturing, specifically uniformity of content,
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uniformity of mass, friability, resistance to crush-
ing, and disintegration, rather than the generic pro-
cess descriptors provided in the source schemes.

The Risk Priority Number was calculated ac-
cording to the following equation:

REN =5X0XD

Risks were ranked according to their RPN val-
ues, and the need for proposed risk mitigation mea-
sures was determined in accordance with the classi-
fication presented in Table 2.

The effectiveness of the proposed risk mitigation
measures was assessed by re-rating O and D under

the proposed mitigation scenario and by recalculat-
ing the RPN to determine residual risk. The severity
score was kept constant for all failure modes, based
on the methodological assumption that severity re-
flects the intrinsic impact of a failure on the affected
CQA and is not altered by procedural or technologi-
cal controls. The recalculated RPN values therefore
represent expert-predicted residual risks expected
after implementation of the proposed risk mitiga-
tion measures, rather than experimentally confirmed
process-validation outcomes. Quantitative confir-
mation of mitigation effectiveness through direct
CQA measurement was defined as a subsequent
stage of process development.

Table 1. Severity, occurrence and detectability scales used in FMEA

Score | S —Impact on CQA

O — Probability of failure

D — Likelihood of detection

acceptance criteria

1 |No impact on CQA Highly unlikely Deviation is easily detected
Minor impact on a sin- . e .

2 gle CQA Rare High probability of detection
Moderate impact, with o

3 |possible deviations from |Possible Moderate probability of de-

tection

Significant impact re-
4  |quiring rigorous in-pro-

Highly probable and may occur fre-
quently under insufficient CPP regula-

Low probability of detection

tion, limited control barriers, and vari-

cess control . ..
able environmental conditions

Almost inevitable and occurs system-
atically until formulation or process
parameters are modified

Critical impact resulting

. ) Practically undetectable
in non-compliance

Source: compiled by the authors

Table 2. Interpretation of Risk Priority Number and management actions

Risk zone | RPN range | Interpretation Management action
Low 120 Risk is Maintain existing control points and continue parameter
acceptable monitoring
. . Refine CMAs and CPPs, narrow tolerances, strengthen
. Risk requires . .
Medium 21-50 operational control, and conduct additional confirmatory
management .
testing where necessary
o Propose risk mitigation measures, modify formulation or
. Risk is unaccept- X
High 51-125 able process parameters where necessary, revise the control
strategy, and reassess RPN

Source: compiled by the authors
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Ethical considerations

The study did not involve human participants, per-
sonal medical data or laboratory animals. Therefore,
approval by an ethics committee was not required.

Results

The Ishikawa cause-and-effect analysis enabled
the systematic identification of potential sources of
variability during the development of lozenges con-
taining dry Ajania fruticulosa extract by direct com-
pression. A total of 36 potential factors were iden-
tified and grouped into seven categories: materials,
direct compression process, equipment, quality con-
trol, personnel, environmental conditions, and pack-
aging (Figure 1). Material-related factors included
the technological properties of the API and excipi-
ents. The main CMAs of the dry Ajania fruticulosa
extract were particle-size distribution, flowabili-
ty, compressibility, hygroscopicity, and solubility.

Environment

Quality

Control

Milling

Temperature Dissolution

Uniformity of Sieving
dosage units

Relative
humidity
Disintegration

Atmospheric

pressure Microbiological purity

Crushing strength and
friability

\

Direct Compression

Compression

Sorbitol, copovidone, talc, and magnesium stearate
were also identified as potential sources of variabil-
ity due to their influence on powder flow, interparti-
cle interactions, adhesion behavior, lubrication effi-
ciency, and compression performance.

Process-related factors were mainly associated
with blending and compression. The CPPs included
blending time, mixing intensity, component addition
sequence, intermediate holding time of the powder
blend, compression force, and mass-feed condi-
tions. Equipment-related factors included blender
geometry, technical condition of the tablet press,
die and punch condition, sieve wear, and weighing
accuracy. Environmental temperature and relative
humidity were identified as additional factors be-
cause of their potential influence on the moisture
content of the powder blend and the reproducibility
of compression.

Solubility
Compressibility
Flowability
Hygroscopicity

Particle size

N\
Primary Process understanding /

packaging

Mill

\ > CQA of Lozenges
/ Filler /

/

Skills and competencies

Secondary

packaging Qualification

Packaging Work experience
material

Packaging type Documentation

Balances

Packaging Personnel

Tablet press

Equipment

Binder
Glidant

Lubricant

Taste-masking
agent

Excipients

Figure 1. Ishikawa diagram for the identification of quality-risk
sources during the development of lozenges by direct compression.
Source: compiled by the authors

Based on the Ishikawa analysis, seven priori-
ty failure modes were selected for detailed FMEA
ranking. Selection was based on their direct poten-
tial impact on CQAs, relevance to the robustness
of direct compression, and expected importance
during technology transfer and scale-up. The select-
ed failure modes were associated with uniformity of
content, uniformity of mass, friability, resistance to
crushing, and disintegration.

Initial RPN values for the selected failure
modes ranged from 18 to 48 (Table 3). The high-
est initial RPN was observed for segregation of the
powder blend during feeding into the hopper zone,
which was rated at 48. Non-uniform distribution of
the API in the powder blend and increased mois-
ture content of the powder blend each exhibited an
RPN of 36. Increased adhesion of the powder blend
to blender walls and increased lozenge friability
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were both quantified at 27. Variation in lozenge
mass was assigned an RPN of 24. Insufficient re-
sistance to crushing showed the lowest initial RPN
among the selected priority failure modes, with a
value of 18.

According to the predefined risk classification,
six of the seven priority failure modes were assigned
to the medium-risk zone before consideration of
the proposed risk mitigation measures. One failure
mode, insufficient resistance to crushing, was clas-
sified as low risk. No high-risk failure modes were
identified.

Proposed risk mitigation measures were formu-
lated for all selected priority failure modes. These
measures included standardization of blending pa-
rameters, control of particle-size distribution, reg-
ulation of moisture content, optimization of the

component addition sequence, refinement of com-
pression parameters, regulation of mass-feed con-
ditions, and introduction of additional in-process
control points. After re-rating occurrence and de-
tectability under the proposed mitigation scenario,
residual RPN values decreased for all evaluated fail-
ure modes and ranged from 6 to 24.

Under the proposed mitigation scenario, six of
the seven priority failure modes were classified as
low risk, including five initially classified as me-
dium risk. Segregation of the powder blend during
feeding into the hopper zone remained in the medi-
um-risk zone, with a residual RPN of 24, and there-
fore required continued in-process monitoring. The
complete distribution of S, O, D, and RPN values
before and under the proposed mitigation scenario
is presented in Table 3.

Table 3. Risk assessment of the technological stages of lozenge manufacturing by direct compression

Process Failure Affected Initial Proposed risk mitiga- Residual Residual
N stage mode CQA S/0/D/ tion measures S/0/D/ risk zone
5 RPN RPN
. Segregation Stanfiardlzatlon of Medium
Preparation blending parameters, .
of powder of the pow- control of particle-size risk, con-
P der blend | Uniformity |4 /4 /3| SO OF partic 4/3/2/ | tinued
1 | blend for : distribution, moisture )
during feed- | of content | /48 . i 24 In-process
compres- | . . content, and intermedi- o
. ing into the S monitoring
sion HoDDEr Zone ate holding time of the required
pp powder blend d
Non-uniform Optimization of 1.:he
distribution component addition Low risk
. . | Uniformity |4/3 /3| sequence, regulation | 4/3/1/ .
2 | Blending | of the API in s routine
of content | /36 of blending time, and 12 .
the powder . . monitoring
control of uniformity of
blend
content
Increased
adhesion of Uniformitv 13 /3 /3 Moisture control and Low risk,
3 | Blending | the powder Y use of glidants atthe |[3/1/3/9| routine
of content | /27 . : .
blend to optimal concentration monitoring
blender walls
Increased Disinte- . .
Preparation| moisture ration Introduction of a mois- Low risk
p Tation, 13, 4/3|  ture-content control 3/2/2/ .
4 | of powder | content of | friability, : . routine
: ; /36 | point and restriction of 12 .
blend the powder | uniformity monitoring
the CPP range
blend of content
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Table continued

Process Failure Affected Initial Proposed risk mitiga- Residual Residual
N stage mode CQA S/0/D/ tion measures S/0/D/ risk zone
g RPN RPN
Standardization of com- .
Compres- Increased 3 /3 /3 |pression parameters and Low risk,
5 b lozenge fria- | Friability P P 3/3/1/9] routine
sion e /27 | control of lozenge sur- .
bility : monitoring
face quality
Uniformity . .
U Regulation of mass-feed Low risk,
Compres- | Variationin | ofmass, [4/3/2 L )
6 . . parameters and periodic [4/2/1/8| routine
sion lozenge mass | dosage unit | /24 .
. . control of lozenge mass monitoring
uniformity
Insufficient | Resistance Optimization of com- Low risk,
Compres- . . 3/3/2 . )
7 sion resistance to |to crushing, /18 | Pression forceand con- [3/2/1/6]| routine
crushing friability trol of binder content monitoring

*Note. The values were obtained by expert FMEA scoring. Residual RPN values represent expert-predicted
risk levels after consideration of the proposed risk mitigation measures rather than experimentally validat-

ed process outcomes

Source: compiled by the authors based on Ishikawa analysis and FMEA scoring

Discussion

The present study established a quality-risk pro-
file for lozenges containing dry Ajania fruticulosa
extract manufactured by direct compression. The
highest initial RPN was associated with segregation
of the powder blend during feeding into the hop-
per zone, while non-uniform API distribution and
increased moisture content were also identified as
priority risks. These findings indicate that the main
sources of variability were concentrated at the stag-
es of blending, intermediate handling, feeding, and
compression.

This risk hierarchy reflects the technological sen-
sitivity of direct compression. The method requires
stable flowability, compressibility, particle-size dis-
tribution, moisture content, and blend homogeneity.
In the present formulation, these factors were espe-
cially important because the dosage form contained
a low amount of dry Ajania fruticulosa extract, 3.75
mg per dosage unit. Therefore, even moderate seg-
regation or local variability in the powder blend
may affect uniformity of content.

The predominance of segregation-related risk
can be explained by the multicomponent composi-
tion of the formulation and possible differences in
particle size, density, morphology, and flow prop-
erties between the herbal API and excipients. Since
segregation may occur after blending, it cannot be
reliably corrected by final product testing alone.

This explains why this failure mode remained a
medium residual risk after consideration of the pro-
posed risk mitigation measures and requires contin-
ued monitoring during scale-up.

The present results differ from those reported by
Kaljevi¢ et al. [8], who applied FMEA to compres-
sion-coated tablets with pulsatile carvedilol release.
In that study, the main risks were associated with
formulation variables affecting the release profile.
In contrast, the highest-ranked risks in the present
study were related to raw-material variability, pow-
der blend behavior, and feeding reproducibility.
This difference is mainly due to the nature of the
API, since carvedilol is a well-characterized syn-
thetic substance, whereas dry Ajania fruticulosa ex-
tract is a plant-derived material with more variable
technological properties.

A similar distinction is observed in comparison
with Naman et al. [12], who developed flavored
paracetamol oral disintegrating mini-tablets using
a risk-based QbD approach. Their risk assessment
mainly focused on excipient selection and optimi-
zation of formulation and process variables. In the
present work, the main risks were more closely re-
lated to the herbal API itself, particularly its influ-
ence on powder flow, moisture sensitivity, blend
uniformity, and feeding behavior.

The increased risk associated with the herbal
API is consistent with the technological limitations
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of plant-derived extracts. Such materials may vary
in residual moisture, hygroscopicity, particle mor-
phology, particle-size distribution, bulk density,
and adhesion tendency. These properties can impair
flowability and compressibility, increase adhesion
to equipment surfaces, and promote segregation. As
a result, material-related and blending-related fail-
ure modes occupied the highest positions in the risk
hierarchy.

The proposed risk mitigation measures reduced
predicted RPN values for all selected failure modes.
The greatest reductions were observed for non-uni-
form API distribution, increased moisture content,
and variation in lozenge mass. These reductions
were associated with optimization of the compo-
nent addition sequence, regulation of blending
time, moisture-content control, refinement of mass-
feed conditions, and additional in-process controls.
However, segregation during feeding remained a
medium residual risk, indicating that procedural
controls alone may not fully eliminate this failure
mode.

Compared with previous studies on directly
compressed herbal tablets, which mainly focused
on formulation development and product charac-
terization, the present work provides a structured
quality-risk assessment for a low-dose herbal loz-
enge. The novelty of the study lies in the sequential
use of Ishikawa analysis and FMEA, quantitative
RPN-based prioritization, predicted residual risk as-
sessment, and formulation of proposed risk mitiga-
tion measures within an ICH Q9(R1)-aligned QbD
framework.

Overall, direct compression of lozenges contain-
ing dry Ajania fruticulosa extract requires enhanced
control of both CMAs and CPPs. The proposed con-
trol strategy provides a scientific basis for further
process development, documentation, technology
transfer, and scale-up.

Limitations. FMEA scoring was based on expert
judgment, and residual RPN values reflect predicted
rather than experimentally confirmed risk reduction.
In addition, the reported process ranges should be
regarded as preliminary operating ranges rather than
a formally established design space.

Conclusion

QbD-based quality risk assessment of the direct
compression technology for lozenges containing
dry Ajania fruticulosa extract was performed by
combining an Ishikawa cause-and-effect diagram
with FMEA. Seven priority failure modes were
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identified, of which segregation of the powder mass
during feeding into the hopper zone carried the
highest initial risk. Corrective and preventive ac-
tions targeting critical material attributes and criti-
cal process parameters were predicted to reduce the
RPN across all evaluated failure modes, resulting
in six of the seven modes being classified as low
risk, including five initially classified as medium
risk, whereas segregation remained a medium re-
sidual risk requiring continued in-process monitor-
ing. The resulting control strategy provides a sci-
entifically justified basis for managing material and
process-related variability during manufacturing.
These expert-based predictions should be confirmed
experimentally through direct measurement of the
corresponding CQA during subsequent process de-
velopment and scale-up.
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QUALITY BY DESIGN TYKBIPBIMJIAMACBHI AACBIHIA AJANIA FRUTICULOSA
(LEDEB.) POLJAK OKCTPAKTICI BAP COPYFA APHAJIFAH TABJIETKAJIAP
TEXHOJIOI'UACBIHBIH CAIIA TOYEKEJIJIEPIH BAFAJIAY

A. M. l:xxakusnos', 3. b. Cakunosa', 3. b. Amuiamoeprenosa’, A. Kaabipoaii?,
P. . Kyaiman6eros', F. C. U6anyanaesa', M. K. CyJeiimeHoB'*
'«C. [. Achennusipo ateianarsl Kazak ynrteik Meaunmaa yauBepceuteTi» KEAK, Kazakcran, AnMats
2 «Viva Pharmy» XKXIIC, Kazakcran, AaMatsl
* Koppecnonoenm asmop

AHaaTna

Ozexminiei. Tikeneil npecTey copyra apHajiFaH TabJaeTKagap/bl bUIFAIAbI TYHIPIIIKTEY jKOHE KEeNTipy
caTbUIAPBIHCHI3 OHIPYTe MYMKIHJIK Oepeni. Anaiaa oCIMIIK SKCTPAKTTapbl KACUETTEPIHIH ©3TepriliTiri
caraHblH KPUTHKAJIBIK KOPCETKIIITEPiHIH KaWTalaHBIMIBUIBIFBIHA dcep eTyl MyMKiH. Quality by Design
TYKBIPBIMIAMACHhI asIChIHJIA calla TOyeKeNaepiH 0acKapy ©3reprilliTik Ko3AepiH Kyhell aHbIKTayFa KoHE
0aKplIay CTpaTEerHsChIH HET13/1eyre MyMKIHAIK Oepei.

Maxcamul. Ajania fruticulosa (Ledeb.) Poljak Kyprak skcTpakThl 6ap copyFa apHajFaH TabiaeTKanap/ bl
TiKeJIeH MpecTey TEXHOJIOTUACKHIH d31piey Ke31HAer1 cara ToyeKeNIepiH aHbIKTay KoHe Oarasay.

Mamepuanoap men sdicmep. O3reprilTiKTiH BIKTUMaN Ke3epi Mcukasa ceben-cannap quarpaMMachl
apKbUIbI JKyHenen . Toyekenaep iCTeH MWbIFy Typiepl MEH oJapAblH cajjapbiH Tanjgay oaiciver (FMEA)
capananapl. CangapablH aybIpJbIFbl, TYbIHIAY BIKTUMAJIBIFBI )KOHE aHBIKTAIy MYMKIHJITI O6ec OalbIK
mKananap OolibiHIIA OaranaHbln, ToyekenaiH OackiMabiK caHbl (RPN) ecenrtenni. Kanabik Toyekennep
YCHIHBUIFAH LIapajiapbl eCKepe OTBIPHIN, TYbIHIAY BIKTUMAJABIFBI MEH aHBIKTAJly MYMKIHJAITIH KaiTa
capanTaMaibIK Oaranay apKbuUibl OopKaHabl. Cannap/IslH aybIpibIK Oanaapsl ©3repicci3 KaaablpbUIIb.

Homuoicenep. ©3reprimtikTiy 36 pIkTUMaN GakTopbl aHbIKTaNbI, FMEA y1ris jeTi 0achIM iCTEH LIBIFY
Typi Tannanasl. bactankel RPN monzepi 18—48 apanbirbinga 60m/1b1. EH jKOFapsl 0acTankbl TOyeKell YHTAK,
KOCIAchIH KOPEKTEHIpriml aiimMarpiHa Oepy Ke3iHjAeri cerperanusMer OaiaaHbICThl 00J/bl. Y ChIHBIIFAH
Hrapanap/sl KoyigaHy cueHapuitinne OomxkaMasl Kanaslk RPN monzaepi 6-24 apanbiFbiH Kypaasl. XKeti
ICTEH LIBIFY TYPiHIH aJTaybl TOMEH TOYEKEeJ CAaHAThIHA KATKbI3bUIbI; OJIAP/IbIH Oeceyi 6acTankplia opTaiia
TOYEKeJl caHaThIHJa O0JIFaH. YHTAK KOCIAChIHBIH CErperaluuschl OpTalla TOyeKes JAeHIeliHae Kb, opi
Kapaii OaKbUIayabl Tajlam eTell.

Kopvimbinowl. Y cbiHbUIFaH OaKblUIay CTpAaTErusAChl TEXHOIOTUSHBI Opi Kapail a3ipieyre, Tpancdepiieyre
xKoHe MaciTa0Tayra Heri3 Oonaapl. ToyekenliH TOMEHIeyl capanTaMalblK OOJKaMFa HET13eTeH KoHe
caraHblH THICTI KPUTUKAJIBIK, KOPCETKILITEPIH OJIIIeY apKbUIbl SKCIIEPUMEHTTIK pacTay/ibl KaKeT eTe/l.

Tyuiin ce30ep: mabaemkanap, 6cimMOiK dKCMpakmmapsl, moyexkenoepoi backapy, canamvl OAKblIAy,
Ajania fruticulosa, Quality by Design, Hcuxasa ouacpammacsel, icmeH wivley mypiepi MeH OlapOblH
candapvii manoay.
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OIIEHKA PUCKOB KAYECTBA TEXHOJIOI'MU TABJIETOK
JJIsA PACCACBIBAHUS C SKCTPAKTOM AJANIA FRUTICULOSA (LEDEB.) POLJAK
B PAMKAX KOHIEIIIINU QUALITY BY DESIGN

A. M. I:xkakusinoB', 3. b. Cakunosa', 3. b. Asutamoeprenona’, A. Kaabipoaii?,
P. . Kyasmanoeros', I'. C. U6anymnaeBa', M. K. Cyaeiimenos'*
' HAO «Ka3axckuit HamoHanbHbI MeAuIMHCKUI yHIBepcuTeT nMenu C. /1. Achenauspoay,
Kazaxcran, AimMaThl
2TOO «Viva Pharmy, Kazaxcran, Anmatsl
* Koppecnonoupyiowutl asmop

AHHOTaNud

Axmyansnocmy. [1psimoe npeccoBaHue MO3BOJSET MOMyYaTh TaOJIETKU JIUIsl paccachblBaHUs 0€3 cTaauii
BJIQKHOTO TPaHyJIUPOBaHUSA U CymKu. OTHAKO BapuabeIbHOCTh CBOMCTB PACTUTEIBHBIX IKCTPAKTOB MOXKET
BJIUSTh Ha BOCIPOM3BOJAMMOCTh KPUTHMYECKHX IOKa3aTesiel KauecTBa. YTMpaBICHUE PUCKAaMHU B paMKax
koHnenuuu Quality by Design mo3BosisieT cucTeMaTu3npoBaTh HCTOYHUKH BapraOEITbHOCTH U 000CHOBATh
CTPATETUIO KOHTPOJIS.

Lenv. VimentuduuumpoBaTh W OICHUTh PHUCKH KadecTBa MpH pa3padOTKE TEXHOJOTHH IPSIMOTO
MpeccoBaHus TabJIETOK ISl paccachIBaHUS C CyXUM 3KCTpakToM Ajania fruticulosa (Ledeb.) Poljak.

Mamepuaner u memoovi. IloTeHIIMAbHBIE WCTOYHUKH BaphUaOEIbHOCTH CHCTEMAaTH3HPOBAHBI C
MTOMOMUIbI0 TPUYMHHO-CIIEICTBEHHON Tuarpammel Vcrkassl. PaHkupoBaHHe pUCKOB BBIMOJIHEHO METOJIOM
aHayM3a BUIOB U nocneactsuil otkazoB (FMEA). TskecTs mociencTBuil, BEpOSATHOCTh BOSHUKHOBEHUS
1 00HApyKUBAEMOCTh OLICHUBAJIU MO MATHOAJUIBHBIM IIIKaJlaM C pac4€TOM MPUOPUTETHOrO YHCIa pUCKa
(RPN). OcrarouHble pUCKHM MPOTHO3UPOBAIM IMYyTEM MOBTOPHON SKCHEPTHOM OLEHKU BEPOATHOCTH
BO3HUKHOBEHHUS U OOHApPYKUBAEMOCTU C YUETOM MPEIOKEHHBIX MEp; TAKECTb MOCIEACTBUIA OCTaBIISIIH
HEHU3MEHHOM.

Pezynvmamer. BpisiBiaensl 36 moTeHUUaIbHBIX (DaKTOPOB BapualOeabHOCTH, U3 KoTophlx it FMEA
O0TOOpaHbl CeMb MPHOPUTETHBIX pPEXUMOB oOTka3a. Mcxoanblie 3Hauenuss RPN cocraBumm 1848.
Haunbonpimmii puck cBsi3aH ¢ cerperanyeil HopouKkoBoil cMecH MpH Mojayde B 30Hy nurtatens. B cuenapuu
MIPUMEHEHHNs TPEJJIOKEHHBIX MEp IPOrHo3upyemsble ocTaTouHble 3HaueHMss RPN cocraBumm 6-24.
[lecTs U3 ceMu pPeKUMOB OTKa3a OTHECEHBI K 00JIACTH HU3KOIO PUCKA, BKIIOYAs MSATh, IEPBOHAYAIBHO
KJIacCU(UIUPOBAHHBIX Kak cpeqHuil puck. Cerperauus CMecd COXpaHMJIA CPEIHUN YpOBEHb pUCKA U
TpeOyeT NanbHEHIIEero KOHTPOJIS.

Buvisoowr. TlpennoxkeHHast cTpaTeruss KOHTPOJS CIIY)KHT OCHOBOWM ISl JaJIbHEHIIEH pa3paboTKH,
TpaHcdepa U MaciiTabupoBaHUs TeXHOJIOrMU. CHUKEHHE PUCKA OCHOBAHO HA HKCHEPTHOM IIPOTHO3E U
TpeOyeT 3KCIIEPUMEHTAIbHOI0 IOATBEPKICHHSI TOCPEICTBOM U3MEPEHNUS COOTBETCTBYIOIUX KPUTHYECKUX
IIOKa3aTese KayecTBa.

Knwueswvie cnoea: mabdnemku, pacmumenbHvle IKCMPAKMbl, YNPAGIEHUE PUCKAMU, KOHMPOIb
rkauwecmsa, Ajania fruticulosa, Quality by Design, ouaepamma Hcukaswi, anaiuz 6uoo8 u nocieocmasull
OMKA308.
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