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Abstract. Risk analysisin the production of hard capsules under the conditional name * Praziquante plus’ using
thelshikawa diagram method. Semchenko K.V, lakovenko V.K ., Shmalko O.O., Oliinyk S.V. Thisarticle explores
the application of the Ishikawa (cause-and-effect) diagram as a risk analysis tool within a pharmaceutical quality system
for the production of hard capsules under the code name "Praziquantel Plus'. Aligned with the standards of 1S0 9001,
ICH Q10, and GMP, the study demonstrates how this method systematically identifies and analyzes potential risks across
key production categories. The research provides a tailored I shikawa diagram that facilitates the identification of critical
parameters, supports process optimization, and enhances the overall quality assurance system for this specific medicinal
product. The aim of the research was to analyze the risks in the production of hard capsules under the conditional name
“Praziquantel Plus’ using the Ishikawa diagram. The study was based on the analysis of a model industrial process for
the production of Praziquantel Plus hard capsules. The materialsfor the risk analysis were the technological regulations,
specifications for raw materials and finished product, as well as the requirements of GMP/ICH standards. The study
employed a systematic approach to risk assessment in accordance with ICH Q9 guidelines. The primary methodology is
centered on the construction of the I shikawa diagram. The study is based on a systems approach, brainstorming, cluster
analysis and cause-and-effect analysis. A comprehensive Ishikawa diagram was devel oped, structured around six pri-
mary risk categoriesfor pharmaceutical production: raw materials, production process, equipment, personnel, premises,
and quality control. Critical risk factors were identified and prioritized. The most significant risks were found to be
associated with: a) the quality of active pharmaceutical ingredients and excipients (e.g., inconsistency in quantitative
content, impurities); b) critical stages of the technological process (e.g., weighing accuracy, mixture homogeneity,
capsule filling flowability); and c) the specifics of pharmaceutical equipment qualification and operation. Detailed risk
assessment tables were created for both raw materials and the technological process, outlining potential failures, their
consequences, and proposed precautionary measures to mitigate each risk (e.g., enhanced incoming quality control,
process validation, equipment calibration). An adapted, product-specific Ishikawa diagram was proposed for the
industrial-scale production of “ Praziquantel Plus’ . This diagram details first- and second-order subcategories within
themain "bones," reflecting the unique aspects of scaling up from laboratory to commercial manufacturing. The I shikawa
diagrammethod provesto be an effective and structured tool for pre-emptive risk identification in pharmaceutical process
development and scale-up, aligning with GMP and ICH Q9/Q10 requirements. The study successfully mapped and
systematized the key risk categories and their interrelations for the production of “ Praziquantel Plus’ hard capsules,
providing a visual and analytical framework for quality management. The proposed tailored diagram and risk tables serve
as a practical foundation for implementing preventive actions, optimizing the technological process, and conducting root-
cause analysis of potential defects, thereby strengthening the overall Pharmaceutical Quality System for this product.

Pedepar. Anaji3 pu3nkiB y BUpOOHUITBI TBepIMX KaMNcyJ1 Mii YMOBHOIO Ha3Bo10 «IIpa3zuKBaHTe MJIK0C» METOI0M
niarpamu TmikaBu. Cemuenko K.B., SIkoBenko B.K., HImaabko O.0., Ouaiiinuxk C.B. V yiti cmammi oocnio-
arcyemubest 3acmocyeanns diaepamu lwiikasu ax iHcmpymeHmy ananizy pusukie y apmayesmudtii cucmemi SKocmi OJist
BUPOOHUYMEA MEepOUX KAncyn nio ymosHow Hazeow «Ilpasuxeanmen ILnroc». Bionosiono 0o cmanoapmis 130 9001,
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ICH Q10 ma GMP, nokasano, ax yeti memoo cucmemMamuyHo GUSIGIAEC MA AHANIZYE NOMEHYIUHI PUSUKU 6 KITOUOBUX
Kamezopisix eupobnuymea. 3anpononosano adanmosany diazpamy lwikaeu, axa noiezuye i0eHmugikayiio KpUMmuyHux
napamempis, RIOMpUMye Onmumizayiio npoyecié ma NOKpaAwye 3a2aibHy CUCMEMY 3a6e3nedents AKOCmi Ol Ybo2o
KOHKPEmMHO020 NKApcbKo2o 3acoby. Mema yb020 00cCniodicenHs noifeanda 8 awanizi pusukie y eupOOHUYmMsi meepoux
Kancyn nio ymosnoro nazeoio «llpasuxeanmen Ilnioc» 3a 0onomozoro diazpamu lwixasu. JlocrniodsrcenHs ipyHmyeanocs na
AHAI3] MOOENIbHO20 NPOMUCTIO8020 Npoyecy eupobruymea meepoux kancyi «lIpasuxeanmen [lnoc». Mamepiaramu ons
PUBUK-AHATI3Y CLY2Y6anU MEXHONO2IYHUL pecnamenm, cneyudikayii Ha cuposuHny ma 20moguil NPOOYKm, a MaKodlc
sumoau cmandapmie GMP/ICH. V docriosicenni 6yno euxopucmano cucmemamusnuil RiOXio 00 OYIHIOBAHHS PUSUKIE
6i0nogiono 0o pexomenoayiu |CH Q9. Ocnosna memoodonocis 3ocepedicena na nobyoosi odiacpamu lwixasu. [o-
CRLOMAHCEeHHsL 6A3YEMBCS HA CUCEMHOMY NIOX00L, MO3KOBOMY WMYPMI, KIACMEPHOMY AHANI3I MA RPUYUHHO-HACTIOKOBOMY
auanizi. Pozpobneno xomniexcny odiazpamy lwixagu, cmpyKmyposany HABKOIO wiecmu OCHOBHUX Kame2opill pusuxky s
dapmayesmuyHo20 BUPOOHUYMBA  CUPOBUHA, BUPOOHUYULL NpoYyec, 00TAOHAHHS, NePCOHAL, RPUMILWEHHSA Ma KOHMPOIb
axkocmi. [oenmugpixosano ma npiopumuzosano kpumuyni pakmopu pusuxy. Hatiboinow 3nauywumu uasuaucs pusuxu,
noe'sizani 3. a) saxicmio ADI ma Odonomiscnux pewosun (Hanp., HEGIONOGIOHICMb KilbKICHO20 6MICHY, OOMIUKIL);
0) KpUMUYHUMU emanamu MmexHoA02iuHo20 npoyecy (Hanp., MOUYHICMb 36AXHCYEAHHIL, OOHOPIOHICIMb CYMIWI, CUNKICb
Mmacu npu 3ano6HeHHi Kancyir); 6) cneyugixoio keanigpixayii ma excniyamayii gapmayesmuuno2o 001AOHAHHA.
Cmeopeno demanvhi mabauyi OYiHKU pU3UKI6 AK 051 CUPOBUHU, MAK I Ol MEXHOA02IYH020 npoyecy, 0e ONUCAHI
NOMeHYIUHT BIOMOBU, IX HACTIOKU MA 3ANPONOHOBAHI NPEGEHMUBHI 3AX00U 015l 3MEHUEHHs KOJCHo20 pu3suky (nanp.,
nocuneHuil 6XIOHUL KOHMPOIb AKOCMI, 8ANi0ayis npoyecy, Kaulopyeants 001a0Han ). 3anpononosano adanmosamy,
npooykm-cneyuiuny oiacpamy lwixasu ons npomuciogoeo supobrnuymea <«llpasuxeanmen Ilnoc». L Odiacpama
demanizye niokamezopii nepuioco ma Opy2020 PiBHs 8 MeHCax OCHOBHUX KKICMOK», wjo 8idobpadcac ocodrugocmi
Macuimabysanus mexuoao2ii 3 1abopamoprnozo pieHs na eupobuuuul. Memoo Odiacpamu lwixkasu 3apexomendysas
cebe K eexmusHull ma CMPYKMYpPOSAHUUl IHCMPYMeHm O1s NpeseHMuUuHoi i0enmugikayii pusuxie npu
Gapmayesmuuniii po3pobyi ma macwmadyeanni npoyecie, wo eionogioac eumozam GMP ma |CH Q9/Q10.
Jlocniooicennsas YCniwHO cucmemamu3ygano KIo4osi Kame2opii pusukie ma ix 83a€MO036'A3Ku 01a 8UpOOHUYMEA
meepoux kancyn <«lIpazuxeanmen Ilnmoc», Hadaswiu i3yanbHy ma AHANIMUYHY OCHO8Y OJil YAPAGNIHHA SIKICHIO.
3anpononosani cneyianizosana diaepama ma mabauyi pu3uKie Ciyeyiome RPAKMUYHOI OCHOBOI0 OJi 6NPOBAOICEHHS
npo@ginakmuunux Oiti, ONMUMI3aYii MEXHOI02ITUHO20 NPoYecy ma AHANI3Y OCHOBHUX NPUYUH NOMEHYIHUX Jegexmis,
MuM camum nOCUnIoYY 3a2aibHy Papmayesmuyny cucmemy aKOCmi 01 Yybo2o npenapamy.

A Pharmaceutical Quality System (PQS) is a set o

of processes and procedures aimed at ensuring that
pharmaceutical products are produced, stored and
distributed in accordance with established quality
standards. The basis of PQS is the internationa
quality management system 1SO 9001 and the re-
quirements set out in the ICH Q10 guidelines. The
system provides:

e Document management;

e Process and equipment validation and quali-
fication;

¢ Change management;

e Interna audits,

¢ Deviation control and management.

Quality of pharmaceutical products in Ukraine are
regulated mainly by the requirements of State Pharma:
copoeiaof Ukraine, guidelines and the numerous orders
of the Ministry of Health of Ukraine (MOHU) [1, 2, 3].

Risk analysis is a key component of PQS, which
helps to minimize potential threats to product quality
and patients. It is based on the principles outlined in
the ICH Q9 guideline (“Quality Risk Management”).
The main steps of risk analysis arerisk identification,
risk assessment, risk mitigation, risk monitoring and
risk control.

Various methods are used to manage risks:

e FMEA (Failure Modes and Effects Analy-
sis) —analysis of potential failure modes and their
consequences.
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FTA (Fault Tree Analysis) —a method of con-
structing a “fault tree” to identify the causes of
problems.

¢ HACCP (Hazard Analysisand Critical Control
Points) — risk analysis to identify critical points in
production processes.

e Pareto Analysis — a method for identifying
major problems based on the “80/20” principle.

o |shikawa Diagram (Fishbone Diagram) — ana-
lysis of the causes of problems from various aspects
(people, processes, equipment).

The Ishikawa diagram is an effective analytical
tool for ensuring the quality of medicinal products.
The main purpose of this method is to systematically
identify and classify probable problems or causes of
their occurrence in the production process. The use of
the method is due to the complexity of the production
of pharmaceutical products, when a combination of
factors, such asthe quality of incoming raw materials,
equipment, technological methods, personnel, pre-
mises, etc., that can affect the quality of products both
directly and indirectly.

The Ishikawa diagram gives the opportunity to
structure the analysis process by highlighting the
main categories of factors that can affect the quality
of the medicinal product. This provides a compre-
hensive approach to solving problems, eliminating
chaos in the search for causes. By detailing each
category of factors, the root causes that lead to
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product defects, for example, uneven dosing of APIs
in dosed preparations, can be identified. Usage of the
diagram allows us to predict possible risks and create
preventive measures aimed at improving production
processes. This method admits enterprises to comply
with high quality standards, such as the international
Good Manufacturing Practice (GMP) standards and
the international quality management system (1SO),
ensuring quality control at al stages of production.
In scientific activities, the Ishikawa diagram
construction method gives the opportunity to assess
possiblerisks when scaling alaboratory technological
processto a production one, establish possible critical

Simplicity of use

eDiagram isaclear and
visually accessible method
that allowsto involve all
participantsin the analysis
of the process - from
engineersto managers.

Versatility

*Method can be applied to
various stages of production
process and product quality
analysis.

Systemic appr oach

e Providesa complete
overview of all possible
causes of problems,
including the link between
different factors

parameters of the production process, and identify
risks when developing quality control methods for
medicinal products [4-8].

The Ishikawa diagram is an indispensable tool in
pharmaceutical production, its usage contributes to
the improvement of production processes, raising
quality standards and preventing risks [9, 10].
However, it is important to consider the disad-
vantages of this method when combining it with other
analytical tools for a deeper and more accurate
analysis. The advantages and disadvantages of the
I shikawa diagram method are shown in Figure 1.

Disadvantages

Time costs

Building a detailed diagram
reguires significant effort
and time, especially for
complex production
processes.

Subjectivity

*Human factor. The analysis
depends on the experience
of the expertswho create
the chart. Omissions or
incorrect assessment of
factorsare also possible.

Data limitations

*Method does not provide
statistical analysis or
precise quantitative data,
which may limit the depth
of conclusions.

Fig. 1. Advantages and disadvantages of the | shikawa diagram method

The purpose of this study wasto anadyzetherisksin
the production of hard capsules under the conditional
name “Praziquantel Plus’ using the Ishikawa diagram.

MATERIALSAND METHODS OF RESEARCH

This research follows a qualitative, descriptive
study design structured into three consecutive phases
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to ensure a systematic approach to risk identification
and analysis (Fig. 2).

Phase 1. Contextual Analysis. A comprehensive
review of the technological documentation for
“Praziquantel Plus’ capsules and relevant quality
standards (GMP, ICH Q9, Q10) was conducted to
define the scope and framework for risk assessment.
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Phase 2: Expert Elicitation & Diagram Construc-
tion. The core analytical phase involved a structured
brainstorming session with an expert panel (n=5)
comprising pharmaceutical technologists, quality as-
surance, and production speciaists. The dlicited
potential failure causes were then organized using
cause-and-effect analysis and cluster analysis to con-
struct a general Ishikawa diagram.

Phase 3. Synthesis & Adaptation. Based on the
general diagram and a detailed process breakdown, a

product-specific Ishikawa diagram for industrial-
scal e production was devel oped. Identified riskswere
further detailed and mitigation measures were pro-
posed in tabular form.

Primary Analytical Tool. The Ishikawa (fishbone)
diagram served as the primary visual and analytical
tool throughout Phases 2 and 3 to structure and pre-
sent the cause-and-effect relationships.

Phase 2. Expert
Elicitation & Diagram
Construction

Phase 1. Contextual
analysis

Phase 3. Synthesis &
Adaptation

Study design

Fig. 2. Study design

The basis for the study was the theoretical and
information array necessary for modeling the risk
analysis process. The materials of the study were a
model technological process for the industrial
production of hard capsules with combined content
(code name “Praziquantel Plus’); a list of potentia
critical control points and quality parameters, iden-
tified based on the requirements of the State Pharma-
copoeia of Ukraine, GMP and similar technologies;
and categories of risk factors generally recognized in
the pharmaceutical industry.

The study employed a systematic approach to risk
assessment in accordance with ICH Q9 guidelines
[2]. The primary qualitative methodol ogy centered on
the construction of an Ishikawa diagram. The process
involved the following steps:
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e Brainstorming session with a moderated expert
group (technologists, QA/QC specididts, engineers) to
generate acomprehensivelist of potential failure causes.

e Content analysis and clustering of the gene-
rated ideas into predefined main categories (raw
materials, equipment, personnel, premises, technolo-
gical process, quality control).

o Cause-and-effect analysis to logically link the
clustered causes to the potential effect (“Poor quality
of Praziquantel Plus capsules’).

e Expert consensus method was used to review,
refine, and finalize the structure of thediagram [2, 4, 6].

For risk prioritization, experts assessed each iden-
tified cause based on its estimated probability of
occurrence and severity of impact on critica qudity
atributes. This qualitative assessment alowed for the

Ha ymosax niyensii CC BY 4.0 q@ 0
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identification of the most critical parameters requiring
control measures, as presented in Tables 1 and 2.

For risk prioritization, a semi-quantitative approach
based on the Risk Priority Number (RPN) was em-
ployed, in accordance with the principles of ICH Q9.
Following the brainstorming session and construction of
the general Ishikawa diagram, the expert pand (n=5)
assessed each identified potential cause of failure.

Each risk was evaluated using two parameters:

Probability (P): Thelikdihood of the risk occurring.

Severity (S): The seriousness of the potential im-
pact on the critica quality attributes (CQAS) of
“Praziquantel Plus’ capsules and patient safety.

Both parameters were scored on a 3-point ordina
scae (1=Low, 2=Medium, 3=High). The consensus
scoreswerethen multiplied to ca culatethe Risk Priority
Number (RPN=PxS), which could rangefrom 1 to 9.

Based on the RPN value, riskswere prioritized for
further analysis and mitigation:

High-priority (RPN>6): Risks requiring imme-
diate preventive actions and detailed control strate-
gies (e.g., in-process controls, validation).

Medium-priority (RPN 3-4): Risks requiring mo-
nitoring and standard quality control procedures.

Low-priority (RPN 1-2): Acceptable risks under
current control measures.

This prioritization enabled the research team to
focus the subsequent detailed analysis on the “Raw
Materials’ and “Technological Process’ categories,
which contained over 70% of all high-priority risks.

Given the qualitative nature of the study and the
use of expert dlicitation data, formal statistical
software was not employed for hypothesis testing.
The semi-quantitative RPN calculation was perfor-
med using Microsoft Excel 365. Data organization
and diagram structuring were supported by standard
features of the software.

This study involved a structured expert elicitation
session (brainstorming) as part of the risk analysis
methodology. Participation was voluntary, and al
experts provided informed verbal consent after being
briefed on the study’s purpose and the anonymous,
aggregated use of their input for academic publi-
cation. No personal or sensitive data were collected.
The research procedure, focusing on process analysis
rather than human subjects, was conducted in accor-
dance with the ethical principles for non-interven-
tional studies. Formal review by an institutional
ethics committee was not required for this type of
methodological research, as confirmed by theinternal
regulations of the National University of Pharmacy.

RESULTSAND DISCUSSION

The general Ishikawa diagram, which alows
taking into account the multilevel nature of factors
affecting the quality of adrug as afina product and
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establishing key links between them, is shown in
Figure 3. This diagram is based on the requirements
of current legidation, WHO recommendations and
national standards[11, 12].

According to the diagram (Fig. 3), the main risk
factorsof drug production includethequdlity of raw ma-
terials, technological process, qudity control, premises,
equipment, personnel, which are detailed by level 2
factors. Among the listed main factors, it is possble to
distinguish factors of thefirst and second order in terms
of sgnificance, establish their links and group them.

1. Risk Prioritization and Justification of Focus

To move from a mere listing of factors to a
justified conclusion about their criticality, a semi-
quantitative risk assessment was performed. An
expert panel (n=5) scored each identified cause from
the general diagram (Fig. 3) on scales of Probability
(P) and Severity (S) as described in the Methods. The
calculated Risk Priority Number (RPN) served as a
quantitative filter. The distribution of high-priority
risks (RPN >6) across categories is presented in
Fig. 3. Asevidenced, the* Raw Materials’ and “ Tech-
nological Process’ categories contained over 70% of
al high-priority risks. This objective data directly
supportsour decision to focus the subsequent detailed
analysis precisely on these areas, as presented in
Tables 1 and 2 and in the adapted diagram (Fig. 4).

2. Detailed Analysis of High-Priority Risks

Following the prioritization, the most critical risks
were analyzed in depth considering the peculiarities
of production processes and the influence of factors
on the quality of the finished drug, they can be
divided into specific and general. Specific factors
include the quality of the raw materials, quality cont-
rol of the raw materials, intermediate and finished
products, and the technological process. It is these
factors that were subjected to the most thorough
analysis during our study.

Of course, the main influence on the quality of the
future drug is the quality of the raw materid. Its
quality risks are characterized by several secondary
factors, illustrated in the diagram.

During the quality control of the finished drug, the
choice of the API/excipient and the development of a
method for its qualitative and quantitative determi-
nation, as well as the assessment of the microbio-
logical state, are of great importance. All specifica
tion parameters are developed in accordance with the
general guidance on finished drugs.

When conducting stability tests for drugs with
several APIs, the possible mutual influence on the
process of qualitative and quantitative determination
of substances should be considered. Validation of the
methods used is an urgent and mandatory task in the
development of the MCQ.

251



Raw

materials s
l"\
Sampling durin, echn : .
incoming c:c:«111.1r1:ﬁ§\1 T ;lucgl: ':E algs !
. \ 5
Quality of APl and g Control of technological @ uality control .
excipients paramnlﬁzlm \ Quality contro /
s LY b
Stu:%ﬂm‘?:ﬁigm ‘_‘\ Equipmentcéleaar:}iptﬁ .\ Specifications q
3 L '\.
\ \ \
Raw material counterfeiting@® Raw material @ Methods of analysis h
LY preparation Y, }
§ \ X
Specific requirements Preventing cross- @ Laboratory @
or incoming control contamination % equipment
4 k.4 ! Proper
sasssirassnssinnssassnssass i cossnnirsninns N7 TITCUNSREREN  GRBRGTORRRY RS ROSTASD quality of the
o O O & O i
Material ‘ Production facilities of the ’ Personal protective @
7 appropriate cleanliness class ; equipment £
/ /
Qualification ./ Warehouse g Persornel @
_ 7 storage areas; 7 hygiene /
Safety ; ‘ Additional trainin
requirements !,a' Premises (personnel l:rmmng% ’
Documentation "’ Personnel

/
Technical specifications g

4
3
'

Equipment ‘

Fig. 3. Diagram of cause-and-effect factorsfor ensuring the quality of medicines



MEJIUYHI ITEPCIIEKTHBH | MEDICNI PERSPEKTIVI

Factors such as premises and personnel have an
unconditional impact on ensuring the quality of
medicina products. However, given the standardized
reguirements for both personnel and premises set out
in thelicensing conditions, we decided to specify only
specific requirements for these factors. The main
research was devoted to the input raw materials,
technological process, quality control and equipment,
which are decisive in the process of pharmaceutical
development and introduction of new origina
medicina products.

Production premises should follow a logica
sequence of the production process. For both APIs
and excipients, temperature and humidity control,
filtration and effective ventilation are of great
importance. Weighing of raw materials should be
carried out in a separated from the production process
premise. The design of the premises should facilitate
compliance with special measures to prevent cross-
contamination and facilitate cleaning when dust is
generated (sampling, weighing, grinding, mixing,
sieving and other operations). Warehouses should
have sufficient capacity for orderly storage of dif-
ferent categories of raw materials. Containers should
be placed in such away asto ensure free air circula-
tion. The storage area should provide protection of
materials from weather conditions and control of
proper storage conditions. Warehouses should have
separate areas. for quarantined materials, approved
materials and rejected starting materials.

Production personnel and quality control person-
nel must have special training. The authorized person
must have specific knowledge of the processing and
quality control of materialsin the production of film-

coated tablets. Strict adherence to hygiene re-
quirements by personnel during the production
process prevents further contamination of raw mate-
rials, intermediate products and finished products.
Production personnel who are in direct contact with
raw materials must be provided with personal pro-
tective equipment: masks, gloves, glasses. Persons
with alergic diseases or predisposition to them are
not allowed to work with raw materials.

Pharmaceutical equipment used must meet the
requirements of good manufacturing practice. The
operational characteristics of the equipment must
ensure the performance of the production task within
the operating load range. Thetechnical characteristics
of the equipment must correspond to the planned
range and volumes of product output. The material of
the equipment must not interact with the raw
materials or products, serve as a source of conta
mination of the intermediate and finished product.

Qualification of critical equipment, process vali-
dation and change control ensure the reproducibility
of the production process, thereby guaranteeing
consistent quality and efficacy of different batches of
the drug produced.

In order to minimize the potential risks of in-
dustrial production of hard capsules under the condi-
tional name “Praziquantel Plus’ when extrapolating
laboratory technology, their analysis was conducted.

The main categories defined are raw materials,
production process, equipment, personnel and pre-
mises. Particular attention was paid to potential risks
associated with APIs and excipients (Table1) and
with the technological process (Table 2).

Table 1

Potential risksto the quality of “ Praziquantel Plus’ hard capsules
related to the APl and excipients

Potential risksto drug quality

Consequences of potential risks

Precautionsto reducerisk

Inconsistency in the quantitative content of
the active substance in the API

Non-confor mity of API in terms of the
content of permissible and unacceptable
impurities, organic solvent residues, etc.

Increased risk of side effects and toxic
effects (excess content); insufficient

phar macological effect (anthelmintic effect)
(under conditions of reduced content)

Irritating effect on the digestive organs,
risk of systemic toxic effectsor allergic
reactions; changein the physical and

Incoming quality control of API. Audit of
the manufacturer before concluding a
contract and in case of detection of supply
of API of inadequate quality

Advanced incoming quality control of
APIs. Selection of an I SO certified
manufacturer and supplier

chemical properties of the API

Non-compliance of excipients with
specification indicators

Changesin the physical and
physicochemical properties of excipients,
disruptionsin the technological process,
changesin the quality indicator s of
intermediate and finished products

Expansion of thelist of excipientsat the
phar maceutical development stage.
Establishment of critical quality indicators
of excipientsand criteriafor their
acceptance. Inclusion of several
manufacturers of excipientsin thedrug
registration documentation

26/ Tom XXAI/1
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Table 1 (continued)

Potential risksto drug quality

Consequences of potential risks

Precautionsto reducerisk

Violation of storage conditions of APl and
excipients

Inconsistency of the quantitative content of
the API in thefinished medicinal product,
formation of new or destruction of
chemical substancesin the composition of
the API and excipients, changesin
physicochemical, technological,
toxicological characteristics

Proper design and equipment of

war ehouses (correspondence of areato
production volumes, ensuring appropriate
conditionsfor APIsand excipientswith
special storage requirements). Automation
of ventilation and air conditioning systems,
monitoring of storage conditions and
protocolsfor actionsin case of emergency
shutdowns

Table 2

Potential risksto the quality of “ Praziquantel Plus’ hard capsules
related to the technological process

Potential risksto drug quality

Consequences of potential risks

Precautionsto reduce risk

Stage “Weighing and sieving”

I naccuracy in weighing, inconsistency of
ingredient mass with prescription and
batch calculations

Raw material particle size heter ogeneity

Obtaining productsthat do not meet the
specification for the quantitative content of
the API, changesin the technological
properties of the encapsulation mixture

Prolongation of mixing time, risk of
mixture stratification during storage and
transportation

Verification and calibration of weighing
instruments, availability of SOPs and their
updating, timely completion of protocols

Calibration of sieve sizesfor sieving,
introduction of an additional method of
dispersion control (microscopic)

Stage“Massfor encapsulation obtaining”

Heter ogeneity of the encapsulation mass

Non-compliance of the received product
with the specification according to the
indicators*“ Mass homogeneity” and
“Dosing uniformity”

Selection of excipients, adherenceto the
order of ingredient introduction and
control of mixing time and speed,
validation of the technological process

Stage“ Capsulefilling”

Poor flowability of the mixture, underfilling
of capsules, unclosed and defor med
capsules

Inconsistency in capsule weight and dosage
unit uniformity; intermediate product
obtained does not meet specification
reguirements

Selection of excipients (lubricants, humidity
regulators), monitoring of air parameters
in production areas, use of equipment with
forced mixture supply, adjustment of
capsule machine settings

Stage “ Capsule packaging”

Failuretofill blister packaging cellswith
capsules, packaging leakage when heat-
sealing materials

Receiving productsthat do not meet the
finished product specification and require
repackaging

Maintenance of packaging equipment using
original materials, checking and calibrating
temperature sensors. Quality control of
packaging materials

Taking into account the peculiarities of adapting
laboratory technology to industrial conditions for the
production of hard capsules under the conditional
name “Praziquantel Plus’, the Ishikawa diagram fo-
cused on the peculiarities of the production process of
this particular drug was constructed (Fig.4). The
categories “Raw materials’, “ Technological process”
and “Personnel” contain subcategories of thefirst and
second order, maximally corresponding to the pecu-
liarities of the production process of this drug.

The proposed Ishikawa diagram for hard capsules
under the conditional name “Praziquantel Plus’ can
be used in the future in the following situations:
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1. Analysis of the causes of product defects. If
there is a problem with the quality of the capsules
being produced (for example, capsules with uneven
dosage), the diagram will help identify possible
sources of the problem.

2. Quality control. The diagram will help to adjust
the various stages of the production process to avoid
defects at all stages of production.

3. Process optimization. Analyzing al possible
causes of failuresor costs during production allowsto
increase efficiency and reduce costs.
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DAPMALIA

The genera cause-and-effect diagram constructed
for our study identified six primary categories. Raw
Materials, Technological Process, Quality Control,
Premises, Equipment, and Personnel. This catego-
rization is adirect operationalization of the integrated
approach required by a PQS, as described in the
ICH Q10 guideline. Furthermore, our systematic ap-
proach to risk identification, assessment, and control
is fundamentally based on the principles of ICH Q9
(Quality Risk Management). While ICH Q9 provides
the high-level framework, our study demonstrates its
practical implementation by selecting an appropriate
tool (Ishikawa diagram) for a specific, defined
scope — the scale-up of a capsule product.

Our identification of raw material quality asafirst-
order risk factor (Tablel) is a universally acknow-
ledged principle in Good Manufacturing Practice
(GMP). The WHO in its GMP guidelines explicitly
states that the quality of a finished product depends
heavily on the quality of the starting materials.

Our detailed breakdown of the technological
process resonates strongly with the findings of other
researchers who have applied risk management to
solid dosage forms. For instance, areview by Yuet al.
(2014) [13] on the application of Quality by Design
(QbD) to solid oral dosage forms identifies “blend
uniformity” and “powder flow properties’ as critical
process parametersfor capsulefilling and tablet com-
pression, which are directly related to our identified
risks of “Heterogeneity of the encapsulation mass’
and “ Poor flowability of the mixture”. While Yu et al.
approached this from a QbD perspective, our use of
the Ishikawa diagram arrived at the same critical
parameters, demonstrating the tool’ s effectivenessin
pinpointing areas that require rigorous control.

Similarly, the risk we identified concerning the
“Weighing and Sieving” stage, particularly, inac-
curacy in weighing, ishighlighted in GMP literature as
a common source of error. The PIC/S GMP Guide
dedicates an entire annex to the Guidance on Good
Manufacturing Practice for Medicinal Products, where
it emphasizes that weighing, measuring, and other
equipment used for critical steps should be calibrated
and checked at defined intervals (5, Annex 4) [14].

Our analysis of the “Personnel” and “Premises’
categories, while noting their standardized require-
ments, specified risks such as the need for personnel
with special training and the exclusion of individuals
with alergic predispositions. This aligns with the
human factor engineering concepts increasingly in-
tegrated into GMP. The FDA's guidance on quality
systems approaches emphasizes that as management
should ensure that personnel have the education,
training, and experience, or any combination thereof,
to perform their assigned functions [15]. Our inclu-
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sion of a specific hedth screening (allergies) adds a
nuanced, product-specific layer to this generd
personne requirement, a detail that is often crucid in
practice but may be absent from high-level guidelines.

Regarding “Premises’, our emphasis on a logical
flow, separate weighing areas, and controlled ware-
houses to prevent contamination and mix-ups is a
cornerstone of GMP facility design, as outlined by
ISPE in its Basdline Guide: Ora Solid Dosage Forms
[16]. Our use of the Ishikawa diagram effectively inte-
grates these infrastructural and design requirements
into the samerisk assessment framework asthe process
parameters, promoting a holistic view of quality that is
essential for successful pharmaceutical production.

Today, the pharmaceutical industry, following the
automotive industry (AIAG-VDA FMEA Handbook
2019), often moves away from simple RPN multi-
plication in favor of Action Priority tables that take
into account various combinations of S, O, D without
arithmetic manipulations.

CONCLUSIONS

1. The integration of qualitative risk analysis
methods (brainstorming, clustering) with a semi-quan-
titative prioritization tool (probability/severity scoring)
enabled a systematic identification and ranking of
potential failure modes for the “Praziquantel Plus’
hard capsules technology. This confirms the Ishikawa
diagram’s efficacy as a structured tool within a Phar-
maceutical Quality System compliant with ICH Q9.

2. Therisk prioritization results unequivocally iden-
tified factors related to input materia quaity
(specificaly, API content and impurity levels) and the
control of critical process steps (weighing, blend ho-
mogeneity, powder flowability) as being paramount for
fina product quality. These categories contained the
highest concentration of high-priority risks (RPN>6),
justifying the focused analyss presented in this study.

3. The developed product-specific Ishikawa dia
gram (Fig. 4), supplemented by detailed risk mitiga-
tion tables (Tables 1, 2), provides a ready-to-imple-
ment toolkit for production. It is designed for proactive
quality control, root-cause anaysis of defects, and
process optimization during technology scale-up,
thereby directly enhancing GMP compliance and
reducing the cost of non-conformance.
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