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ABSTRACT

Studying natural sciences at the O.O. Bogomolets National Med-
ical University opens up for students the opportunity to become fa-
miliar with advanced scientific discoveries, the prospect of direct 
participation in conducting experimental research in drug quality 
control laboratories. The Case study method is used to investigate 
a problem in a specific context and discuss how the results relate 
to theory. Case study is actively used in chromatographic studies of 
medicinal substances, during which ways of solving pharmaceutical 
analysis problems. The main stages of scientific experimental work 
according to the requirements of the Case study are determining 
the purpose of the study with the motivation for the need to carry 
out this study, motivated selection of samples for the study, draw-
ing up a research plan with a deadline, systematization of the ob-
tained data. In chromatographic studies, an important role is played 
by the selection of a large number of objects and studies, which pro-
vides a high expected increase in information and results. In chem-
ical experiments, it is advisable to use the design of single and mul-
tiple studies to compare the results obtained with standards and 
the design of establishing "anomalies" to register the formation 
of substances. During chromatographic studies of each specific 
pharmaceutical object, complex approaches are developed in the 
analysis of substances, since similar trends are often observed in 
chromatographic separation, the formation of chemical degrada-
tion products. The current task remains the implementation of the 
Case Study learning model in the performance of scientific work by 
students by HPLC method.
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INTRODUCTION 
Among the natural sciences studied at 

the Faculty of Pharmacy of the O.O. Bogo-
molets National Medical University, the dis-
cipline "Pharmaceutical Chemistry" occupies 
an important place. This discipline provides 
students with the opportunity to become fa-
miliar with advanced scientific discoveries in 
the field of developing new medicines and the 
features of pharmaceutical analysis of medi-
cines and their substances of various chemi-
cal origins. Students gain the prospect of di-
rect participation in conducting experimental 
research in drug quality control laboratories 
and performing scientific experimental work. 
The case study method is used to investigate 
a problem in a specific context and discuss 
how the results relate to theory. Case study is 
actively used in performing chromatograph-
ic studies of medicinal substances, during 
which solutions to pharmaceutical analysis 
problems and recommendations for further 
research are developed - descriptive and prob-
lem cases. During chromatographic studies of 
each specific pharmaceutical object, complex 
approaches are developed in the analysis of bi-
ologically active substances of certain chemi-
cal classes, since similar trends are observed 
in the features of achieving the necessary 
chromatographic separation, the formation 
of chemical degradation products, and the 
detection of specified and unspecified impuri-
ties and accompanying substances. Therefore, 
the current task remains the implementation 
of the Case Study learning model in the per-
formance of scientific experimental work by 
students using high-performance liquid chro-
matography, which gives us the opportunity 
to develop comprehensive approaches in the 
analysis of certain classes of drugs, taking into 
account the peculiarities of this analysis.

LITERATURE REVIEW 
The Case study method helps develop criti-

cal thinking and is a type of problem-oriented 
learning. It allows you to implement the task 
of modeling an experiment, offering non-stan-
dard approaches to solving a problem, and 
finding ways to solve the task. Case studies 
are used in academia because they are not just 
a detailed analysis of a particular phenome-
non or process, but a broader approach to the 
study of an object (Ridder, 2017; Rolls, 2013; 
Seawright & Gerring, 2008; Sikora, 1999). The 
study has a more standardized structure and 
uses more rigorous and systematic research 
methodologies - experiments and analysis. A 
case study can be used for either a single ob-
servation (N=1) or multiple observations (N>1). 
Due to the specificity of a particular study, the 
findings cannot be generalized and applied to 
a broader context. Exploratory research is in-
tended to generalize, and the conclusions can 
be related to a larger set or scope. Among the 
types of analysis methods are: illustrative ap-
plied research, exploratory applied research, 
aggregate applied research, descriptive ap-
plied research, instrumental applied research 
(Fig. 1) (Joia, 2002; Koycheva & Yanovskaya, 
2023; Pelo et al., 2020; Sheremeta & Kanish-
chenko, 1999).

Source: Authors.

Figure 1. Main components  
of the Case study
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When using a case study, different re-
search designs can be formed: a design based 
on methodological work; a research design 
that emphasizes the difference between sin-
gle and multiple studies; a “realistic picture” 
design; a design to detect “anomalies”. These 
designs have significant methodological dif-
ferences, but are often used in combination. 
The choice of a research object is often related 
to a representative sample and different scales 
of theoretical interests. A representative sam-
ple is an average or typical case that does not 
carry much information. An effective method 
is to select such a number of studies and ob-
jects that will provide a high expected gain in 
information. The typology of Case study in-
cludes the definition of goals (assessment, re-
search), approaches (theoretical justification), 
choice of processes (single or multiple stud-
ies), choice of study (retrospective, diachron-
ic, parallel, sequential) (Hellström et al., 2005; 
Tsekhmister & Welchinska, 2016; Welchinska 
& Vilchynska, 2016). 

  Case studies, as a form of qualitative re-
search, help inform professionals or make ev-
idence-based decisions in a variety of fields. 
This approach is valuable for health research 
for developing theory, programs, and planning 
interventions because of its flexibility and 
precision. 

Qualitative applied research of this meth-
od is an approach to research that facilitates 
the study of a particular phenomenon in its 
context using a variety of data sources. The 
question is not examined through a single 
lens, but rather through a variety of lenses. 
This approach allows for the discovery and 
understanding of multiple aspects of the 
phenomenon.

When planning a study, it is necessary to 
formulate a research question and understand 
the case design. It is necessary to understand 

what the unit of analysis (case) is. Answers to 
these questions can be effective strategies for 
further delineating the case.

After deciding whether a qualitative case 
study is best for the work being done, it is nec-
essary to determine the type of case study. 
The choice of a specific type of case study 
design depends on the overall purpose of the 
study. Case studies are classified as explana-
tory, exploratory, or descriptive. There is also 
a distinction between individual, holistic case 
studies and multiple case studies. Case studies 
can be internal, instrumental or collective.

Explanatory Case study. Used in situations 
where it is necessary to explain the alleged 
cause-and-effect relationships in real-life pro-
cesses. Such problems are too complex for sur-
vey, experimental strategies.

Case study exploratory. Used to investigate 
situations where the study being evaluated 
does not have a single set of results.

Case study descriptive. Used to describe a 
study in real time.

Multi-Case study. Multiple experiments 
allow the researcher to identify differences 
within and between experiments. The goal 
is to replicate findings across experiments. 
Experiments are compared, cases are careful-
ly selected to predict similar results across 
experiments, and to predict opposite results 
based on theory.

Internal Case study. Using the term "inter-
nal" implies that the researcher has a strong 
interest in understanding the problem and 
aims to better understand the case. It is about 
a particular feature or problem that is of par-
ticular interest to the researcher.

Instrumental Case study. Used to achieve 
understanding not of a specific situation at 
the moment, but of those situations that may 
occur. This helps to understand the problem 
and improve the theory. The experiment is of 
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secondary interest, playing a supporting role, 
but facilitating the understanding of another 
experiment. Such an experiment is considered 
in depth, described in detail. This helps the re-
searcher pursue external interests.

Collective Case study. Collective case stud-
ies are similar to multiple case studies.

Single Case study. A specific type of case 
study and experiment are identified, and the 
feasibility of conducting a separate case study 
is considered. The question is whether under-
standing of the process can be gained by con-
ducting multiple case studies.

Single Case study with Built-in Units. Solv-
ing a single experimental problem while con-
ducting a holistic thematic study with built-in 
units makes it possible to study the exper-
iment, taking into account the experience 
and capabilities of other laboratories and 
departments.

Data can be analyzed within the units sep-
arately - this is an analysis within the analy-
sis, between different units - this is an analysis 
between different experiments, across all sub-
units - this is a cross-experiment analysis. The 
so-called "saturated analysis" is performed, 
which contributes to better coverage of the 
problem. The mistake is that sometimes re-
searchers analyze at the level of an individual 
subunit, without returning to the global prob-
lem that needed to be solved.

Multi-Case study. If the study contains 
more than one experiment, then it is nec-
essary to conduct a study of several exper-
iments. A multi- or collective case study will 
allow for the analysis of each experiment and 
analysis between experiments. A holistic case 
study with embedded units allows for the un-
derstanding of only one unique/critical pro-
cess. A multiple experiment study examines 
several procedures or reactions to understand 
their similarities or differences. Multiple case 

studies are performed to predict similar out-
comes (replication), contrasting outcomes, or 
presumed causes. The evidence obtained from 
this study is considered reliable, but can be 
time-consuming to conduct.

When formulating specific objectives 
when planning a thematic study, the like-
lihood of the researcher setting limits on 
the scope of the study and the possibility of 
completing the study increase automatically. 
Conducting a study with a large number of 
proposals for its planning and stages of imple-
mentation always remains within acceptable 
limits. Proposals can come from laboratory 
management, research client, scientific su-
pervisor, arise from new ideas and from per-
sonal/professional experience, based on theo-
ries and the need for their confirmation (Joia, 
2002; Pelo et al., 2020).

OBJECTIVES 
To introduce basic approaches of the Case 

study method into complex chromatographic 
studies using high-performance liquid chro-
matography (HPLC) of medicinal substances 
during experimental studies by students in 
order to investigate alternative conditions for 
HPLC chromatography of the studied sam-
ples, which could demonstrate higher identi-
fication ability when determining their purity 
and modifying research methods with opti-
mal conditions for protecting molecules from 
chemical degradation.

METHODOLOGY 
The main stages of scientific experimen-

tal work according to the requirements of the 
Case study are determining the purpose of 
the study with the motivation for the need to 
perform a specific study, motivated selection 
of samples for the study (purposeful, random, 
valuable for the study), consultation with the 
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scientific supervisor and experts, drawing up 
a research plan with a deadline, systematizing 
the data obtained (primary, secondary, statis-
tical), identifying 5-6 key strengths and weak-
nesses of the study using SWOT analysis to 
predict potential threats to the experiment and 
unplanned changes in the work strategy, tak-
ing into account the limitations of the method 
for a specific experiment, setting the limits of 
the planned study, outlining possible alterna-
tive solutions, replacing irrational approaches 
to performing the planned study. A serious 
drawback of pharmaceutical analysis of drugs 
and their substances is the lack of many pa-
rameters of their standardization, which must 
meet the requirements of GLP and GMP.

The State Pharmacopoeia of Ukraine 
(SPU) does not regulate the analysis of a cer-
tain number of substances and medicinal 
products. In addition, accompanying sub-
stances, specified and unspecified impuri-
ties, as well as related substances in the test 
samples, according to the recommendations 
of the SPU and the European Pharmacopoe-
ia (Eur.Ph.), are analyzed only using the liq-
uid chromatography (LC) method. The choice 
of the HPLC method for studying medicinal 
substances is justified by its modernity and 
high selectivity in studying the purity and 
integrity of medicinal substances, as it al-
lows to increase the efficiency and effective-
ness of their analysis. Experimental studies 
were performed on an Agilent 1260 Infini-
ty II chromatograph with a UV detector, on 
INERTSIL ODS-3V, ZORBAX Eclipse Plus C18 
columns. Pharmacopoeial standard samples 
(PSS) of SPU chlorhexidine, sodium formal-
dehyde sulfoxylate dihydrate (rongalite) and 
samples of the studied substances chlorhex-
idine, sodium metamizole monohydrate were 
used. Computer analysis was performed using 
the OpenLab CDS program.

RESULTS AND DISCUSSION 
According to the typology of Case study, we 

used the design of single and multiple stud-
ies  – chromatographic study by HPLC of the 
substances chlorhexidine and metamizole so-
dium, each of 5 samples from different batches 
and at 5 punctures and the design of detecting 
“anomalies” – identification and quantitative 
determination of accompanying impurities, 
unacceptable impurities, which can be repre-
sented by intermediates of synthesis of sub-
stances, products of chemical degradation of 
starting molecules and related substances. 
The selection of a large number of objects 
and their studies provided a high expected 
increase in information and results. The goal 
was set to adapt chromatography conditions 
and HPLC research methods for assessing the 
purity and identification and quantification 
of active pharmaceutical ingredients (API) of 
chlorhexidine and metamizole sodium as an 
alternative analysis method. Theoretical jus-
tification – introduction into pharmaceutical 
analysis of a modern highly selective HPLC 
method with higher identification ability as 
an alternative to the pharmacopoeial method 
of HPLC research, modification of chromatog-
raphy conditions and research methods to cre-
ate optimal conditions for protection against 
chemical degradation of the structure of sub-
stance molecules. 

Process selection – multiple studies that 
allow accumulating results and analyzing 
them. Research selection – parallel studies 
with comparison of results and sequential 
studies were conducted.

The substances chlorhexidine and metam-
izole sodium were chosen as the objects of the 
study, which were to become the basis for the 
creation of dosage forms of medicinal prod-
ucts (Chlorhexidine (Oral Route) Precautions - 
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Mayo Clinic, 2023; Muniz et al., 2023; Wade et 
al., 2021; Wade et al., 2021).  Chlorhexidine is 
used in pharmacy in the form of salts - gluco-
nate, digluconate, acetate or diacetate, as liq-
uids or powders. Chlorhexidine molecules are 
based on a bis-condensed system consisting 
of biguanide, hexamethylene, 4-chlorophenyl 
fragments.

When ingested, chlorhexidine is poor-
ly absorbed from the gastrointestinal tract, 
causing stomach irritation and nausea. As-
piration of chlorhexidine into the lungs can 
be fatal due to the high risk of acute respi-
ratory distress syndrome. Chlorhexidine ac-
etate is used as a general antiseptic in 0.05% 
and 0.1% solutions. It is used for cleaning 
and disinfecting wounds, for antiseptic treat-
ment of burns (Picoli et al., 2022; Ribas et 
al., 2020; Soares et al., 2019). Chlorhexidine 
digluconate is a broad-spectrum antiseptic. 
It can be safely used in low concentrations 
in mouthwashes and contact lens solutions. 
Chlorhexidine gluconate is used as a mouth-
wash to treat gingivitis (swelling, redness, 
and bleeding of the gums). This drug is pre-
scribed by a dentist. The bactericidal effica-
cy of guanide, biguanide, and bisbiguanide 
agents has been studied on intact microor-
ganisms: Streptococcus mutans, S. sanguis, 
Actinomyces viscosus, and A. naeslundii. The 
pharmacological activity of the compounds 
was studied based on the features of their 
molecular configuration. Studies have shown 
that bis- and biguanide configurations are 
more effective. They have alkyl side chains 
of sufficient length in the molecule. At the 
same time, no single structural fragment has 
the effectiveness (Di Paolo et al., 2021; Lee et 
al., 2019; Villa et al., 2018). 

Chlorhexidine is determined by a colori-
metric method. The method is based on the 
formation of a yellow complex between ch-

lorhexidine and bromocresol green, which 
is isolated by chloroform extraction. The ab-
sorption peak of this complex is at 410 nm. A 
linear response is achieved from 2.5 to 30 μg 
chlorhexidine/ml. The accuracy of this meth-
od makes it useful for the determination of 
chlorhexidine in pharmaceutical analysis of 
pharmaceutical mixtures.

The spectrophotometric determination of 
chlorhexidine is performed using a liquid-liq-
uid extraction method using bromophenol 
blue. The chemical structure of chlorhexidine 
is determined using a combination of single 
crystal X-ray diffraction (SC-XRD), electro-
spray ionization mass spectrometry (ESI-MS), 
1H nuclear magnetic resonance (NMR) spec-
troscopy, correlation spectroscopy (COSY) and 
attenuated total reflection Fourier transform 
infrared spectroscopy (ATR-FTIR). Also, an an-
alytical technique based on the Box-Behnken 
design and using the HPLC method is used, 
which helps to quantitatively determine ch-
lorhexidine and thymol simultaneously in a 
matrix with pharmaceutical excipients (Chan-
dran et al., 2022; Sokolik et al., 2018; Vrachas 
et al., 2022).

SPU does not regulate the analysis of ch-
lorhexidine substance. Pharmaceutical anal-
ysis is performed according to the European 
Pharmacopoeia (European Pharmacopoeia 
(11-th ed.), 2022) of medicinal products: Chlor-
hexidine diacetate, Chlorhexidine digluconate 
solution, Chlorhexidine dihydrochloride. Ac-
companying substances are examined by the 
LC method (2.2.29).

The substance is dissolved in a mixture of 
solvents: trifluoroacetic acid P - acetonitrile 
P - trifluoroacetic acid P in water for chroma-
tography or alternatively: trifluoroacetic acid 
P - trifluoroacetic acid P in water for chro-
matography P - trifluoroacetic acid P in ace-
tonitrile P.



 10

15 May, 2025, 
Volume 1 (1),  
ISSN 3068-3580
https://www.us-journal.us

This article is licensed under the Creative Commons Attribution 4.0 
International License (CC BY 4.0). Reproduction, distribution, and public 

communication of the work, as well as the creation of derivative  
works, are permitted provided that the original source is cited.

Among the specified and unspecified im-
purities of the substance regulated by the 
Pharmacopoeia, there are 16 substances: A, B, 
C, D, E, F, G, H, I, J, K, L, N, O, P, Q. Impurity P 
(chloroaniline) is a specified impurity. Impu-
rity Q refers to unidentified impurities - sub-
stances with an unknown structure. Among 
the specified and unspecified impurities of 
the substance regulated by the Pharmacopoe-
ia, there are 16 substances: A, B, C, D, E, F, G, H, 
I, J, K, L, N, O, P, Q. Impurity P (chloroaniline) 
is a specified impurity. Impurity Q refers to 
unidentified impurities - substances with an 
unknown structure. 

We performed a chromatographic study of 
the chlorhexidine substance under the follow-
ing chromatography conditions: column – IN-
ERTSIL ODS-3V with a temperature of 25˚С, 

UV detection at 254 nm, flow rate of 1.0 ml/
min, injection volume of 10 μl, chromatogra-
phy time of 60 min.

The following mobile phases were used: 
mobile phase A – a mixture of solvents for 
HPLC: trifluoroacetic acid P – acetonitrile P – 
trifluoroacetic acid P in water for chromatog-
raphy, 0.1% P (20:20:80, V/V/V) and mobile 
phase B – a mixture of solvents for HPLC: tri-
fluoroacetic acid P – trifluoroacetic acid P in 
water for chromatography P – trifluoroacetic 
acid P in acetonitrile P (10:10:90, V/V/V).

A gradient method was used to obtain sep-
aration and identification of a larger number 
of impurities (Table 1).

When studying the PSS and test sam-
ples after 5 stabs, the following results  
were obtained (Tables 2, 3, Fig. 2).

Table 1. 	 Gradients
Source: Authors

Time (min) Mobile phase A (%, V/V) Mobile phase B (%, V/V)
0-2 100 0

2-32 80 20
32-47 80 20
37-47 70 30
47-54 70 30

Table 2. 	 Results of chromatography of chlorhexidine PSS
Source: Authors

PSS 1 PSS 2

Chlorhexidine
1 2 3 4 5

RT Area RT Area
2,901 59,837 2,897 62,047
2,917 61,500 2,914 63,333
2,917 61,440 2,911 62,680
2,916 59,467 2,899 61,999
2,902 60,900 2,897 61,985

Average 2,914 60,268 2.909 62,690
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Continuation of table 2

1 2 3 4 5
SD 0,093 1,083 0,070 0,909

RSD (≤2.0%) 0,38 1,80 0,30 1,45
Note: RT – retention time (min), Area – peak area, 
SD – standard deviation, used to determine RSD), 

RSD – relative standard deviation, according to the 
Pharmacopoeia, should be less than 2)

Table 3. 	 Chromatography results of the tested chlorhexidine samples
Source: Authors

Sample 1 Sample 2
Chlorhexidine

RT
Impurity Р

RT
Impurity 1

RT
Chlorhexidine

RT
Impurity Р

        RT
2,818 4,401 5,090 2,890 4,347
2,919 4,300 5,260 2,914 4,333
2,380 4,267 5,198 2,911 4,280
2,916 4,465 5,199 2,899 4,099
2,900 4,302 5,200 2,897 4,185

Average 2,786 4,347 5,189 2.902 4,248
SD 0,088 1,053 1,066 0,070 1,052
RSD (≤2.0%) 0,36 1,70 1,57 0,31 1,69

Note: RT – retention time (min), SD – standard 
deviation, used to determine RSD), RSD  – relative 

standard deviation, according to the Pharmacopoeia, 
should be less than 2).

Source: Authors

Figure 2. Chromatogram of test sample 1: chlorhexidine (Rt=2.380 min),  
specified impurity P (para-chloroaniline) (Rt=4.300 min),  
unacceptable impurity 1 (ethylparaben) (Rt=5.090 min) 
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Metamizole sodium monohydrate is a 
well-known drug with analgesic, antipyretic 
and anti-inflammatory effects. Under certain 
conditions, this drug can cause undesirable 
effects, such as Quincke’s edema, anaphy-
lactic shock, Stevens-Johnson syndrome. It 
leads to the development of agranulocytosis, 
aplastic anemia, neutropenia and pancytope-
nia (European Medicines Agency (EMA), 2019; 
Rudin et al., 2020).

According to the SPU (Derzhavna Farmako-
peya Ukrayiny, 2014) the identification of the 
substance metamizole sodium is performed 
by absorption spectrophotometry in the IR 
region, chemical methods, and tests for the 
transparency of the substance solution are 
performed (2.2.1).

Accompanying impurities are detected by 
the LC method (2.2.29) with UV detection at 
254 nm: specified impurities C and E, unspeci-
fied impurities A, B, D. The test solution, refer-
ence solutions a, b, d, e are prepared in meth-
anol, solution c –  in methanol and menthol. 

The UV spectrum of metamizole sodium (in an 
acidic medium) contains an absorption maxi-
mum λmax = 258 nm.

According to the SPU, the purity of met-
amizole sodium is determined by the LC 
method. Accompanying substances are 
identified with UV detection at 254 nm: 
specified impurities include impurities C 
and E, unspecified impurities include A, B, 
D. We performed a chromatographic study 
of the substance metamizole sodium un-
der the following chromatography condi-
tions: column – ZORBAX Eclipse Plus C18 
with a temperature of 25˚С, UV detection at 
215 nm, flow rate 1.0 ml/min, injection vol-
ume 5 μl, chromatography time 13 min. The 
mobile phases used were: mobile phase A  
(3.2 g of triethylamine in 1000 ml of water, 
pH of the solution 3.0±0.05 using phosphoric 
acid), mobile phase B – methanol. 

A gradient method was used to obtain 
separation and identification of impurities 
(Table 4).

Table 4. 	 Gradients
Source: Authors

Time (min) Mobile phase А,  
(%, V/V)

Mobile phase В,  
(%, V/V)

0,0 100 0
3,5 100 0
5,5 50 50
7,5 50 50

10,0 100 0
13,0 100 0

Sodium formaldehyde sulfoxylate dihy-
drate (rongalite) was used as the PSS of the 
SPU. Formaldehyde sulfoxylate dihydrate or 
sodium formaldehyde sulfoxylate (rongalite) is 
a chemical substance that is dangerous to the 
human body (Chen et al., 2020; Golla et al., 2020; 

He et al., 2021). It can be formed during the syn-
thesis of the substance, so it is important to check 
its purity for the presence of rongalite.

When studying the PSS and test samples 
after 5 punctures, the following results were 
obtained (Tables 5, 6; Fig. 3).
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Table 5. 	 Results of chromatography of the PSS of rongalite
Source: Authors

PSS 1 PSS 2

Rongalite

RT Area T (≤2.0) RT Area T (≤2.0)

1,990 259,483 1,1 1,992 258,158 1,1

1,993 258,894 1,1 1,993 260,702 1,1

1,990 258,950 1,1 1,911 258,160 1,1

1,994 258,473 1,1 1,899 259,333 1,1

1,990 258,359 1,1 1,992 258,230 1,1

Average 1,991 258,832 1,1 1.993 259,430 1,1

SD 0,002 0,446 0,001 1,799

RSD (≤2.0%) 0,10 0,17 0,04 0,69

Note: RT – retention time (min), Area – peak area, 
SD – standard deviation, used to determine RSD), 
RSD – relative standard deviation, according to the 

Pharmacopoeia, should be less than 2), T-tailing (peak 
shape, often less than 2).

Table 6. 	 Results of chromatography of tested samples of metamizole 
sodium for the presence of rongalite 

Source: Authors

Sample 1 Sample 2

Rongalite
RT                        Area

Rongalite
RT                         Area

1,983 40,032 1,999 42,435

2,009 40,692 1,997 44,148

2,003 38,371 2,003 41,287

1,918 39,008 2,001 41,300

1,997 39,015 2,000 42,433

Average 1,998 39,698 2.000 42,623

SD 0,002 0,442 0,002 1,450

RSD (≤2.0%) 0,11 0,23 0,02 0,38

Note: RT – retention time (min), Area – peak area, 
SD – standard deviation, used to determine RSD), 

RSD – relative standard deviation, according to the 
Pharmacopoeia, should be less than 2).

Source: Authors
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Figure 3. Chromatogram of the studied sample of metamizole sodium  
substance with an admixture of rongalite (HPLC method):  

Rt (rongalite) = 1.983 min

Thus, the presence of sodium formalde-
hyde sulfoxylate dihydrate (rongalite) – an 
unacceptable impurity – was chromatographi-
cally confirmed: Rt in the range of 1.918-2.009 
min (at 215 nm).

A shift of the rongalite peak in the test 
substance is observed compared to standard 
rongalite samples (Rt 1.899-1.993 min, at 215 
nm), which can be explained by the presence 
of metamizole sodium in the test substance.

A laboratory report is compiled based on 
the results of the research. It includes the fol-
lowing sections:

	▷ introduction, formulation of the goal, hy-
pothesis or task of the research;

	▷ justification of the method (methods) 
used to perform the tasks set, methods of 
processing the obtained data;

	▷ results, description of the data obtained, 
characteristics of products, characteris-
tics of certain physicochemical parame-
ters or properties of substances;

	▷ discussion of the results obtained, which 
correspond or do not correspond to the 
purpose and hypothesis that were the 
reason for the start of the research;

	▷ conclusion about the overall result of the 
practical work, how the conclusions cor-
relate with the larger body of scientific 
knowledge.

Laboratory report of the performed chro-
matographic study according to the Case 
study typology.

Introduction: using the design of single 
and multiple studies and the design of de-
tecting "anomalies", it is planned to conduct 
chromatographic studies by HPLC of the sub-
stances chlorhexidine and metamizole sodi-
um (each of 5 samples from different batch-
es and at 5 punctures) in order to adapt the 
chromatography conditions and the HPLC 
research methodology for the assessment 
of purity, identification and quantification 
of active pharmaceutical ingredients (API) of 
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chlorhexidine and metamizole sodium as an 
alternative to the pharmacopoeial method of 
LC analysis.

Justification of the method. Introduction 
of a modern highly selective HPLC method 
with higher identification ability into phar-
maceutical analysis as an alternative to the 
pharmacopoeial method of LC research, modi-
fication of chromatography conditions and re-
search methods to create optimal conditions 
for protection against chemical degradation 
of the structure of substance molecules and 
a high degree of chromatographic separation 
of the components of the tested substances. 
The studies were conducted multiple times 
with the accumulation of results and analysis 
of the data obtained by comparison with the 
results obtained during the study of the PSS. 
and analyze them. Parallel and sequential 
studies were performed with the comparison 
of the results.

Results. HPLC chromatographic identifica-
tion of API, quantitative determination of API 
and accompanying substances (specified and 
unspecified impurities, unacceptable impuri-
ties) was performed. The purity of the tested 
substances was determined. The selection of a 
large number of objects and their studies pro-
vided a high expected increase in information 
and results.

Discussion of the obtained results. During 
the chromatographic study of chlorhexidine 
substances by HPLC, in addition to the spec-
ified impurity P (para-chloroaniline) (Rt=4.300 
min), an unacceptable impurity 1 (ethylpara-
ben) (Rt=5.090 min) was identified.

Ethylparaben or methyl ester of para-hy-
droxybenzoic acid is used as a food additive 
E218 as a preservative and as an antiseptic. 

When analyzing the chromatographic data 
and comparing the location of the peaks, their 
shifts were detected on the chromatograms 

of the tested chlorhexidine samples Rt from 
2.380 min to 2.914 min (average Rt value from 
2.786 min to 2.902 min) in comparison with 
the location of the chlorhexidine peaks on the 
chromatograms of the PSS Rt from 2.897 min 
to 2.917 min (average Rt value from 2.909 min 
to 2.914 min).

This can be explained by the presence of 
the impurity P (para-chloraniline) and the un-
acceptable impurity ethylparaben in the test-
ed substances of chlorhexidine. The presence 
of sodium formaldehyde sulfoxylate dihydrate 
(rongalite) - an unacceptable impurity - was 
chromatographically confirmed in the com-
position of the tested substances of metam-
izole sodium: Rt from 1.918 min to 2.009 min. 
(at 215 nm).

There is a shift in the peak of rongalite in 
the composition of the test substance com-
pared to the standard samples of rongalite 
(Rt from 1.899 min to 1.993 min, at 215 nm), 
which can be explained by the presence of 
metamizole sodium in the composition of the 
test substance. Rongalite is often formed as an 
intermediate product during the synthesis of 
the substance, is a toxic substance, therefore 
it is an unacceptable impurity.

Conclusion on the overall result of the re-
search work. The design of single and multi-
ple studies and the design of detecting “anom-
alies” by conducting parallel and sequential 
studies with a comparison of the results of an 
alternative pharmacopoeial method - a high-
tech HPLC method for studying the test sub-
stances chlorhexidine and metamizole sodi-
um - are proposed.

The HPLC method was tested in practice 
and found to provide higher identification 
capability compared to the liquid chromatog-
raphy method, and also allows for in-depth 
pharmaceutical analysis of the studied objects 
in order to establish their quality.
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CONCLUSIONS
1.	 Using the Case study method, we have 

built an algorithm for performing chro-
matographic studies by HPLC of the test-
ed medicinal substances chlorhexidine 
and metamizole sodium using the design 
of single and multiple studies and identi-
fying "anomalies" and conducting paral-
lel/sequential studies with a comparison 
of the results obtained.

2.	 The selection of a large number of ob-
jects – substances chlorhexidine and 
metamizole sodium (each from 5 sam-
ples from different batches and with 5 
punctures, a total of 50 results) provided 
a high expected increase in information 
and results.

3.	 Chromatography conditions and research 
methods were adapted using HPLC, a 
method with high identification capacity 
for assessing the purity, identification and 
quantification of active pharmaceutical 

ingredients (API) of chlorhexidine and 
metamizole sodium substances and 
detecting accompanying substances in 
the composition of the substances.

4.	 During the chromatographic study of 
chlorhexidine substances by HPLC, an 
unacceptable impurity 1 (ethylparaben) 
(Rt=5.090 min) was identified, the 
presence of which likely affects the 
shifts of chlorhexidine peaks on the 
chromatograms of its tested samples 
in comparison with the location of 
chlorhexidine peaks in the composition 
of the PSS. In the composition of the 
tested substances of metamizole sodium, 
the presence of sodium formaldehyde 
sulfoxylate dihydrate (rongalite) - a toxic 
unacceptable impurity - was chromato-
graphically confirmed, and a shift of the 
rongalite peak in the composition of the 
tested substance was also observed com-
pared to the location of its peak in the 
composition of the PSS.
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