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ANNOTATION

In the qualification work, the optimal conditions for the quantitative
determination of meloxicam in the composition of a combined drug in the form of a
powder for oral solution preparation were theoretically substantiated and selected.
The validation characteristics of the developed methodology were studied. An
analysis of the modern pharmaceutical market for medicines containing meloxicam
as the active substance was also conducted.

The total volume of work 1s 44 pages.

The work contains: figures — 11, tables — 14, literature sources — 42,
appendix — 1.

Keywords: meloxicam, quality control; validation, spectrophotometry.
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LIST OF SYMBOLS

API — active pharmaceutical ingredients;

ATC — Anatomical Therapeutic Chemical Classification;

COX-2 — cyclooxygenase-2;

DMF — dimethylformamide;

GC — gas chromatography;

NSAID — nonsteroidal anti-inflammatory drug;

MP — medicinal product;

Ph.Eur. — European Pharmacopoeia;

Spectrophotometry — Absorption spectrophotometry in the UV-visible area;
SPhU — State Pharmacopoeia of Ukraine.



INTRODUCTION

Today, medicinal products containing meloxicam as an active ingredient are
widely available on the pharmaceutical markets of Ukraine and worldwide. The
guarantee of the successful use of medicinal products for pharmaceutical and
therapeutic purposes lies in their proven quality, which is ensured, among other
factors, during the drug development stage. Given that the modern pharmaceutical
market is characterized by a rapid expansion in the range of medicinal products
containing meloxicam, selecting optimal conditions for its quantitative
determination in new medicinal products is a pressing task.

The purpose of this qualification work is to substantiate and select optimal
conditions for the quantitative determination of meloxicam in a combined medicinal
product in the form of a powder for oral solution preparation.

To achieve this goal, the following tasks were addressed:

— Analyse the literature on the pharmacological properties, medical
applications, physicochemical properties, and existing methods of quality control for
meloxicam;

— Examine the current pharmaceutical market in Ukraine for medicinal
products containing meloxicam;

— Substantiate and select conditions for the quantitative determination of
meloxicam in a combined medicinal product in the form of a powder for oral solution
preparation using absorption spectrophotometry in the UV-visible area;

— Validate the proposed analytical method.

The object of the study is a combined medicine in the form of a powder for
oral solution preparation, with meloxicam as the active pharmaceutical ingredient.

The subject of the study is the optimal conditions for the quantitative
determination of meloxicam in the combined medicine using absorption

spectrophotometry in the UV-visible area.
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Research methods: analysis of literature data, marketing research methods,
analysis of competitors and market structure, physicochemical research methods,
statistical processing of research results, and validation of analytical methods.

Practical significance. The obtained results can be applied to quality control
of meloxicam through the developed method for its quantitative determination by
absorption spectrophotometry in the UV-visible area.

Scientific novelty. The study includes the development and validation of a
modern spectrophotometric method for the quantitative determination of meloxicam

in a combined medicine in the form of a powder for oral solution preparation.



SECTION I
PHARMACOLOGICAL PROPERTIES AND MEDICAL APPLICATIONS
OF MELOXICAM. PHYSICOCHEMICAL CHARACTERISTICS AND
EXISTING QUALITY CONTROL METHODS

1.1 Overview of meloxicam: pharmacological profile, clinical applications,

and safety considerations

Meloxicam is a popular nonsteroidal anti-inflammatory drug (NSAID) used
to relieve pain and inflammation related to different musculoskeletal diseases.
Meloxicam is a drug that was first introduced in the late twentieth century, gaining
popularity due to its selectivity for inhibiting cyclooxygenase-2 (COX-2), thereby
reducing stomach-related adverse effects characteristic of non-selective NSAIDs [5-
12, 15, 16, 19, 21, 28, 29, 31, 33, 37].

It is highly attracted to synovial tissues and cartilage, which accounts for its
use in the treatment of rheumatic and arthropathic conditions. Meloxicam has similar
anti-inflammatory, analgesic, and antipyretic effects, but with a marked reduction in
peripheral edema when used at higher doses compared to non-selective COX
inhibitors [21, 28, 29, 31].

Its pharmacology makes it an optimal choice for chronic management in
conditions such as osteoarthritis and rheumatoid arthritis, which are often
maintained over a lifetime. Meloxicam also plays a significant role in pharmacy
because as is known to improve patient compliance with once-daily dosing and
enjoys an excellent safety profile when used in appropriate clinical scenarios [5-12,
21, 22,24, 32, 38].

Meloxicam is one of the most commonly used NSAIDs for adults and
children, because it is not only a powerful analgesic, but also a highly specific and
potent inhibitor of the COX-2 enzyme [5-12, 18, 19, 23].

Meloxicam presents with a plethora of pharmacokinetic features rather unique

to it such as unpronounced first-pass hepatic metabolism, fast tissue penetration and
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high-capacity plasma protein binding, whereas exerting considerable drug interplays
over medicines sharing same mechanisms. Because of the traffic jam in bio
membranes, cellular structures, organelles and some carrier proteins caused by
excretion via biliary-urinary pathway for most metabolites’ meloxicam may
additionally cause various degrees reversible hepatotoxicity (with or without
cholestasis) and nephrotoxicity. Meloxicam is a basic drug which can distribute to
its site of action throughout the body due to passive diffusion after partitioning into
cytoplasm, enter tissues and be bio transformed in liver for elimination, making it
safe as well as efficacious [5-12, 21, 22, 24, 32, 38].

The main metabolic pathway responsible for the pharmacological effect of
meloxicam is through inhibition of COX-2 enzyme which results in a decrease in
prostaglandins that are involved to inflammation and pain. Meloxicam is considered
to be a more selective COX-2 inhibitor than non-selective NSAIDs, and its higher
potency relative to older drugs in this class such as diclofenac may translate into
fewer adverse gastrointestinal effects. At least at lower doses, this selectivity is due
to meloxicam having a higher binding affinity for the COX-2 enzyme, so, this
medication is frequently used to treat disorders like arthritis [5-12, 18, 19, 21-25, 32,
38].

The pharmacokinetic of meloxicam is derived from absorption, distributed in
the body, metabolized and excreted. Other important features are bioavailability,
half-life and systemic exposure. Meloxicam is dosed in a mostly linear fashion (as
are other NSAIDs, up to 15 mg/day) with some nonlinearity possibly present at doses
> 15 mg/d. The pharmacokinetic parameters of meloxicam may be influenced by
age, weight and renal function. Meloxicam should be used at higher doses sparingly
in the elderly and obese patients. There is also a need for caution in patients with
reduced renal function as the metabolism of meloxicam depends on organ integrity
[5-12, 21, 22, 24, 32, 38].

Absorption. The absolute bioavailability of meloxicam capsules was 89 %
following a single oral dose of 30 mg compared with 30 mg IV bolus injection.

Following single intravenous doses, dose-proportional pharmacokinetics were
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shown in the range of 5 mg to 60 mg. After multiple oral doses the pharmacokinetics
of meloxicam capsules were dose-proportional over the range of 7.5 mg to 15 mg.
Mean Cumax was achieved within four to five hours after a 7.5 mg meloxicam tablet
was taken under fasted conditions, indicating a prolonged drug absorption. With
multiple dosing, steady state concentrations were reached by Day 5. A second
meloxicam concentration peak occurs around 12 to 14 hours post-dose suggesting
biliary recycling [5-12, 18, 19, 23, 22, 24, 32, 38].

Distribution. The mean volume of distribution of meloxicam is approximately
10 L. Meloxicam is ~99.4 % bound to human plasma proteins (primarily albumin)
within the therapeutic dose range. The fraction of protein binding is independent of
drug concentration, over the clinically relevant concentration range, but decreases to
~99 % 1n patients with renal disease. Meloxicam penetration into human red blood
cells, after oral dosing, is less than 10 %. Following a radiolabeled dose, over 90 %
of the radioactivity detected in the plasma was present as unchanged meloxicam.
Meloxicam concentrations in synovial fluid, after a single oral dose, range from
40 % to 50% of those in plasma. The free fraction in synovial fluid is 2.5 times
higher than in plasma, due to the lower albumin content in synovial fluid as
compared to plasma. The significance of this penetration is unknown [5-12, 19, 21,
22,24, 32, 38].

Metabolism. Meloxicam 1s almost completely metabolized to four
pharmacologically inactive metabolites. The major metabolite, 5'-carboxy
meloxicam (60 % of dose), from P-450 mediated metabolism was formed by
oxidation of an intermediate metabolite 5'-hydroxymethyl meloxicam which is also
excreted to a lesser extent (9 % of dose). In vitro studies indicate that cytochrome P-
450 2C9 plays an important role in this metabolic pathway with a minor contribution
of the CYP 3A4 isozyme. Patients’ peroxidase activity is probably responsible for
the other two metabolites which account for 16% and 4% of the administered dose,
respectively [5-12, 18, 21, 22, 23, 22, 24, 38].

Excretion. Meloxicam excretion is predominantly in the form of metabolites,

and occurs to equal extents in the urine and feces. Only traces of the unchanged
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parent compound are excreted in the urine (0.2 %) and feces (1.6 %). The extent of
the urinary excretion was confirmed for unlabeled multiple 7.5 mg doses: 0.5 %, 6
% and 13% of the dose were found in urine in the form of meloxicam, and the 5'-
hydroxymethyl and 5'-carboxy metabolites, respectively. There is significant biliary
and/or enteral secretion of the drug. This was demonstrated when oral administration
of cholestyramine following a single IV dose of meloxicam decreased the AUC of
meloxicam by 50 %. The mean elimination half-life (t1/2) ranges from 15 hours to
20 hours. The elimination half-life is constant across dose levels indicating linear
metabolism within the therapeutic dose range. Plasma clearance ranges from 7 to
9 mL/min [5-12, 21, 22, 24, 32, 38].

The pharmacokinetic profile of meloxicam is relatively consistent between
different disease states which aids predictability and thus clinical utility in
determining optimal dosing intervals. This is why best practice in patients receiving
meloxicam often involves personalized pharmacokinetic/pharmacodynamic-guided
therapy [5-12, 21, 22, 24, 32, 38].

It also has an efficacy of 24 per 100 patients for pain relief, as a second-line
analgesic. Moreover, benefits plateau at this dose and doses higher than 15 mg/day
do not increase additional efficacy; even greater levels of activation (approximately
two- to fivefold what we tested) are still effective. Key pharmacokinetic—
pharmacodynamic studies are needed to predict when the therapeutic effect will
occur, and can help in right dose titration. In addition, incapability of meloxicam to
modulate its anti-inflammatory activity based upon the employed dosing regimen
may contribute towards an increased incandescence in DDIs with other therapies for
which co-administration is warranted [21, 22, 24, 32, 38].

Depending on post-marketing research and the route of administration,
different therapeutic indications are approved. Guidelines & recommendations for
the use of meloxicam are published by different medical institutions [18, 19, 23].

Meloxicam is an FDA-approved medication for the treatment of many
inflammatory conditions such as osteoarthritis, theumatoid arthritis and juvenile

rheumatoid arthritis [5-12]. Meloxicam is administered in a number of forms



12

suitable for various patient populations: oral tablets, capsules and solution
injectables are available. Oral formulations are advantageous because of their
convenience and extended-release, offering once-daily dosing benefiting patient
compliance. There is also ongoing work in the area of topical meloxicam
formulation, for targeted pain relief and minimal absorption into the systemic
circulation [5-12, 18, 19, 21-25, 32, 33, 38]

Adverse Effects and Contraindications. Meloxicam, as an NSAID, exhibits
the following side effects, similar to other agents from its class: gastrointestinal
effects, including bleeding, gastric pains, and an increase in hepatic enzymes. When
introducing meloxicam, it is essential to assess antecedent cardiovascular episodes
in the patient, including arterial hypertension, ischemic attack, and myocardial
ischemia. Furthermore, meloxicam could have potential in the development of
congestive heart failure. The co-administration of additional corticosteroids, other
NSAIDs, and anticoagulants should be approached with prudence because this may
enhance their toxicity. As for a contraindication, meloxicam should not be
administered to children [5-12, 18, 19, 23, 33].

In conclusion, meloxicam continues to be an important option for the
treatment of inflammation and accompanying painful conditions because of its

COX-2 selectivity with less gastrointestinal risk.

1.2 Physicochemical characteristics and quality control methods of

meloxicam

Meloxicam is a C14H13N304S2 molecule with the molecular weight of 351.4
g/mol [15-17, 25, 27, 29, 31, 34, 40].

The physical properties of meloxicam include the following: a pale yellow
crystalline powder; poorly soluble in water and soluble in polar organic solvents
such as dimethylformamide (DMFA), dimethyl sulfoxide, and methanol. Melting
point: approximately 255-258°C. Meloxicam exhibits moderate lipophilicity, with a

Log P value of around 1.1-1.2. Stability: stable under normal storage conditions;
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sensitive to strong acidic or alkaline conditions, which may cause degradation [14,
15,17, 27, 29, 34, 40].

It has two ionisable functional groups, the 4-hydroxyl group of the thiazine
and the N1 of the thiazolyl substituent (Fig. 1.1) [35].

According to its physicochemical properties, meloxicam is an amphoteric
compound, as it contains both acidic (hydroxyl) and basic (amino) groups.
Depending on the pH of the environment, it can exist in different forms: cationic (in
an acidic environment), neutral, or anionic (in an alkaline environment). The acid

dissociation constant (pKa) is 4.08 [14-17, 20, 25, 26, 27, 29, 31, 34-36, 40].

7 S O OH
H
30

Fig. 1.1 Chemical structure of meloxicam

These physicochemical properties of meloxicam including its pH-sensitivity
are essential when used in drug delivery systems. Also in the presence of ultrasound-
generated hydroxyl metal ions meloxicam molecular can be degraded. Higher
temperatures may increase dissociation of meloxicam, as well as its reactivity, but
can form thermoregulated products that do not show any significant changes in the
clinical aspect [20, 25, 26, 27, 29].

Solubility is one of the most important factors which decides bioavailability,
since a drug can only act when exist in its soluble form as absorption of drugs will
always happened when they are in solution. Thus, at a pH of 7.4 (where the drug
actually acts), meloxicam existing in its prevailing unionized state brings about and

supports activity [14-17, 20, 27, 29, 31, 40].
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The current quality control methods for meloxicam and its formulations active
principles are necessary during all phases of manufacturing process in order to
guarantee that these drugs will have constant pharmaceutical qualities [14-16].

It is essential to test the quality of Meloxicam in pharmaceutical dosage forms
as drug potency and purity will influence its functional profile (efficacy, safety) that
may result in adherence to regulatory requirements. A literature survey has revealed
several methods for the determination of meloxicam and they include the titrimetric
method with the most common being the non-aqueous titration. Other methods
reported are potentiometric titration, UV-spectrophotometric methods, Visible
spectrophotometry, Near infra-red spectroscopy, Voltammetry, Fluorescence
spectrometry, Thin layer chromatography and High Performance Thin Layer
Chromatography. The use of High-Performance Liquid Chromatography (HPLC)
for the assay of meloxicam in biological fluids and pharmaceutical preparations has
also been reported [14-17, 20, 25, 26, 29, 31, 34-36, 39].

The HPLC is the most used method for meloxicam analysis because of its high
precision and accuracy to separate meloxicam from its impurities, degradation
products in pharmaceutical formulation. Most HPLC methods utilize reverse-phase
columns with water, acetonitrile, methanol mixtures as mobile phases. Meloxicam
detection is usually performed using UV detectors at a wavelength of 355 nm (A max
absorbance) [14, 20, 26, 27, 31, 40].

Gas Chromatography (GC): Used less commonly than HPLC, GC can be used
for meloxicam analysis as well when coupled with mass spectrometry to increase
sensitivity and specificity. Meloxicam needs to be derivatized for its adequate
volatility, which can only take place in a GC column [35].

Absorption spectrophotometry in the UV-visible area (Spectrophotometry):
This is a simple and relatively cheaper method for analysing the amount of
meloxicam. This is a method that easily determines authenticate quality control can
be developed and the absorbance of meloxicam can generally take place at specific

wavelengths. Some common techniques for quantifying meloxicam by
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spectrophotometry are presented below (Table 1.1) [15, 16, 17, 25, 29, 31, 34-36,
39].

Table 1.1
Methods of quantitative determination of meloxicam by spectrophotometry
Linearity
Terms of definition A om range of the
(environment, pH, reagent) s method,
ug/ml
0.1 N NaOH solution 269 5-30
10% sodium citrate solution 269 5-30
1 M NaOH + MeOH (1:1, v/v) 341 1,0-14,0
Borate buffer (pH=8.5) 363 0,5-30
Phosphate buffer (pH=8) + methylene blue
653,5 1,5
+ chloroform
0.1 M NaOH solution + 5 % FeCl; 476 50-250
3-methylbenzo-thiazolinone hydrazone + 450 2-20
Ce(NH4)2(S04) 360 1-10
2,3-dichloro-5,6-dicyano-p-benzocaine 455 40-160
Astrafloxin (pH=8-12) + DHE isooctane 541 0,7-20

In modern world pharmacopoeias, titrimetry methods are also used for

quantitative determination of meloxicam in substances [27, 40, 42].

Conclusions to section [

1. Areview of literature sources on the pharmacological properties, medical
applications, physicochemical properties, and existing methods of quality control for

meloxicam was conducted.
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SECTION II
OBJECT AND METHODS OF RESEARCH, INFORMATION ABOUT
DEVICES, EQUIPMENT AND REAGENTS

2.1 Analysis of the pharmaceutical market of medicinal products containing

meloxicam

Pharmaceutical market analysis is a key stage in the research and assessment
of the current state and development prospects of a particular group of medicinal
products (MPs). It allows collecting and analysing data on the market situation,
dynamics, trends, competitive environment, and consumer behaviour. The results of
such analysis are an effective tool for identifying the main active pharmaceutical
ingredients (API) used in the manufacture of finished MPs of this pharmacological
group, available dosage forms, manufacturers, etc [1, 13].

To study the market of meloxicam-containing medicines, such information
sources as the State Register of Medicines of Ukraine [4] and the Compendium
Online Medicines Directory were used [5-12]. In the course of the research, methods
of marketing analysis, study of the competitive environment and market structure
were implemented [1, 13].

According to the results of the analysis, as of the third quarter of 2024,
70 names of MPs containing meloxicam were registered in Ukraine (Appendix A,
Table 1). Given that 10 of them are APIs for the manufacture of finished MPs
(Appendix A, Table 2), their number was not taken into account in further
calculations [4, 5-12].

As a result of the studies, it was found out that according to the Anatomical
Therapeutic Chemical Classification (ATC), these MPs belong to the group: ATC
MO1A C06 — Agents affecting the musculoskeletal system; Anti-inflammatory and
anti-theumatic agents, non-steroidal anti-inflammatory and anti-rheumatic agents;

Oxycoms; Meloxicam [4, 5-12].
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It was found that the most frequently used MP containing meloxicam are
presented in the dosage forms ‘Tablets’ — 29 items (48.3 %) and “Solution for
injections” — 28 items (46.7 %). A smaller share belongs to MPs in the dosage form
“Suppositories” — 3 items (5.0 %) (Fig. 2.1) [4, 5-12].

Suppositories

50% e

Tablets; 48,3%

/

Solution for/

injections;
46,7%

Fig. 2.1 Distribution of MPs of meloxicam by type of dosage form

According to the ATC classification, all of the above MPs are single-
ingredient medicines — 60 items (100.0 %), while two- and combination medicines
with meloxicam were not registered in Ukraine at the time of the study [4, 5-12].

The study of manufacturers of MPs with meloxicam found that the share of
imported products and those manufactured in Ukraine is almost the same: 31 items
(51.7 %), and 29 items (48.3 %), respectively. The largest importer is Greece — 8
items (13.3 %), Turkey has a smaller share in imports — 6 items (10.0 %); Spain, the
Republic of Poland — 3 items (5.0 % each); Canada, Italy, India, Romania, Cyprus —
2 items (3.3 %); Slovenia — 1 item (1.7 %) (Fig. 2.2) [4, 5-12].
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2%

= Ukraine

= Greece

= Tiirkiye

= Spain

= Republic of Poland

= Canada

= [taly

= India

= Romania

= Cyprus

= Slovak Republic

Fig. 2.2 Division of MPs by country of manufacture

The leading manufacturers of MPs with meloxicam in Ukraine, containing iron
compounds, are Lekhim-Kharkiv JSC — 8 items (27.6 %*), Farmex Group LLC — 5
items (17.2 %*), Farmak JSC — 4 items (13.8 %*), and Novopharm-Biosynthesis
LLC, MICROCHEM LLC - 3 items each (each 10.3 %*), ASTRAFARM LLC,
Kyiv Vitamin Plant JSC — 2 items each (6.9 %*), Farmasel LLC, Research and
Production Centre Borshchahivskiy Chemical and Pharmaceutical Plant JSC — 1
item each (3.4 %%*) (Fig. 2.3). Note: * — in terms of the number of MPs manufactured

by domestic manufacturers [5-12].
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Research and Production Farmasel LLC; 3,4% Kyiv Vitamin Plant
Centre Borshchahivskiy JSC; 6,9%
Chemical and... ‘
Lekhim-Kharkiv JSC; ASTRA?;EM LLC;
27,6% »7 70
MICROCHEM LLC ;
10,3%
Novopharm-
. Biosynthesis LLC;
Farmex1(7}r§(;)p LLC; 10.3%

Farmak JSC; 13,8%

Fig. 2.3 Division of MPs produced by domestic manufacturers*

Thus, the analysis of the pharmaceutical market of Ukraine with MPs
containing meloxicam revealed that they belong to the same ATC group (ATX
MOTA C06) and are represented by mono-preparations in tablet, suppository and
injection solution dosage forms. The amount of MPs imported and produced in
Ukraine is almost the same. The largest supplier is Greece. Ukrainian-made
medicines are represented by 29 items manufactured by 9 pharmaceutical companies

[4, 5-12].

2.2 The objects of the study

The object of the study was a new combined MP (series 01-03), the active
substances of which are glucosamine sulfate sodium chloride (equivalent to 1.5 g of
glucosamine sulfate and 0.384 g of sodium chloride) — 1.884 g and meloxicam —

0.015 g in the form of powder for oral solution, 4.0 g in a sachet.
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2.3 Research methods and brief information on instruments, equipment and

reagents

During the experimental part of the study, modern physical, physicochemical
methods of analysis, statistical analysis of chemical experiment results and
validation of analytical techniques and tests in accordance with the current edition
of the State Pharmacopoeia of Ukraine (SPhU) [2, 3] and the European
Pharmacopoeia (Ph.Eur.) [27] were used.

The research was carried out using analytical scales “Kern”, model “ABT 120-
5DM” (Germany) and an ultrasonic bath “Sonorex, model “Super RK 103 H”
(Germany).

Class A (first class) measuring utensils from “Simax” (Czech Republic) were
also used for the analysis.

Working solutions were prepared in accordance with the methods given in
section SPhU 2.0, “Reagents”; in some cases, working solutions were prepared
according to the requirements of other pharmacopoeias, as indicated in the relevant
methods. The solutions were used freshly prepared or within the shelf life specified

in the relevant regulatory documents [2, 3].

2.3.1 Development of a technique for the quantitative determination of

meloxicam by spectrophotometry

Absorption spectrophotometry in the UV-visible area (spectrophotometry) is
a physicochemical method of analysis based on the determination of the absorption
spectrum or measurement of light absorption at a specific wavelength. The method
is characterised by simplicity of execution, accuracy of the results obtained and is
used to identify compounds, study the composition, structure and quantitative
analysis of individual substances and multicomponent systems [3, 15, 25, 27, 29,

40].
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The determination was carried out by absorption spectrophotometry in the
ultraviolet and visible regions in accordance with the requirements of the Ph.Eur./
SPhU, 2.2.25 [3, 27].

A Specord 200 double-beam spectrophotometer manufactured by
AnalitykJena (Germany) was used for the research. The optical density of the test
solutions and the standard solutions was measured in cuvettes with a layer thickness
of 10 mm.

A standard sample of meloxicam (Sigma Aldrich, Cat. No. PHR1799, series
LRAAS8813) with a substance content of 100.0 % was used to prepare the

comparison solutions.

2.3.2 Uniformity of mass of single-dose preparations

Sachet pouches are a popular form of dosage because they provide an exact
amount of active ingredient for a single dose, are easy to use and protect the contents
from external influences. However, even minor deviations from the nominal weight
of the contents can affect the effectiveness of treatment, especially for MPs with a
narrow therapeutic index. Therefore, determination of the indicator “Uniformity of
mass of single-dose preparations” is an important component of quality control of
powders in the form of sachet pouches [2, 3].

The determination was carried out in accordance with the requirements of the
Ph.Eur/SPhU, 2.9.5. We randomly selected 20 pouches, weighed each pouch with
its contents separately, emptied it of its contents and weighed it again. The difference
was used to determine the weight of the pouch contents, and then the average weight
was calculated [2, 3, 27].

In accordance with the requirements of the Ph.Eur/SPhU, if the average weight
of the pouch contents is more than 300 mg, the permissible deviation should be
+ 7.5 % [2, 3, 27]. For the batches of the analysed preparation (4,000 g), the average
weight of the pouch contents should be between 3,700 g and 4,300 g.
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Out of 20 test pouches, no more than 2 pouches with a deviation from the
average weight of the pouch contents of more than = 7.5 % are allowed, and no
pouches with a deviation from the average weight of the pouch contents of more
than &+ 15 %. The determination was carried out for each batch of the medicine [2,

3,27].

2.3.3. Validation of analytical techniques and statistical analysis of

experimental results

The study of validation characteristics was carried out in accordance with the
requirements of the general article of the SPhU, 5.3.N.2 “Validation of analytical
techniques and tests” [3].

The statistical processing of the obtained results was carried out in accordance
with the requirements of the general article of the SPhU, 5.3.N.1 “Statistical analysis

of chemical experiment results N using Microsoft Office 2019 software [3].
Conclusions to Section 11

1. An analysis of the pharmaceutical market of Ukraine containing
meloxicam was carried out. It has been established that according to the ATC
classification, they belong to the same ATC group (ATX MO1A C06) and are
represented by mono-preparations in the dosage forms of tablets, suppositories and
solution for injection. The amount of medicines imported and produced in Ukraine
is almost the same. The largest supplier is Greece. Ukrainian-made MPs are
represented by 29 items manufactured by 9 pharmaceutical companies.

2. The object of the study was chosen — a new combination MP (series 01-
03), the active substances of which are glucosamine sulfate sodium chloride
(equivalent to 1.5 g of glucosamine sulfate and 0.384 g of sodium chloride) — 1.884
g and meloxicam — 0.015 g in the form of powder for oral solution, 4.0 g in a sachet.

3. The methods, equipment and devices used in the research are described.
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SECTION III
SELECTION OF CONDITIONS FOR THE QUANTITATIVE
DETERMINATION OF MELOXICAM IN A COMBINED MEDICINAL
PRODUCT AS A POWDER FOR ORAL SOLUTION PREPARATION

The development of a method for the quantitative determination of active
pharmaceutical ingredients is a crucial step in ensuring the quality of medicines. In
the case of MPs in powder form for the preparation of oral solutions, the accuracy
of the dosage is essential to achieve the therapeutic effect and avoid side effects [2].

Before proceeding with the selection of conditions for the quantification of
meloxicam in a combined MP, it is necessary to calculate the average weight of the
package contents. This step is vital to ensure the accuracy of the analysis, as the
uniformity of the active ingredient distribution in each dose directly affects the
analysis results and the ability to achieve the required therapeutic concentration of

meloxicam [2, 3, 27, 40].

3.1 Determination of the average weight of the sachet pouch contents

Determination of the average weight of the powder content in a sachet pouch
i1s a necessary step in the calculation of the quantitative content of the active
substance, as it allows for possible weight variations in individual product units. This
indicator helps to ensure the accuracy and reliability of further analytical studies, as
well as the compliance of the final results with the requirements of regulatory
documents [2, 3, 27, 40].

The average weight and deviation from the average weight were calculated
for all batches of the analysed MP (batches 01-03). The results of the study are
presented in Table 3.1.
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Table 3.1
Results of determination of the average weight and deviation from the

average weight for the analysed oral powder in sachet pouches

Batch 01 Batch 02 Batch 03

3,8770 3,8584 3,8869

3,8816 3,8701 3,8909

3,8897 3,8804 3,8958

3,9001 3,8904 3,9007

3,9079 3,9007 3,9057

3,9151 3,9106 3,9105

3,9381 3,9208 3,9203

3,9412 3,9503 3,9408

3,9566 3,9607 3,9506

3,9749 3,9812 3,9801

3,9789 4,0007 4,0507

3,9933 4,0405 4,0603

4,0128 4,0508 4,0705

4,0165 4,0713 4,1105

4,0176 4,0812 4,1209

4,0356 4,1003 4,1306

4,0607 4,1103 4,1402

4,0665 4,1206 4,1501

4,1014 4,1312 4,1804

4,1056 4,1412 4,1943

Average weight, g 3,9786 3,9986 4,0195
Deviation. % -2,55% -3,51% -3,30%
’ +3,19 % +3,57 % +4,35 %

According to the results of the study (Table 3.1), the average weight for batch
01 1s 3.9786 g, for batch 02 — 3.9986 g, and for batch 03 —4.0195 g.

3.2 Substantiation of conditions for the quantitative determination of

meloxicam in a combination MP by spectrophotometry

Due to the fact that the analysed MP is a combination one, with glucosamine
sodium chloride and meloxicam as active ingredients, the physicochemical
properties of the components, their solubility, etc. should be taken into account to

select the optimal conditions for the determination of meloxicam.
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After analysing the literature sources, it was found out that glucosamine
sulfate sodium chloride i1s a complex compound containing glucosamine

(aminomonosaccharide), sodium, chloride and a sulfate group (Fig. 3.1) [41].

Fig. 3.1 Chemical structure of glucosamine sulfate sodium chloride

It is a highly water-soluble powder that is insoluble or practically insoluble in
organic solvents (e.g. ethanol, acetone). In alkaline environments, chemical changes
of the substance are possible, in particular, destruction of the amino group
(deamination) or hydrolysis of glycosidic bonds [41].

At the same time, meloxicam is a water-insoluble, poorly soluble in alcohol,
and highly soluble in strong alkalis and dimethylformamide powder. It is an
amphoteric compound because it contains an acid (hydroxyl) and a basic (amino)
group, and depending on the pH of the medium, it can be found in different forms -
cationic (in an acidic environment), neutral and anionic (in an alkaline environment);
the acid dissociation constant (pKa) is 4.08 [28, 35, 37]. It has chromophore groups,
so currently, there are several approaches to the determination of meloxicam by
spectrophotometry in the scientific literature, including the analysis in acidic and
alkaline environments, by the reaction of complex formation with chromophore

agents, etc [15, 16, 17, 25, 29, 34-36, 39].
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In addition, the analysed MP is a combination one, other active and auxiliary
substances may change the physicochemical properties of the solution, for example,
ionic interactions between sodium, chlorine and buffer components may occur,
which will complicate the spectrophotometric determination of meloxicam;
glucosamine may form complex compounds or change the pH of the medium, which
may affect the spectrum of meloxicam (shift in the maximum absorbance Amax or
decrease in signal intensity) [17, 25, 29].

Another option for the determination of meloxicam is the formation of
complexes with chromophore reagents [15, 17, 25, 29, 31, 36, 39]. However,
glucosamine sulfate sodium chloride is a polar ionic compound and also contains
amino groups, which can lead to reactions with reagents that form chromophore
complexes [41]. This may lead to changes in the optical properties of meloxicam
complexes with chromophore reagents, which in general will reduce the selectivity
and accuracy of the determination. In addition, other components of the MP, e.g.
excipients, stabilisers, may also react with chromophore reagents, making the results
difficult to interpret. Reactions to form chromophore complexes also require strict
control of conditions, such as pH of the medium, concentrations of reagents, reaction
time, temperature, etc. In combination preparations, these conditions can be difficult
to reproduce due to the influence of other components of the medicine [20, 26].

Analysing the literature data, the most appropriate approach for the analysis
of meloxicam in the investigational MP was chosen, which consists in its
determination in an acidic environment. This is due to the fact that at pH < 7,
meloxicam 1s converted to the cationic form, which 1s more stable, less sensitive to
hydrolysis and better determined spectrophotometrically. As for glucosamine
sodium chloride, in an acidic environment, protonation of its amino group occurs,
which increases its ionisation and hydrophilicity (solubility increases) [16, 25, 28,
29, 31, 37].

The next stage of the study was to substantiate the solvent for the test solution.
Glucosamine sulfate sodium chloride and meloxicam have different solubility

properties: glucosamine is easily soluble in water, while meloxicam is a poorly



27

soluble in aqueous medium compound, but is well soluble in polar aprotic solvents,
such as dimethylformamide (DMF). DMF can dissolve many organic and inorganic
compounds due to its high polarity and ability to form hydrogen bonds. That is why
DMF was chosen to dissolve the ingredients of the analysed MP [2, 27, 40].

3.3 Development of a technique for the quantitative determination of

meloxicam in a combined MP by spectrophotometry

To accelerate the process of dissolution of the MP components, it is proposed
to use ultrasonic treatment of the solution, as it promotes faster and more efficient
dissolution of the medicine components, and eliminates possible aggregations that
may affect the analysis results [25, 29].

After dissolving the medicine sample, the solution was filtered through a "blue
ribbon" paper filter, an aliquot was taken and mixed with 0.1 M hydrochloric acid
solution (to convert meloxicam to the cationic form). The optical density of the test
solution was measured using a spectrophotometer using a 0.1 M hydrochloric acid
solution as a compensation solution. A comparison solution of meloxicam was also
prepared and its optical density was determined under the same conditions [15, 16,
17, 25, 29].

As a result of the conducted research, it was found out that in the wavelength
range from 280 nm to 420 nm, the spectrum of the test solution has a maximum that

coincides with the maximum of the reference solution at a wavelength of (345 +

2) nm (Figs. 3.2, 3.3).
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Fig. 3.3 Absorption spectrum of the analysed MP

The proposed technique for the quantitative determination of meloxicam in a

combined MP in the form of an oral powder is presented below.

The determination is carried out by absorption spectrophotometry in the

in accordance with the requirements of

ultraviolet and visible regions

Ph.Eur/SPhU

2.2.25[2,3,27].

b

The solutions are prepared shortly before use.

Test solution. Approx. 4,000 g (exact weight) of the substance powder is

30 mL of dimethylformamide is added,

9

volumetric flask

placed in a 50 mL

sonicated, made up to the volume with the same solvent and stirred. The resulting
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solution is filtered through a "blue ribbon" paper filter [2, 3, 27].

2 ml of the obtained solution is placed into a 50 ml volumetric flask, the
volume of the solution is brought to the mark with 0.1 M hydrochloric acid solution
and stirred [2, 3, 27].

Comparison solution. About 30 mg (exact weight) of the meloxicam standard
sample is placed into a 50 ml volumetric flask, dissolved in 30 ml
dimethylformamide, sonicated, made up to the volume with the same solvent and
stirred. The obtained solution is filtered through a "blue ribbon" paper filter [2, 3,
27].

2 ml of the obtained solution is placed in a 100 ml volumetric flask, the
volume of the solution is brought to the mark with 0.1 M hydrochloric acid solution
and stirred [2, 3, 27].

The optical density of the test solution and the reference solution is measured
using a spectrophotometer at 345 + 2 nm in a cuvette with a layer thickness of 10
mm, using 0.1 M hydrochloric acid as a compensation solution [2, 3, 27].

The content of meloxicam (X) in one sachet, in milligrams, is calculated by

the formula:
_A;*my-50-50-2-b-P-1000 A; mg-b-P-5
"~ Ay-m-2-50-100-100 Ay m

A 1s the optical density of the test solution at a maximum at a wavelength of
345 + 2 nm;

Ao 1s the optical density of the reference solution at a maximum at a
wavelength of 345 + 2 nm;

m 1s the weight of the medicine powder, in grams;

my 1s the weight of meloxicam powder, in grams;

P is the content of the main substance in meloxicam, in a percentage;

b is the average weight of the sachet contents, in grams.

The content of meloxicam in one sachet should be from 13.88 mg to 16.13 mg

(15 mg=£7.5%).
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The metrological characteristics of the developed technique are given in

Table 3.2.

Table 3.2

Metrological characteristics of the technique for the quantitative

determination of meloxicam in a combined MP in the form of a powder for

oral solution (batch 01)

Xi

Xbatch

SZ

Sbatch

P

t(P,v)

Confidence interval g, %

0,8202

0,8201

0,8205

0,8194

0,8202

0,8201

0,000000167

0,0002

0,95

2,78

0,8201+0,0005 0,06

The results of the quantitative determination of meloxicam in a combination

MP in the form of powder for oral solution (batches 01-03) are presented in Table

3.3.

Table 3.3

The results of the quantitative determination of meloxicam in a

combination MP in the form of a powder for oral solution (batches 01-03)

Standard
meloxicam | g b 01 | Batch02 | Batch 03
sample
(P=100,0 %)
Al 0,8143 0,8202 0,7865 0,8039
Ao 0,8142 0,8201 0,7871 0,8020
Aj 0,8142 0,8205 0,7876 0,8018
As 0,8139 0,8194 0,7876 0,8020
As 0,8134 0,8201 0,7866 0,8020
Abatch 0,8140 0,8201 0,7871 0,8023
My 0,0304 3,9867 3,9786 4,0323
b g 3,9786 3,9986 4,0195
X, mg 15,28 14,77 14,93

As can be seen from the study results, the quantitative content of meloxicam

in the combined MP in the form of powder for oral solution for batches 01-03 is
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15.28 mg, 14.77 mg and 14.93 mg, respectively. The obtained values meet the

requirements of regulatory documents.

Conclusions to Section II1

1. The average weight and deviation from the average weight for the
analysed batches of the medicine were determined: batch 01 —3.9786 g (deviation:
-2.55 %, +3.19 %), batch 02 — 3.9986 g (deviation: -3.51 %, +3.57 %), batch 03 -
4.0195 g (deviation: -3.30 %, +4.35 %).

2. Taking into account the physicochemical properties and solubility of
glucosamine sodium chloride and meloxicam, the conditions for the quantitative
determination of meloxicam in a combined MP were theoretically substantiated,
which consist in dissolving a medicine sample in DMF using an ultrasonic bath and
subsequent determination in an acidic environment (in a 0.1 M hydrochloric acid
solution).

3. It was found out that in the wavelength range from 280 nm to 420 nm, the
spectrum of the test solution has a maximum that coincides with the maximum of
the reference solution at a wavelength of (345 + 2) nm.

4. The quantitative content of meloxicam for batches 01-03 was calculated,

which is 15.28 mg, 14.77 mg and 14.93 mg, respectively.
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SECTION IV
VALIDATION OF THE TECHNIQUE FOR THE QUANTITATIVE
DETERMINATION OF MELOXICAM IN THE ANALYSED DOSAGE
FORM BY SPECTROPHOTOMETRY

The main purpose of validation of analytical techniques is to prove, on the
basis of experimental data, that the technique is suitable or unsuitable for solving the
intended problems. The validation of a technique necessarily involves the evaluation
of the obtained validation characteristics in relation to the acceptance criteria [3, 27].

The method for the quantitative determination of meloxicam (active
ingredient) by absorption spectrophotometry in the ultraviolet and visible regions
requires full validation in terms of specificity, linearity, accuracy, precision and
robustness [3, 27].

Therefore, we calculated the acceptance criteria taking into account the
regulatory tolerances of the contents and the features of the spectrophotometric

method in the standard method variant [3, 27].

1.1 The requirements for the technique uncertainty

The maximum permissible total uncertainty of the analysis method is related
to the limits of the substance content in the preparation. The content of meloxicam
in a sachet packet is standardised within the range of 13.88-16.13 mg, thus the half-
difference of content tolerances 1s + 7.5 % [3, 27].

The maximum permissible total uncertainty of the analysis technique:

maxAas, % < 0.32x7.5 % = 2.4 %.

The criterion of insignificance was compared to the maximum permissible
uncertainty of the analysis results (Aas, insig) [3, 27]:

Aas,insig % < maxAas, %%0.32 =2.4 %x0.32 =0.77 %.
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The calculation of the uncertainty of sample solution (As), the uncertainty of
the final analytical operation (Arao) and the total uncertainty of the analysis

technique (Aas%) is given in Table 4.1 [3, 27].

Table 4.1
The calculation of the uncertainty Ay, Ar10 i Aas%
Sample solution operation \ Value \ Uncertainty, (A),%
Sample solution
The weight of the preparation 4000 mg 0,01
Uncertainty of weighing 0,2 mg
Bringing to volume 50 ml 0,17
Aliquot 2ml 0,61
Bringing to volume 50 M 0,17
Comparison solution

The weight (m) 30 mg 0,5
Uncertainty of weighing 0,2 mg
Bringing to volume 50 ml 0,17
Bringing to volume 2 ml 0,61
Bringing to volume 100 ml 0,12
Complete uncertainty of sample preparation Asp% 1,1357
The uncertainty of the final analytical operation 0.7
Ara0 (spectrometry) * ’
Complete uncertainty othe analysis technique A45% 133
Aas% =\(Asp%)?+(Ar10%)? ’

The total uncertainty of the analysis technique AAS% was calculated less
than max Aas (1.33 % < max Aas = 2.4 %), which meets the requirements for this
parameter [3, 27].

Thus, the total predicted uncertainty of the analytical technique for the
determination of meloxicam in the analysed medicine does not exceed the maximum

permissible uncertainty of the results.

1.1 Specificity

To study the specificity, the following solutions were prepared: placebo

solution, comparison solution (meloxicam standard solution), and test solution [3].
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Specificity (placebo effect). To determine the specificity of the technique, the
average optical density of the placebo solution (Avlank) Was calculated, which is
conditioned by the absorption of excipients [3, 27]:

Avlank = 0,0053; Ase = 0,8140.
The contribution of placebo to the total absorption of the medicine should

not exceed the value [3, 27]:

A
—ak .100<0,77%

St

According to the experimental data, the placebo contribution was:

5. = Aplank . 100% = LOSP’ 100% = 0,65%
exc A, 0,8140 ,

As can be seen, the inequalities are satisfied, that means the background
absorption 1is insignificant, and the technique is characterised by acceptable
specificity [3, 27]:

0,64% < 0,77 %.
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Fig. 4.3 Absorption spectrum of the test solution

1.2 Linearity

The quantification method should be linear within the range of application,

which should cover the possible concentrations of the active substance. The

Ph.Eur/SPhU establishes the range of application of quantification techniques as 80-
120 % [3, 27].

To confirm the linearity of the technique, 9 model solutions of the analysed

substance were prepared, the concentration of which varies uniformly within the

range of application (step — 5 %) [3, 27].

Calculations and criteria are given for normalised values (Table 4.2):

X;=C;/Csq-100TaY; = S;/Sg - 100
Table 4.2

Calculation of the linearity parameters of the technique for the quantitative

determination of meloxicam

The Valge of The average
C B % of the the optical B % of the
of the model standard density at Val(:le:ﬁ(():;[he standard
solution, solution X; = the densli)ty at the solution Y; =
mg/ml (calc.) | C;/Cs - 100 rga;c;mnumr;l maximum Si/Sst - 100
0,6355
80% 0,0096 80,00 0,6359 0,6357 80,24
0,6357
0,6756
85% 0,0102 85,00 0,6758 | %073 85.26
0,6751
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The value of
C B % of the the optical
of the model standard density at
solution, solution X; = the
mg/ml (calc.) | C;/Cq - 100 maximum
(375 nm)

0,7156
90% 0,0108 90,00 0,7159
0,7161
0,756
95% 0,0077 95,00 0,7565
0,7566
0,7958
100% 0,0114 100,00 0,7951
0,7955
0,8345
105% 0,0120 105,00 0,8348
0,8352
0,8712
110% 0,0126 110,00 0,8708
0,8711
0,9165
115% 0,0132 115,00 0,9166
0,9160
0,9552
120% 0,0138 120,00 0,9550
0,9551
0,7925
0,0120 100,0 0,7923 0,7923 100,0
0,7920

The average
value of the
optical
density at the
maximum

B % of the
standard

solution Y; =
S;i/Sst - 100

0,7159 90.36

0,7564 95,47

0,7955 100,40

0,8348 105,37

0.8710 109,94

0,9164 115.66

0,9551 120,55

Comparison
solution

Fig. 4.4 shows a graph of the linear dependence of the analytical signal on the
actual concentration of the solution, built in normalised coordinates, based on the

data given in the table (Table 4.2) [3, 27].
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Fig. 4.4 Graph of the linear dependence Yi=b*Xi + a for meloxicam in sachet

pouches

For the model solutions, the parameters of the linear dependence were
calculated using the least squares method: the free component a, the residual
standard deviation, and the correlation coefficient. The acceptance criteria are given

in Table 4.3 [3, 27].

Table 4.3
Linearity test data for the quantification technique
Parameter Requirements | The received value | Meeting the criterion
|a| <38 0,1510 Met
So < 1,27 0,5879 Met
r > 0,9957 0,9998 Met

Thus, the obtained results confirm that the technique for the quantitative

determination of meloxicam in the analysed MP in the concentration range from

80 % to 120 % i1s linear.

1.3 Correctness

The correctness i1s studied using the placebo method by determining the
response factor of a substance in model mixtures of placebo components.
To determine the correctness within the range of the analytical method, 9 test

solutions were prepared, following all the steps of the analytical technique [3, 27].
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The concentration of meloxicam in the solutions ranged from 80% to 120%.

The accuracy is characterised by two criteria [3, 27]:

- The criterion of statistical insignificance: §% = ‘Z 100 <22

0% — the criterion of practical insignificance - if the above ratio is not met, the

criterion of insignificance of this systematic error compared to the maximum

permissible uncertainty of the analysis is used ‘Z - 100‘ <A =0,77% [3, 27].

AS,insin g
The determination of the parameters of correctness and the calculation of the
acceptance criteria for meloxicam in sachet pouches are presented in Table 4.4.

Table 4.4

The calculation of meloxicam correctness parameters in sachet pouches

Component concentration
Added in % to the Found in % to the Found in % to the
concentration of the concentration of the added Z; =
comparison solution comparison solution (Ai/As) *100/(Cy/C
(Ci/Cst) *100% (4/A5) *100% st)

1 solution 80,00 80,24 100,30
2 solution 85,00 85,26 100,31
3 solution 90,00 90,36 100,40
4 solution 95,00 95,47 100,49
5 solution 100,00 100,40 100,40
6 solution 105,00 105,37 100,36

7 solution 110,00 109,94 99,95
8 solution 115,00 115,66 100,58
9 solution 120,00 120,55 100,46
ZLaer. 100,36

Relative standard deviation, s:%% 0,178

BignocHwmit qoBipunii iHTEpBaI 0.33

AZ = 1(90%,8)*s: = 1.85950%s. = ’
Critical value for the convergence of results A% < 24
Systematic error § = | Zeep - 100 0,36
1)  The criterion of statistical insignificanceo <

A7 /3=0,33/3=0,11 (0,36>0,11), Unmet

2) If not met, then the criterion of practical insignificance, Met

0 <0,77 (0,36 <0,77)

General conclusion about the technique Correct




Fulfilment of the accuracy criteria for the determination of meloxicam in sachet

pouches by spectrophotometry is shown in Table 4.5.
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Table 4.5
The results of the correctness assessment by two criteria
Requirements | Requirements for .
. . Meeting the
Parameter | Value for statistical practical S Ne
C .. L. criterion
insignificance insignificance
> Met th n
Z-100 | 036 <0,11 <0,77 et the second
criterion

Thus, the technique for the determination of meloxicam in the analysed

medicine meets the acceptance criteria for the validation indicator “Correctness”.

1.4 Precision

Convergence. Precision was studied on test solutions prepared to determine
the criterion "Correctness". The fulfillment of the precision criteria of the technique
for the quantitative determination of meloxicam in sachet pouches is given in

Table 4.6 [3, 27].

Table 4.6
The results of the precision assessment of meloxicam in sachet pouches
Parameter Value Criterion Meeting the criterion
AZ 0,36 <24% Met

Therefore, the method is characterized by sufficient convergence, since the
found value of the relative confidence interval is 0.36 %, which is less than the
critical value for the convergence of the results (2.4 %) and satisfies the acceptability
criteria of the validation indicator "Precision" [3, 27].

Intra-laboratory precision. For determination, the results of the study of test
solutions of one sample were obtained by two analysts on different days during one

working week using different measuring vessels.
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The determination of the parameters of intra-laboratory precision and the

calculation of its criteria are presented in Table. 4.7 [3, 27].

Table 4.7
Determination of intra-laboratory precision parameters
Ne Analyst Nel Analyst Ne2
1 101,46 101,45
2 101,45 101,49
3 101,49 101,49
4 101,50 101,45
5 101,49 101,45
Average 101,48 101,47
?Spemon’ 0,0010 0,0010
General average 101,47
Relative standard deviation, RSD% 0,02
Confidence interval, (Ainwa = t(95%, m*n-1)* RSD,%=2,1318 0.05
*RSD,% ’

Meeting the intralaboratory precision criteria for the determination of
meloxicam in sachet pouchers by spectrophotometry is given in the Table 4.8 [3,

27].

Table 4.8
Results of intra-laboratory precision assessment
Parameter Cr?te“‘m The obtained value Me;tmg the
requirements criterion
Aintra <24 0,05 Met

Therefore, the technique for quantitative determination of meloxicam meets the

acceptance criteria of the “Intra-laboratory precision” test.

1.5 Robustness (stability over time of analytical solutions)

The stability of the comparison solutions (Table 4.9) and the test solutions

(Table 4.10) was studied immediately after preparation, after 15 min, 30 min, 1 hour

and after 2 hours [3, 27].
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Table 4.9

Determination of stability of analytical solutions of meloxicam over time

2 5 ] 3 B 2 5 &
No. 0 min I?frtlfirn 'E%D § Afte‘r 'E%D % A}gil;l 'E%D % Ager 'E%D % %
O g [30min| T ‘g O § hours | § §§
0,7123 | 0,7117 | 0,01 | 0,7105 | 0,34 0,7122 0,01 |0,7131 | 0,04
2 0,7124 | 0,7123 | 0,01 | 0,7099 | 0,35 0,7120 0,06 | 0,7128 | 0,01
3 0,7131 | 0,7115| 0,08 | 0,7098 | 0,46 0,7118 0,18 0,712 0,15
Aaver 0,04 0,38 0,08 0,07

Acceptance criteria. The differences between the obtained values of the
meloxicam content in sachet pouches should not exceed the criterion of non-
significance compared to the maximum permissible uncertainty of the analysis
results (Aas, insig), that is 0.77 %. The criterion is met after 15 min, 30 min and 1
hour, however, the optical density of the tested solutions after 2 hours does not meet
the criteria. According to the above data, it i1s advisable to use the solutions for
quantitative determination within 2 hours.

Table 4.10

Determination of stability of analytical solutions of meloxicam in sachet

pouchers over time

9 32 32 2
50 50 50 5 ©
No. 0 min Afte‘r S E| After S | Afterl hour | § E After S g
ISmin | & & 30 mi = 8 = S| 2hours | &

S &|30min | G F S & S g

1 0,7781 | 0,7786 | 0,06 | 0,7771 | 0,13 0,7764 0,22 | 0,7700 | 1,04

2 0,778 | 0,7785 | 0,06 | 0,7772 | 0,10 0,7769 0,14 | 0,7698 | 1,05

3 0,7782 | 0,7782 | 0,00 | 0,7773 | 0,12 0,7773 0,12 | 0,7701 | 1,04

Aaver 0,04 0,12 0,16 1,05

Acceptance criteria. The differences between the obtained values of the
meloxicam content in sachet pouches should not exceed the criterion of non-
significance compared to the maximum permissible uncertainty of the analysis

results (Aas, insig), that is 0.77 %. The criterion is met after 15 min, 30 min and 1



42

hour, however, the optical density of the tested solutions after 2 hours does not meet
the criteria. According to the above data, it i1s advisable to use the solutions for
quantitative determination within 1 hour [3, 27].

The results of the test "Robustness (stability over time of analytical solutions)"
(for 30 minutes and 1 hour) meet the acceptance criteria.

Therefore, all the calculated parameters meet the necessary validation criteria.
The technique is considered validated and can be used for the quantitative
determination of meloxicam in sachet pouches by absorption spectrophotometry in
the ultraviolet and visible regions according to the draft methods for quality control

of MPs.

Conclusions to Section IV

1. Validation of the technique of quantitative determination of meloxicam
by spectrophotometry was carried out.

2. All the calculated parameters meet the necessary validation criteria.

3. The techniqueis correct and can be used for the quantitative
determination of meloxicam in a MP in the form of a powder for the preparation of

an oral solution by spectrophotometry.
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GENERAL CONCLUSIONS

The qualification work 1s dedicated to solving the scientific task of
substantiating and selecting optimal conditions for the quantitative determination of
meloxicam in the composition of a combined medicinal product in the form of a
powder for oral solution preparation:

1. A review of literature sources on the pharmacological properties, medical
applications, physicochemical properties, and existing methods of quality control for
meloxicam was conducted.

2. The current pharmaceutical market of Ukraine for meloxicam-containing
products was analyzed. It was found that these products are predominantly single-
component drugs in the form of tablets, suppositories, and injectable solutions, all
belonging to the same ATC group (ATC MO1A C06). The market share of imported
and domestically produced medicines is almost equal, with Greece identified as the
largest supplier.

3. The mean weight and deviations from the mean weight for the analyzed
batches of the drug (batches 01-03) were determined: batch 01: 3.9786 g (deviation:
-2.55 %, +3.19 %); batch 02: 3.9986 g (deviation: -3.51 %, +3.57 %); batch 03:
4.0195 g (deviation: -3.30 %, +4.35 %).

4. Taking into account the physicochemical properties and solubility of
glucosamine sodium chloride and meloxicam, the conditions for the quantitative
determination of meloxicam in a combined medicinal product were theoretically
substantiated, which consist in dissolving a sample in DMF using an ultrasonic bath
and subsequent determination in an acidic environment (in a 0.1 M hydrochloric acid
solution). It was found out that in the wavelength range from 280 nm to 420 nm, the
spectrum of the test solution has a maximum that coincides with the maximum of
the reference solution at a wavelength of (345 £ 2) nm.

5. The quantitative content of meloxicam for batches 01-03 was calculated,

which is 15.28 mg, 14.77 mg and 14.93 mg, respectively.
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6. The developed method was validated. The method is accurate and suitable for
the quantitative determination of meloxicam in the composition of a combined

medicinal product in the form of a powder for oral solution preparation using

spectrophotometry.
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Table 1

Medicinal products on the pharmaceutical market of Ukraine containing meloxicam

Release form (medicinal form,

Composition of active

No. Name potency (dosage), packaging substances Producer

7.5 mg orodispersible tablets; 10 :

MOVIKSIKAM® . . . . 1 tablet contains Lamp San Prospero S.p.A.,
1. tablets in a blister; 2 blisters in a )
ODT meloxicam 7.5 mg Italy
cardboard pack
MOVIKSIKAM® tablets dispersible in thg oral cavity, 1 tablet contains Lamp San Prospero S.p.A.,

2. ODT 15 mg each, 10 tablets in a blister; 1 meloxicam 15 m Ttal

or 2 blisters in a cardboard pack & Y

tablets of 15 mg, 10 tablets in a 1 tablet contains Kyiv Vitamin Plant JSC,
3 MELOXIKAM-KV blister; 1 or 2 blisters in a pack meloxicam 15 mg Ukraine

tablets of 7.5 mg, 10 tablets in a 1 tablet contains Kyiv Vitamin Plant JSC,
4. | MELOXIKAM-KV blister; 1 or 2 blisters in a pack meloxicam 7.5 mg Ukraine

: — 5
solution for injections 1% of 13|y 1y o e grug containg
5. | REVMOXIKAM® | 2% ampoties 2 Of 2 attipot €8 1 meloxicam in 100% Farmak JSC, Ukraine
blister; 1 blister in a pack; 1.5 ml in
. substance 10 mg
an ampoule; 5 ampoules in a pack
15 mg rectal suppositories; 5 | supbository contains
6. REVMOXIKAM® | suppositories in a blister; 1 blister in ppostiory Farmak JSC, Ukraine
meloxicam 15 mg
a cardboard pack

7 REVMOXIKAM® tablets of 15 mg, 10 tablets in a 1 tablet contains Farmak JSC, Ukraine

blister; 1 or 2 blisters in a pack

meloxicam - 15 mg
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(calculated as 100%
anhydrous substance)

tablets of 7.5 mg, 10 tablets in a

1 tablet contains
meloxicam - 7.5 mg

volume of 2 ml; 3 ampoules in a
cardboard package

meloxicam

8. REVMOXIKAM® blister; 1 or 2 blisters in a pack (calculated as 100% Farmak JSC, Ukraine
anhydrous substance)
tablets of 15 mg, 10 tablets in a 1 tablet contains 15 mg of | Aurobindo Pharma Limited -
i AROXIKAM blister; 1 blister in a cardboard pack meloxicam Unit 111, India
tablets of 7.5 mg, 10 tablets in a 1 tablet contains 7.5 mg of | Aurobindo Pharma Limited -
10. AROXIKAM blister; 1 blister in a cardboard pack meloxicam Unit III, India
solution for injection, 15 mg/1.5 ml; : : .
1. MOVALIS® 1.5 ml in an ampoule: 5 ampoules in 1.5 ml of the drug qontams Behringer Ingel_henn Espana,
15 mg of meloxicam Spain
a cardboard box
1. MOVALIS® 15 mg ‘Fablets.; 10 tablets each; 1 or 2 1 tablgt contains Behringer Ingel_henn Espana,
blisters in a cardboard box meloxicam 15 mg Spain
3. MOVALIS® 7.5 mg tabl.ets; 10 tablets each; 2 1 tabl.et contains Behringer Ingelhe1m Espana,
blisters in a cardboard box meloxicam 7.5 mg Spain
tablets of 15 mg, 10 tablets in a : : .
14. ASPIKA blister; 1 or 2 or 3 blisters in a I tablg t contains Biopharm Ltd., Republic of
meloxicam 15 mg Poland
cardboard box
tablets of 7.5 mg, 10 tablets in a : : :
15. ASPIKA blister; 1 or 2 or 3 blisters in a ! tab1.6t contains Biopharm Ltd., Republic of
meloxicam 7.5 mg Poland
cardboard box
SOI?QO;le;;EJierf 21? ,ollflensl %a/fllt}f ;n ) I ampoule (1.5 ml) of the Idol Ilac Dolum Sanai Ve
16. MELBEC® ‘ p drug contains 15 mg of o

Tijaret A.Sh., Turkey
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solution for injections, 15 mg/1.5 ml,
1.5 ml in an ampoule, 3 or 5

1.5 ml of solution contains

K.T. Romfarm Company

17. ELIPROB ampoules in a contouyed blister pack; 15 mg of meloxicam S.R.L., Romania
1 contour envelope in a cardboard
pack
tablets of 15 mg No. 10 (10x1), No. 1 tablet contains CO "MAGISTRA S & S" T.
18, ALGESIKAM® 20 (10x2) in blisters meloxicam 15 mg AT. V., Romania
solution for injections, 15 mg/1.5 ml 1.5 ml of solution (1
19. MELOX of 5 ampoules in a shaped blister; 1 ampoule) contains Medocemi Limited, Cyprus
or 2 blisters in a cardboard box meloxicam 15 mg
15 mg tablets; 10 tablets in a blister; 1 tablet contains C
20. MELOX 1 blister in a cardboard box meloxicam 15 mg Medocemi Limited, Cyprus
tablets, 15 mg each, 10 tablets in a
71 MELBEC® blister; 1 or 3 blisters in a cardboard 1 tablet contains NOBEL ILAC SANAI VE
' package, 4 tablets in a blister; 1 meloxicam 15 mg TIJARET AS, Turkey
blister in a cardboard package
tablets, 7.5 mg each, 10 tablets in a :
7 S 1 tablet contains NOBEL ILAC SANAI VE
22. MELBEC® blister; 1 or 3 blisters in a cardboard meloxicam 7.5 mg TIJARET AS, Turkey
package
solution for injections 10 mg/ml; 1.5 1155;11 (O)Ifﬁ‘giliggaﬁ-mlaﬁﬁ
23. SANAKOM ml in an ampoule; 5 ampoules in a £ . Lekhim-Kharkiv JSC
. ) : of the drug contains 10 mg
blister, 1 blister in a pack :
of meloxicam
solution for injections, 10 mg/ml, 1.5 1155;11 g?ﬁ:liggaﬁ'mlaﬁlj
24. ALSOKAM ml in an ampoule; 5 ampoules in a £ ’ Lekhim-Kharkiv JSC

blister; 1 blister in a pack

of the drug contains 10 mg
of meloxicam
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rectal suppositories of 0.015 g, 5
suppositories in a blister; 2 blisters in
a cardboard pack;

1 suppository contains

25. INFLAMINE L : : Lekhim-Kharkiv JSC
rectal suppositories of 0.015 g, in meloxicam 15 mg
bulk No. 1250: 5 suppositories in a
blister; 250 blisters in a box

solution for injections, 15 mg/1.5 ml

6. MELOXIKAM of 1.5 ml s_olutlor} n an an?poulle; 5 I ml of so.lutlon contains Lekhim-Kharkiv JSC
ampoules in a blister; 1 blister in a meloxicam 10 mg
cardboard pack

solution for injections, 10 mg/ml, 1.5 1155;11 (O)Ifﬁ‘giliggaﬁ-mlaﬁﬁ

27. ALGESIKAM® ml in an ampoule, 5 ampoules in a £ . Lekhim-Kharkiv JSC
. ) : of the drug contains 10 mg
blister, 1 blister in a pack :
of meloxicam
tablets of 0.0075 g in bulk: 5000
tablets in plastic containers; 1 tablet contains : .
28. MELOXIKAM tablets of 0.0075 g, 10 tablets in a meloxicam 7.5 mg Lekhim-Kharkiv JSC
blister; 1 or 2 blisters in a pack
tablets of 0.015 g in bulk: 5000

tablets in plastic containers; tablets of 1 tablet contains : .

29 MELOXIKAM 0.015 g; 10 tablets in a blister; 1 or 2 meloxicam 15 mg Lekhim-Kharkiv JSC
blisters in a pack

solution for injections 10 mg/ml, 1.5

30, INFLAMINE ml in an ampoule, 100 ampoules ina | 1 ml of solution contains Lekhim-Kharkiv JSC

pack; 1.5 ml in an ampoule; 5
ampoules in a pack; 1.5 ml in an

10 mg of meloxicam
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ampoule; 5 ampoules in a blister; 1
blister in a pack

solution for injections, 15 mg/1.5 ml

1.5 ml of the drug contains

Research and Production
Centre Borshchahivskiy

31 MELOXIKAM famp oulet::, Ofl L5 mlt,tS iimpoullis mn 15 mg of meloxicam; Chemical and Pharmaceutical
a cassette; 1 cassette in a pac Plant JSC, Ukraine
MELOXA- 15 mg tablets; 10 tablets in a b1.1ster, 1 tablet contains 15 mg of | Saneka Pharmaceuticals AT,
32. 1 or2,or3,orS5, or6, or 10 blisters } s
XANTHIS : meloxicam Slovak Republic
in a cardboard pack
33 EXISTEN- blitse‘lczftls gf;Sbﬁls %;rlsoi;a:gf (;l?ozr d 1 tablet contains 15 mg of Sanovel Ilyach Sanai ve
' SANOVEL ’ box meloxicam Tijaret A.Sh., Turkey
34, MELSI table‘Fs of 15 mg, 10 .tablets ina 1 tablgt contains ASTRAFARM LLC, Ukraine
blister; 2 blisters in a box meloxicam 15 mg
35, MELSI tablet_s of 7.5 mg, 10.tablets ina 1 tabl.et contains ASTRAFARM LLC, Ukraine
blister; 2 blisters in a box meloxicam 7.5 mg
solution for injections, 10 mg/ml, 1.5 1 ml of solution contains .
36. RHEUMATOP ml in an ampoule; 5 ampoules in a : Farmasel LLC, Ukraine
meloxicam 10 mg
cardboard pack
solution for injection, 10 mg/ml; 1.5
ml in a bottle; 5 bottles each in
contoured packaging; 1 contour : .
37, MELOXIKAM- envelope in a pack: 1.5 ml in an I ml of so.lutlon contains Farmex Group LLC
PHARMAX meloxicam 10 mg

ampoule; 5 ampoules in a blister; 1
blister in a pack; 1.5 ml in an
ampoule; 5 ampoules in a pack
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rectal suppositories of 15 mg, 5

1 suppository contains

38. REVMALGIN suppositories in a strip; 1 or 2 strips meloxicam in 100% dry Farmex Group LLC
in a cardboard pack substance 15 mg
39, REVMALGIN tal?lets of 15 mg, 10 tablets ina 1 tablgt contains Farmex Group LLC
blister; 1 or 2 blisters in a pack meloxicam 15 mg
tablets of 7.5 mg, 10 tablets in a 1 tablet contains
40. REVMALGIN blister; 2 blisters iﬁ a cardboard pack meloxicam 7.5 mg Farmex Group LLC
solution for injection, 10 mg/ml; 1.5
ml in a bottle; 5 bottles each in
contoured packaging; 1 contour 1 ml of solution contains
41. REVMALGIN envelope in a pack; 1.5 ml in an : Farmex Group LLC
. : o meloxicam 10 mg
ampoule; 5 ampoules in a blister; 1
blister in a pack; 1.5 ml in an
ampoule; 5 ampoules in a pack
solution for injection, 15 mg/1.5 ml; 1.5 ml of solution for
42. MELOSSO 1.5 ml in an ampoule; 5 ampoules in | injection contains 15 mg | MICROCHEM LLC, Ukraine
a blister pack in a cardboard pack of meloxicam
7.5 mg tablets; 10 tablets in a blister;
43, MELOSSO 2 blistprs ip a cardbqard pack; 20 1 tablet contaips 7.5 mg of MICROCHEM LLC, Ukraine
tablets in a jar; 1 can in a cardboard meloxicam
pack
15 mg tablets; 10 tablets in a blister;
44, MELOSSO 2 blistprs ip a cardbqard pack; 20 1 tablet contai.ns 15 mg of MICROCHEM LLC, Ukraine
tablets in a jar; 1 can in a cardboard meloxicam
pack
45, PHARMACISTS solution for injection, 10 mg/ml, 1.5 | 1 ml of solution contains Novopharm-Biosynthesis

ml in a vial, 5 vials in a contour

meloxicam 10 mg; 1 vial

LLC, Ukraine
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blister pack, 1 contour blister pack in
a cardboard pack

(1.5 ml) contains
meloxicam 15 mg

solution for injections, 10 mg/ml, 1.5
ml in a vial; 5 bottles each in

1.5 ml of solution contain

Novopharm-Biosynthesis

46. NOVOXIKAM contoured packaging; 1 contour meloxicam 15 mg LLC, Ukraine
envelope in a cardboard pack
solution for injection, 10 mg/ml; 1.5
47 MELSI ml in a bottle; 5 bottles each in 1 ml of solution contains Novopharm-Biosynthesis
' contoured packaging; 1 contour meloxicam 10 mg LLC, Ukraine
envelope in a cardboard pack
tablets of 15 mg, 10 tablets in a :
. L2 1 tablet contains WORLD MEDICINE ILACH
48. LOXIDOL blister; 1 or 2 bhbs;(;rs in a cardboard meloxicam 15 mg SAN. VE TIJ. A.Sh., Turkey
solution for injection 15 mg/1.5 ml, 1.5 ml of solution for .. R
: : C : PharmaVision San. in Tij.
49. LOXIDOL 1.5 ml in an ampoule, 3 ampoules in | injection contains 15 mg
. A.Sh., Turkey
a cardboard box of meloxicam
50, MOVALGIN _ tablets of.15 mg, 10 tablets in 1 tablet contains 15 mg of Pharmascience Inc., Canada
blisters; 1 blister in a cardboard box meloxicam
51 MOVALGIN _table'ts of .7.5 mg, 10 tablets in 1 tablet contains 7.5 mg of Pharmascience Inc., Canada
blisters; 1 blister in a cardboard box meloxicam
solution for injection, 15 mg/1.5 ml;
1.5 ml in an ampoule; 3 or 5 : :
57, MELOXIK ampoules in a contoured blister pack: 1.5 ml of the drug contains Pharmaceutical Plant

1 contoured envelope in a cardboard
pack

15 mg of meloxicam

"Polpharma" S. A., Poland
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53.

MELOXIKAM-
VISTA

solution for injection, 15 mg/1.5 ml
of 1.5 ml (15 mg) in an ampoule, 5
ampoules in a cassette in a pack

1 ampoule (1.5 ml)
contains meloxicam 15
mg,

HELP SA, Greece

54.

MELOLGAN

solution for injection, 15 mg/1.5 ml
of 1.5 ml (15 mg) in an ampoule, 5
ampoules in a cassette in a pack

1 ampoule (1.5 ml)
contains meloxicam 15 mg

Help SA, Greece

55.

RECLINE

solution for injection, 15 mg/1.5 ml
of 1.5 ml in an ampoule, 5 ampoules
in a pack

1.5 ml of the drug contains
15 mg of meloxicam

HELP SA, Greece

56.

MELOKTAM

solution for injection, 15 mg/1.5 ml,
1.5 ml (15 mg) in ampoules, 5
ampoules in a cassette in a pack

1 ampoule (1.5 ml)
contains meloxicam 15 mg

HELP SA, Greece

57.

MILIXOL

solution for injections, 15 mg/1.5 ml
of 1.5 ml in ampoules, 5 ampoules in
a cardboard pack

1.5 ml of solution contains
15 mg of meloxicam

HELP SA, Greece

58.

MELODEV

solution for injections, 15 mg/1.5 ml,
1.5 ml in an ampoule; 5 ampoules in
a cardboard pack

1 ampoule contains
meloxicam 15 mg

HELP SA, Greece

59.

MELOXIKAM-
TEVA

solution for injections, 15 mg/1.5 ml,
1.5 ml in an ampoule; 5 ampoules in
a plastic container in a cardboard box

1 ampoule (1.5 ml)
contains meloxicam 15 mg

Help SA, Greece

60.

MOVIKSIKAM®

solution for injections, 15 mg/1.5 ml,
1.5 ml in an ampoule; 5 ampoules in
a plastic container in a cardboard box

1 ampoule (1.5 ml)
contains meloxicam 15 mg

Help SA, Greece
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Table 2

Release form (medicinal form,

Composition of active

No. Name potency (dosage), packaging substances Producer
owder (substance) in double of meloxicam not less than
1 Meloxicam P olvethvlene baes for 99.0% and not more than Swati Spentoz Pvt. Ltd.,
' po yethylenc bag 101.0%, in terms of dry India
pharmaceutical use
substance
. of meloxicam not less than
) Meloxicam powdelr (illllb?tincg) n g()ol:lble 99.0% and not more than Sun Pharmaceutical
‘ cloxica poryethylenc bags 101.0% 1in terms of dry Industries Ltd., India
pharmaceutical use
substance
powder (substance) in double ofmeoloxwam not less than Zhejiang Excel
: 99.0% and not more than :
3. Meloxicam polyethylene bags for o/ - Pharmaceutical Co., Ltd.,
. 101.0% 1in terms of dry .
pharmaceutical use China
substance
owder (substance) in double of meloxicam not less than
: p 99.0% and not more than Swati Spentoz Pvt. Ltd.,
4. Meloxicam polyethylene bags for ) )
. 101.0% (in terms of dry India
pharmaceutical use substance)
5 Meloxicam powder (substance) in double plastic | meloxicam from 99.0% to | Derivados Cuimicos, S.A.U.,
’ clox bags for pharmaceutical use 101.0% on a dry matter basis Spain
der (substance) in double of meloxicam not less than
: powder {substance ou 99.0% and not more than Swati Spentos Private
6. Meloxicam polyethylene bags for

pharmaceutical use

101.0% 1in terms of dry
substance

Limited, India
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powder (substance) in polyethylene

of meloxicam not less than
99.0% and not more than

/- Meloxicam bags for pharmaceutical use 101.0% 1in terms of dry Micro Labs Limited, India
substance
) of meloxicam not less than
o | Meloxicam || polyethylenc bags for | 9%.0%and notmore than | Swai Spentor Pt. Ld.,
| P h};rcheuticaiguse 101.0% (in terms of dry India
P substance)
powder (substance) in double Ofmeoloxmam not less than
9 Meloxicam polyethylene bags for 99.0% and not more than UNIMARK REMEDIES
| harmaceutical use 101.0% in terms of dry LTD., India
P substance
powder (substance) in double ofmeoloxmam not less than _ o
10 Meloxicam polyethylene bags for 99.0% and not more than Derivados Cuimicos s.a.u.,

pharmaceutical use

101.0% 1in terms of dry
matter

Spain
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ITo HanionansHoMy papManeBTH4UHOMY YHiBEPCHTETY

BHUTSIT 3 HAKA3Y Ne 34

Bix 06 JroToro 2024 poxy

1. 3aTBepuTy TeMH KBalidikanifHuX pobiT 3100yBayaM BULIOT OCBITH 5-TO
kypcy 2 uukiny Om20*(4,10m) 2024-2025 HaBYANBLHOTO POKY, CTYMiHb BHILOL
OCBiTH «MaricTp», raaysb 3HaHb 22 OxopoHa 370pOB’d, ChelianbHicTh 226 —
®apmaris, mpomuciosa (apmauis, ocBiTHO-TIpodeciiina nporpama — dapmarlis,
nenna ¢opma 3100yTTs ocBith (TepMin HaByaHHS 4 poku 10 micauis). Mosa
HaBYaHHS aHITIHCbKa

Ne | IpizBume, Tema kBanidikauiitaol poboTu [Tocana, PeneHzeHT
3/m iM’s [Opi3BULLE Ta kBanipikauifiHol
3n00yBava iHitiaym poboTu
BHINOI OCBiTH KEpiBHUKA
e 1o kadeapi GpapManeBTHUHOT XiMil
23. | [Jpaiinpi ITinGip ymos ansa | Selection of Ac. [Tpod.
Hiccpin KUTBKiCHOTO conditions for CwmenoBa H.M. Komicuuk C.B.
BHU3HAYEHHS the quantitative
MEJIOKCUKaMY y determination of
koMOiHOBaHOMY | meloxicam in a
JiKapCbKOMY combined
3acobi medicine

é}f’ex"rop
Bipno. Ce

,

\

(/" >
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BUCHOBOK
eKCIIePTHOI KOMICii PO MpoBeleHy eKCIepTH3y
1010 AKA/AeMIYHOI0 IJiariaty y kpajigikauiigii podori
3100yBa4a BUILOI OCBITH

«26» nmuctomana 2024 p. Ne 329753124

[TpoananizyBaBmmm kBajiikaiiiHy poOoTy 3100yBada BHINOi ocBiTH [paitmpi
Hiccpin, ®m20*(4,10m)-anrn-01, cnemansHocTi 226 ®apmariris, MNpOMHUCIOBA
(dapmarnis, ocBiTHBOI nporpamu «Papmanis» HaByaHHS Ha Temy: «Ilia0ip ymoB mis
KUTBKICHOTO BH3HAYCHHS MEIIOKCHKaMy y KOMOIHOBaHOMY JIKapChbKOMY 3aco0i /
Selection of conditions for the quantitative determination of meloxicam in a combined
medicine», ekcnepTHa KoMicis JidIIa BUCHOBKY, IO po0OOTa, MpEJCTaBIICHA 0
Ex3ameHariifHoi KoMicii Jyisi 3aXUCTy, BAKOHaHA CAMOCTIMHO 1 HE MICTUTh €JIEMEHTIB

aKaJIeMIYHOTO TUIariaty (KOMIIAIT).

I'os10Ba KoMicii,

npopexrop 3BO 3 HIIP,
npodecop Inna BJJAJIIUMHUPOBA
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REVIEW

of scientific supervisor for the qualification work of the master's level of higher
education of the specialty 226 Pharmacy, industrial pharmacy

Nissrine DRAIDRY
on the topic: «Selection of conditions for the quantitative determination of
meloxicam in a combined medicine».

Relevance of the topic. In connection with the growing range of drugs on the
pharmaceutical market, including combined drugs with meloxicam, identifying
optimal methods for their quality control has become a pressing task.

Practical value of conclusions, recommendations, and their validity. The
conditions for the quantitative determination of meloxicam in the composition of a
combination drug in the form of a powder for the preparation of an oral solution
have been theoretically substantiated and selected, and the developed methodology
has been validated.

Assessment of the work. The qualification work follows a classical structure: an
introduction, four chapters (a literature review and three chapters of experimental
research), conclusions, and a list of references. The work convincingly substantiates
the relevance of the topic, thoroughly describes the materials and research methods,
presents the results systematically, provides an in-depth analysis of the findings, and
logically formulates the conclusions. The research is conducted at a modern and high
level, and the conclusions are well-founded.

General conclusion and recommendations on admission to defend. The
qualification work of Nissrine Draidry meets the requirements for qualification
works in terms of the relevance and scope of the performed research, the novelty of
the obtained results, their theoretical and practical significance and can be
recommended for defense at the Examination Commission.

Scientific supervisor Nataliia SMIELOVA

«17» October 2024 year
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REVIEW
for qualification work of the master's level of higher education, specialty 226
Pharmacy, industrial pharmacy
Nissrine DRAIDRY

on the topic: «Selection of conditions for the quantitative determination of
meloxicam in a combined medicine».

Relevance of the topic. Medicinal products containing meloxicam are widely used
for the short-term symptomatic treatment of acute attacks of rheumatoid arthritis and
occupy a significant segment of the modern pharmaceutical market. The successful
use of such products in medicine requires guaranteed quality, which is established
during pharmaceutical development. In this context, selecting conditions for the
quantitative determination of mediciness, particularly in the composition of
combined medical products, is an urgent task.

Theoretical level of work. Qualification work is performed at a high theoretical
level with the application of modern theoretical approaches to the analysis of
scientific literature and methods of analysis to conduct experimental studies for the
studied object.

Author's proposals on the research topic. The researcher has theoretically
substantiated and selected an approach for the quantitative determination of
meloxicam in the composition of a combined medicinal product in the form of a
powder for the preparation of an oral solution. Additionally, validation of the
developed methodology was carried out.

Practical value of the findings, recommendations and their validity. The
spectrophotometric method of quantitative determination of meloxicam can be used
in the quality control of combined medicines with meloxicam in the form of a
powder for the preparation of an oral solution.

Shortcomings of the work. The master's thesis contains some spelling and
punctuation errors. However, there are no substantial or fundamental comments on
the content of the work.

General conclusion and assessment of the work. The qualification work of
Nissrine Draidry meets the requirements of the Regulation on the Procedure for the
Preparation and Defense of Qualification Works at the National University of
Pharmacy in terms of the scientific novelty of the obtained results, relevance,
methodological level, theoretical and practical significance, and the scope of the
conducted research. It is recommended for defense before the Examination
Commission.

Reviewer prof. Sergiy KOLISNYK

«21» October 2024 year
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BUTAT
3 NPOTOKOJY 3acifanHs Kadeapu ¢papmaneBTHYHOI XiMil

Ne 04 Bix 31 :xoBTHS 2024 p.

MPUCYTHI: npod. I'eoprisan B. A., mpod. [lepexona JI. O., mpod. baropka C.B., mpod.
Cupnopenxo JI. B., mpod. Cesepina I'. I.; nou.: A6y lapk A. I., mon. bes3 H. 1O., mom.
Bicnoyc O. O., nou. TI'onosuenko O. C., nou. I'punenko C. I'., nou. Ko63ap H. II., moir.
[Terpymosa JI.O., non. Paximoa M. B., nou. fpemenko B.J., nor. Muxaitnenko O.0., ac.
CwmenoBa H. M.; acmipantu: I'ypina B. O., Acmonos B. €., Konrenos A. C., Mypans . B.,
I'ya B. A., Caiidpyninosa P. I1., Kynansa A. A., Cyneiiman P. M.

NOPSIJOK JEHHUM:

3BIT PO cTaH BUKOHAHHS KBasi(ikamiitHOT poOoTH 3100yBavya BUIIOI OCBITH (DaKyIbTETY 3
miArOTOBKHM iHO3eMHHX TpomazsH, dm20*(4,10m)anrn-01 rpymum, cmemianbHOCTI «226
dapwmariis, npomucioBa papMmallis», ocBiTHROI mporpamu «Papmaris» paitnpi Hiccpin na
temy: «Selection of conditions for the quantitative determination of meloxicam in a combined
medicine / [1igbip yMOB A KUTBKICHOTO BHU3HAYEHHS MEJOKCHKaMy Yy KOMOIHOBaHOMY
JIKapChbKOMY 3ac001».

CIYXAJIN:

JOMOBiAb 3700yBaya BHIIOI OCBITH (PaKyJabTeTy 3 MIATOTOBKM 1HO3EMHHUX TPOMAJIH,
Om20*(4,10m)anrn-01 rpynu, coemianbHocTi «226 dapmaris, mpomuciaoBa (apmariism,
ocBiTHBOI nporpamu «Papmartis» Hpaiiapi Hicepin Ha Temy: «Selection of conditions for the
quantitative determination of meloxicam in a combined medicine / Ilizbip ymoB mss
KUTPKICHOTO BH3HAYEHHSI MEIIOKCHKaMy y KOMOIHOBaHOMY JIIKapChbKOMY 3ac001», KepiBHUK
aCHCTEHT 3aKJiajJy BUIIOI OCBITH Kadeapu ¢apmaneBTH4HOi Ximii, K. papm. H. Haramis
CMCEIJIOBA.

YXBAJIMJIM: pekomenayBaTi kBamidikauiiny podoty [paiapi Hiccpin go odimiiiHoro
3axucrty B EK.

I'osioBa
3aBimyBauka Kadeapu
dbapMareBTUIHOI XiMmii,

JOKTOp (hapm. HayK, mpod. BikTopis TEOPT'ISHL]
(migmuc)

Cexperap

KaH7. (hapM. HayK, JOII. Mapuna PAXIMOBA

(mirmuc)
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HAIIOHAJIBHUM ®APMAIEBTUYHUN YHIBEPCUTET

TIMOJIAHHSA
TrOJIOBI EK3AMEHALIIAHOI KOMICIH
OJI0 3AXUCTY KBAJIIPIKAIIMHOI POBOTH

Hanpasnsierscs 3100yBau Buoi ocit Apaiiapi Hicepin g0 3axucty kBamidikaiiifnoi podotu
3a rajy33io 3HaHb 22 OXO0poHa 310pOB’st
crieniaibHicTIO 226 Papmartist, npomMucaoBa dhapMartis
OCBITHBOIO MTporpamoro Papmartis
Ha TeMy: «I1iz0ip yMOB /Uil KUTbKICHOTO BU3HAYEHHS MEJIOKCHKaMy y KOMOIHOBAaHOMY JIIKapChbKOMY
3aco01»

Kaanigikariitna po6oTa i peneH3is J0Aar0ThCs.

JlexaH ¢pakynbTeTy / Citnana KAJTAMYEBA /

BucHoBoOK kepiBHNKa KBadiikaniiiHoi podoTn

3no0yBau Bumioi ocsith [paiiapi Hiccpin BukoHana poGoTy Ha cydacHOMY piBHI. 3a mepiof
BUKOHAHHS KBadidikaliiiHoi po6oTu 3100yBau MpOsSBUB BUCOKUH piBEHb TEOPETHYHOI MiATOTOBKH.
KBamigikamiiina poboTa BHKIaJeHa IOCIIAOBHO, TPaMOTHO, BHCHOBKH KOPEKTHI Ta JIOTiYHI,
BUTIKAIOTh 31 3MicTy pobortu. KBamidikamiiina podota [paiinpi Hiccpin moxe Oyt pekoMeH10BaHa
1o 3axucty B Ex3ameHaiiiHiii KoMicii.

KepiBauk kBanmidikamiitnoi podotu

Haramisa CMCEJIOBA

«17» xoBTHs 2024 p.

BucnoBok kadgeapu npo kBajidikaniiiny podory

Ksamnidikarmiitny po6oty po3risinyto. 3q00yBau Butoi ocBitu Hpaiiapi Hiccpin qomyckaeTbes
710 3aXMUCTy AaHol kBamidikaniinoi podotu B Ex3amenartiiiniii komicii.

3aBinyBauka Kadeapu
(bapMareBTHYHOI XiMii

Bixropis '[EOPI'TSIHL]

«31» xxoBTHs 2024 p.
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