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1. Introduction
To ensure the population’s timely access to 

high-quality medical and pharmaceutical care, new me-
dicinal products appear on the global pharmaceutical 
market every year [1]. Their development requires not 
only the creation of appropriate dosage forms, but also 
assurance of quality, safety, and efficacy at all stages of 
the product life cycle – from the active substance to the 
finished medicinal product [2].

Therefore, the approach to medicinal product de-
velopment involves comprehensive analytical support at 
each stage, including confirmation of composition, as-
sessment of purity, evaluation of stability, and monitor-
ing of transformation processes during storage and 
use [3]. Such studies necessitate the implementation of 

the principles of Quality by Design, as well as the devel-
opment, validation, and practical application of reliable 
analytical methods [4, 5]. 

In the case of combination medicinal products 
containing several active ingredients and excipients, it is 
necessary to ensure selective and accurate quantitative 
determination of each component in the presence of oth-
ers, as well as to take into account the influence of the 
dosage form matrix (density, viscosity, distribution of 
active substances) on the analytical results [6, 7].

The object of the study is a promising medicinal 
product in the form of a cream containing the active sub-
stance glucosamine hydrochloride. The medicinal product 
is characterized by pronounced moisturizing and emol-
lient properties, promotes increased skin elasticity, and 
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accelerates skin regeneration. The product is intended for 
use under occlusive dressings to improve the functional 
condition of the stump after amputation, which determines 
the relevance of its development in the context of the cur-
rent medical and social situation in Ukraine [8]. For regis-
tration and implementation of the medicinal product into 
medical practice, a mandatory requirement is the develop-
ment and validation of quality control methods in accor-
dance with the requirements of current Ukrainian legisla-
tion, international regulatory documents (ICH), and the 
provisions of the State Pharmacopoeia of Ukraine and the 
European Pharmacopoeia [9–11].

The identification of glucosamine hydrochloride 
in the substance, according to pharmacopoeial mono-
graphs, is carried out based on spectral characteris-
tics (IR spectroscopy, UV spectroscopy) as well as using 
qualitative reactions [11, 12].

For the development of a methodology for the 
identification and quantitative determination of the ac-
tive substance – glucosamine hydrochloride – in the 
cream, a liquid chromatography method was proposed as 
the most effective and sensitive for the separation of or-
ganic compounds of different structures [13].

2. Planning (methodology) of the research
1. The research methodology was built on a sys-

tematic approach to pharmaceutical quality control of 
combined medicinal products in accordance with inter-
national requirements (ICH) and the standards of the 
State Pharmacopoeia of Ukraine (SPhU) and the Europe-
an Pharmacopoeia. The study was conducted in the fol-
lowing stages:

2. To analyze the feasibility of using liquid chro-
matography for the identification and quantitative de-
termination of glucosamine hydrochloride in a semi-sol-
id dosage form, taking into account the presence of 
excipients.

3. To select optimal chromatographic separation 
conditions: type of chromatographic column, composi-
tion and pH of the mobile phase, elution mode, flow rate, 
temperature, and detection wavelength.

4. To perform derivatization of glucosamine hy-
drochloride with phenylisothiocyanate to form a phen-
ylthiohydantoin derivative, aiming to enhance UV detec-
tion sensitivity and ensure effective chromatographic 
separation in the presence of other matrix components.

5. To perform identification of the active sub-
stance by comparing the retention time of the test solu-
tion peak with the corresponding standard sample, as 
well as to assess the specificity of the method by compar-
ing the chromatograms of reference solutions, the test 
solution, and placebo.

6. To validate the developed method in accordance 
with the requirements of ICH Q2(R2), SPhU, and PA/PH/
OMCL recommendations based on the following param-
eters: system suitability, specificity, linearity, accuracy, 
precision (repeatability), and robustness.

7. To determine the acceptance criteria for ana-
lytical results and perform statistical processing of the 
study data.

3. Materials and methods of the research
The object of the study was an experimental batch of 

a medicinal product in cream form, which included the ac-
tive substance – glucosamine hydrochloride (1%) – and ex-
cipients: glycerin, grape seed oil, gum, Emulpharma 1000, 
dimethicone 350, sodium benzoate, and purified water. 

Experimental studies were carried out through-
out 2025. The research was conducted using a KNAUER 
Smartline liquid chromatograph equipped with a UV 
detector (Knauer Smartline 2500, KNAUER GmbH, 
Germany); analytical balances – AXIS (Poland); a Zor-
bax SB-C8 chromatographic column, 150 × 4.6 mm with 
5 μm particle size; and a pH meter (pH-150 MI). Sample 
preparation was performed using Class A volumetric 
glassware and reagents meeting EP/SPhU requirements. 

The analysis was carried out using samples of glu-
cosamine hydrochloride (batch 020520, Zhejiang Can-
dorly Pharmaceutical Co., Ltd., China), sodium benzo-
ate (batch 20241024 A, Wuhan Youji Industries Co., Ltd., 
China), glycerol (batch 5602/286/0824, TD “Agrokhim-
prom”), and grapeseed oil (batch 16731020, LLC “Scien-
tific-Production Company Vilarus”, Ukraine). 

Testing was performed using liquid chromatogra-
phy (SPhU*, 2.2.29, 2.2.46).

Test solution. A 0.400 g sample of the product is 
placed into a 25.0 ml volumetric flask, 5 ml of phosphate 
buffer solution (pH 8.4) and 10 ml of 0.1% methanolic 
solution of phenylisothiocyanate are added, and the re-
sulting mixture is heated for 20 minutes in a water bath 
at 80°C. Then, 1.0 ml of 0.32 M phosphoric acid solution 
is added, and the mixture is again heated for 20 minutes 
in the water bath at the same temperature. After cooling, 
the volume of the solution is adjusted to the mark with 
HPLC-grade water and mixed thoroughly. 

Comparison solution (а). Approximately 100.0 mg 
(exact weighed amount) of glucosamine hydrochloride is 
placed into a 25.0 ml volumetric flask, 10 ml of chroma-
tography-grade water (P) is added, and the mixture is 
gently stirred until the sample dissolves. The volume is 
then brought up to the mark with the same solvent and 
mixed again. 

Comparison solution (b). Approximately 30.0 mg 
(exact weighed amount) of sodium benzoate is placed 
into a 25.0 ml volumetric flask, 10 ml of chromatogra-
phy-grade water (P) is added, and the mixture is stirred 
until the sample dissolves. The volume is then brought up 
to the mark with the same solvent and mixed again. 

Comparison solution (с). 1.0 ml of reference solu-
tion A and 1.0 ml of reference solution B are placed into a 
25.0 ml volumetric flask, 5 ml of phosphate buffer solution 
at pH 8.4 and 10 ml of 0.1% methanolic solution of phenyli-
sothiocyanate are added, and the resulting mixture is heated 
for 20 minutes in a water bath at 80°C. Then, 1.0 ml of 
0.32 mM phosphoric acid solution is added, and the mixture 
is heated again for 20 minutes at the same temperature. The 
mixture is cooled, the volume is brought up to the mark with 
chromatography-grade water (P), and mixed. 

Prior to chromatography, the solutions are filtered 
through a membrane filter with a pore size not exceed-
ing 0.45 µm.
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Placebo solution. The amount of glycerin 
(batch 5602/286/0824, TD «Agrokhimprom»), grape seed 
oil (batch 16731020, LLC «Scientific-Production Compa-
ny «Vilarus», Ukraine), gum, Emulpharma 1000, di-
methicone 350, and purified water equivalent to the excip-
ients in 400 mg of the preparation is mixed with 12.0 ml of 
phosphate buffer solution at pH 8.4 and brought to 25.0 ml 
with methanol. 5.0 ml of the resulting solution is diluted 
with the mobile phase (63% methanol, adjusted with phos-
phoric acid to pH 2.7) to a final volume of 25.0 ml. 

Chromatography is carried out on a liquid chromato-
graph with a UV detector under the following conditions:

− chromatographic column Zorbax SB-C8, 150 × 
4.6 mm with 5 μm particle size, or an equivalent column 
meeting system suitability requirements;

− mobile phase flow rate – 1.0 mL/min;
− column thermostat temperature – 25°C;
− injection volume – 20 µL;
− detection wavelength – 230 nm;
− mobile phase: acetonitrile for chromatogra-

phy R – water for chromatography in a ratio of 40:60, 
acidified with phosphoric acid to pH 3.0.

The content of the active pharmaceutical ingredi-
ent (glucosamine hydrochloride) in 100 g of the finished 
product, in grams, is calculated using the formula

0

0

25.0 1.0 100
, ,

25.0 25.0 100
i

i

S m P
X r

S m
⋅ ⋅ ⋅ ⋅ ⋅

=
⋅ ⋅ ⋅ ⋅

where Si – the mean peak area of glucosamine hydrochlo-
ride calculated from the chromatograms of the test solution;

S0 – the mean peak area of glucosamine hydro-
chloride calculated from the chromatograms of the refer-
ence solution; 

m0 – mass of the standard sample (glucosamine 
hydrochloride), in grams; 

mi – mass of the sample, in grams; 
Р – content of the active substance in the standard 

sample (glucosamine hydrochloride), in percent. 
The content of glucosamine hydrochloride in 100 

grams of the medicinal product should be between 0.95 g 
and 1.05 g at the time of release and during storage. 

Statistical processing of the data was carried out in 
accordance with the requirements of SPhU 5.3.N.1 “Statis-
tical analysis of the results of a chem-
ical experiment” using Microsoft Ex-
cel software. For data processing, the 
mean value of three determinations, 
the standard deviation of the mean 
result, and the relative standard devia-
tion (RSD) were calculated. No addi-
tional statistical methods were ap-
plied, as the study was of an analytical 
nature.

4. Research results 
Since glucosamine hydrochlo-

ride (Fig. 1, 2-amino-2-deoxy-D-glu-
copyranose hydrochloride, M.W. 215.6) 
itself weakly absorbs for direct UV 

detection, phenyl isothiocyanate was chosen to enhance the 
UV detector response. It reacts with the amino group of 
glucosamine in an alkaline medium to form a thiourea de-
rivative [14].

The amount of phenyl isothiocyanate required for 
the reaction was determined experimentally within a re-
agent concentration range of 0.001–0.01 g/mL. It was 
found that after adding 0.008–0.01 g/mL of the reagent in 
methanolic solution, the chromatographic peak area re-
mained virtually unchanged.

To study the validation characteristics, the linearity, 
accuracy, and precision of the method were evaluated us-
ing the “added-found” approach. The allowable concentra-
tion of glucosamine hydrochloride and sodium benzoate at 
release is within ± 5% of the nominal values; for the study 
of linearity, accuracy, and precision, the concentration 
range was selected from 80% to 120% with 5% increments. 
The acceptance criterion B = 5% indicates that the maxi-
mum analytical uncertainty should not exceed 1.6%. 

The specificity of the method was confirmed by 
comparing the chromatograms of the test solution (Fig. 2), 
comparison solution (a) (Fig. 3), comparison solu-
tion (b) (Fig. 4), comparison solution (c) (Fig. 5), and 
placebo solution (Fig. 6). 

In the presented chromatograms (Fig. 2–6), the 
peaks of the glucosamine derivative and sodium benzoate 
are clearly separated, with retention times matching those 
of the respective standard samples (2.21 min and 3.55 min, 
respectively). Moreover, no peaks in the placebo solution 
chromatogram corresponded to the retention times of ei-
ther the glucosamine derivative or sodium benzoate, con-
firming the specificity of the proposed method. 

The reproducibility of the results does not ex-
ceed ±2%, indicating the feasibility of simultaneous 
identification and quantification of the active pharma-
ceutical ingredient in the cream. 

Fig. 1. Structural formula of glucosamine hydrochloride

Fig. 2. Typical chromatogram of the test solution
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The chromatograms obtained 
during the study meet the specified crite-
ria for evaluating the suitability of the 
chromatographic system (Table 1).

Table 1
Results of the test “Suitability of the 

chromatographic system”

Criterion Requirements Peak 
results

Zorbax SB-C8
Chromatographic 
column efficiency > 2000 3984

Symmetry coefficient from 0.8 to 1.5 1.00
Relative standard  

deviation, % < 1.0 0.59

Resolution coefficient ≥ 1.5 1.50

When studying robustness, we in-
vestigated the stability of solutions over 
time (Table 2). The criterion of non-sig-
nificance against the maximum permis-
sible uncertainty of the analysis re-
sults (ΔAS = 1.6%) is met within 1 hour, 
i.e. the solutions must be used freshly 
prepared [15].

As a result of the linearity study, 
it was found that the value of the cor-
relation coefficients r = 0.9991 satisfies 
the requirements of the acceptance cri-
terion (r > 0.9981) (Table 3). Therefore, 
in the entire concentration range from 
80% to 120% of the nominal amount of 
the component in the cream, the method 
is linear.

Fig. 7 shows the dependence of 
the analytical signal on the actual con-
centration of glucosamine hydrochloride 
solutions; in normalized coordinates, the 
relationship is linear.

It has been demonstrated that the 
method exhibits sufficient precision and 
accuracy across the entire range of tested 
concentrations (Table 3). The found 
ΔΖ value for glucosamine hydrochloride 
is 0.61%, which is below the critical val-
ue for precision (1.6%), thus meeting the 
acceptance criteria for the validation pa-
rameter “Precision.” The systematic er-
ror of the method, δ = 0.31%, satisfies the 
requirements of the validation parameter 

“Accuracy” according to both criteria – 
statistical insignificance (≤ 0.37) and 
practical insignificance (≤ 0.51). 

All calculated validation parame-
ters meet the established criteria, con-
firming that the method is reliable and can 
be used for the quantitative determination 
of the active pharmaceutical ingredient in 
the studied semi-solid dosage form.

Fig. 3. Typical chromatogram of the reference solution (a)
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Fig. 4. Typical chromatogram of the reference solution (b)
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Fig. 5. Typical chromatogram of the reference solution (c)
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Fig. 6. Typical chromatogram of the placebo solution
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Table 2
Results of determination of solution stability

– 0 minutes After  
1 hour

Changes, 
in%

After 
6 hours

Changes, 
in%

rso 10581 10533 0.46 10343 2.25
test 10320 10281 0.38 10038 2.73

Δave – 0.42 – 2.49

Table 3
Results of the evaluation of validation parameters for the 
quantitative determination of glucosamine hydrochloride

Parameter Requirements, % Obtained  
value, %

Compliance with 
criterion

Δ
AS

% ≤ 1.6 1.29 Meet
|а| ≤ 2.6 0.94 Meet

S
0 ≤ 0.84 0.75 Meet

r > 0.9981 0.9991 Meet

100Z − ≤ 0.37 0.31 Meet according 
to two criteria≤ 0.51

ΔZ ≤ 1.6 0.61 Meet
Δintra ≤ 1.6 0.93 Meet

The quantitative determination of glucosamine 
hydrochloride in the tested formulation was carried out 
on six samples. The metrological characteristics of the 
method for determining the quantitative content of the 
analyte are presented in Table 4.

Thus, the relative uncertainty of the mean deter-
mination with a 95 % confidence level is 3.22 %, and the 
true content of glucosamine hydrochloride in the cream 
can be considered 0.100 g ± 0.032 g.

5. Discussion of research results
According to the literature, for the analysis of glu-

cosamine hydrochloride in pharmaceutical formulations, 
liquid chromatography with pre-column derivatization is 
commonly used, followed by reversed-phase 
HPLC [16, 17]. Methods for the direct determination of 
glucosamine have also been described; however, these 
require the use of non-standard detectors (e.g., ELSD – 
evaporative light scattering detector) or specific chro-
matographic conditions (HILIC for polar amines) [18, 19], 
or chromatographic columns with different particle siz-
es [20]. These approaches allow avoiding the additional 
derivatization step but necessitate the use of guard col-
umns, non-standard detectors, or specialized settings for 
selective separation and quantitative determination.

During the study, a liquid chromatography method 
was developed and tested for the identification and quan-
titative determination of glucosamine hydrochloride in a 
cream containing a complex matrix of excipients. Con-
sidering that the glucosamine molecule lacks a chromo-
phore, which limits direct UV detection, the use of 
phenylisothiocyanate as a derivatization reagent allowed 
the formation of a stable and intense derivative with en-
hanced absorption at 230 nm. This provided a clear ana-
lytical signal and sufficient selectivity for determination 
in the presence of the cream base components.

The selected chromatographic conditions – C8 col-
umn, mobile phase acetonitrile/water (40:60) with pH 
adjusted to 3.0, temperature 25°C, and injection volume 
of 20 µL – provided optimal separation of glucosamine 
hydrochloride peaks from excipients, including sodium 

benzoate, and eliminated 
any potential influence of 
the cream matrix on the 
API signal. Comparison of 
the chromatograms of the 
test solution, standard sam-
ple, and placebo confirmed 
the specificity of the meth-
od, absence of interference 
from excipients, and cor-
rect identification of the 
active ingredient peak 
based on retention time.

Practical signifi-
cance. The proposed meth-
od can be recommended 
for use in pre-industrial 
studies, during the devel-

opment and registration of 
pharmaceutical products 
containing glucosamine hy-
drochloride, both as mono- 
and multi-component for-
mulations.

Study limitations. 
The assessment of the cream 
base’s influence was con-
ducted only on the excipi-
ents included in the devel-

Fig. 7. Graphs of the linear dependence of the analytical signal on the actual 
concentration of glucosamine hydrochloride solutions, plotted in normalized coordinates
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Table 4
Metrological characteristics of the quantitative content of glucosamine hydrochloride

m ν Xi, g Хave, g S2 Sх P t(P, ν) Δх ,ε  %

6 5

0.999

1.002 0.0009 0.0307 0.95 2.5706 0.0789 3.22

1.015

0.961

1.018

1.044

0.973
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oped formulation; in case of any changes to the 
composition of the dosage form, the specificity of the 
method will require revalidation. 

Prospects for further research. The method can 
be adapted for subsequent stability control of the phar-
maceutical product throughout its shelf life and can be 
used in the development of the specification for the reg-
istration dossier.

6. Conclusions
1. Phenylisothiocyanate was proposed as a derivat-

ization reagent, which ensured the formation of a stable 
derivative with distinct UV absorption, enabling the de-
termination of glucosamine hydrochloride by liquid 
chromatography and increasing the selectivity of the 
analysis.

2. The use of a C8 column, acetonitrile/wa-
ter (40:60) mobile phase at pH 3.0, column temperature 
of 25°C, and an injection volume of 20 μL provided clear 
separation of glucosamine hydrochloride and sodium 
benzoate peaks, as well as the absence of interference 
from the cream matrix.

3. The studied validation characteristics, in accor-
dance with ICH Q2(R2) and SPhU requirements, con-
firmed specificity, linearity (r ≥ 0.9991), accuracy, preci-
sion (RSD ≤ 2%), and robustness. This demonstrates the 
suitability of the developed method for quality control of 
the investigated pharmaceutical product.

4. Based on the obtained results, the proposed 
method can be recommended for use in pre-industrial 
studies, during the development and registration of phar-
maceutical products, as well as a standard quality control 
procedure in pharmaceutical manufacturing. The meth-

od allows effective analysis of multi-component creams 
and can be adapted for other topical dosage forms con-
taining glucosamine hydrochloride.
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