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Abstract. The aim of the study is to introduce modern innovative approaches into the process of studying
synthetic, biological, and biotechnological drugs within chemical disciplines. Innovative approaches to learning
comprise new methods, technologies, and forms of classroom organization that make the educational process
interactive, flexible, and practice-oriented, replacing traditional passive lectures with active student partici-
pation. Modern innovative approaches include the Flipped Classroom (where classes focus solely on solving
practical problems), Project-Based Learning (where assessment is based on creating a real project), Gamifi-
cation (utilizing points, ratings, quests, and interactive platforms), Blended Learning (combining traditional
classroom sessions with online tools), and Microlearning (presenting material in short, concentrated blocks,
such as 3—-5 minute videos). Technological innovations utilizing artificial intelligence (Al) to create personalized
educational trajectories for each student, alongside virtual and augmented reality (VR/AR) for simulating com-
plex or dangerous processes, are highly relevant. Furthermore, computer programs allow researchers not only
to model molecular structures using bioisosteric replacement, scaffold combinations, and other operations, but
also to predict the physicochemical and biological properties of molecules, enabling in silico work with chemical
objects (for example, SwissTargetPrediction, ProTox, and others). However, the development of practical labo-
ratory skills using modern high-tech instrumental methods of chromatography and spectroscopy remains par-
amount. Hands-on laboratory practice utilizing an expanded range of modern high-tech equipment will allow
students to master and improve their skills when working with biologically active substances of various origins.
Particular attention should be paid to tasks related to specific methods for analyzing substances of biological or
biotechnological origin that are actively used in manufacturing medicines. All operational procedures involving
biologically active medicinal substances are performed using validated, standardized pharmacopoeial methods.
When working with such substances, continuous improvement of techniques, as well as the implementation of
new methods and their combinations in analysis, remains highly relevant.

Keywords: practical skills, drugs of synthetic, biological/biotechnological origin, standardization, vali-
dation, in silico.

INTRODUCTION

Innovative approaches to developing practical skills in chemistry students remain highly important,
as they form the foundation for building the competencies of future specialists. These approaches make
the educational process interactive, flexible, and practice-oriented. They include the “flipped classroom”
model, project-based learning, gamification (utilizing points, ratings, or interactive platforms), blended
learning (combining traditional classroom sessions with online tools), and microlearning. Technological
innovations—such as utilizing artificial intelligence (AI) to create personalized educational trajectories for
each student, and virtual or augmented reality (VR/AR) to simulate complex or dangerous processes—are
particularly relevant today. Nevertheless, developing laboratory skills using modern, high-tech instrumen-
tal methods remains paramount. Hands-on laboratory practice allows students to effectively master and
refine their technical proficiency. Particular attention should be paid to tasks involving specific analytical
methods for substances of biological or biotechnological origin, which are widely used in medicine man-
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ufacturing. All operational procedures with these biologically active medicinal substances must be per-
formed using validated, standardized pharmacopoeial methods.

LITERATURE REVIEW

Modern approaches emphasize the importance of fostering cooperation between educational insti-
tutions and employers to build practical competence. This alignment is reflected in the dual education
model and the competency-based approach, both of which combine theoretical training in institutions
with hands-on workplace experience. This innovative approach effectively facilitates the acquisition of
professional skills and specific competencies necessary for students to succeed in the labor market (Redko
et al., 2024; Bratianu et al., 2020; Zhuravlova et al., 2022; Njeri et al., 2023; Alabdulatif et al., 2023; Hassan
etal., 2025; Liu et al., 2023; Naseri Jahfari et al., 2022).

This direction holds great promise for educational transformation and the advancement of practical
competence. Numerous studies confirm the vital importance of internships in training modern medical and
pharmaceutical specialists. Attention is focused on the paradigm shift in contemporary education, particularly
regarding practical competence. Another critical area of current research involves investigating the impact of
digital and mobile technologies on optimizing the learning process and enhancing students’ technical skills.
Consequently, it is essential to analyze the specific features of modern higher education transformation within
a global context (Pereira et al., 2020; Pokharel et al., 2024; Tastanbekova et al., 2021; Tsekhmister et al., 2016;
Pramanik et al., 2020; Sarikhani et al., 2025; Gulati et al., 2025; Sun et al., 2024).

Globally, the development of practical competence—achieved by integrating theoretical institutional
training with hands-on skill acquisition—is becoming increasingly critical. Digitalization has significantly
influenced educational reform, and addressing practical competencies helps solve key academic and scientific
challenges. A well-known issue within higher education is the misalignment between specialist training and
current labor market demands. University graduates frequently lack not only professional work experience
but also specific practical skills. Consequently, it is essential to further develop innovative approaches to
organizing the educational process (Daina et al., 2019; Nizhenkovska et al., 2025; Welchinska et al., 2026).

While completing their final qualification theses, future pharmacists and biotechnologists at the
0.0. Bogomolets National Medical University acquire vital practical skills in the product quality control
laboratory. To conduct pharmaceutical analysis effectively, students must possess hands-on proficiency
with modern analytical equipment, such as chromatographs and spectrometers. Analysis is performed
across several key areas: identifying active pharmaceutical ingredients (APIs) and excipients, determining
substance purity, and quantifying the content of specific components within drug substances (Welchinska
et al., 2024; Welchinska & Vilchynska, 2016; Welchinska et al., 2025).

Validated, standardized pharmacopoeial methods are routinely utilized during experimental work.
However, contemporary scientific advancements allow for the introduction of more sensitive analytical
techniques into the quality control of medicinal substances.

For instance, rather than relying solely on conventional pharmacopoeial liquid chromatography (LC),
recent studies have successfully employed high-performance liquid chromatography (HPLC) and combined
hyphenated techniques (Welchinska & Nizhenkovska, 2025; Dynnyk & Welchynska, 2025; Welchinska &
Malyuta, 2025; Kharlampovich & Welchinska, 2025).

Furthermore, in alignment with the principles of “green chemistry,” modifying certain analytical procedures
is highly advisable, as these adaptations significantly reduce aggressive chemical impacts on the environment.

OBJECTIVES

To analyze the pathways and opportunities for higher education students to acquire practical
proficiency in performing analytical procedures during the quality control of medicinal substances of
synthetic, biological, and biotechnological origin.

To interpret the obtained data and draw conclusions regarding the feasibility of implementing innovative
techniques and modifying existing methods to enhance the identification efficiency of pharmaceutical analysis.

METHODOLOGY

As a highly efficient form of liquid chromatography, High-Performance Liquid Chromatography (HPLC)
offers significant advantages, including superior separation resolution, shorter analysis times, and higher
throughput compared to conventional low-pressure liquid chromatography methods.

According to the State Pharmacopoeia of Ukraine (SPU), limited adjustments to specific HPLC parame-
ters are permissible to achieve system suitability criteria (e.g., resolution factor Rs >1.5-5.0 and symmetry
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factor < 1.25-2.0) without fundamentally altering the validated method. However, modifications affecting
selectivity or sensitivity, such as altering the detector wavelength, are strictly prohibited, as detailed in
SPU Sections 2.2.29 “Liquid Chromatography” and 2.2.46 “Chromatographic System Suitability”.

Crucially, if minor parameter adjustments permitted under Section 2.2.46 satisfy these system suit-
ability requirements, additional validation studies are not required. Valid system suitability results confirm
that the chromatographic system is fully capable of ensuring adequate separation, specificity, sensitivity,
and reproducibility for robust quantification.

RESULTS AND DISCUSSION

During the comparative pharmaceutical analysis of the purity of cytokine-like peptides using two
batches of the Alloferon substance, students acquired an extensive range of practical skills in operating
HPLC systems. Although Alloferon is not listed in the State Pharmacopoeia of Ukraine (SPU) or the Euro-
pean Pharmacopoeia (Ph. Eur.), a monograph for its pharmaceutical analysis is available in the other Phar-
macopeias. While the standard identification of related impurities in the Alloferon substance is typically
performed using conventional LC (Section 2.2.29), we implemented a highly selective HPLC method to
analyze Alloferon substances from various manufacturers.

The analysis was performed on an Agilent 1260 Infinity II chromatograph equipped with a UV detector
(set at 220 nm). Separation was achieved using an ODS Hypersil column 250 mm x 4.6 x 3 um, maintained
at a column temperature of 35°C.

The following chromatographic conditions were established: a flow rate of 1.5 mL/min, an injection
volume of 20 pL, an ambient sample temperature, and a run time of 12 min. The mobile phase consisted of
a mixture of acetonitrile R, trifluoroacetic acid R, 2M ammonium sulfate solution R, and water R at a ratio
of 5:0.1:10:84.9 (v/v/v/V).

To achieve optimal peak separation and symmetry, a systematic screening of various chromatographic
columns was conducted. The experiment evaluated C18, C8, and CN columns with lengths of 150 and 250 mm.

Based on the experimental results, the best chromatographic performance was achieved using an ODS
Hypersil (C18) column 250 mm x 4.6 mm. Furthermore, the ratio of the mobile phase components was
precisely modified to maximize separation efficiency.

Chromatograms of the Alloferon substance batches were recorded, and the obtained results are pre-
sented in Figures 1-3.

Figure 1 illustrates the chromatogram of the Alloferon reference standard (Rt = 4.192 min), which ex-
hibits identified impurities 1, 2, 3, 6, and 7, as well as an unidentified impurity (Rt = 9.166 min).
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Figure 1. Chromatogram of the standard sample: Alloferon (Rt=4.192 min), identified impurity:
Impurity 1 (Rt=1.676 min), Impurity 2 (Rt=1.807 min), Impurity 3 (Rt=2.366 min), Impurity 6 (Rt=4.716 min),
Impurity 7 (Rt=5.273 min), unidentified impurity (Rt=9.166 min)
Figure 2 illustrates the chromatogram of sample (1) Alloferon which contain identified impurity: Im-
purity 1, Impurity 2, Impurity 3, Impurity 4, Impurity 5, Impurity 6, Impurity 7, Impurity 8 and unidentified
impurity (Rt=5.403 min).
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Figure 2. The chromatogram of sample (1): Alloferon (Rt=4.181 min), identified impurity:
Impurity 1 (Rt = 1.674 min), Impurity 2 (Rt = 1.769 min), Impurity 3 (Rt = 2.281 min),
Impurity 4 (Rt = 3.598 min), Impurity 5 (Rt = 3.802 min), Impurity 6 (Rt = 4.632 min),

Impurity 7 (Rt = 5.065 min), Impurity 8 (Rt = 7.396 min), unidentified impurity (Rt = 5.403 min).

The chromatogram of sample (2) of Alloferon illustrates the clear analytical signals of identified
impurities 1, 2, 3, 4, 5, 6, 7 and 8. No unidentified impurities are observed (Fig. 3).
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Figure 3. The chromatogram of sample (2): Alloferon (Rt = 4.186 min); identified impurities:
Impurity 1 (Rt = 1.697 min), Impurity 2 (Rt = 1.809 min), Impurity 3 (Rt = 2.286 min),
Impurity 4 (Rt = 3.602 min), Impurity 5 (Rt = 3.805 min), Impurity 6 (Rt = 4.634 min),

Impurity 7 (Rt = 5.069 min), Impurity 8 (Rt = 7.402 min)

After conducting the research, the results obtained were calculated.

According to the results of the research, it was found that the sample of substance (1): contains 97.7 %
Alloferon compared to the standard sample, and substance (2): 97.4 % Alloferon compared to the standard
sample.

It was also found that in the substance (1) submitted for research, unidentified accompanying
impurities were found, the total content of which is 2.3 % (with an allowable norm of 4 %) and does not
contain a single impurity, the amount of which exceeded 2 %.

In the substance (2) submitted for research, unidentified accompanying impurities were found, the
total content of which is 2.6 % (with an allowable norm of 4 %) and does not contain a single impurity, the
amount of which exceeded 2 %.

Regarding the purity of Alloferon substances from various manufacturers, global pharmaceutical prac-
tice requires an assay content ranging from 98.5 % to 101.0 % on a dried basis. Laboratory-scale peptide
samples must maintain a purity of at least 95.0 %. Purity and the profiles of related compounds are rou-
tinely verified using HPLC, mass spectrometry (MS), and 1 H NMR spectroscopy. Pharmaceutical standards
strictly limit the levels of peptide-related impurities, thereby ensuring the absence of general toxicity, as
well as mutagenic, allergenic, or carcinogenic effects.
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Lyophilization of the raw material is conducted using an acetic acid solution, as the peptide is highly
susceptible to biodegradation and requires stabilization.

The presence of unidentified impurities in the reference standard and Alloferon indicates molecular
biodegradation, yet total impurity levels remain within established limits.

This experiment enabled the mastery of HPLC techniques, including condition optimization, column
selection, and the minimization of hazardous solvents for assessing substance purity.

CONCLUSIONS

This study demonstrates that implementing modern innovative educational approaches, particularly
integrating hands-on laboratory practice with state-of-the-art analytical equipment, effectively bridges the gap
between theoretical knowledge and professional competencies in higher pharmacy and biotechnology education.

By optimizing the High-Performance Liquid Chromatography (HPLC) parameters for the purity and
impurity profiling of the cytokine-like peptide Alloferon, a robust and highly selective analytical method
was successfully established in accordance with the regulatory frameworks of the Pharmacopeias.

The experimental framework not only confirmed that the total impurity levels in the analyzed Alloferon
batches remain within acceptable pharmacopoeial limits despite minor environmental biodegradation, but
also served as an invaluable educational tool.

Through this practice-oriented approach, students achieved comprehensive technical proficiency in
chromatographic system suitability assessment, method optimization, green chemistry principles via the
minimization of hazardous solvents, and advanced data interpretation, thereby ensuring their readiness
for the modern pharmaceutical labor market.
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