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THE FIGURE OF THE ENEMY IN PUBLICATIONS
OF THE 1944 WARSAW UPRISING
(BASED ON THE PRESS, BROCHURES AND SELECTED LEAFLETYS)

Ewa Ficek*, Beata Duda

University of Silesia in Katowice

*ewa.ficek@us.edu.pl

A few words about the author(s):

Ewa Ficek — PhD, academic interests: discourse analysis, corpus linguistics, linguistics
of memory. Beata Duda — PhD, academic interests: discourse analysis, corpus linguistics, digital
humanities, linguistics of memory.

Abstract:

The subject of this presentation is an examination of the figure of the Enemy as it appeared
in the press, leaflets, and other publications of the Warsaw Uprising — particularly those
addressing civilian issues. The fundamental research questions — aimed at understanding
the principles governing the construction of collective meanings and senses, established (or not)
in the discourse on the Uprising — are as follows: 1. who was the enemy for the participants (both
active and passive) of the 1944 Uprising — cf. two working categories proposed: the external
enemy and the internal enemy; 2. what strategies of enemy naming (labelling) and of discursive
profiling (predication) thereof can be identified, and what purposes did they serve (identification
and/or discrediting of the enemy, consolidation of the community in the face of a perceived threat,
etc.). The theoretical and methodological framework for this study is grounded in the assumptions
of linguistic discourse analysis. Texts from the collection entitled "Civilians in the Warsaw
Uprising" vol. 3, edited and introduced by W. Bartoszewski, selected by W. Bartoszewski
and L. Dobroszycki, Warsaw 1974, will be used as source material.

Keywords:

Warsaw Uprising; press, brochures and leaflets; the figure of the Enemy; naming and
predicating; linguistic discourse analysis
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PARENTS’ PERSPECTIVES ON KINDERGARTEN-PARENT
COLLABORATION IN INCLUSIVE EDUCATION

Malgorzata Janusz-Konopelko

No. 5 Kindergarten with an Inclusive Unit in Suwatki

mjk100@tlen.pl

A few words about the author(s):

Certified teacher and experienced early childhood educator with a focus on identity development,
family relationship psychology, and motherhood.

Abstract:

The presentation entitled “Parents’ Opinions on Kindergarten Collaboration in Inclusive
Education” addresses the implementation of inclusive education principles at the preschool level,
with particular emphasis on supporting all children in meeting their developmental
and educational needs. The presentation highlights the importance of cooperation between
kindergartens and parents as a key element of the educational process, enabling the exchange
of information about the child’s functioning, needs, and developmental potential, as well as the
joint creation of a supportive environment for child development.

The presentation reports the results of a study on parents’ opinions regarding their cooperation
with kindergartens in the context of inclusive education. The findings provide a basis for drawing
conclusions relevant to further pedagogical practice and for improving activities undertaken
in the field of inclusive education.

Keywords:

inclusive education; parent—teacher collaboration; early childhood education; parents’ opinions;
child development
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THE CONCEPT OF LAW AND LEGAL SYSTEMS

Joanna Kielb
Jan Grodek State University in Sanok

joasia.miskowiec@gmail.com

A few words about the author(s):

I am a 2" year economics student with a strong interest in both law and economics.
I am particularly fascinated by how legal frameworks influence economic systems and shape
decision-making processes.

Abstract:

The presentation examines the concept of law as a system of norms governing social life, outlining
its historical development from antiquity and its significance for the functioning of the state
and social order.

Keywords:

law; legal norms; jurisprudence; history of law
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THE ROLE OF ARTIFICIAL INTELLIGENCE IN FINANCIAL
FORECASTING —- HUMAN JUDGMENT VERSUS ALGORITHMS

Michal Jan Kolodziej

Jagiellonian University

michalkolodziej2003@gmail.com

A few words about the author(s):

A 23-year-old student full of optimism and open to new challenges. He graduated in Economic
Analytics from Maria Curie-Sktodowska University in Lublin. He is currently studying Finance
and Controlling at the Jagiellonian University in Krakow.

Abstract:

The presentation focuses on the role of artificial intelligence in financial forecasting and compares
its effectiveness with human judgment. It highlights that the rapid development of Al has
significantly transformed the way financial markets are analyzed and investment decisions
are made. The key advantages of Al systems are discussed, including high-speed processing
of large datasets, scalability, the ability to detect complex patterns, and consistency in decision-
making. At the same time, the limitations of algorithms are addressed, such as the “black box”
problem, the risk of overfitting, dependence on data quality, and difficulties in interpreting broader
socio-economic contexts.

In contrast, humans possess intuition, experience, contextual understanding, and the ability
to incorporate ethical and strategic considerations. However, human judgment is often affected
by cognitive biases, emotional influences, and limited capacity to process vast amounts
of information. The presentation identifies areas where Al outperforms humans (e.g., quantitative
analysis, high-frequency trading) as well as those where humans still hold an advantage
(e.g., geopolitical risk assessment, long-term decision-making).

The conclusion proposes a hybrid model that combines the precision and efficiency of algorithms
with human oversight, accountability, and strategic thinking, as the most effective approach
for the future of financial forecasting.

Keywords:

financial prediction; human judgement; artificial intelligence; finance; forecasting
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INCLUSIVE EDUCATION IN THE OPINIONS OF PARENTS
OF PRESCHOOL CHILDREN

Paula Kryszpin
Kindergarten No. 5 with an Integration Unit in Suwalki

paulakryszpin@onet.eu

A few words about the author(s):

I am a preschool teacher who is open-minded, creative, and eager to take on new challenges.
I also attend theatre classes and work as an activity animator, combining education with fun
and active play.

Abstract:

The article “Inclusive Education in the Opinions of Parents of Preschool Children” presents the
assumptions of preschool education as well as a recent trend in education-inclusive education,
which involves fostering a sense of belonging to the school community among all participants
in the educational process. This requires organizing all aspects of the educational process in a way
that ensures the fulfillment of children’s individual developmental needs.

The article emphasizes the importance of parents’ attitudes toward this trend in education, as these
attitudes influence supporting the child in adapting to new conditions, motivating them to engage
in the learning process, fostering their development, and cooperating with the preschool.

The cited research determines the level of parents’ knowledge about inclusive education
and presents selected beliefs regarding its functioning within the education system.
The conclusion drawn from the research is the need to undertake actions aimed at demonstrating

the advantages of inclusive education and its practical solutions that support the development
of all children.

Keywords:

preschool education; inclusive education; attitude; parents’ opinions
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AUTOMATING INTERNAL COMMUNICATION WITHIN
AN ORGANIZATION USING Al

Weronika Miksa

weronimiksa@wp.pl

A few words about the author(s):

Weronika Miksa is an independent researcher with a background in Computer Science
and Management. Her research focuses on the application of artificial intelligence
in organizational processes.

Abstract:

The rapid development of artificial intelligence (AI) technology is having a significant impact
on how modern organizations operate, including their internal communication processes.
The purpose of this presentation is to analyze the opportunities and challenges associated
with automating internal communication using Al-based tools. In particular, the presentation
will discuss solutions such as organizational chatbots, natural language processing (NLP) systems,
and platforms supporting knowledge management and information flow.

The presentation will outline the benefits of implementing Al, including increased communication
efficiency, reduced response times, personalized messaging, and reduced workload for HR
and administrative departments. At the same time, attention will be drawn to potential risks,
such as loss of communication context, ethical issues, data security, and employee resistance
to automation.

Keywords:

Al; internal communication; automation; chatbots; knowledge management
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THE IMPACT OF STATE REGIONAL POLICY ON REDUCING
DEVELOPMENT DISPARTIES

Magdalena Szmyd
Jan Grodek State University in Sanok

magdalena.szmyd354@interia.pl

A few words about the author(s):

Magdalena Szmyd is a 2" year economics student at Jan Grodek State University in Sanok.
Her academic interests include regional development, economic policy and regional disparities.

Abstract:

Regional policy is an important instrument for reducing socio-economic disparities between
regions and supporting balanced development. The aim of this paper is to analyse the role of state
regional policy in reducing regional development disparities in Poland. The study discusses
the objectives and legal foundations of regional policy and identifies the main determinants
of regional differences, including economic structure, infrastructure development and human
capital. Particular attention is given to the role of the European Union cohesion policy
and structural funds in supporting less developed regions. The analysis shows that regional policy
has contributed to the development of infrastructure, growth of entrepreneurship
and improvement of living standards. However, significant regional disparities still exist, which
indicates the need for long-term and comprehensive development strategies.

Keywords:

regional policy; regional development; regional disparities; cohesion policy; European Union
funds
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COPERNICUS-GRESHAM’S LAW IN THE CONTEXT
OF CONTEMPORARY PSYCHOLOGY AND FINANCE

Joanna Wrdébel
University College of Enterprise and Administration in Lublin, Poland

asia.wrobel06@gmail.com

A few words about the author(s):

The author is a Finance and Accounting student at the University of Business and Administration
in Lublin, interested in taxation, accounting systems, and the impact of social media on economic
processes.

Abstract:

The conference addresses the topic of the contemporary interpretation of Copernicus—Gresham’s
law in the context of the value of money and its purchasing power. The law formulated
by Nicolaus Copernicus in the 16th century states that bad money drives good money
out of circulation. In the conditions of the modern economy, this mechanism does not function
in the same form as in a specie-based monetary system; however, analogous phenomena can still
be observed in the economic behaviour of society.

Over the past decade, a significant increase in demand for precious metals has been observed.
Investing capital in stable assets enables the protection of its value against many factors.
Investments are made by financial institutions, investors, as well as individual clients.

The conference will discuss the factors influencing the growth in demand, the advantages,
and the characteristics of investing in gold. Additionally, the issue of taxation on the sale of gold
in Poland will be presented.

Keywords:

Copernicus—Gresham’s Law; gold; financial behawior; money value
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SMART CITY AND THE SAFETY OF RESIDENTS

Krzysztof Staczek
Jan Grodek State University in Sanok
krister1323@gmail.com

A few words about the author(s):

My name is Krzysztof Staczek. I am a student at the University of Sanok, pursuing a 2™ cycle
degree in internal security. | am a member of the university's research group.

Abstract:

The concept of a smart city involves the use of modern technologies to improve the quality of life
of residents, including enhancing their safety. Monitoring systems, the Internet of Things (IoT),
and real-time data analysis enable faster responses to threats such as crime, accidents,
and emergencies. Smart systems can also support emergency services and optimize urban traffic
management. However, the development of smart cities also presents challenges, particularly
in terms of privacy and data protection. Proper technology management and maintaining a balance
between security and civil liberties are essential for the effective functioning of a smart city.

Keywords:

intelligent; modern; Al; security; people
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PROGNOSTIC FACTORS OF MORTALITY AND CLINICAL
CHARACTERISTICS OF PATIENTS SURGICALLY TREATED
FOR BLUNT LIVER TRAUMA - A SINGLE-CENTER EXPERIENCE

Bartlomiej Bialas (1)*, Maciej Rybicki (1, 2), Piotr Tomasz Arkuszewski (3),
Michal Kusinski (4)

(1) Student’s Research Group, Department of Biomedicine and Experimental Surgery,
Faculty of Medicine, Medical University of Lodz, Narutowicza 60, 90-136 Lodz, Poland
(2) Plastic, Reconstructive and Aesthetic Surgery Clinic, Institute of Surgery,
Medical University of Lodz, Lodz, Poland
(3) Department of Biomedicine and Experimental Surgery, Faculty of Medicine,
Medical University of Lodz, Narutowicza 60, 90-136 Lodz, Poland
(4) Department of Endocrine, General and Oncological Surgery, Mikolaj Kopernik District Hospital,
91-513 Lodz, Poland

*bartlomiej.bialas@stud.umed.lodz.pl

A few words about the author(s):

An interdisciplinary team of researchers from the Medical University of Lodz, focusing
on rare abdominal injuries, their complications and blunt trauma of the abdominal organs.

Abstract:

Blunt liver injuries present a significant challenge for emergency and surgical departments.
These injuries may constitute an independent risk factor for mortality following blunt abdominal
trauma, or form a key component of multiple organ injury. A single-centre, retrospective
observational study was performed, identifying a group of 27 patients following a road traffic
accident or a fall from a height who underwent surgery for blunt liver trauma. Clinical parameters
such as the GCS and Shock Index (SI) were analysed and correlated with the severity of liver
injury using scales, including the AAST and WSES. The majority of patients were those following
road traffic accidents. The study demonstrated that severe disturbances of consciousness and
haemodynamic instability are the most important predictors of mortality. In practice, a simple
neurological and haemodynamic assessment is more useful for the fast identification of critically
injured patients than complex anatomical classifications such as AAST or WSES.

Keywords:

blunt liver trauma; road traffic accident; falls from height; predictive factors; trauma
mechanisms
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THE IMPACT OF LIFESTYLE AND HEALTH BEHAVIORS
ON CARDIOVASCULAR DISEASES

Krzysztof Gorski
Medical University of Bialystok
gorskil3@tlen.pl

A few words about the author(s):

Krzysztof Gorski is a PhD student at the Medical University of Biatystok. His scientific interests
focus on cardiovascular diseases, prevention strategies, and health behaviors in patients with
chronic conditions.

Abstract:

Cardiovascular diseases remain the leading cause of morbidity and mortality worldwide.
Lifestyle factors such as diet, physical activity, smoking, and adherence to medical
recommendations play a crucial role in both the development and progression of these conditions.
The aim of this study is to present current evidence on the impact of lifestyle and health behaviors
in patients with cardiovascular diseases. The review is based on recent clinical guidelines
and large epidemiological studies. Evidence indicates that unhealthy behaviors, including poor
diet, physical inactivity, and smoking, significantly increase cardiovascular risk, while proper
lifestyle modification can reduce morbidity and mortality. However, many patients fail to adhere
to recommended changes, which negatively affects treatment outcomes. Factors influencing
health behaviors include socioeconomic status, education level, and psychological aspects.
Improving patient education and promoting healthy lifestyle interventions are essential
components of effective cardiovascular prevention and management.

Keywords:

cardiovascular diseases; prevention; lifestyle; diet; physical activity
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DETERMINATION OF XANTHOHUMOL BY UV-VIS
SPECTROPHOTOMETRIC METHOD

Natalia Hetman*, Monika Dabrowska
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Abstract:

Xanthohumol is a prenylated chalcone belonging to the flavonoid group, naturally found in many
plants, but mainly obtained from hop cones. It exhibits antioxidant, anticancer, anti-inflammatory,
antibacterial and antiviral properties. Xanthohumol is most often isolated by extraction of hop
cones using supercritical carbon dioxide or organic solvents.

The aim of this study is to validate a UV-VIS spectrophotometric method for determining
xanthohumol and to present the results of the determination of this compound in two dietary
supplements and a cosmetic product.

A standard solution of xanthohumol was prepared and a calibration curve was constructed.

The method showed good linearity with a correlation coefficient (r) of 0.997. The calculated LOD
and LOQ values were 0.506 pg/ml and 1.533 pg/ml, respectively. Accuracy was evaluated at three
concentration levels (80%, 100%, 120%), showing an average recovery of about 100% and RSD
below 5%. Precision was confirmed with an RSD below 1%.

In the next stage of the experimental part, the xanthohumol content in selected dietary
supplements and a cosmetic product was determined against methanol as a reference
and at an analytical wavelength of 368 nm. For one of the dietary supplements, the average
xanthohumol concentration was approximately 58% of the content declared by the manufacturer.
For the other products, no information on xanthohumol content was provided, and it was
determined to be between 2.29 mg/ml and 61.51 pg/g.
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Abstract:

Avascular osteonecrosis, also known as apophysis, is the result of overload changes at the tendon-
bone attachment site, causing separation of the bony fragment from the joint surface (Achar
& Yamanaka, 2019). The most common avascular osteonecrosis in pediatric soccer players
include Osgood-Schlatter disease and Sever's disease. It occurs in young athletes during the period
of skeletal growth because the growth cartilage in children is weaker than the musculoskeletal
units, resulting in excessive traction at the tendon-bone attachment site (Maruszczak et al., 2024),
(van der Sluis et al., 2014), (Juch et al., 2025).
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Abstract:

Asthma has been linked to an increased risk of venous thromboembolism and pulmonary
embolism, although its underlying mechanisms remain unclear. This study aimed to examine
whether the formation of neutrophil extracellular traps (NET) is associated with impaired
clot retraction and fibrinolysis in the blood of asthma patients. The study included 50 asthma
patients and 40 healthy controls. Clot retraction was evaluated using an optical method
with a digital camera, while fibrinolysis was measured through thromboelastometry.
Levels of NET markers in plasma or serum were determined using microplate immunoenzymatic,
colorimetric, and fluorometric assays. Clinical assessments included spirometry (FEV1), exhaled
nitric oxide (FENO), fibrinogen, D-dimers, IgE, and counts of eosinophils, neutrophils,
and platelets. Asthma patients exhibited elevated levels of NET markers in their blood,
which significantly correlated with reduced clot retraction and fibrinolysis compared to controls.
Among clinical parameters, FENO showed the strongest association with impaired fibrinolysis
and clot retraction. Our findings suggest that NET formation in the blood of asthma patients
is linked to disruptions in clot retraction and fibrinolysis, potentially contributing
to the development of unstable thrombi. This mechanism may help explain the increased incidence
of venous thromboembolism and pulmonary embolism observed in individuals with asthma.
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Abstract:

Family functioning in the context of a child’s chronic illness is an important area of research,
particularly in the case of type 1 diabetes, which requires constant monitoring and caregiver
involvement. The diagnosis of the disease affects the entire family system, including parents’
perception of the illness and their emotional functioning.

The aim of the study is to analyze the functioning of families of children with type 1 diabetes,
with particular emphasis on parents’ illness perception. The study will assess the level
of knowledge about the disease, coping skills, levels of stress and anxiety, and the relationship
between caregiving competencies and self-efficacy and resilience, as well as the level of caregiver
burden.

A quantitative study using a diagnostic survey method is planned in a group of 200 parents.
The following instruments will be used: an author-designed questionnaire, Hospital Anxiety
and Depression Scale (HADS), Caregiver Burden Scale (CB Scale), Generalized Self-Efficacy
Scale (GSES), and Resilience Assessment Scale (SPP-25).

It is assumed that a higher level of knowledge and caregiving competencies will be associated
with lower levels of anxiety and burden, as well as higher self-efficacy and resilience, supporting
better adaptation to the child’s illness.
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Abstract:

Colorectal cancer (CRC) is a major challenge in oncology due to its high incidence and mortality.
Early-stage CRC is often asymptomatic, leading to delayed diagnosis and poor prognosis.
Current diagnostic methods, including tumor markers such as carcinoembryonic antigen (CEA),
are not sufficiently sensitive for early detection, highlighting the need for novel biomarkers.
Chemokines are involved in tumor progression, including proliferation, angiogenesis,
and metastasis, making them potential diagnostic targets. This study evaluated the diagnostic
utility of pre-treatment serum CXCL13 levels in CRC patients. The study included 60 subjects:
40 CRC patients and 20 healthy controls. Serum CXCL13 levels were measured using multiplex
Luminex assays, while CEA concentrations by a chemiluminescent microparticle immunoassay.
Serum CXCL13 concentrations demonstrated statistically significant difference between patients
with CRC and the healthy group (p = 0.002967) similarly as CEA (p < 0.01). The evaluation
of diagnostic criteria showed that the measurement of serum CXCL13 levels had a diagnostic
sensitivity of 42.5% and a diagnostic specificity — 15%, that were lower than for CEA (diagnostic
sensitivity - 80% and diagnostic specificity — 70%). However, the combined analysis of CXCL13
and CEA levels increased diagnostic sensitivity to 97.5%. Our findings suggest that CXCL13
may be a valuable biomarker in the diagnosis of CRC patients, especially when measured
in combination with CEA.
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Abstract:

BACKGROUND/OBJECTIVES: Effective wound closure in breast surgery achieves
a compromise between safety and aesthetic outcomes. This systematic review evaluates the effect
of 2-octyl cyanoacrylate (2-OCA) tissue adhesive (Dermabond) as a primary means of skin
closure compared with traditional sutures.

METHODS: The study protocol was registered in PROSPERO (CRD42023420595).
A systematic search of PubMed, Embase, and Web of Science databases identified ten studies
(n= 1870) comparing 2-OCA with standard suturing techniques in breast reduction,
reconstruction, and oncological procedures. The methodological quality was assessed using
Cochrane RoB 2.0 and the Newcastle—Ottawa Scale.

RESULTS: Using the Synthesis Without Meta-analysis (SWiM) framework, the results indicate
that 2-OCA offers a safety profile comparable to sutures in terms of the incidence of infection and
hematoma. Although a higher incidence of wound dehiscence was observed with glue, 2-OCA
showed better operative efficacy and greater patient satisfaction, which is attributed
to its immediate water resistance and elimination of the need for suture removal.
CONCLUSIONS: The analysis suggests that 2-OCA is a feasible structural alternative to skin
sutures in appropriately selected patients, with the proper management of deep skin layer tension.

Keywords:

breast surgery; complications; cosmetic outcome; octyl 2-cyanoacrylate; dermabond

26



XN

15 th edition
National Scientific Conference
"e-FACTORY OF SCIENCE"

April 11, 2026

PHYSIOTHERAPY FOR PATIENTS WITH HYPERTENSION,
CHALLENGE OR PREVENTION IN THE PURSUIT
OF PHYSICAL FITNESS

Janina Rzeszot
Vincent Pol University in Lublin, Poland

danuta.rz@op.pl

A few words about the author(s):
Physiotherapy Janina Rzeszot.
Abstract:

BACKGROUND: Arterial hypertension affects 32% of Polish adults, representing a major public
health challenge with 12 million patients, 50% undiagnosed and only 25% effectively treated.
OBJECTIVE: To evaluate physiotherapy effectiveness as preventive and therapeutic intervention
for hypertension, examining clinical efficacy, economic viability, and patient motivation factors.
METHODS: Comprehensive literature review of 30 studies including RCTs, systematic reviews,
and cost-effectiveness analyses examining various exercise modalities and their impact on blood
pressure, adherence rates, and healthcare costs.

RESULTS: Physiotherapy interventions achieved significant systolic blood pressure reductions
of 4-9 mmHg, with isometric exercises demonstrating highest efficacy (8-10 mmHg).
Patient adherence ranged 30-77% depending on motivational approach, with self-determination
theory increasing effectiveness by 46%. Economic analysis revealed potential savings
of 850-5000 PLN per patient annually through 20-30% pharmacotherapy cost reduction and 25%
decreased hospitalizations. A structured 3-phase program (adaptation, progression, maintenance)
proved most effective for long-term control.

CONCLUSIONS: Physiotherapy represents an effective, safe, and economically justified
hypertension treatment, reducing cardiovascular complications risk by 20-30% with favorable
ROI within 12-18 months. Success depends on patient motivation and professional support.
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Abstract:

Catathrenia is a rare sleep-related breathing disorder. It is characterized by repeated episodes
of loud groaning that last from several to several dozen seconds during sleep. An episode
of catathrenia has a distinctive breathing pattern. Vocalization occurs during exhalation, which
distinguishes it from snoring, where the sound is produced during inhalation. It most commonly
occurs during the REM phase, although it may also appear during the NREM phase.
It usually begins in childhood, adolescence, or early adulthood and tends to be chronic.
This disorder is associated with lower sleep quality for both the patient and their household
members, and it may also be a source of discomfort. It does not pose a threat to the patient’s life
or physical health. The exact cause of catathrenia is unknown. The main diagnostic tools are
medical interview (anamnesis) and physical examination. Among patients with catathrenia,
no abnormalities are typically found in otolaryngological or neurological examinations.
Treatment may include the use of CPAP devices in combination with psychological consultations.
It is also assumed that maintaining good sleep hygiene may improve symptoms and reduce
the frequency of catathrenia episodes.
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Abstract:

Lemierre’s syndrome is a rare but serious complication of oropharyngeal infections, characterized
by septic thrombosis of the internal jugular vein and subsequent dissemination of septic emboli,
most commonly to the lungs. Although its incidence declined with the widespread use
of antibiotics, recent observations suggest a possible re-emergence, making it increasingly
relevant in emergency medicine. The condition predominantly affects young, otherwise healthy
individuals and typically develops after a seemingly mild pharyngeal or tonsillar infection.
The key pathogen is Fusobacterium necrophorum - bacterium capable of invading surrounding
tissues and promoting thrombus formation within the jugular vein. The resulting infected
thrombus may then serve as a source of systemic embolization. Initial symptoms are often non-
specific, including sore throat, fever, and malaise, which may contribute to delayed diagnosis.
As the disease progresses, patients can develop neck pain, swelling, and signs of systemic
infection. Diagnosis is based on imaging findings confirming internal jugular vein thrombosis
together with microbiological evidence of anaerobic infection. Treatment relies primarily
on prolonged intravenous antibiotic therapy, while the role of anticoagulation remains
controversial. Despite advances in management, Lemierre’s syndrome continues to be associated
with significant morbidity, highlighting the importance of early recognition.
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Abstract:

Physical activity constitutes a key component in both the prevention and treatment of obesity.
A growing body of scientific evidence indicates that regular exercise not only improves
the outcomes of bariatric surgery but also reduces the risk of adverse events and postoperative
complications. Furthermore, it significantly increases the likelihood of maintaining long-term
weight loss and plays an important role in the prevention of sarcopenia.

The aim of this presentation is to summarize the current state of knowledge regarding the role
of physical activity in patients following bariatric surgery, alongside the presentation
of preliminary findings from an original research study addressing this issue.

The study protocol includes a comprehensive preoperative patient assessment, including
a medical history review, a clinical examination and a questionnaire-based physical examination.
Additionally, functional capacity, physical performance and muscle strength are evaluated.

The expected benefit of this study is to demonstrate the effectiveness of the implemented
physiotherapy program in terms of weight reduction and improvement in patients’ quality of life.
The findings may contribute to the integration of physiotherapy as a standard component
of postoperative management in bariatric surgery, thereby optimizing long-term treatment
outcomes.
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Abstract:

Chitosan, a natural biopolymer derived from chitin, has garnered significant attention
in biomedical and food packaging sectors due to its inherent antimicrobial activity.
However, its efficacy is strictly governed by its physicochemical parameters, most notably
the degree of deacetylation (DD) and molecular weight (MW). This Poster evaluates how
variations in these two factors influence the inhibition of Gram-positive and Gram-negative
bacteria.

Our findings suggest that the optimal antimicrobial performance is achieved through a synergistic
balance between high DD (providing strong surface binding) and tailored MW (depending on the
target pathogen species). Understanding these relationships is crucial for designing specialized
chitosan-based materials with predictable and maximized antibacterial properties.
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Abstract:

Cancer remains a major global health challenge, and current therapies often fail due to the adaptive
nature of tumor cells, underscoring the need for improved drug delivery strategies. pH-responsive
systems offer a promising solution by exploiting the acidic tumor microenvironment to trigger
cleavage of pH-labile linkers and enable site-specific drug release. In this study, we evaluated
maleic anhydride derivatives as pH-sensitive linkers for drug delivery applications. Three cyclic
anhydrides, cis-aconitic anhydride, 2-(2’-carboxyethyl)maleic anhydride, and 1-methyl-2-(2’-
carboxyethyl)maleic anhydride, were investigated, differing in spacer length and substitution
patterns. Monodansylcadaverine (DCV) was used as a fluorescent drug analogue to avoid
cytotoxic compounds while enabling efficient monitoring of conjugation and release.
Amide coupling reactions were optimized in anhydrous solvents, and conjugate stability
and hydrolysis profiles were assessed under physiological and acidic conditions. We successfully
synthesized a series of maleic anhydride-based conjugates and characterized their pH-dependent
behavior. Side-product formation was observed, likely due to isomerization or double-bond
substitution. Notably, approximately 60% of DCV was released from the 1-methyl-2-(2’-
carboxyethyl)maleic anhydride conjugate at pH 4, demonstrating the potential of this linker class
for pH-triggered drug delivery systems.
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Abstract:

The aortic isthmus is an important anatomical element of the fetal circulatory system,
characterized by a specific structure and function that differ from those observed after birth.
The article presents the current state of knowledge on the role of the aortic isthmus in fetal life,
with particular emphasis on its anatomy, flow physiology and changes occurring after birth.
The specificity of fetal circulation is discussed, in which the aortic isthmus receives only about
10% of the cardiac output output, while most of the blood is directed through the ductus arteriosus
Botalla directly to the descending aorta. Pathologies related to the aortic isthmus are also
presented, with particular emphasis on aortic coarctation - a congenital heart defect,
the pathogenesis of which may be associated with limited flow through the aortic isthmus in the
fetal period. The article emphasizes the clinical significance of the aortic isthmus in prenatal
diagnosis and therapeutic options in the case of its pathology. Understanding the physiology
of the aortic isthmus is important for the proper care of the newborn and for the early detection
and treatment of congenital cardiovascular defects.
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Abstract:

Collagen is a fundamental structural protein in the animal body, essential for maintaining tissue
integrity, elasticity, and strength. Due to the rising demand for biomaterials with high
biocompatibility and low immunogenicity, marine collagen, primarily sourced from fish industry
by-products such as skin, scales, bones, and fins, has gained significant scientific and commercial
interest. The objective was to compare extraction strategies such as acid-soluble, pepsin-
solubilised, and emerging methods such as ultrasound-assisted as well as to summarise clinical
and preclinical evidence for applications in cosmetology, wound care and tissue engineering.
Key findings indicate that hydrolysed marine collagen produces measurable improvements in skin
hydration, elasticity, and wrinkle parameters in 12-week randomised trials, while sterilised tilapia
skin demonstrates faster epithelialization and reduced dressing frequency in partial-thickness
burns. Overall, the reviewed studies demonstrate that marine collagen represents a promising and
sustainable alternative to terrestrial collagen sources, with significant potential in regenerative
medicine, biomaterials engineering, and cosmeceutical development.
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Abstract:

Hypericum perforatum exhibits well-documented antidepressant and anxiolytic properties,
however the effects of its metabolites produced by gut microbiota and their impact on the gut-
brain axis is largely unexplored. The biotransformation of H. perforatum compounds
by commercially available probiotic strains was investigated in this study. Phytochemical analysis
demonstrated the presence of characteristic plant metabolites, including rutin, hyperoside,
quercitrin, isoquercitrin, hyperforin and adhyperforin. During incubation with most probiotics,
rutin levels increased after 6 h and decreased after 24 h. After 24 h of incubation, a new postbiotic
metabolite was detected in the sample with Dr. Max probiotic containing selected Lactobacillus
and Bifidobacterium strains. The new metabolite ((M—H]™ m/z 245) produced MS? fragments
at m/z 277, 201, 159, 125. The purpose of this examination was to investigate the effect
of probiotic strains on the biotransformation of Hypericum perforatum extract while future
research will focus on scaling up the biotransformation process to enable isolation
and characterization of the newly discovered metabolite.
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Abstract:

Progressing climate change (rising temperatures, more frequent heat waves, and variable
environmental conditions) significantly affects the well-being and performance of horses.
The purpose of this work is to analyze the adaptation ofhorses to changing climate, taking into
account physiological and behavioral mechanisms, as well as their breedingconsequences.
Horses use advanced thermoregulation mechanisms, such as intense sweating conditioned by the
specificsof sweat, changes in breathing rate, and circulatory system adaptations, which enable
them to maintain thermalhomeostasis even during exercise in high temperatures.
Behavioral modifications include limiting activity during thehours of peak sunlight, seeking
shade, and changes in feed and water intake. Prolonged exposure to heat stress can lead
tometabolic disorders, dehydration, decreased performance, and reproductive complications —
all of which are importantfrom a breeding and veterinary perspective. In light of these challenges,
the 1mportance of selecting individuals with higher heat tolerance, optimizing
maintenancesystems, and nutritional strategies is growing. Understanding the mechanisms
of horse adaptation to climate change iscrucial for ensuring their well-being and sustainable
development of breeding in the context of global environmentalchanges.
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My name is Kacper Koszyk. I am a 5" year veterinary student. My main interests are issues related
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Abstract:

The dynamic development of new digital technologies is significantly changing the approach
to monitoring the health andbehavior of horses, offering tools that enable early diagnosis
and objective assessment of well-being. The purpose of thiswork is to review modern technologies
used in monitoring physiological and behavioral parameters of horses and toevaluate
their significance in veterinary and breeding practice. Among the most commonly used solutions
are wearabledevices equipped with sensors that measure heart rate, heart rate variability, physical
activity, and rest time. Motionanalysis systems are also gaining importance, enabling the detection
of early signs of lameness, inflammation, pain orstress, and continuous temperature monitoring.
Integrating data from various sources allows for continuous and remotemonitoring of horses,
which promotes the development of remote breeding control. The use of new technologies
can contribute to improving animal welfare, optimizing treatment and rehabilitation,
andincreasing the efficiency of stud farm management. At the same time, the necessity of further
clinical validation of thesetools and proper interpretation of the obtained data by veterinarians
and breeders 1s emphasized.
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Abstract:

INTRODUCTION: Unmanned systems, including Unmanned Aerial Vehicles (UAVs),
Autonomous Surface Vehicles (ASVs), and Unmanned Underwater Vehicles (UUVs), are
essential for modern aquatic monitoring and rescue. This paper reviews the design and
applications of these systems, emphasizing their efficiency in hydrology, water quality
assessment, and search and rescue automation.

MATERIALS AND METHODS: A systematic review of scientific literature (2020-2025) was
conducted using Scopus, Web of Science, and MDPI databases.

RESULTS: Literature analysis confirms that the integration of unmanned systems (UAV, ASV,
UUYV) enables precise bathymetric and physicochemical water measurements (pH, dissolved
oxygen, temperature) with an error margin of only a few percent compared to traditional methods.
The application of deep learning in autonomous units allows for high-precision detection
of drowning victims. Under operational conditions, the use of drones reduced the average time
to locate a victim from 823 s to 80 s, which radically increases the chances of survival.
CONCLUSIONS: Mechatronics in unmanned systems crucially enhances monitoring precision
and the effectiveness of water rescue operations. UAV, ASV, and UUV units constitute the
foundation for the development of modern technologies operating in challenging aquatic
environments.
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Natalia Swoboda is a fifth-year chemistry student at the Silesian University of Technology.
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Abstract:

Critical micelle concentration (CMC) is one of the important parameters to describe behaviour of
surfactants and amphiphilic polymers in solutions. It represents the lowest concentration required
to form aggregates called micelles. The CMC can be determined by changes in parameters such
as surface tension or electrical conductivity. Ionic surfactants, such as sodium dodecyl sulfate
(SDS) and cetrimonium bromide (CTAB), possess charged groups in their hydrophilic head,
allowing them to dissociate into ions in aqueous solutions. In contrast, high molecular weight
amphiphilic polymers, such as sulfobetaine methacrylate-based systems, may contain multiple
ionic groups, which result in more complex aggregation behaviour compared to low molecular
weight surfactants. In this study, poly(sulfobetaine methacrylate-co-methacrylate) P(SBMA-co-
MMA) was used as a model high molecular weight surfactant, and the CMC of all investigated
compounds were determined on the goniometer and conductometer. The dependence of the
measured parameters on concentration was analyzed, and the CMC values were determined using
both graphical methods and mathematical models implemented in MATLAB.

Acknowledgment: This work was supported by the Silesian University of Technology (Poland)
in the XIII edition of the Project-Based Learning, project title: ,,Wykorzystanie metod
obrazowania mikroskopem elektronowym do oceny przebiegu procesu tworzenia miceli
z wybranych polimerow amfifilowych”.
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Abstract:

The identification of bacteria is a fundamental aspect of modern microbiology and plays a key
role in diagnostics, quality control, and genetic engineering. In recent years, matrix-assisted laser
desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS) has gained
importance as a rapid and reliable technique enabling the generation of unique protein profiles
of microorganisms. Simple extraction protocols allow for the acquisition of reproducible mass
spectra in a short time. Increasing attention has also been given to the application of this method
for the analysis of bacterial lipids. Lipids, as essential components of cell membranes,
vary depending on species and strain, providing additional diagnostic information.
The combination of proteomic and lipidomic analysis (proteo-lipidomics) enables more precise
identification of microorganisms and monitoring of changes related to environmental adaptation
and genetic modifications. This integrated approach enhances the diagnostic potential of MALDI-
TOF MS and finds applications not only in clinical microbiology but also in veterinary medicine,
biotechnology, and environmental research.
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identification
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Abstract:

Age assessment of horses based on dentition is a universal method used by veterinarians, breeders
and traders worldwide. There are no geographical restrictions on its use, as changes in a horse’s
dentition result from its physiology and biology. The four standard factors taken into account are:
the replacement of milk teeth with permanent teeth, the wear of the so-called ‘registers’, changes
in the shape of the occlusal surface, and changes in the angle of the incisors. Less commonly
considered features include the so-called Galvayne’s groove and the hook, which appear on the
third upper incisor (I3). A study was conducted on a group of Polish Koniks, a native Polish breed
of primitive horses and included 67 horses aged from five to 27 years, kept in free-range breeding
(36 females and 31 males). For this purpose, photographs of their left upper 13 tooth were taken,
and the resulting material was subjected to digital analysis. The following characteristics of tooth
I3 were analysed: tooth length coefficient (ratio of tooth crown length to occlusal surface width),
presence of Galvayne’s groove, length of Galvayne’s groove (relative to the length of the tooth
crown) and the presence of a notch. It was found that the examined characteristics are related
to the horse’s age, but vary irregularly and show some individual variation; therefore, they can
only be used for approximate age determination. The horse’s sex has no influence
on the occurrence of the examined characteristics.
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Abstract:

The development of Al in healthcare not only creates new diagnostic and organisational
opportunities, but also poses significant ethical, legal and social challenges. Al systems used
in medicine influence clinical decisions, resource allocation, the doctor—patient relationship and
the understanding of liability for errors. In practice, this means moving away from viewing Al
as a neutral technical tool towards treating it as part of a complex socio-technical system.

The aim of the presentation is to discuss the Value Sensitive Design methodology as an approach
that enables human values to be taken into account as early as the design stage of Al systems
for healthcare. Work demonstrates how conceptual, empirical and technical research can support
the identification of stakeholders, the definition of value conflicts, and the translation of abstract
ethical principles into concrete design technical requirements.

Particular attention will be paid to the gap between the declared principles of responsible Al
and the realities of project teams’ work in the medtech industry. Issues related to explainability,
user trust, the integration of Al systems into clinical workflows, and the tension between
the pressure for rapid deployment and ethical and regulatory requirement will be discussed.

The presentation is interdisciplinary in nature and lies at the intersection of new technology law,
Al ethics, science and technology studies, and the practice of designing healthcare digital systems.
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Abstract:

Copper nanoparticles synthesized in deep eutectic solvents (DES) are considered promising
bioactive plant additives due to their controlled ion release and antimicrobial properties.
The systems were prepared using betaine and ascorbic acid with selected donors (glucose,
fructose, glycerol) and synthesized from copper(Il) nitrate(V). The obtained materials were
characterized using TEM, XRD, EDX and FTIR-ATR techniques.

The results confirmed the formation of copper nanoparticles with a dominant Cu(0) phase
reaching up to 96.6%, depending on DES composition. Systems containing ascorbic acid
exhibited the highest antimicrobial activity, with MIC values ranging from 7.8 to 31.3 mg Cu/dm?
against tested microbial strains, including Staphylococcus aureus and plant pathogens.
Additionally, DES composition significantly influenced copper ion release kinetics in aqueous
and soil environments, as well as phytotoxic effects. The results indicate that Cu-DES systems
enable controlled ion release and show strong antimicrobial potential, although further
optimization is required to reduce environmental impact.
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Abstract:

This study analyzes the impact of energy-efficient light sources on power quality in the electrical
grid. The research compares three types of light sources with similar luminous flux: a traditional
tungsten filament bulb, a LED lamp, and a compact fluorescent lamp (CFL). While traditional
incandescent bulbs act as linear loads with a sinusoidal current waveform, modern energy-
efficient sources utilize power electronic circuits, resulting in non-linear current consumption.
Measurements were conducted using a Yokogawa WT500 power analyzer at nominal
grid voltage. The results demonstrate that LED and CFL sources significantly distort the current
waveform, leading to a pulsed current character and high Total Harmonic Distortion (THD)
levels—reaching 109% for CFL and 113% for LED, compared to just 1.6% for the traditional
bulb. Furthermore, these modern sources exhibit a lower power factor (approx. 0.57-0.59).
The study concludes that while energy-efficient lighting significantly reduces active power
consumption, it introduces substantial harmonic disturbances into the power grid, which may
degrade overall power quality, especially in installations with a high density of such non-linear
loads.
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Abstract:

The main goal of the project was to conduct comprehensive industrial research aimed at increasing
the attractiveness of products: fruit juices, fruit and vegetable juices, vegetable juices, nectars,
and beverages. This goal was achieved by implementing new solutions in the technological
process. The water used in product preparation was effectively deaerated, the deaeration process
was optimized before bottling into cartons, and the thermal processing (pasteurization)
temperature was reduced. The second goal was to develop an algorithm that enabled optimization
of the production process, with particular emphasis on the deaeration process. For a specific
product type, the algorithm enabled the interpretation of intermediate process parameter results.
This allowed for the demonstration of correlations between the input database and proposed
deaeration process parameters through automatic correction. Ultimately, the product achieved
the desired results. The project resulted in a product with a higher vitamin content and improved
organoleptic characteristics.
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Abstract:

The aim of the project was to develop a technological process for producing concentrated, cloudy
and clarified fruit juices, utilizing new solutions previously unavailable in Poland. Switching from
hydro-unloading the raw material to dry unloading and transport allowed for improved physical
parameters and new parameters at the procurement stage. The introduction of dosing tools
for complete raw material identification from unloading to the finished product will also be
implemented. Automation of enzymatic and clarification processes will be implemented.
The developed technology for producing concentrated, cloudy and clarified fruit juices ensures
maximum raw material utilization and minimizes losses. Improvements in production technology
ensure higher process efficiency, better productivity, increased yield (kg of concentrate/kg of raw
material), lower media levels, and greater product stability under repeatable process conditions.
Automation and visualization of individual stages allowed for the minimization of human error,
continuous data collection, test licensing, and selection of the most appropriate operating
conditions. The solutions used, which have concentrate oxidation properties, directly translated
into improved physicochemical and sensory parameters. As part of the project, research and
development work was also carried out on the use of the obtained fruit concentrate in various
applications.

Keywords:

concentrated juice; fruit batching; concentrated cloudy apple juice; automation of enzymation
and clarification; algorithms in juice production

49



L |

15 th edition
National Scientific Conference
"e-FACTORY OF SCIENCE"

April 11, 2026

MICROPLASTICS IN THE ENVIRONMENT - A 215T CENTURY
CHALLENGE

Kacper Siwiak*, Adam Wesolowski, Alicja Szot
University of Life Sciences in Lublin

*siwiakacper@gmail.com

A few words about the author(s):
Veterinary students.
Abstract:

Microplastics have emerged as a critical environmental issue in the 21st century. They are widely
distributed in oceans, rivers, soils, and even the air, originating from plastic waste, textiles,
packaging, and industrial processes. Due to their small size and persistence, microplastics
accumulate in ecosystems, posing threats to wildlife and potentially to human health through
the food chain. Detecting and monitoring microplastics require advanced techniques such
as microscopy, spectroscopy, and automated image analysis. Recent developments in digital
technologies, including sensor networks and drone-based environmental surveys, enable large-
scale monitoring and mapping of contaminated areas. Studying the sources, transport,
and ecological impact of microplastics is essential for designing effective mitigation strategies
and for raising public awareness about plastic pollution. Integrating laboratory analysis,
fieldwork, and computational models provides a comprehensive approach to understanding
microplastic dynamics. Addressing this challenge is crucial for environmental protection,
sustainable resource management, and ensuring the health of ecosystems in the modern era.
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Abstract:

Diagnosing diseases in animals is often complex, time-consuming, and requires specialized
expertise. Traditional diagnostic methods, including physical examination, imaging,
and laboratory tests, can be limited by human capacity and subjective interpretation.
Artificial intelligence (Al) provides innovative solutions by analyzing medical images, laboratory
results, and behavioral data with high accuracy and speed. Al tools can detect skin disorders,
identify fractures or abnormalities in X-rays and ultrasounds, monitor the health of livestock
herds, and even predict potential disease outbreaks. Integration of Al into veterinary practice not
only supports veterinarians in decision-making but also improves animal welfare by enabling
earlier detection and intervention. Furthermore, Al allows remote diagnostics, enhances data-
driven research, and provides a scalable approach to managing large animal populations.
By combining human expertise with advanced Al algorithms, veterinary medicine can become
more efficient, precise, and proactive, ensuring better outcomes for both animals and caretakers.
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Abstract:

Tick-borne diseases are a significant health problem in dogs worldwide. Ticks act as vectors
for many pathogens, including bacteria and protozoa, which can cause serious infections
in animals. The most common tick-borne diseases in dogs include Lyme disease, ehrlichiosis,
anaplasmosis, and babesiosis. These diseases are transmitted during tick feeding and may lead
to various clinical signs such as fever, lethargy, lameness, loss of appetite, and anemia.
The prevalence of tick-borne diseases has been increasing in recent years due to environmental
changes, expansion of tick habitats, and increased mobility of animals. Early diagnosis and proper
treatment are crucial to prevent complications and improve the prognosis. Preventive measures,
including regular use of tick-control products and routine examination of dogs for ticks,
are essential in reducing the risk of infection. Raising awareness among veterinarians and dog
owners about tick-borne diseases is important for effective prevention and control, which can
significantly improve canine health and welfare.
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Abstract:

Invasive species are organisms introduced outside their natural range that can spread rapidly and
disrupt local ecosystems. In Europe, global trade, travel, and climate change have increased
the presence of invasive plants, animals, and microorganisms. Notable examples include the Asian
hornet (Vespa velutina), Japanese knotweed (Fallopia japonica), and the American mink
(Neovison vison). These species often compete with native species for food and habitat, alter
ecosystem functions, and reduce biodiversity. Some invasive predators and pathogens threaten
endangered wildlife, while certain plants and insects impact agriculture and forestry.
The economic and ecological costs of invasions are significant. Addressing the threat of invasive
species requires early detection, monitoring, and control measures, alongside public awareness
and education. Preventing new introductions and managing established populations are essential
steps to protect Europe’s ecosystems and maintain biodiversity.
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Abstract:

In recent years, particular attention has been focused on new biomarkers of kidney damage,
including symmetric dimethylarginine (SDMA), cystatin C, and markers of tubular injury such
as NGAL and KIM-1.

The aim of this study was to present current knowledge regarding the use of novel biomarkers
in the diagnosis of early stages of chronic kidney disease in small animals and to evaluate their
clinical usefulness compared with traditional indicators of renal function. SDMA is a product
of protein metabolism that is excreted mainly by the kidneys and shows a strong correlation with
the glomerular filtration rate (GFR). Unlike creatinine, its concentration is not significantly
influenced by muscle mass, which increases its diagnostic usefulness in elderly and cachectic
animals. Studies have shown that an increase in SDMA concentration may occur on average
9—-17 months earlier than an increase in creatinine in dogs and cats with developing kidney disease.
Furthermore, clinical studies have demonstrated a significant correlation between SDMA
and creatinine concentrations in cats with acute kidney injury and CKD, confirming its usefulness
as a biomarker of renal function in clinical practice. In conclusion, the use of novel biomarkers,
particularly SDMA and markers of tubular injury, may significantly improve the early detection
of kidney diseases in dogs and cats.
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Abstract:

In recent years, the development of clinical guidelines and new therapeutic approaches
has enabled a more comprehensive and targeted management of cats with chronic kidney disease.
The aim of this study was to present current therapeutic strategies used in the treatment
of this disease in cats, with particular emphasis on dietary therapy, pharmacological treatment,
and the management of systemic complications. A key component of management remains
a properly balanced diet with reduced phosphorus content and a modified amount of high-quality
protein, which may slow the progression of the disease and reduce the severity of clinical signs.
Pharmacological treatment includes, among others, drugs affecting the renin—angiotensin—
aldosterone system, such as benazepril, which contribute to the reduction of proteinuria and limit
further damage to the renal glomeruli.

An important element of therapy is also the control of disease-related complications, including
systemic hypertension, mineral disorders associated with phosphorus and calcium metabolism,
as well as anemia accompanying chronic kidney disease. Regular monitoring of the patient’s
clinical condition and laboratory parameters, in accordance with the recommendations
of the International Renal Interest Society, allows for appropriate modification of therapy
and improvement of longterm prognosis.
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Abstract:

Modern agriculture faces the challenge of improving the efficiency of micronutrient fertilization
while reducing losses, enhancing nutrient bioavailability, and minimizing environmental impact.
A promising direction is the use of naturally derived compounds as carriers and complexing
ligands, which can stabilize metal ions in solution, limit undesired transformations
(e.g., hydrolysis and precipitation), and support their transport and uptake by plants.

This work presents a concept for designing micronutrient fertilizers based on metal complexes
with natural ligands. Particular attention is given to a class of low-molecular-weight, zwitterionic
amino acid-related compounds which, due to their biocompatibility and ability to interact
with metal ions, may stabilize systems in aqueous environments and influence micronutrient
availability. The obtained complexes were characterized with respect to properties relevant
to fertilizer applications, including stability in aqueous media, solubility, and the anticipated
bioavailability.

The results indicate that natural complexing carriers represent a promising strategy for developing
a new generation of micronutrient fertilizers aligned with green chemistry principles,
with potential for both foliar and soil fertilization.
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Abstract:

The development of sustainable agricultural solutions requires materials that ensure effective
nutrient delivery while minimizing environmental impact. Copper is an essential micronutrient
for plant growth; however, its excessive accumulation in soil can lead to phytotoxic effects
and ecological risks.

To address these limitations, deep eutectic solvents (DES) are increasingly explored as media
for the synthesis and stabilization of copper nanoparticles. DES-based systems enable controlled
release of Cu** ions, reducing rapid leaching and limiting toxicity. In the studied systems,
antimicrobial activity one of examples is E. coli was observed with MIC values in the range
of 31.3-250 mg/L and MBC values of 31.3-417 mg/L, depending on composition.

Phytotoxicity tests indicate that at appropriate concentrations (up to ~1%), these systems do not
negatively affect plant germination, while higher doses may inhibit growth. Such systems offer
a dual function, combining fertilizing properties with antimicrobial activity, although further
optimization of composition and dosage is required.
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