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Figure 2. Boundary conditions for the suggested MM absorber design 

 

      
Figure 3. (a) Reflection and transmission coefficients in dB ( 11S  and 21S , respectively) and (b) amplitude ( 11S  

and 21S , respectively) 
 
When Figure 3(a) is examined, it is seen that the lowest reflection coefficients �� ��11S  are –28.419 dB at the 
16.305 GHz frequency point in the microwave Ku-band and –39.731 dB at the 24.45 GHz frequency point in the 
microwave K-band. The highest transmission coefficients �� ��21S  at the specified frequency points are –40.958 dB 

and –40.119 dB, respectively. It should also be noted that the 21S  value is less than –41 dB at every frequency 
point in the microwave Ku- and K-bands. Figure 3(b) shows the linearized values of the reflection and 
transmission coefficients. When Figure 3(b) is examined, it is seen that the lowest reflection coefficient 
magnitude �� ��11S  is 0.038 and 0.01 at the 16.305 GHz and 24.45 GHz frequency points in the microwave Ku- 

and K-bands, respectively, and the transmission coefficient magnitude �� ��21S  is approximately equal to zero at 
each frequency point. For the suggested MM absorber, absorption coefficients were calculated in the microwave 
Ku- and K-bands from Equation (2) based on the reflection and transmission coefficients given in Figure 3 and 
plotted against frequency and given in Figure 4. 
 
When Figure 4 is examined, it is seen that the suggested MM absorber offers an absorption coefficient (ratio) of 
0.9985 (99.85%) at the 16.305 GHz frequency point in the microwave Ku-band and 0.9993 (99.93%) at the 
24.45 GHz frequency point in the microwave K-band. In addition, the suggested MM absorber offers absorption 
ratios of 66.98% and 56.72%, respectively, at the frequency points of 19.815 GHz and 26.505 GHz in the 
microwave K-band and since the absorption ratios are less than 90%, the absorption at this points is not taken 
into consideration. As a result, the absorber we suggest provides a high absorption rate (over 99%) at two 
frequency points (16.305 GHz and 24.45 GHz) in two bands (microwave Ku- and K-bands). 
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Figure 4. Absorption coefficient of the suggested MM absorber 

 
Additionally, the effect of dielectric substrate thickness on absorption will be examined in this section. 
Therefore, simulations were performed for the suggested MM absorber by varying the FR-4 dielectric substrate 
thickness between d = 0.8–1.2 mm with values of 0.1 mm. The magnitude of the reflection and transmission 
coefficients obtained from these simulations and the absorption ratios calculated from these values are plotted 
against frequency and presented in Figures 5(a)–5(c), respectively. 
 

        

 
Figure 5. Simulated (a) 11S  and (b) 21S  coefficients for the suggested MM absorber by varying the FR-4 
dielectric substrate thickness d = 0.8–1.2 mm with values of 0.1 mm and the absorption ratios (A%) calculated 
from these values. 
 
When the magnitudes of the reflection and transmission coefficients are examined from Figures 5(a) and 5(b), 
respectively, it is seen that as the substrate thickness increases, the lowest 11S  value frequency point shifts to the 
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left and the 21S  value are less than 0.01 at all frequency points in the microwave Ku- and K-bands. When the 

absorption ratios calculated from the 11S  and 21S  values in Figure 5(c) are examined, it is seen that the 
frequency points showing absorption ratios around 99% (and more) shift to the left with increasing substrate 
thickness, but the high absorption ratio value is maintained as the substrate thickness changes. 
 
4. CONCLUSION 
 
In this study, a dual-band MM absorber design consisting of a inner-nested SRR structure on a grounded FR-4 
dielectric substrate is suggested. The geometric parameters for the suggested structure have been optimized to 
exhibit nearly 100% absorption in the microwave Ku- and K-bands. The FR-4 dielectric substrate used in the 
design is only 1 mm thick. This thickness makes thin to the design. Additionally, the suggested MM absorber has 
a compact structure and can be adjusted to provide a high absorption rate at different frequency points/bands by 
changing parameters (e.g., substrate thickness). As a result, the suggested MM absorber is a potentially guiding 
design for applications such as wireless communication, stealth technology, EM interference, and EM 
compatibility. 
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Abstract 

The reliability of rotating machinery is a key factor in the performance of electromechanical and mechatronic 
systems, including those used in renewable energy, aerospace, and industrial automation. This study presents a 
hybrid method combining dynamic modelling and signal analysis to distinguish between natural vibrations caused 
by internal clearances in rolling bearings and vibrations generated by structural defects. A mass-spring-damper 
model is developed to describe the dynamic behaviour of the bearing components, resulting in a system of 
differential equations that represent the intrinsic vibrational characteristics. Fault scenarios are simulated by 
applying external excitation forces that reproduce typical bearing defects. Time-domain techniques are applied to 
separate natural responses from those induced by faults. In parallel, frequency-domain analysis using the complete 
mathematical formulation of the Fourier Transform reveals clear spectral differences between healthy and 
damaged bearings. This combined approach enables accurate identification of mechanical defects and enhances 
the effectiveness of condition monitoring. The method can be applied to various types of rotating machinery and 
contributes to early fault detection, improved maintenance strategies, and increased operational reliability. The 
proposed method focuses on the discrimination of natural vibrational modes from defect-related signatures in 
rolling bearings, enabling targeted and early-stage fault diagnosis. 

Keywords: Fault diagnosis, Rolling bearings, Signal processing, Dynamic modelling, Natural vibration modes 
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Abstract 

Ionic liquids (ILs) are considered a promising alternative to traditional organic solvents and have attracted 
considerable scientific attention due to their unique physicochemical properties, including non-flammability, 
extremely low vapor pressure and melting point, high solvation capacity, and minimal volatility, making them 
appealing for various green chemistry applications. However, despite their advantages, several studies have 
demonstrated that ILs can exert toxic effects on aquatic and terrestrial ecosystems, which highlights the importance 
of assessing and predicting their toxicity to ensure their safe and sustainable use in industrial and environmental 
contexts. In this study, a quantitative structure–toxicity relationship (QSTR) approach was applied to predict the 
toxicity (logEC50) of 134 ILs. Chemical structures were represented using SMILES notations obtained from the 
PubChem database, and molecular descriptors were calculated using AlvaDesc software. From the initial 5666 
molecular descriptors, the 11 most informative descriptors were selected using a genetic algorithm (GA). A hybrid 
predictive model based on the grey wolf optimizer and support vector machine (GWO-SVM) was then developed. 
The dataset was randomly divided into 80% for training and 20% for testing using MATLAB to validate the model 
and prevent overfitting. The GWO-SVM model demonstrated excellent predictive performance, with root mean 
square error (RMSE), R, and R2 values of 0.0174, 0.9997, and 0.9995 for the training set, and 0.0118, 0.9999, and 
0.9998 for the test set, respectively, indicating a strong generalization ability and high accuracy in toxicity 
prediction. These findings confirm the efficiency of the GWO-SVM QSTR model in capturing complex structure–
toxicity relationships of ILs and highlight its potential as a reliable decision-support tool for the safe design and 
selection of environmentally benign ionic liquids. 

Keywords: Ionic liquids, Quantitative structure–toxicity relationship, Grey wolf optimizer, Support vector 
machine, Toxicity prediction, Molecular descriptors 
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Abstract 

This paper presents a comprehensive bibliometric and predictive analysis of research on artificial intelligence (AI)-
driven energy harvesting and energy prediction in resource-constrained Internet of Things (IoT) and edge systems. 
Using data retrieved from the Web of Science database covering 2015–2024, the study examines the evolution of 
publication trends, influential authors, collaboration networks, and thematic focuses within this rapidly growing 
field. The analysis reveals a substantial rise in research activity after 2019, driven by increasing demand for 
sustainable and intelligent energy management in IoT environments. Keyword co-occurrence and citation mapping 
indicate dominant themes such as lightweight neural models, hybrid forecasting architectures, and optimization 
techniques for low-power devices. In addition to conventional bibliometric mapping, the study employs machine 
learning models—linear regression (LR) and support vector regression (SVR)—to forecast future research 
directions, demonstrating sustained growth in publication output. The findings highlight key interdisciplinary 
linkages between AI, renewable energy, and edge computing, offering strategic insights for future research and 
development of efficient, AI-based energy solutions for resource-limited IoT ecosystems. 

Keywords: Energy harvesting, IoT, Resource-constrained devices, Deep learning and machine learning, 
Bibliometric analysis 
 
 
1. INTRODUCTION  
 
The ubiquitous proliferation of Internet of Things (IoT) devices has transformed various sectors, enabling 
unprecedented levels of connectivity and data collection [1]. However, the continued operation of these devices, 
especially in remote or autonomous settings, faces substantial power supply challenges. Many IoT nodes are 
characterized by small battery capacities, necessitating frequent replacements or recharging, which limits their 
widespread adoption and scalability [2–4]. Overcoming these energy constraints is fundamental for realizing the 
full potential of IoT ecosystems, particularly in resource-limited environments and at the network edge. 
 
Energy harvesting (EH) emerges as a compelling solution to power these devices by converting ambient energy 
sources—such as solar, thermal, kinetic, and radio-frequency—into usable electrical energy [5]. However, the 
inherent intermittency and variability of harvested energy sources present significant obstacles to reliable system 
operation [3]. To mitigate these issues, artificial intelligence (AI) and machine learning (ML) techniques have 
become instrumental in intelligently managing and predicting energy availability [5]. AI-driven approaches offer 
the capacity to optimize energy allocation, forecast energy yield, and adapt device behaviour based on predicted 
energy availability and application requirements [6–10]. 
 
The integration of AI with EH for resource-constrained IoT and edge systems represents a dynamic and expanding 
research area [11–15]. Given the rapid advancements in both AI methodologies and EH technologies, a systematic 
overview of the scholarly discourse becomes increasingly valuable. This analysis presents a comprehensive 
bibliometric investigation of the scientific literature concerning AI-driven EH and prediction within resource-
constrained IoT and edge computing contexts. The objective is to map the intellectual structure of this 
interdisciplinary field, identify publication trends, discern key research themes, highlight influential authors and 
journals, and characterize international collaboration patterns. By performing this quantitative assessment, this 
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work aims to provide a structured understanding of the field's evolution and to delineate strategic directions for 
future inquiry. 
 
The investigation spans publications from 2015 to 2024, focusing on the interplay of EH, energy prediction, and 
solar energy in the context of IoT and edge devices, specifically examining the application of deep learning and 
ML techniques. This structured approach facilitates a robust understanding of the trajectory and intellectual 
landscape of this critical research domain. The primary aim of this paper is to conduct a comprehensive 
bibliometric analysis of research related to EH, energy prediction, and AI-based optimization in resource-
constrained IoT and edge systems. Data were collected from a leading academic database Web of Science (WoS) 
covering the period from 2015 to 2024. By combining bibliometric techniques with ML-based predictive analytics, 
this study not only explores past and present research trends but also anticipates potential future directions in this 
rapidly evolving field. 
 
Through this approach, the study aims to: 
 
• Identify the most influential authors, studies, and institutions shaping the landscape of AI-driven energy  

harvesting research, 
• Map the collaborative and citation networks, emphasizing international partnerships and interdisciplinary 

intersections among IoT, edge computing, and renewable energy domains, 
• Highlight the key thematic areas and knowledge gaps, such as lightweight AI architectures, hybrid forecasting 

models, and adaptive energy management strategies for low-power devices, 
• Predict emerging research trajectories using ML models such as linear regression (LR) and support vector 

regression (SVR) to forecast publication growth and thematic evolution. 
 
This paper contributes to the body of knowledge by providing a holistic and data-driven overview of AI-enhanced 
energy management research within the context of IoT and edge systems. By leveraging both bibliometric and 
predictive analyses, the findings not only illuminate current research hotspots but also guide future priorities, 
collaborations, and policy development for sustainable and intelligent energy solutions. 
 
2. PLATFORM OVERVIEW AND ANALYTICAL FRAMEWORK 
 
This study utilizes BiBLoX, a Flask-based web platform designed to automate bibliometric analysis and ML–
driven trend forecasting in scientific research [16]. BiBLoX, as a recently-proposed platform, integrates three 
essential modules—data acquisition, bibliometric analysis, and ML prediction—within a unified Python 
ecosystem, providing researchers with both retrospective and predictive insights into publication and citation 
dynamics. BiBLoX employs a three-layer architecture comprising a user‐interactive front end, a Flask-based 
analytical back end, and a structured data layer supported by MySQL or PostgreSQL. 
 
• The front end enables users to enter search parameters (keywords, title strings, or year ranges) and to visualize 

analytical outputs through interactive dashboards. 
• The back end orchestrates data retrieval, preprocessing, and analysis tasks. It automatically collects publication 

data from WoS, Scopus, and TR Dizin, employing application programming interface (API) connections and 
web‐scraping mechanisms (e.g., Selenium) to ensure broad data coverage. 

• The data layer handles cleaned and standardized metadata—such as author names, institutions, journal titles, 
citation counts, and keywords—using transformation techniques like string normalization and Levenshtein‐
based author matching to reduce redundancy and ambiguity. 

 
Once data are retrieved, BiBLoX performs an integrated set of bibliometric evaluations:   
 
• Co-authorship analysis to construct collaboration networks and identify influential authors and institutions 

using graph‐theoretical measures (e.g., degree centrality, betweenness).   
• Citation analysis to determine the most cited publications, journals, and countries, complemented by H-index 

and G-index computation.  
• Keyword co-occurrence and word frequency analysis for mapping thematic trends, represented through word 

clouds and temporal evolution charts. 
• Temporal trend analysis that visualizes annual publication and citation growth. 
 
Visualization libraries such as Plotly, Matplotlib, and D3.js are integrated into BiBLoX to produce interactive and 
publication-ready graphics. To extend conventional bibliometrics toward forecasting, BiBLoX incorporates ML 
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models—specifically LR, SVR, and decision tree (DT) algorithms—to predict future publication and citation 
trajectories. 
 
Feature variables include year, citation count, number of authors, journal impact factor, and subject category. 
Models are trained on historical data (e.g., 2015–2022) and validated on recent years (e.g., 2023–2024), with 
performance evaluated using mean squared error (MSE), root mean squared error (RMSE), mean absolute error 
(MAE), and the R-squared (R2) metrics. The SVR model typically yields the highest predictive accuracy, capturing 
nonlinear patterns in scientific growth. 
 
Compared to conventional tools such as VOSviewer, Bibliometrix, SciMAT, and Gephi, BiBLoX uniquely 
provides: 
 
• Automated data retrieval from multiple databases without manual import, 
• Integrated web-based environment accessible via Flask, and 
• Dual analytical capability, combining bibliometric mapping and ML prediction within a single framework.  
 
Thus, BiBLoX bridges the gap between descriptive bibliometric mapping and predictive analytics, enabling 
dynamic assessment of both the historical structure and future evolution of research domains. 
 
3. RESULTS 
 
The bibliometric analysis of 362 publications from 2015 to 2024 revealed distinct trends and characteristics of 
research activity in AI-driven EH and prediction for resource-constrained IoT and edge systems. The subsequent 
subsections detail the findings across various analytical dimensions. 
 
Figure 1 presents the annual publication count that demonstrates a clear trajectory of increasing research interest. 
Starting with a single publication in 2015, the volume rose gradually to 6 in 2017 and 3 in 2018. A notable 
acceleration occurred in 2019 with 22 publications, followed by 30 in 2020, 47 in 2021, and 51 in 2022. The most 
recent years show continued expansion, with 59 publications in 2023 and a substantial 82 publications by 2024. 
This sharp increase post-2019 indicates a significant and sustained growth in scholarly output, reflecting the 
escalating academic and industrial interest in intelligent energy management for constrained IoT environments. 
The total number of publications within the defined period reached 362, underscoring the dynamic nature of this 
interdisciplinary field. 
 

 
Figure 1. The number of publications per year 

 
The annual citation trend presents a more complex picture. Citations remained relatively low from 2015 
(approximately 10) to 2018 (around 117) as shown in Figure 2. A pronounced peak in citations was observed in 
2019, reaching 2963. Following this peak, a consistent decline in annual citations was recorded: 937 in 2020, 727 
in 2021, 397 in 2022, 237 in 2023, and approximately 100 by 2024. This pattern suggests a period of high impact 
for foundational works around 2019, with more recent publications still accumulating citations. The bubble chart 
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illustrating years by citation count visually reinforces this, with the largest bubble corresponding to 2019, and 
subsequent years showing progressively smaller bubbles, indicating fewer citations per year. 
 

 
Figure 2. The number of citations per year 

 
Figure 3 shows the future publication predictions using both LR and SVR models, suggesting a continued upward 
trend in publication volume. Both models predict around 82 publications for 2025, aligning with the observed 
growth. Conversely, the annual citation trend and prediction (Figure 4, conceptual placement), which was 
presented in Turkish as “Yillik Atif Sayisi Trendi ve Tahmini,” projects a continued decrease in annual citations 
from the 2019 peak, extending into 2025. This divergence between publication growth and citation decline merits 
further investigation in the discussion section. 
 

 
Figure 3. The number of predicted publications per year 

 
Figure 4 presents the most frequent terms in keywords in recent research trends. It highlights that EH is the most 
dominant keyword with 106 occurrences, followed by IoT (95) and ML (82), showing a strong emphasis on 
sustainable and intelligent technologies. The mid-tier terms such as deep learning and AI further emphasize the 
growing integration of data-driven methods into IoT and energy-based systems. Lower-frequency keywords like 
solar energy, edge computing, and triboelectric nanogenerator suggest specialized areas of application within 
broader smart technology research. Overall, the chart reflects the convergence of renewable energy systems and 
AI as a central focus in contemporary academic and industrial studies. 
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Figure 4. The most frequent terms 

 
Figure 5 illustrates the distribution of research outputs across major scientific journals. It is evident that IEEE 
Access leads significantly with 22 publications, highlighting its popularity as a multidisciplinary and open-access 
platform for emerging technologies. Following it, the IEEE Internet of Things Journal with 15 publications and 
Nano Energy with 11 publications indicate a strong research focus on smart, energy-efficient, and nanotechnology-
driven systems. Journals like Sensors, Chemical Engineering Journal, and Energies also show considerable 
contributions, reflecting the intersection of sensor technology, energy systems, and material science. Lower but 
notable publication counts in Advanced Functional Materials, Electronics, IEEE Sensors Journal, and 
Sustainability suggest diversified yet interconnected areas of study. Overall, the chart underscores the dominance 
of IEEE-affiliated and energy-related journals in disseminating cutting-edge research in IoT, nanotechnology, and 
sustainable energy systems. 
 

 
Figure 5. Top journals by publication count 

 
4. CONCLUSION 
 
This study provides a comprehensive bibliometric and predictive analysis of AI-driven EH and energy prediction 
research within resource-constrained IoT and edge computing systems. By examining publications from 2015 to 
2024, the results reveal a significant rise in research interest, particularly after 2019, reflecting the accelerating 
convergence of AI and sustainable energy management. The analysis highlights key themes, including lightweight 
deep learning architectures, hybrid forecasting models, and optimization strategies for low-power devices, while 
identifying major contributing countries, institutions, and journals shaping the field. ML–based prediction models 
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such as LR and SVR indicate a sustained upward trajectory in future publication trends, underscoring the growing 
relevance of this domain. Overall, the findings emphasize the strategic importance of integrating AI with EH 
technologies to enable self-sustaining, intelligent, and efficient IoT ecosystems, offering valuable insights for 
researchers, practitioners, and policymakers aiming to advance next-generation energy-aware systems. 
 
References 
 
[1] Y. Wang, J. Chen, and M. Li, “Deep reinforcement learning for adaptive energy management in IoT devices 

with intermittent harvesting,” IEEE Transactions on Green Communications and Networking, vol. 6, no. 
3, pp. 1234–1245, 2022. 

[2] Q. Zhang, P. Liu, and S. Yang, “A hybrid forecasting model for solar energy generation in edge computing 
environments using CNN-LSTM,” Applied Energy, vol. 287, art. No. 116523, 2021. 

[3] H. Li and J. Kim, “Machine learning-based energy prediction for wireless sensor networks with diverse 
harvesting sources,” Sensors, vol. 20, no. 15, art. no. 4150, 2020. 

[4] X. Liu, B. Sun, and J. Chen, “Lightweight federated learning for energy-efficient anomaly detection in IoT 
edge devices,” IEEE Internet of Things Journal, vol. 10, no. 7, art. no. 6123–6134, 2023. 

[5] L. Yang, Y. Wang, and Q. Zhang, “AI-driven power management strategies for triboelectric nanogenerator-
powered IoT nodes,” Nano Energy, vol. 60, pp. 789–798, 2019. 

[6] H. Sun and J. Lee, “Optimization of energy harvesting and data transmission in cognitive radio IoT 
networks using deep learning,” IEEE Access, vol. 10, pp. 101234–101245, 2022. 

[7] M. Chen, T. Xu, and Y. Liu, “Energy-efficient deep learning inference on edge devices: A pruning approach 
for CNNs,” Journal of Parallel and Distributed Computing, vol. 158, pp. 112–124, 2021. 

[8] T. Xu, S. Kim, and J. Li, “Reinforcement learning for adaptive scheduling in energy harvesting IoT 
systems,” Energies, vol. 13, no. 20, art. no. 5402, 2020. 

[9] H. Kim and L. Wang, “A comprehensive review of AI applications for energy management in smart grid 
and IoT systems,” Renewable and Sustainable Energy Reviews, vol. 175, art. no. 113115, 2023. 

[10] S. Lee and D. Park, “Dynamic energy budgeting for self-powered IoT devices using imitation learning,” 
IEEE Transactions on Mobile Computing, vol. 21, no. 11, pp. 3845–3858, 2022. 

[11] K. Gai, H. Wu, and Y. Wu, “An energy-aware adaptive pruning scheme for CNNs on resource-constrained 
edge devices,” IEEE Internet of Things Journal, vol. 8, no. 10, pp. 8089–8099, 2021. 

[12] J. Panand L. Cai, “Machine learning for optimal RF energy harvesting placement in IoT environments,” 
Sensors, vol. 20, no. 14, art. no. 3881, 2020. 

[13] Y. Gao and Y. Chen, “EH-Edge: An energy harvesting-driven cloud-edge-end device collaborative IoT 
platform for online failure prediction,” IEEE Transactions on Industrial Electronics, vol. 70, no. 11, pp. 
11626–11637, 2023. 

[14] P. Kumar and R. Singh, “A review on machine learning algorithms for energy harvesting IoT networks,” 
Journal of Network and Computer Applications, vol. 199, art. no. 103304, 2022. 

[15] N. Bhatia and V. Sharma, “Sustainable AI: Lightweight models for renewable energy systems,” Renewable 
and Sustainable Energy Reviews, vol. 189, art. no. 113941, 2024. 

[16] K. Kesgin and D. Ozer, “BiBLoX: A flask-based automatic bibliometrics and machine learning system for 
scientific trend prediction,” Authorea Preprint, 2025. 



 

2nd International Conference on Multidisciplinary Sciences 
and Technological Developments (ICMUSTED 2025) 

December 12-15, 2025 

 

362 

Numerical Analysis of the Seismic Bearing Capacity of Offshore Shallow 
Skirted Foundations on Sand Using the Pseudo-Static Approach 

 
Alaoua Bouaicha1 

 
1Scientific and Technical Research Center on Arid Regions, Mohamed Khider University, 07000 Biskra, Algeria 

Corresponding author: Alaoua Bouaicha (e-mail: alaoua.bouaicha@univ-biskra.dz)  
 
Abstract 

The seismic stability of offshore shallow foundations is a major concern in the design of marine and coastal 
infrastructures, where strong ground motions can significantly affect the load-bearing performance. Among the 
various foundation systems, skirted shallow foundations have shown great potential due to their ability to enhance 
bearing capacity and limit settlements by mobilizing additional lateral soil resistance. This study presents a detailed 
numerical investigation of the seismic bearing capacity of a strip skirted foundation resting on sandy soil, based 
on the pseudo-static approach. The analyses were carried out using Finite Element Limit Analysis (FELA), which 
allows for an accurate evaluation of ultimate loads while ensuring rigorous consideration of soil failure 
mechanisms. The effects of three main parameters—embedment depth (Ds), internal friction angle of sand (φ), 
and horizontal seismic coefficient (kh)—were systematically examined. Results indicate that increasing the 
embedment ratio significantly improves the seismic bearing capacity, while higher values of kh reduce it due to 
the additional inertial forces. The inclusion of vertical skirts leads to a pronounced increase in the bearing capacity 
ratio (BCR), confirming their beneficial role in enhancing the seismic performance of offshore foundations. 
Furthermore, the comparison with previously published results demonstrates the validity and consistency of the 
present findings. This study contributes to a better understanding of the seismic response of skirted foundations 
on sandy soils and provides useful insights for the optimal design of offshore energy, bridge, and port structures 
subjected to earthquake loading. 

Keywords: Bearing capacity, Skirted foundation, Finite element limit analysis (FELA), Pseudo-static approach, 
Embedment depth 
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Abstract 

Recently, the use of large language models (LLMs) to aid hardware design and implementation has become a 
popular research topic. This study uses the state-of-the-art Gemini 3 Pro model to develop application-specific 
processor hardware, investigating the suitability of such models for assisting with hardware design tasks. Transport 
triggered architectures (TTAs) stand out among application-specific instruction-set processors due to their high 
flexibility and scalability. However, designing processors with this architecture requires a high degree of domain-
specific software and hardware expertise. Furthermore, manually implementing interconnection networks and 
hazard handling logic is particularly complex and error prone. Therefore, achieving efficiency by using LLMs that 
can execute these processes would be highly beneficial for designers. Nevertheless, the hardware code for TTA 
processors is less widespread than that for traditional processors, and the amount of data available for artificial 
intelligence (AI) training is limited. In this context, a simple 32-bit processor was designed using an iterative and 
conversational prompting strategy. This architecture features a fully connected four-bus interconnect, custom 
functional units (arithmetic logic unit (ALU), multiplier and shifter), and a hazard-free register file access 
mechanism. Tests were also performed to prove the functionality of the design, and the hardware was synthesised 
for use with field-programmable gate arrays (FPGAs). This paper presents a summary of the entire process, 
highlighting current capabilities and key shortcomings, and discussing future actions to guide similar studies. It 
also concludes that LLMs do not replace the hardware engineer yet, but rather efficiently accelerate the test, design, 
verification, implementation and documentation cycles. 

Keywords: LLM-aided hardware design, AI-assisted hardware design, Application-specific processor design, 
Transport-triggered architecture, Prompt engineering 
 
 
1. INTRODUCTION  
 
As electronic devices become more diverse and smaller, the number and complexity of tasks assigned to them is 
also increasing significantly. Furthermore, designing these systems to consume less energy is paramount. These 
requirements are prompting designers to develop application-specific processor models that are much more 
efficient. The stagnation of Moore’s Law and the end of Dennard scaling also necessitate a paradigm shift in 
computing hardware development. This shift involves moving away from general-purpose processors and towards 
domain-specific architectures (DSAs) and application-specific instruction-set processors (ASIPs) [1]. In order to 
meet rising performance expectations while delivering a solution that is more efficient and lower in R&D costs, 
designers are implementing custom hardware accelerators on field-programmable gate arrays (FPGAs). However, 
the considerable expertise, significant experience and often lengthy development times required to create such 
systems using traditional hardware design methods remain the most significant obstacles [2]. 
 
Among the various ASIP architectures, the transport triggered architecture (TTA) stands out as a highly flexible 
alternative to traditional very long instruction word (VLIW) or reduced instruction set computing (RISC) designs 
[3]. In a TTA processor, computation occurs as a side effect of data movement between functional units (FUs) [4]. 
The interconnection network is exposed to the programmer, and an operation is triggered when data reaches a 
special trigger port. This philosophy simplifies the design of the control unit, as no complex instruction decoding 
stage is needed [5]. Another advantage of this approach is that the register file access rate decreases dramatically 
as the data is moved to the FU, where it will be processed next. Despite all these architectural advantages, the 
implementation of a TTA processor with traditional methods becomes significantly more difficult due to the 
increase in the number and complexity of FUs and transport buses. 
 
While large language models (LLMs), trained with very large data sets, usher in a new era in automation in many 
areas, they also have a significant opportunity to demonstrate a similar effect in the field of hardware and software 
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development [6]. While it’s not entirely accurate to claim that they can yet achieve fully automated, reliable 
implementation, it’s at least possible to say that they can be quite helpful to designers, especially in these labour-
intensive processes [7]. 
 
In this paper, we investigate the potential of an LLM-aided methodology for designing and implementing a simple 
32-bit TTA processor. While hardware description language (HDL) code for conventionally designed processors 
is widely available, code for processors developed using relatively new methods, such as TTA, is much less readily 
available. LLMs are less trained on such designs, and consequently, producing a TTA processor’s hardware is 
much more challenging than that of a conventional processor. In contrast to conventional code-generation tasks, a 
collaborative workflow is demonstrated, whereby the LLM functions as the primary register transfer level (RTL) 
author, while the human designer assumes the role of verifier and prompt engineer. The resulting design was 
verified through simulations and successfully synthesized for an Artix-7 FPGA [8]. Although there are some 
interesting papers in the literature that include processor core designs developed leveraging artificial intelligence 
assistance, there is no other study yet for TTA processors. 
 
The remainder of this paper is organized as follows: Section 2 provides a fundamental background on TTA and 
demonstrates the processor model targeted to be generated with the prompting strategy preferred in the study. The 
following Section 3 discusses the simulation and synthesis results of the generated design, which is the outcome 
of the present study. Finally, the paper is concluded in Section 4, along with the remarks for future studies. 
 
2. MATERIAL AND METHOD 
 
2.1. Transport-Triggered Architecture 
 
In traditional VLIW architectures, instructions explicitly dictate the operations of the FUs. By contrast, in TTA, 
instructions merely define how data is transferred from source units to destination units. The computation process 
then occurs because of this data movement. The TTA structure essentially consists of two basic types of units: 
transport buses and FUs. FUs are independent units containing either basic arithmetic operations or custom 
operations defined by the designer. Transport buses form the interconnection between the instruction memory and 
the FUs, and control the transfer of data under the control unit’s direction. Figure 1 shows the units and connection 
structure of a classic TTA processor. 
 
The TTA architecture offers designers a highly flexible, scalable and modular structure during the ASIP 
development process and is a freely licensed development method. Additionally, the customized parallel 
computing (CPC) group at Tampere University provides a free and open-source TTA processor development 
environment called OpenASIP [9]. 
 

 
Figure 1. Block structure of a conventional TTA processor 

 
2.1. Prompting Strategy 

 
The design methodology employed in this study was initiated with a structured, role-based, and zero-shot prompt 
presented to the Gemini 3 Pro. The initial prompt is reproduced verbatim in Figure 2. The architecture (TTA), 
target hardware (Nexys4DDR development board [10]), and data path constraints were clearly defined within the 
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prompt. This minimized the risk of hallucination and allowed the model to generate synthesizable HDL code. 
While this initial formal specification ensures the modularity of the design, during the conversion of the theoretical 
design to practical Verilog code, it was observed that the model struggled with timing accuracy and signal 
prioritization, particularly those inherent to the TTA architecture. 
 
The most common errors encountered during the code generation process were identified as being either 
synchronization losses between hardware identifiers (IDs) and software (read-only memory (ROM)) HEX codes, 
or the omission of the forwarding logic required to capture data within the same cycle in the arithmetic logic unit 
(ALU) operation. The most critical issue identified was the failure to assign priority to “immediate” values among 
data paths during the writing process to the Register File. Furthermore, errors such as the incorporation of logical 
corrections (e.g. register write signals) into the code but the forgetting to physically connect these signals to the 
module ports clearly demonstrated the importance of human oversight. 
 
In this context, the design process evolved from a one-way code generation to an iterative debugging cycle based 
on simulation feedback. The simulation waveforms and error logs provided by the author served as a framework 
for the model to identify and rectify abstract logic errors, leading to the identification of concrete connection 
problems. This collaborative effort evidently demonstrates that LLMs have the potential to act as competent 
“digital architects” in designing complex processor architectures. However, it is important to note that they require 
human guidance and a rigorous verification process for ensuring bit-exact accuracy and hardware synthesizability. 
 

 
Figure 2. Structured zero-shot prompting for automated TTA processor design 

 
3. EXPERIMENTAL RESULTS 
 
An intensive simulation process was conducted to test the functional accuracy of the 32-bit TTA processor, which 
was produced as a result of a mutual debugging process carried out with the Gemini 3 Pro LLM. Figure 3 shows 
a portion of the simulation waveform, which successfully tested a full instruction set encompassing instantaneous 
value loading, register file operations, and ALU, multiplier, shifter, and logic units. 
 
Following the verification phase, the design was synthesized using the Xilinx Vivado [11] tool for the Digilent 
Nexys4 DDR platform. The synthesized circuit demonstrated the low hardware cost and high efficiency of the 
TTA architecture using only 613 LUTs, 464 Flip-Flops, and 3 digital signal processing (DSP) slices. Even though 
no timing optimizations or pipelining improvements were used on the design by the Vivado tool, the processor 
was able to reach a maximum operating frequency (Fmax) of 92 MHz. This demonstrates that the artificial 
intelligence (AI)-generated RTL code is not only functionally correct but also optimized enough to run close to 
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the system clock speed on standard FPGA fabrics. While the model demonstrated high success in creating standard 
modules, it failed to produce error-free code, particularly in cases such as bus contention, write priorities, and 
cyclic signal timings, and required extensive feedback for correction. This study focused on hardware design and 
excluded the automated generation of a software toolchain, such as an assembler or compiler, that would facilitate 
processor programmability. 
 

 
Figure 3. Simulation waveform and terminal output of the resulting TTA processor  

 
4. CONCLUSION 
 
LLM-assisted hardware design and implementation has become prominent in recent years as a new method for 
electronic design automation (EDA). This study aimed to generate the necessary constraint codes for a TTA 
processor hardware, testbench, and FPGA implementation using the Gemini 3 Pro LLM. To achieve this, a 
structured and detailed prompt strategy that highlighted the model’s strengths employed first. Simulation and 
synthesis errors were then fed back into the model, leading to an iterative debugging process. As a result, a core 
capable of performing basic functions was achieved without any human intervention. While this study 
demonstrated the feasibility of LLM-assisted hardware design, it also clearly demonstrated that the process relies 
on robust human-AI collaboration rather than full automation. The limited availability of open-source sample code 
for TTA processors reduces the likelihood of models being successful in such architectures. Therefore, future 
studies aimed at addressing this lack of data could significantly contribute to the literature.  
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Abstract 

Trifolium alexandrinum L. is a key forage legume valued for its high palatability, digestibility, and rich nutritional 
profile, making it essential for improving livestock performance, milk yield, and overall farm productivity. 
Enhancing its nutritive quality is therefore a priority in sustainable livestock production systems. Conventional 
fertilization practices, although effective in increasing biomass, can contribute to soil degradation, nutrient 
imbalance, and environmental risks. In contrast, plant growth-promoting rhizobacteria (PGPR) offer a sustainable 
alternative, enhancing plant nutrition, stimulating growth, and improving soil fertility through eco-friendly 
mechanisms. The present study aimed to evaluate the effects of two strains, BT1 and BT2, on the nutritional 
composition of Trifolium alexandrinum at the flowering stage under open-field conditions. The experiment 
followed a randomized design with five replications per treatment. Seeds were primed before sowing, and 20 mL 
of each bacterial suspension was applied at the early vegetative stage. At flowering, plant samples were harvested 
and analysed for crude protein, crude fibre, dry matter, and ash content using standard laboratory methods. The 
strain’s application significantly influenced the nutritional parameters of Trifolium alexandrinum. Crude protein, 
a key indicator of forage quality, increased in both inoculated treatments, reaching 17.27% in BT1 and 17.22% in 
BT2, compared with 16.05% in the control, confirming the capacity of PGPR to enhance nitrogen assimilation. 
Crude fibre showed slight variation across treatments, with values of 26.81% (BT1), 26.52% (BT2), and 26.13% 
(control), indicating stable cell wall development. Ash content, representing the mineral fraction, was highest in 
BT1 (11.54%), followed by the control (11.23%) and BT2 (11.04%). Overall, strain BT1 demonstrated the greatest 
improvement in nutritional quality, increasing protein and mineral levels. These findings highlight the potential of 
PGPR as effective biofertilizers that increase forage value, support livestock health, and contribute to 
environmentally sustainable agricultural systems. 

Keywords: Trifolium alexandrinum, Plant growth-promoting rhizobacteria (PGPR), Nutritional quality, Forage 
enhancement 
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Abstract 

Hydrodistillation by-products represent a significant source of underutilized biomass with potential 
environmental challenges if not valorized. Investigating these wastes, particularly from Mentha pulegium, is 
essential for recovering value-added compounds and enhancing sustainable resource utilization. This study 
explores the extraction of cellulose microfibers from hydrodistillation by-products of Mentha pulegium for 
subsequent hydrolysis into fermentable sugars suitable for second-generation bioethanol production. Mechanical 
and chemical treatments were applied to disrupt the lignocellulosic biomass structure and remove non-cellulosic 
components. Optimization of alkaline treatment using 2% NaOH achieved a cellulose yield of 96.31%. A 
bleaching step with sodium chlorite further purified the fibers by removing residual lignin. Structural and 
morphological changes were analyzed by colorimetry, scanning electron microscope (SEM), Fourier transform 
infrared spectroscopy (FT-IR), and X-ray diffraction (XRD), confirming effective removal of lignin and 
hemicelluloses and high crystallinity of the isolated microfibers. Chemical hydrolysis of the extracted cellulose 
microfibers demonstrated the feasibility of using Mentha pulegium by-products as raw materials for producing 
sugars applicable in renewable energy fields, particularly for bioethanol production. 

Keywords: Hydrodistillation by-products, Mentha pulegium, Cellulose microfibers, Fermentable Sugars, 
Bioethanol production 
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Abstract 

The production and quality of essential oils in aromatic plants such as citronella grass (Cymbopogon nardus L.) 
depend not only on genetic factors but are also profoundly determined by complex dynamics within the 
rhizosphere. This study aims to bridge a critical knowledge gap by unveiling the synergistic tripartite interaction 
between nutrient availability, soil microorganisms, and plant physiology in enhancing secondary metabolite 
biosynthesis. The experimental analyses indicate that the integrated application of organic fertilizer and specific 
rhizobacteria inoculation significantly enhanced rhizosphere health, resulting in a 40% increase in plant biomass 
and a substantial reshaping of the plant's metabolic profile. Essential oil yield resulted in  2.3%, directly correlated 
with optimized nutrient uptake. Specifically, the citronellal content increased by 10% compared to the treatment 
with rhizobacteria, while citronellol and geraniol levels remained stable. Soil analysis demonstrated a 63% 
increase in phosphorus and 72% increase in potassium availability, with exchangeable calcium, magnesium, and 
sodium reaching 25.32, 14.28, and 1.43 cmol(+)kg–1, respectively. These findings reveal a crucial mechanism 
where optimal nutrient conditions promote efficient resource allocation, enabling plants to build a strong metabolic 
foundation for stable production of key aromatic compounds rather than triggering stress responses. The results 
provide both a sustainable cultivation strategy for citronella grass and a novel framework for manipulating 
rhizosphere ecosystems to engineer aromatic plant quality at the metabolic level. 

Keywords: Cymbopogon nardus, Monoterpene, Tripartite interaction, Organic manure, Soil fertility 
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Abstract 

This study explores the feasibility of incorporating plant waste–derived ash into culture media to support in vitro 
regeneration and microtuber formation in two potato cultivars, Solanum tuberosum L. cultivars. Desiree and 
Spunta. The findings demonstrate the successful regeneration of complete plantlets via the induction of both 
caulogenic and rhizogenic pathways, with organogenesis strongly influenced by the mineral constituents of the 
ash-enriched media. Meristematic explants displayed high organogenic competence, underscoring their 
importance for efficient micropropagation and the production of genetically stable, pathogen-free plants. 
Microtuber formation was assessed using hormone-free Murashige and Skoog (MS) medium and MS medium 
supplemented with naphthaleneacetic acid (NAA), under three photoperiod regimes. The results revealed that 
hormone-free MS medium primarily promoted vegetative growth, whereas the addition of NAA markedly 
enhanced both the initiation and enlargement of microtubers. Photoperiod also played a decisive role in 
tuberization: cultures exposed to 8 h and 16 h of light generated larger and heavier microtubers compared with 
those maintained in continuous darkness. Overall, the study provides evidence that plant waste ash can be 
effectively integrated into tissue-culture systems as a sustainable alternative for in vitro propagation and 
microtuber production in potato. 

Keywords: Solanum tuberosum L., Cultivars, Plant waste ash, Organogenesis, Micropropagation, Microtuber 
formation 
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Abstract 

This study investigates the influence of activated charcoal (AC) on optimizing in vitro microtuberization in two 
potato (Solanum tuberosum L.) cultivars Spunta and Desiree. Using semi-solid and liquid Murashige and Skoog 
(MS) media supplemented with different AC concentrations, the results show that AC markedly improves key 
morphological parameters of developing microtubers. In Spunta, semi-solid MS medium yielded the highest-
quality microtubers, with mean diameter and weight reaching 1.36 cm and 1.18 g, respectively, whereas liquid 
media increased microtuber number but reduced overall size and biomass. For Desiree, the most favorable 
microtuber traits (1.04 cm, 1.06 g) were obtained at 2 g·L–1 AC, while Spunta exhibited optimal performance at 
10 g·L–1 AC (1.16 cm, 0.94 g). These outcomes highlight the pivotal role of AC in enhancing microtuber quality 
and underscore its relevance as a selection criterion in pre-basic seed potato production systems designed for direct 
field deployment. 

Keywords: Solanum tuberosum L., Cultivar selection, Tissue culture, Seed tuber quality, Microtuber induction 
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Abstract 

Energy and useful materials can be produced by applying biological and thermal conversion processes such as 
anaerobic digestion and pyrolysis. Pyrolysis has been used mostly for the conversion of biomass to bio-crude and 
biochar, a stable form of nearly pure carbon that has application in many agricultural and environmental 
applications. The use of biochar as an adjuvant to stabilize the anaerobic digestion process has been extensively 
documented in the literature. We studied the effects that biochar has on the biomethane potential (BMP) during 
anaerobic digestion of citrus waste under mesophilic conditions (37 ºC). Lemon peel waste (LPW) was pyrolyzed 
in a laboratory fixed-bed reactor at a final temperature of 500 °C with an incremental heating rate of 10 °C/min, 
under an nitrogen atmosphere to produce biochar. The substrate to inoculum (S/I) ratio is the ratio of the amount 
of substrate to the amount of inoculum used, and it is a crucial parameter in anaerobic digestion processes. A series 
of experiments aimed at determining the ideal circumstances for anaerobic digestion (such as the quantity of 
biochar and the ratio (S/I)) and the impact of each factor on the studied responses were determined. The Nemrod 
software, a tool for simulating experiment matrices, has determined the ideal conditions for the two factors under 
investigation to maximize the responses. These are approximately 5.25 mg/L of biochar for factor X1 (biochar 
quantity) and 0.4 for factor X2, the substrate to inoculum ratio (S/I). Under ideal conditions, the percentage of 
chemical oxygen demand (DCO) absorption is 27.71%, the percentage of total organic carbon (TOC) absorption 
is 68.56 %, and the maximum percentage of methane (CH4) produced is 14.33%. More research is needed to 
understand the complex interactions between biochar type, dosage, substrate characteristics, and process 
parameters for large-scale commercial applications. 

Keywords:  Anaerobic digestion, Biochar, Lignocellulosic biomass, Biochemical pathways 
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Abstract 

Polyphenols (PFs) are recognized as powerful biostimulants, capable of improving plant growth by enhancing 
nutrient absorption, regulating development, and protecting against oxidative stress. However, their widespread 
application is severely limited by rapid environmental degradation, requiring high doses that can negatively affect 
the rhizosphere microbiome. This research approaches this limitation by developing a sustainable bio-input 
through the extraction and nanoencapsulation of PF from native Schinus molle (Aguaribay) and non-native 
blueberries. The aim of this work is the achievement of a stable and controlled-release system, which is critical for 
avoiding negative impacts on the rhizosphere, considering that Schinus molle is a co-evolved native species. Our 
methodology involves comprehensive characterization of the extracted PF, their subsequent encapsulation into 
lipid nanostructured carriers, and testing of their release kinetics and biostimulant activity. Preliminary results 
confirm successful extraction via a green chemistry approach (ethanolic solution). Total PF content, measured by 
the Folin-Ciocalteu method, showed a result of 0.819 mg EAC/g sample on a fresh basis. Antioxidant capacity 
was also determined by the 2,2-diphenyl-1-picrylhydrazyl (DPPH) method, and the sample has been stored at 4°C 
to evaluate stability kinetics. The core innovation is utilizing nanoencapsulation to reduce the effective dosage 
while extending biological activity, therefore preserving the integrity of the soil microbiome. This strategy is a 
possible solution by formulating next-generation, environmentally sound biostimulants tailored for controlled 
delivery. 
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Abstract 

This study aimed to explore nurses’ perceptions of spirituality and spiritual care in Kabul, Afghanistan, and 
examine their association with socio-demographic and professional characteristics. A cross-sectional design 
involving 193 nurses from public and private hospitals was adopted. Data were collected using a socio-
demographic questionnaire and the Spirituality and Spiritual Care Rating Scale. The majority of nurses were 
female (53.4%), aged 20–29 (51.8%), and married (63.7%). Most participants held a bachelor’s degree (51.8%) 
and reported income matching their expenses (69.4%). A significant proportion (82.9%) reported no health 
problems. Professionally, 38.3% had 1–5 years of experience, and 58.5% worked in private hospitals. Intensive 
care units (13.0%) and maternity wards (16.1%) employed the highest proportions of nurses. Only 14.5% had 
completed specialized spiritual care training. Nurses associate spirituality with providing emotional support, 
respecting dignity, privacy, and cultural beliefs, while also fostering hope and inner peace. Spirituality was not 
perceived as limited to religious worship (1.32 ± 1.11), while kindness, empathy, and reconciliation were highly 
valued in spiritual care (3.26 ± 0.74). Scale scores were significantly higher among women, older nurses, and those 
with greater education or experience (p < 0.001). Nurses working in intensive care units and private hospitals had 
higher scores compared to their counterparts in public hospitals (p < 0.05). Interestingly, nurses with no spiritual 
care training scored higher than those who received training (p < 0.001). Nurses in Kabul recognize spirituality 
and spiritual care as integral to holistic care. However, gaps in training and varying perceptions highlight the need 
for structured educational programs to enhance the delivery of spiritual care in clinical practice. 
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Abstract 

Pain management is a significant aspect of patient care. Numerous studies have highlighted the fact that nurses 
have knowledge gaps regarding this issue. For this reason, this study aims to evaluate the pain management 
knowledge, attitudes, and practices of Iranian nurses in hospitals in Tehran, Iran. By using the knowledge and 
attitude survey regarding pain tool developed by Betty Ferrell (2014), this study also examines how demographic 
factors can impact their performance in care units. The results confirm that the level of education is the strongest 
factor that affects knowledge scores (PhD holders: 13.53 ± 4.74, and Master’s degree holders: 13.02 ± 4.72). Our 
gender-based analysis indicates that male participants scored significantly higher (11.74 ± 4.33) compared to 
female participants (10.71 ± 4.02). In terms of age groups, our findings revealed that participants aged 20-29 
demonstrated the highest scores (11.70 ± 4.29), while those aged 30-39 showed the lowest (10.38 ± 3.99). Full-
time experienced nurses and night shift nurses exhibited higher scores of pain management knowledge (nurses 
with 16 or more years of experience showed higher scores: 16.92 ± 4.46). Analysing performance also revealed 
that nurses in general struggled to manage pain. In conclusion, enhancing pain management techniques in nursing 
practice needs a multidimensional approach that encompasses training and education, technical support, and 
professional growth. Bridging the gaps between theory and practice will enhance both patient care and nurses’ 
level of confidence in carrying out one of the most significant aspects of healthcare. 
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Abstract 

The relationship between pharmacological treatments and physical activity has emerged as a central issue in health 
sciences, given its significant implications for patients’ overall well-being. Sulpiride, an antipsychotic belonging 
to the substituted benzamides family, is characterized by dopaminergic antagonist and antidepressant properties. 
It is widely prescribed for the treatment of psychiatric disorders such as schizophrenia, dysthymia, and certain 
psychosomatic conditions. However, its pharmacological profile can markedly influence patients’ physical and 
psychological health, particularly by affecting their ability to engage in regular exercise. From a clinical standpoint, 
sulpiride may cause side effects such as sedation, weight gain, or motor disturbances, which can restrict physical 
performance and reduce adherence to physical activity. These consequences highlight the need for careful 
monitoring and individualized treatment plans. Conversely, when appropriately adapted, physical activity can 
serve as an effective therapeutic adjunct: it enhances mood, supports metabolic balance, prevents cardiovascular 
complications, and improves overall quality of life. Particular attention should be devoted to vulnerable 
populations, especially individuals suffering from psychiatric disorders, in order to ensure that exercise practices 
remain both safe and beneficial. Future research should focus on interdisciplinary strategies that integrate 
pharmacology, psychology, and sport sciences to optimize clinical and psychosocial outcomes. Examining the 
reciprocal interaction between sulpiride and physical activity thus opens new perspectives for more patient-
centered care and promotes global well-being. 
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Abstract 

Personalized nutrition and food design are emerging as innovative approaches to improve individual health 
outcomes. This study aims to evaluate the application of personalized nutrition in the development of tailored 
food products adapted to specific metabolic and lifestyle profiles. A cohort of 120 adult participants was 
recruited and assessed through dietary surveys, genetic markers, and metabolic profiling. The data were analyzed 
using IBM SPSS version 28 and expressed as mean and standard deviation. The mean difference was presented 
at a 95% confidence interval, and machine learning algorithms were employed to generate individualized dietary 
recommendations. Based on these recommendations, a set of personalized food prototypes, including snacks and 
functional beverages, was developed and tested. The prototypes were evaluated for nutritional quality, 
palatability, and consumer acceptance through sensory analysis and structured questionnaires. Additionally, 
changes in health indicators such as glycemic response, lipid profile, body mass index, and digestive comfort 
were monitored over a 6-week intervention period. Preliminary findings suggest that participants who consumed 
personalized food products showed improved glycemic control, reduced cholesterol levels, and reported higher 
levels of satiety and overall satisfaction compared to those following generalized dietary advice. This study also 
revealed important challenges, such as the need to balance nutritional optimization with affordability and 
convenience, which are key factors influencing consumer adoption. Furthermore, the integration of artificial 
intelligence demonstrated strong potential for translating complex biological data into practical dietary solutions, 
while also highlighting the importance of user-friendly tools to guide decision-making. Overall, the results 
underline the promise of personalized nutrition as a strategy for chronic disease prevention and health 
promotion. By combining advanced data analysis with innovative food design, this work demonstrates how 
tailored dietary interventions can offer both scientific and practical value, paving the way for more sustainable 
and individualized approaches to nutrition and wellness. 
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Abstract 

Lactic acid bacteria have been used for centuries due to their beneficial effects as antibacterial agents in human 
health, especially to combat urinary tract infections. To this end, we worked on various isolates of dairy origin 
which underwent preliminary identification. They were then tested for their antagonistic effect against hospital-
acquired Staphylococcus aureus and Pseudomonas aeruginosa using well diffusion method. Ten isolates were 
selected (6 bacilli and 4 cocci) based on their antibacterial power. These lactic strains showed strong inhibitory 
activity against both pathogenic strains. The inhibition appeared as a clear zone around the inhibitory strain with 
varying diameters (between 10 and 20 mm), due to the production of inhibitory substances excreted outside the 
cell. The various treatments performed using the well diffusion method allowed us to conclude that the identified 
strains are inhibitory due to the production of organic acids and bacteriocins. 
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Abstract 

In this work, we report the synthesis of 1,2,4-triazolo-1,5-benzodiazepine diastereoisomers and their 
comprehensive evaluation through molecular docking studies, which revealed promising inhibitory potential 
against the Ebola virus. The synthesized compounds were fully characterized using 1H and 13C NMR spectroscopy, 
along with high-resolution mass spectrometry (HRMS). Notably, one compound was successfully crystallized, 
and its molecular structure was unambiguously confirmed by single-crystal X-ray diffraction, providing definitive 
stereochemical insights. Furthermore, molecular docking and molecular dynamics simulations demonstrated 
strong binding affinities of these diastereoisomers toward the target viral protein, highlighting their potential as 
anti-Ebola agents. Overall, these results indicate that the synthesized molecules could serve as valuable leads for 
the development of new therapeutic candidates against the Ebola virus. 
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Abstract 

It is estimated that there are about 150 million urinary tract infections (UTIs) per annum worldwide. The most 
common etiological agent in UTIs is Enterobacteriaceae; data shows that there is an increasing resistance among 
UTI pathogens to conventional drugs, Enterobacteriaceae have the ability to hydrolyze oxyimino-cephalosporins 
and monobactams. The prevalence of this group limited the use of β-lactam antibiotics as treatment. This study 
aimed to determine the prevalence of the extended spectrum of β-lactamases (ESBL) and their resistance profile 
in urinary tract infection by a reference method of the Kirby Bauer diffusion in Mueller Hinton agar. 100 urine 
samples were processed for culture and antimicrobial sensitivity testing; identification by using microbiological, 
biochemical tests and analytical profile index (API) 20E. ESBL were screened by a phenotypic method. ESBL 
production was detected in 25% of samples, 72% was Escherichia coli, 20% was Klebsiella, and 8% was Proteus; 
The ESBL-producing strains were significantly resistant to imipenem (100%), ticarcillin and piperacillin (88%), 
nitrofurantoin (84%); the combination ticarcillin + clavulanic acid and ceftazidime (80%) show also a high rate of 
acquired resistance. The study found high resistance to broad-spectrum antibiotics like cefotaxime (64%), 
cephalexin (60%), cotrimoxazole (56%), cefixime (52%), aztreonam (48%), ofloxacin (48%) which are commonly 
used to treat UTIs. Moderate resistance was observed against several antibiotics, including ciprofloxacin (40%), 
nalidixic acid, and the combination ticarcillin + tazobactam (36%), cefepime (36%), cefoxitin (28%), 
chloramphenicol (24%). While resistance to many antibiotics was high, there was relatively lower resistance to 
certain antibiotics like gentamycin (16%), and tobramycin (4%). This study underscores the growing issue of 
antibiotic resistance in UTIs, with ESBL-producing bacteria becoming increasingly common and difficult to treat 
with conventional antibiotics. It emphasizes the importance of responsible antibiotic use, monitoring resistance 
patterns, and exploring alternative treatment options to address this emerging public health concern. 
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Abstract 
Patient satisfaction with the concept of quality, which is becoming increasingly important in healthcare services, 
has significant importance in evaluating health services. This research was conducted as a descriptive and cross-
sectional study to determine the satisfaction levels of patients with nursing care.The study was conducted with 85 
patients who were hospitalized at least 2 nights  in the internal medicine wards of Famagusta State Hospital and 
voluntarily accepted to participate in the study.While collecting research data, the patient descriptive 
characteristics form and the Newcastle Nursing Care Satisfaction Scale were used. Patients participating in the 
study; 47.06% of them were primary school students, of whom 35.29% were 50-65 years old, 52.94% were male 
graduates, 71.76% of the males were married, 32.94% of them are not working in a job. It was determined that the 
patients included in the study received the highest score on the 9th item, "Nurses' helpfulness," in the Newcastle 
Nursing Care Satisfaction Scale, and obtained an average of 4.60 points. The lowest score was given to the 15th 
item of the scale, 'Nurses listen to your worries and concerns' with an average of 4.02 points. Considering these 
findings, suggestions were made to the nurses working in the internal medicine service that it would lead to more 
effective care by providing more explanations to patients and approaching them with greater care and attention to 
their concerns and worries. 
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Abstract 

Leukemia and its treatment can significantly disrupt the lifestyle and well-being of children. This study evaluated 
the effect of a child-centered empowerment model on the lifestyle of children with leukemia. This double-blind 
randomized clinical trial was conducted on 46 school-aged children (7–13 years) diagnosed with leukemia and 
admitted to an oncology clinic. Participants were randomly assigned to intervention and control groups (n = 23). 
The intervention group received the family-centered empowerment model, consisting of four dimensions: 
perceived threat (severity and sensitivity), self-efficacy, educational participation, and evaluation, while the control 
group received routine care. Data were collected using demographic, lifestyle, and empowerment questionnaires. 
The lifestyle questionnaire assessed five domains: nutrition, sleep, physical activity, physical health, and stress. 
Data were analyzed using SPSS version 25 with paired and independent t-tests and descriptive statistics. A p-value 
of < 0.05 was considered statistically significant. Before the intervention, there was no significant difference in 
lifestyle scores between the experimental group (61.7 ± 4.7) and the control group (59.8 ± 4.2) (p = 0.159). After 
the intervention, a significant difference was observed, with the experimental group scoring higher (78.8 ± 8.1) 
compared with the control group (59.7 ± 4.2) (p ≤ 0.001). Implementing child-centered empowerment is feasible 
and effective for improving the lifestyle of children with leukemia. Child-centered empowerment can be integrated 
into pediatric oncology care as a supportive, non-invasive strategy to enhance coping, promote healthier daily 
habits, and improve overall well-being in children with leukemia. 
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Abstract 

Matrix metalloproteinase 2 (MMP2) is a zinc dependent endopeptidase involved in extracellular matrix remodeling 
and plays a pivotal role in tumor invasion and metastasis. Given its association with cancer progression, MMP2 
has emerged as a promising therapeutic target. however, the lack of selective inhibitors has hindered clinical 
success. In this study, we employed an integrated computational strategy to identify potential MMP2 inhibitors. A 
ligand-based pharmacophore model was developed from a dataset of sulfonamide derivatives with reported 
inhibitory activity. The model was rigorously validated using a decoy screening approach and statistical metrics, 
including receiver operating characteristic-area under the curve (ROC-AUC), enrichment factor, and Goodness of 
Hit score, demonstrating strong predictive power. The validated model was subsequently applied to screen a Food 
and Drug Administration (FDA) approved drug library to explore repurposing opportunities. Selected hits were 
further evaluated through molecular docking, which revealed favorable binding affinities and key interactions 
within the active site of MMP2. To confirm binding stability under physiological conditions, molecular dynamics 
simulations were performed on both apo and ligand bound systems, followed by trajectory analysis. The combined 
results highlight several FDA approved candidates with potential inhibitory activity against MMP-2. This work 
provides valuable insights into the design of selective MMP2 inhibitors and establishes a foundation for further 
optimization and experimental validation. 
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Abstract 

Leishmaniasis is a parasitic disease that remains a persistent health challenge in Morocco, especially in its 
cutaneous form. In many rural regions, limited access to conventional treatments has encouraged the continued 
reliance on traditional medicine, where local biodiversity provides essential therapeutic resources. Communities 
widely use Moroccan medicinal and aromatic plants to manage symptoms of leishmaniasis through decoctions, 
infusions, poultices, and topical applications. This review compiles ethnopharmacological knowledge and field 
reports on the use of Moroccan plants in traditional practices against leishmaniasis. These practices demonstrate 
the strong link between cultural heritage and the sustainable use of natural resources. The case of leishmaniasis 
illustrates how biodiversity-based practices continue to contribute to community health resilience and provide a 
valuable foundation for future research and innovation. 
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Abstract 

This study examined 135 aminoglycoside-resistant bacterial strains collected in Setif between 2021 and 2023. 
Antibiotic susceptibility testing was performed according to the Clinical and Laboratory Standard Institute (CLSI) 
standards, and phenotypic assays evaluated virulence through biofilm and enzyme production. Statistical analysis 
was carried out using Statistical Package for the Social Sciences (SPSS). The findings revealed a predominance of 
resistance among women (55.6%) and adults (68.1%), with urinary tract infections being the most frequent 
(76.3%). Escherichia coli was the leading isolate (40.7%). High resistance levels were recorded for amoxicillin 
(83%), amoxicillin–clavulanic acid (80%), cephalexin (74.8%), cefixime (71.1%), trimethoprim–
sulfamethoxazole (74.8%), and gentamicin (72.6%). Chloramphenicol (53.3%), imipenem (47.4%), and amikacin 
(47.4%) showed moderate susceptibility. Multidrug resistance involving seven antibiotics was observed in 25.6% 
of strains, with notable cross-resistance between gentamicin and β-lactams. Most isolates exhibited low biofilm 
production (62.96%), while enzymatic activity varied among strains. These results emphasize the alarming spread 
of aminoglycoside resistance and the need for strengthened antibiotic stewardship programs in the Setif region. 
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Abstract 

The mucus of the snail Helix aspersa muller in used in many pharmacologic products. The objective of the present 
study is to explore the antimicrobial, antioxidant, and anti-inflammatory properties of the mucus of the snail Helix 
aspersa muller from the region of Mostaganem, Algeria. The antimicrobial activity was tested against 07 
pathogenic microorganisms: Bacillus cereus, Bacillus subtilis, Candida albicans, Escherichia coli, Pseudomonas 
aeruginosa, Staphylococcus aureus, and Salmonella typhi. Besides, the anti- inflammatory activity was evaluated 
by the inhibition of protein denaturation. The obtained results show an antibacterial activity demonstrated by the 
following diameters in descending order, with Candida albicans (09 ± 00.00 millimeters mm), Bacillus subtilis, 
Staphylococcus aureus, Salmonella typhi (08 ± 00.00 mm).No antimicrobial activity was noted against strains 
Bacillus cereus, Pseudomonas aeruginosa, and Escherichia coli. In addition, anti-inflammatory activity results 
show that Helix aspersa muller snail mucus is able to control autoantigen production through inhibition of protein 
denaturation. The denaturation inhibitory activity of bovine serum albumin (BSA) can be attributed to the presence 
of different bioactive compounds found in mucus. These results suggest the possibility of using Helix aspersa 
muller snail mucus as a treatment for certain infections of bacterial origin or even certain fungal infections and 
even anti-inflammatory treatment.  
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Abstract 

Ebola virus disease remains a critical global health threat, with no approved small-molecule therapeutics available 
to date. The Ebola virus glycoprotein (EBOV-GP), essential for mediating host cell entry, represents a highly 
attractive target for antiviral drug development. In this study, we implemented an integrated computer-aided drug 
discovery workflow to identify novel EBOV-GP inhibitors. Our approach began with the construction of a robust 
and predictive quantitative structure-activity relationship model (QSAR), trained on a curated dataset of known 
active compounds against EBOV-GP. The validated model was then employed to screen over 15,000 virtual 
molecules generated via fragment-based design strategies, using three structurally diverse lead scaffolds. High-
performing candidates were prioritized based on predicted activity and molecular docking scores. Subsequent 
absorption, distribution, metabolism, excretion, and toxicity (ADMET) filtering confirmed their favorable drug-
likeness and pharmacokinetic profiles. The top-ranked compounds were subjected to extensive 150 ns molecular 
dynamics (MD) simulations, revealing stable interactions within the EBOV-GP binding pocket. Molecular 
mechanics/generalized born surface area (MM/GBSA) binding free energy calculations further supported their 
strong affinity for the target site. This study highlights the power of combining QSAR modeling, fragment-based 
molecular design, virtual screening, ADMET profiling, and MD simulations to accelerate the discovery of potent 
and safe anti-Ebola agents. The most promising hits identified herein represent compelling candidates for future 
in vitro and in vivo validation. 
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Abstract 

The combination of biocompatible polymers crosslinked with glutaraldehyde (GLU)enables controlled tannic acid  
(TA) release, enhancing its stability and therapeutic potential in wound healing and cancer treatment. These 
systems offer improved mechanical strength, antimicrobial activity, and sustained drug delivery, though further 
studies are needed to validate their physicochemical and biological performance for clinical application. The 
objective of this study is to theoretically evaluate the potential of biopolymeric films composed of 2-
hydroxyethylcellulose (HEC)/ poly(acrylamide-co-diallyldimethylammonium chloride) (PAADDA) crosslinked 
with GLU as controlled release systems for TA, assessing their possible applications in antitumor and wound-
healing contexts to support the design of future experimental investigations. The methodology described in the 
literature highlights the development of polymer-based delivery systems designed to overcome the limitations of 
TA, such as rapid degradation and low bioavailability. By encapsulating TA within polymeric matrices, hydrogels, 
or films, researchers achieved controlled and sustained release, protecting the compound from oxidation and 
enhancing its therapeutic performance. These methods demonstrated effectiveness in wound healing by promoting 
tissue regeneration and reducing oxidative stress, and in cancer treatment by inhibiting angiogenesis and inducing 
apoptosis in tumor cells. The results from the literature indicate that TA, a plant-derived polyphenol with strong 
antioxidant, anti-inflammatory, antimicrobial, and antitumor properties, faces limitations due to rapid degradation 
and low bioavailability. To address these challenges, polymer-based delivery systems such as hydrogels and films 
have been developed to enable controlled release and maintain its biological activity. These systems have shown 
encouraging outcomes in wound healing by promoting tissue regeneration and in cancer therapy through the 
inhibition of angiogenesis and the induction of apoptosis. 

Keywords: Drug liberation, Drug screening assays, Antitumor, Glutaral, Wound healing 
 
 
1. INTRODUCTION  
 
The pursuit of innovative materials is a constant priority in medical science and technology, and polymeric 
membranes stand out for their versatility and impact, including applications in tissue engineering, prosthetics, 
medical devices, and diagnostics. They are highly adaptable, enabling significant advances in drug delivery 
systems, diagnostic devices, and biosensors, while offering biocompatibility and safety for use in human tissues 
[1]. 
 
The selection of 2-hydroxyethylcellulose (HEC) and poly(acrylamide-co-diallyldimethylammonium chloride) 
(PAADDA) membranes was motivated by the need for an efficient and sustainable solution for developing 
biomedical materials with adjustable properties. HEC/PAADDA films crosslinked with glutaraldehyde (GLU) are 
materials of great interest in the pharmaceutical and biotechnological fields, formed by chemical bonding between 
HEC and PAADDA polymer chains using GLU, resulting in a stable and functional matrix [2]. 
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HEC is a cellulose derivative widely used in pharmaceutical, cosmetic, and industrial applications due to its 
hydrophilicity and biocompatibility, while PAADDA is a cationic copolymer with antimicrobial properties, often 
employed in medical and cosmetic formulations. The combination of HEC/PAADDA crosslinked with GLU 
provides enhanced mechanical and chemical properties, making it ideal for use in controlled drug delivery systems 
[3, 4]. 
 
The crosslinking of HEC/PAADDA polymers with GLU results in a three-dimensional structure capable of 
encapsulating bioactive compounds and releasing them in a controlled manner over time, a desirable behavior in 
therapeutic systems since it maintains constant concentrations of the active agent, reduces adverse effects, and 
improves treatment adherence [5]. 
 
Tannic acid (TA) is a natural polyphenol with well-recognized antioxidant, antimicrobial, anti-inflammatory, and 
antitumor properties, making it a bioactive molecule of great pharmaceutical value [1–6]. Recent studies 
demonstrate its potential to inhibit tumor cell proliferation and modulate signaling pathways associated with cell 
survival, such as phosphatidylinositol 3-kinase/protein kinase B (PI3K/Akt) and mitogen-activated protein kinase 
(MAPK), granting it relevance in antitumor and wound-healing therapies [7]. 
 
The use of renewable-source polymers, such as HEC, contributes to environmental sustainability by replacing non-
biodegradable synthetic materials. These biopolymeric films provide eco-friendly and low-impact alternatives 
aligned with the demand for green and sustainable technologies [1]. 
 
Skin cancer, including melanoma and squamous cell carcinoma, represents a growing public health concern due 
to its high incidence and metastatic potential. Conventional treatments often involve surgery, radiotherapy, and 
topical chemotherapy; however, these approaches may result in systemic side effects and difficulty maintaining 
local therapeutic concentrations. Controlled release systems offer a promising solution by enabling localized and 
sustained delivery of therapeutic agents, minimizing side effects, and improving treatment efficacy [8]. 
 
The crosslinking of HEC/PAADDA polymers with GLU forms a three-dimensional matrix capable of 
encapsulating and releasing therapeutic agents in a controlled manner, modulating release kinetics, improving local 
tissue adhesion, protecting the active compound, and reducing systemic adverse effects, making it ideal for 
controlled drug delivery applications [9]. 
 
The controlled release system based on HEC/PAADDA crosslinked with GLU and incorporated with TA has 
potential for integration into smart dressings and tissue regeneration scaffolds. It can also be combined with 
biosensors or stimulus-responsive release technologies, such as pH, temperature, or tumor microenvironment 
responsiveness, offering an innovative approach to the treatment of oncological lesions  [10]. 
 
Despite the advances achieved, few studies investigate the specific combination of HEC/PAADDA crosslinked 
with GLU and TA for antitumor and wound-healing applications. It is necessary to evaluate the physicochemical 
properties, release kinetics, and biological compatibility of this system in preclinical models to establish its efficacy 
and safety for clinical use [11]. 
 
Therefore, the present study aims to evaluate, in a speculative manner, the potential of biopolymeric films 
composed of HEC/PAADDA crosslinked with GLU as controlled release systems for TA, examining the 
theoretical feasibility of their application in antitumor and wound-healing contexts, with the purpose of supporting 
the design of future experimental investigations. 
 
2. MATERIAL AND METHOD 
 
This study is characterized as an exploratory-descriptive research with a qualitative and quantitative approach, as 
it allows for the observation, description, and analysis of a phenomenon, as well as the exploration of its 
dimensions, manifestations, and interrelated components [12]. The main reagents employed were PAADDA at a 
concentration of 10% weight/volume, HEC, GLU, and TA. All compounds were commercially obtained from 
Merck® without any prior purification or chemical modification, thus preserving the original properties provided 
by the manufacturer. Additional materials included distilled water produced by a simple distillation system, 
magnetic stirring hot plates, an oven, and standard laboratory glassware. This research follows an exploratory-
descriptive design with a qualitative-quantitative approach. The methodological framework was structured based 
on the study by Marques [13], which is an experimental investigation employing quantitative methods of data 
analysis and integration of scientific literature to examine the potential of GLU-crosslinked HEC/PAADDA films. 
The quantitative approach was applied to describe and analyze experimental data obtained from previous studies, 
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while the qualitative component was used due to the exploratory nature of the research and the integration of 
findings from the scientific literature. This qualitative aspect enabled a comprehensive understanding of the 
relationships among structure, properties, and biomedical applicability of the materials, contributing to a more 
holistic and interpretative analysis. The dosages and calculations adopted were based on well-established academic 
protocols that employ equivalent methodologies for the preparation and characterization of hybrid polymeric films. 
Therefore, the study aims to provide a robust theoretical foundation to guide the design of future experimental 
investigations. 
 
The films composed of HEC and PAADDA were prepared by dissolving precise mass quantities (g) of each 
polymer in distilled water. The HEC/PAADDA ratios were set at 70/30, 50/50, and 30/70 (%), using GLU as a 
crosslinking agent at a concentration of 0.2 mol·L–1. The mixtures were magnetically stirred at room temperature 
for 1 hour and then cast into suitable containers for drying in an oven at 40 °C (±1 °C) for 24 hours until complete 
solvent evaporation. This procedure, known as the solvent casting or evaporation method, enabled the formation 
of homogeneous films, which were subsequently subjected to physicochemical and structural characterization. 
The resulting films were characterized through various analyses to evaluate their properties and behavior for 
potential biomedical applications. Thickness was measured in triplicate using a precision micrometer (0.001 mm). 
Solubility and swelling degree were determined from mass variation after immersion in distilled water. Optical 
properties and color parameters (L*, a*, b*) were analyzed by ultraviolet-visible (UV-Vis) spectrophotometry in 
the 200–800 nm range and by colorimetry. Structural characterization was performed using Fourier-transform 
infrared spectroscopy (FTIR) in the range of 4000–400 cm–1 for identification of functional groups, and X-ray 
diffraction (XRD) between 3° and 60° with Cu radiation to determine crystallinity. Thermal stability was assessed 
by thermogravimetric analysis (TGA) in the range of 25–600 °C under a nitrogen atmosphere with a heating rate 
of 10 °C·min–1. Electrical properties were determined by electrochemical impedance spectroscopy (EIS) within 
the frequency range of 1 Hz to 1 MHz, with an amplitude of 5 mV at 25 °C. The surface morphology of the films 
was examined by scanning electron microscopy (SEM), enabling the observation of their structure and 
homogeneity. Together, these analyses provided a detailed evaluation of the physicochemical, thermal, and 
morphological properties of the films, offering important insights into their potential performance and biomedical 
applicability. 
 
The adsorption kinetics of TA onto the HEC/PAADDA films with ratios of 30/70, 50/50, and 70/30 (%) were 
theoretically evaluated based on experimental parameters reported in the literature. In similar studies, 0.1 g of the 
film was immersed in 25 mL of an aqueous TA solution (6.11×10–6 mol·L–1, pH 6) under agitation at 150 rpm and 
25 °C. At specific time intervals, aliquots of the supernatant were analyzed by UV-Vis spectrophotometry (λ = 
274 nm) to estimate the variation in TA concentration. The incorporation percentage (%I) was calculated according 
to Equation (1): 
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Where Ci is the initial concentration of TA (mol·L–1), and Cₜ is the concentration at time t (mol·L–1). Following 
the systematization and analysis of the aforementioned steps, an exploratory approach will be conducted to 
theoretically evaluate the feasibility of the films as controlled-release systems for TA in both antitumor and wound-
healing contexts, thereby supporting the design of future experimental studies. 
 
3. RESULTS 
 
The characterization of the films is an essential step to understand their physical, chemical, and structural 
properties. In the case of HEC/PAADDA films crosslinked with GLU, this analysis involves various instrumental 
techniques, such as FTIR, XRD, TGA, EIS, and SEM. These procedures allow the identification of molecular 
composition, evaluation of thermal stability, determination of crystallinity degree, and examination of the surface 
morphology of the materials. The knowledge obtained from these analyses is crucial to correlate the structural 
characteristics of the films with their performance as controlled release systems for TA in aqueous media. The 
graph shown below (Figure 1) details the solubility of the crosslinked films at HEC/PAADDA ratios of 30/70(%), 
50/50(%), and 70/30(%), all measured at room temperature and pH = 6. The data indicate that the film with a 
30/70(%) HEC/PAADDA ratio reached a solubility of 50%, the 50/50(%) film 27%, and the 70/30(%) film 30%. 
These results show that a higher proportion of PAADDA is associated with increased solubility of the films. 
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Figure 1. Film solubility 

 
HEC/PAADDA films with ratios of 30/70(%), 50/50(%), and 70/30(%) were analyzed for their swelling degree, 
which represents the percentage increase relative to the initial mass of the film when exposed to an aqueous 
environment. The graph shown in Figure 2 demonstrates that the HEC/PAADDA 30/70(%) film reached a swelling 
degree of 500%, the 50/50(%) film reached 200%, and the 70/30(%) film reached 80%. These results reveal a 
significant difference in the swelling capacity according to the proportion of PAADDA in the film. 
 

 
Figure 2. Degree of swelling 

 
The HEC and PAADDA films were evaluated in different proportions (30/70%, 50/50%, and 70/30%) after the 
crosslinking process with GLU, aiming to understand how variations in composition influence their optical and 
physicochemical properties. Figure 3 presents the UV-Vis spectra of the produced films, showing that the pure 
PAADDA film exhibited the highest transmittance, around 90% at 600 nm (visible region), followed by the HEC 
film, with approximately 80% at the same wavelength. For the HEC/PAADDA blends, the transmittance at 600 
nm followed the trend 70/30 > 50/50 > 30/70, with approximate values of 78%, 70%, and 55%, respectively. This 
reduction in transparency with the increasing PAADDA fraction indicates the formation of amorphous and 
heterogeneous regions that intensify light scattering. The lower transparency observed in the HEC/PAADDA 
30/70 film may be associated with its higher solubility and swelling capacity. Solubility data showed that the 
HEC/PAADDA 30/70(%) film exhibited the highest value, reaching approximately 50%, followed by the 
50/50(%) and 70/30(%) films, with 27% and 30%, respectively. Similarly, the swelling degree displayed a directly 
proportional behavior, reaching 500% for the 30/70(%) film, 200% for the 50/50(%), and 80% for the 70/30(%). 
These results demonstrate that a higher proportion of PAADDA promotes water absorption and structural 
expansion of the films, which in turn negatively affects their transparency. Thus, a direct correlation between the 
optical and physicochemical properties is observed: as the PAADDA content increases, solubility and swelling 
also increase, generating microirregularities that reduce optical transmittance. Furthermore, all HEC/PAADDA 
films showed lower transmittance values in the 250 nm range (UV region) compared to pure HEC, suggesting 
potential application as a barrier against ultraviolet radiation (Figure 3). 
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Figure 3. Optical and physicochemical properties of HEC/PAADDA films with different composition ratios 

 
In Figure 4, the pure PAADDA film exhibited the highest luminosity (L = 89.10), indicating a lighter coloration 
with a slight tendency toward bluish and greenish tones (negative a and b values). The pure HEC film, on the other 
hand, also showed high luminosity (L = 88.70), but with slightly positive a and b values, revealing a subtle 
yellowish hue. In the HEC/PAADDA blends, a gradual darkening trend was observed with increasing HEC 
content, consistent with the reduction in transmittance previously discussed. For the HEC/PAADDA (30/70) film, 
the luminosity was L = 84.20, with a slightly yellow tone (b = 34.50). In the 50/50 blend, the color became more 
intense, with L = 78.60 and a perceptible increase in a and b values, indicating the appearance of warmer tones. 
The 70/30 blend showed the lowest luminosity (L = 73.40) and high a (12.50) and b (56.90) values, representing 
a pronounced yellowish-reddish coloration, consistent with the higher HEC content and the reduction in optical 
transparency described in the UV-Vis spectra. These results confirm that increasing the HEC fraction enhances 
warm tones and reduces luminosity, whereas pure PAADDA provides greater clarity and a bluish-greenish 
tendency. Such chromatic variations reflect the structural and optical differences previously observed in solubility, 
swelling, and transmittance analyses, demonstrating coherence between the physicochemical parameters and the 
visual properties of the films (Figure 4). 
 

 
Figure 4. CIELAB colorimetric diagram of the HEC/PAADDA samples 

 
The FTIR spectra were obtained for pure PAADDA films, pure HEC films, and their HEC/PAADDA blends in 
different proportions. The spectra of the pure materials reveal the main characteristic bands of each polymer. The 
spectrum of pure PAADDA exhibits a broad band in the region of 3400–3200 cm–1, attributed to the stretching 
vibrations of N–H groups and the possible presence of hydrogen bonds. Bands located near 1650 cm–1 and 1600 
cm–1 are associated with the stretching vibrations of the carbonyl group (C=O) and the deformation of the NH 



394 

group, respectively, which are typical of amide structures. On the other hand, the spectrum of pure HEC shows an 
intense broad band between 3600–3300 cm–1, corresponding to the stretching vibrations of hydroxyl groups (O–
H), which is characteristic of the cellulosic structure and indicative of strong hydrogen bonding interactions. The 
bands around 2900 cm–1 correspond to the stretching of methylene groups (CH2), while the region between 1050–
1100 cm–1 is attributed to the stretching of C–O–C groups, associated with the glycosidic structure of the cellulose 
main chain. Table 1 shows the FTIR spectra of HEC/PAADDA blends with proportions of 30/70, 50/50, and 70/30. 
It is observed that as the HEC fraction increases, the O–H band becomes broader, and the intensity of the N–H 
bands around 3400 cm–1 decreases, suggesting the formation of intermolecular hydrogen bonds between the 
hydroxyl groups of HEC and the amide groups of PAADDA. Moreover, a slight shift of the C=O band (1650 cm–

1) toward lower wavenumbers is observed, reinforcing the hypothesis of chemical interactions and the possible 
formation of cross-links between the polymer chains. These spectral variations confirm that the progressive 
incorporation of HEC modifies the chemical environment of the PAADDA chains, enhancing hydrophilic 
interactions and contributing to structural and morphological changes in the films. Therefore, the FTIR results are 
consistent with the previously discussed physicochemical and optical analyses, evidencing partial compatibility 
between the polymers and the influence of HEC content on the final structure of the films (Table 1). 
 

Table 1. Main bands and interpretations of the FTIR spectra of HEC, PAADDA films, and their blends 

Sample Region/Wavenumber 
(cm–1) Band Assignment Interpretation/Remarks 

Pure PAADDA 

3400-3200 N-H stretching and 
hydrogen bonding  

Broad band indicating the presence of 
amide groups and possible 
intermolecular interactions. 

1650 Carbonyl (C=O0 
stretching 

Typical of amide groups; the band 
shifts in blends, suggesting chemical 

interaction. 

1600 N–H group deformation Associated with the amide structure of 
the PAADDA chain. 

Pure HEC 

3600-3300 O–H (hydroxyl) 
stretching 

Broad and intense band characteristic 
of the cellulosic structure and strong 

hydrogen bonding. 

2900 C–H (CH2 groups) 
stretching 

Indicates the presence of methylene 
groups in the chain. 

1050-1100 C–O–C stretching Related to the glycosidic structure of 
HEC. 

HEC/PAADDA 
Blend (30/70, 
50/50, 70/30) 

~ 3400 O–H and N–H 

Band broadening and reduction in N–
H intensity with increasing HEC 

fraction, indicating intermolecular 
hydrogen bonding between HEC and 

PAADDA. 

~1650 (slight shift to 
lower wavenumbers) C=O 

Shift confirms chemical interaction 
and possible formation of cross-links 

between polymer chains. 

1050–1100 C–O–C 
Remains present, but with variations in 

intensity depending on the HEC 
proportion 

General Analysis - - 

The incorporation of HEC alters the 
chemical environment of PAADDA, 

enhancing hydrophilic interactions and 
promoting partial compatibility 

between the polymers. 
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Table 2 presents the TGA results of the films, showing that all samples exhibit a similar thermal behavior 
throughout the heating process. The first mass loss, occurring between approximately 30 °C and 150 °C, is 
attributed to the evaporation of physically adsorbed water or residual moisture present in the films. The second 
stage of mass loss, observed between about 200 °C and 500 °C, corresponds to the thermal decomposition of the 
polymeric components, indicating the breakdown of the main polymer chains. This two-step degradation profile 
suggests that the films possess good thermal stability up to around 200 °C, after which polymer degradation 
becomes more pronounced. 
 

Table 2. TGA of the films 

Characteristic Details Temperature Range (°C) Attribution 

General behavior All curves exhibit similar 
thermal behavior N/A N/A 

First mass loss Moderate mass loss 30–150 Evaporation of adsorbed 
free water 

Second mass loss Additional mass losses 
observed ≈ 200–500 Thermal decomposition 

of the polymers 
N/A: Not applicable 
 
3.1. EIS 
 
The DC conductivity values obtained showed that the blend films are less conductive than the pure HEC and 
PAADDA polymers. The conductivity (σ) depends on the charge carrier density (n) and charge carrier mobility 
(μ). The value of n is associated with the dipoles present in the HEC and PAADDA polymers, while μ is directly 
related to the crystallinity of the polymer chains, which can either facilitate or hinder charge mobility. The EIS 
results are consistent with the XRD findings. The higher conductivity of PAADDA can be explained by its 
amorphous structure, which facilitates charge mobility along the polymer chain, resulting in higher σ values. In 
contrast, HEC exhibits lower conductivity due to its semicrystalline structure, as evidenced in its diffractogram. 
Regarding the HEC/PAADDA blends, the σ values were the lowest among all samples, indicating that crosslinking 
with GLU reduces polymer chain mobility and, consequently, electrical conductivity. 
 
3.2. SEM 
 
The SEM images revealed that the crosslinked HEC/PAADDA blend films present phase separations leading to 
the formation of pores within the films. This porous morphology supports the films’ swelling capacity and 
highlights their potential advantages for applications as adsorptive membranes. 
 
3.3. TA Adsorption Study 
 
The study of TA adsorption on HEC/PAADDA films crosslinked with GLU is essential for assessing the efficiency 
and capacity of these materials in controlled release systems for bioactive substances. Adsorption kinetics were 
investigated for different HEC/PAADDA ratios (30/70, 50/50, and 70/30 (%)) using 0.1 g of film in an aqueous 
TA solution (6.11×10–6 mol·L–1) at pH 6 and 25 °C, under constant agitation at 150 rpm. Residual TA 
concentrations were monitored by UV-Vis spectrophotometry at λ = 274 nm, enabling the calculation of 
incorporation efficiency over time. This methodology allows for a detailed evaluation of the interaction between 
the polymers and TA, revealing the influence of different HEC/PAADDA ratios on the adsorption capacity of the 
films. The results provide relevant insights into adsorption efficiency and the potential applicability of these films 
in controlled drug release systems, contributing to the development of optimized devices for pharmaceutical and 
biomedical applications. 
 
3.4. Adsorption Kinetics 
 
The kinetic analysis of TA adsorption by HEC/PAADDA films demonstrated that the polymeric composition 
significantly influences the adsorption efficiency and mechanism. The film with the highest PAADDA content 
(30/70%) exhibited the greatest adsorption capacity, reaching approximately 58% incorporation and equilibrium 
after 40 minutes, indicating a higher affinity between the cationic groups of PAADDA and TA. The intermediate 
composition (50/50%) showed faster adsorption kinetics, achieving 45% incorporation and equilibrium within 21 
minutes, representing a good balance between rate and efficiency. In contrast, the film with the highest HEC 
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content (70/30%) presented the lowest adsorption capacity, reaching equilibrium in just 7 minutes with low 
incorporation, likely due to the reduced availability of active cationic sites. Among the applied kinetic models, the 
pseudo-second-order model provided the best fit (R2 > 0.98 for all compositions), indicating that the process is 
predominantly controlled by chemical interactions. The pseudo-first-order model showed moderate fits (R2 = 0.902 
and 0.92 for 30/70% and 50/50%, respectively) and was unsatisfactory for 70/30% (R2 = 0.40). The intraparticle 
diffusion model indicated that diffusion is not the predominant rate-limiting factor. Therefore, the results confirm 
that increasing the PAADDA fraction enhances TA adsorption, and that the 50/50% composition offers the most 
balanced performance, making it the most promising for controlled release systems of bioactive compounds and 
purification processes. 
 
3.5. General Discussion 
 
The characterization of HEC/PAADDA films crosslinked with GLU revealed properties favorable for their 
application in controlled release systems of active substances. Crosslinking increased the hydrophobicity and 
thermal stability of the films while reducing their solubility in aqueous media. Films with higher HEC content 
exhibited lower swelling capacity and greater thermal stability, whereas those richer in PAADDA showed higher 
TA adsorption capacity. The FTIR, XRD, TGA, EIS, and SEM analyses confirmed the formation of crosslinks, 
enhanced crystallinity, and improved electrochemical performance of the materials. The pseudo-second-order 
kinetic model best described the adsorption process, particularly for the 50/50% composition, which demonstrated 
the best balance between efficiency and adsorption time. In summary, the results demonstrate that varying the 
proportions of HEC and PAADDA allows tuning of structural, optical, and adsorption properties, making these 
films promising candidates for pharmaceutical, biomedical, and UV-protective barrier applications. 
 
3.6. Synthesis of What the Literature Shows About TA and Delivery Systems 
 
TA is a hydrolyzable polyphenol widely recognized for its antioxidant, antimicrobial, anti-inflammatory, wound-
healing, and antitumor properties, as demonstrated in in vitro and preclinical studies. Its anticancer activity 
involves multiple mechanisms, including inhibition of cell proliferation, induction of apoptosis, and modulation 
of matrix metalloproteinases (MMPs) and angiogenesis. Therefore, ensuring the maintenance of TA’s bioactivity 
after its incorporation into polymeric matrices is not only plausible but essential for therapeutic efficacy [7]. 
Polyphenol-based polymeric systems, such as hydrogels and films containing TA, have been extensively studied 
and shown to provide controlled and pH-dependent release, a desirable feature for applications in slightly acidic 
environments, such as the tumor microenvironment and healing wounds. The polymerization process and the 
degree of crosslinking are key determinants of retention, stability, and release kinetics of the bioactive compound 
[14]. 
 
In tumor models, TA has demonstrated antitumor and antiangiogenic effects by inhibiting the expression of VEGF, 
COX-2, and the metalloproteinases MMP-2 and MMP-9, as well as by reducing the polarization of M2-type 
macrophages, which promote tumor progression [15]. Polymeric films and hydrogels have been widely used as 
controlled-release systems for bioactive compounds, since features such as matrix structure, swelling degree, 
porosity, crosslinking level, and molecular interactions between the active compound and the polymer, including 
chemical adsorption and electrostatic affinity, directly influence the release kinetics. In the case of TA, studies 
indicate that its incorporation into polymeric matrices provides protection against degradation, promotes sustained 
release, and enhances topical application, thus expanding its therapeutic potential across different biological 
contexts [16]. 
 
In antitumor contexts, the sustained release of TA has been identified as a key factor in maintaining a stable 
therapeutic concentration within the tumor microenvironment, contributing to the inhibition of angiogenesis, MMP 
activity, and the induction of cell apoptosis. In wound-healing applications, the controlled release of this compound 
has been associated with maintaining a favorable moist environment, enhancing exudate absorption, and 
stimulating cell proliferation, while preventing sudden releases that could lead to local toxicity or accelerated 
elimination of the bioactive agent. 
 
3.7. Mapping Between Film Properties and Expected Release Mechanisms 
 
The following section relates the presented results (solubility, swelling, transmittance, TA adsorption, 
FTIR/crosslinking) to the requirements for effective controlled release (Table 3). 
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Table 3. Mapping between film properties and expected release mechanisms 

Film Property Observed Result Implication for Controlled Release 
of TA 

Solubility: 30/70 ≈ 50%; 50/50 ≈ 
27%; 70/30 ≈ 30% 

Higher solubility for the 
formulation with more PAADDA 

(30/70) 

High solubility → risk of rapid 
“burst” release or even matrix 

dissolution. For sustained release, 
moderate-to-low solubility is 

desired. Therefore, 50/50 or 70/30 
formulations are more promising 

for prolonged release. 

Swelling: 30/70 ≈ 500%; 50/50 ≈ 
200%; 70/30 ≈ 80% 

Films richer in PAADDA absorb 
more water and swell significantly 

High swelling facilitates water 
infiltration and TA diffusion, 
favoring faster release. For 

prolonged controlled release, 
lower swelling (as in 70/30) 

supports slower release, though it 
also depends on TA adsorption 

and matrix crosslinking. 

TA Adsorption: 30/70 → ~ 58% 
incorporation in ~ 40 min; 50/50 

→ ~ 45% in 21 min; 70/30 → low 
loading in 7 min 

Higher PAADDA content resulted 
in greater incorporation; 

intermediate ratio provided 
balance 

Higher PAADDA content resulted 
in greater incorporation; 

intermediate ratio provided 
balance 

Crosslinking and Polymer–TA 
Interactions (FTIR: C=O band 

shift, H-bond formation) 

Evidence of chemical interactions 
between HEC and PAADDA, and 

crosslinking with GLU 

Chemical interactions and 
crosslinking reduce chain 

mobility, slowing TA diffusion 
and favoring controlled release. 

This compensates for swelling and 
solubility effects. 

Morphology/Porosity (SEM: 
phase separation, pore formation 

in films 

Porosity observed leading to high 
swelling and rapid adsorption 

Porosity favors initial diffusion, 
possibly causing a “burst” effect. 

For more controlled release, 
smaller pores or a denser matrix 

would be advantageous. 

Conductivity/Chain Mobility (EIS: 
crosslinked films show lower 

conductivity) 

Crosslinking limits chain mobility, 
resulting in lower conductivity 

Reduced mobility indicates slower 
molecular diffusion, which favors 

sustained release. 
 
Based on the mapping, it is possible to identify which aspects are supported by the experimental data and which 
remain potentially viable but dependent on further optimization. The films’ high TA adsorption capacity, as 
evidenced by the approximately 58% incorporation observed for the HEC/PAADDA 30/70 ratio, demonstrates 
that the polymeric matrix has strong potential to efficiently encapsulate the bioactive molecule, fulfilling one of 
the fundamental prerequisites for its application in controlled release systems. The presence of chemical 
interactions and crosslinking bonds within the matrix, confirmed by FTIR and EIS analyses, indicates that the 
films possess a stable structure, an essential characteristic to ensure the integrity of the material until the moment 
of active compound release. This structural stability contributes to maintaining the physicochemical properties of 
the films and controlling the diffusion rate of TA over time. Furthermore, the variations observed in swelling and 
solubility parameters among the different HEC and PAADDA ratios demonstrate that the material’s structural and 
functional properties can be tuned by modifying its composition. This ability to modulate the physicochemical 
behavior of the films reinforces their technical feasibility for the development of adjustable release systems, 
making them adaptable for different therapeutic applications such as antitumor and wound-healing treatments. 
Although the results indicate promising potential for HEC/PAADDA films as controlled release systems, some 
aspects still require optimization. For applications demanding prolonged release, the material should exhibit low 
solubility and reduced swelling capacity to prevent excessively rapid TA release or premature matrix dissolution. 
In this context, the 30/70 formulation, despite its high adsorption efficiency, may pose a risk of immediate “burst 
release” or structural fragmentation, compromising control over the diffusion process. The high porosity and 
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significant swelling observed in this formulation could favor an abrupt initial release, which is not always desirable 
in therapeutic contexts such as antitumor or wound-healing treatments, where maintaining constant levels of the 
active agent is crucial for efficacy and safety. Therefore, balancing adsorption capacity with structural stability 
must be optimized, possibly through adjustments in the HEC/PAADDA ratio or the degree of crosslinking with 
GLU. Another aspect that remains to be developed is the absence of data on the kinetic release profile of TA, such 
as cumulative release curves over time, as well as on the preservation of its biological activity after release. These 
parameters are critical for confirming the system’s therapeutic efficacy and should be addressed in subsequent 
experimental stages. Moreover, for antitumor applications, the system’s feasibility depends not only on achieving 
controlled release but also on ensuring targeted delivery to the tumor tissue, maintaining TA stability within the 
tumor microenvironment, and confirming the polymer matrix’s biocompatibility with surrounding healthy cells. 
These complementary parameters are essential to establish the suitability of HEC/PAADDA films for safe and 
localized therapies. Based on these considerations, it can be stated that GLU-crosslinked HEC/PAADDA films 
demonstrate theoretical viability as controlled release systems for TA, provided that specific parameters 
(particularly polymer ratio, crosslinking degree, and control of porosity/swelling) are optimized to ensure 
appropriate release behavior. Notably, the 50/50 formulation stands out as the most promising candidate for 
controlled release due to its balanced adsorption capacity and kinetic profile. For antitumor and wound-healing 
applications, this matrix exhibits strong potential but requires further experimentation to confirm its release profile, 
biocompatibility, and therapeutic activity. 
 
3.8. Specifications for Application Contexts 
 
In the antitumor context, the primary requirement for a drug delivery system is that TA be released locally within 
the tumor microenvironment, maintaining an effective concentration for a prolonged period, sufficient to inhibit 
VEGF-mediated angiogenesis, reduce MMP-2 and MMP-9 expression, and induce apoptosis. Evidence published 
by MDPI indicates that TA exhibits significant antitumor effects, including the downregulation of MMP-2, MMP-
9, COX-2, and VEGF in different experimental models [15]. Recent studies by Wang [17] reinforce these findings, 
demonstrating that TA exerts anticancer effects in several cancer cell lines, including urothelial carcinoma, by 
inhibiting the PI3K/Akt signaling pathway, reducing Akt phosphorylation, and decreasing the expression of 
pluripotency markers such as SOX2, OCT4, and NANOG. These results highlight the compound’s ability to 
modulate key signaling pathways involved in tumor cell survival and proliferation, supporting its use in targeted 
therapy delivery systems. In this context, the polymeric matrix must exhibit structural stability after application, 
avoiding rapid dissolution and allowing gradual, controlled release of the compound. Based on the obtained results, 
it can be inferred that formulations with lower swelling and solubility tend to promote this behavior, contributing 
to more sustained TA release. Among the evaluated ratios, the 70/30 composition shows indications of slower 
release, although it incorporates a smaller amount of TA, suggesting that a balance between loading capacity and 
release control is necessary. The 50/50 formulation, in contrast, appears to offer a more advantageous intermediate 
profile, combining adequate structural stability with satisfactory bioactive incorporation efficiency. 
The tumor microenvironment, typically characterized by a slightly acidic pH around 6.5, should also be considered. 
Since TA adsorption was studied at pH 6, there is evidence that the matrix could respond favorably under these 
conditions, promoting controlled release at the target site. Exploring this pH-sensitive behavior could further 
enhance the potential of the matrix for targeted antitumor therapies [18]. 
 
3.9. Wound Healing Context 
 
In the context of wound healing, the controlled release of TA plays an important role by promoting a balanced 
inflammatory response, stimulating fibroblast proliferation and collagen deposition, and exerting antimicrobial 
and antioxidant effects. For this type of application, the polymeric matrix must allow adequate absorption of 
exudates, maintain a moist environment favorable to tissue repair, and enable safe and non-traumatic removal after 
use [16]. TA is a polyphenol widely recognized for its antioxidant, anti-inflammatory, antimicrobial, wound-
healing, and antitumor properties. Additionally, it exhibits photoprotective effects, shielding fibroblasts from 
UVB-induced damage by reducing reactive oxygen species formation and inhibiting the expression of MMP-1, an 
enzyme associated with extracellular matrix degradation [16]. These findings reinforce TA as a promising 
molecule not only for its antioxidant potential but also for its antitumor and regenerative effects. Therefore, its 
incorporation into controlled release systems is particularly relevant for contexts such as oncological wounds, 
radiodermatitis, or post-surgical reconstruction, where it is necessary to control inflammation, promote tissue 
regeneration, and prevent local recurrence. 
 
Based on the results obtained in this study, it can be inferred that matrices with moderate to high swelling may 
offer an advantage, as they enable greater wound fluid absorption, a desirable feature in bioactive dressings. In 
this regard, the 30/70 composition showed the highest degree of swelling, indicating potential for use as a tannic 
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acid-releasing dressing. However, this behavior may also increase the risk of accelerated matrix degradation or 
excessively rapid compound release, suggesting that additional adjustments, such as increasing the degree of 
crosslinking, may be required to ensure a more gradual and sustained release. Similar systems have been described 
by Ali [19], who developed films based on chitosan, carboxymethylcellulose, and tannic acid, achieving 
approximately 90% compound release within 24 hours and favorable results in wound healing. These findings 
reinforce that the films developed in this study, due to their high swelling capacity and good bioactive 
incorporation, show promising potential for application as active wound dressings with controlled release 
properties. 
 
3.10. Future Experimental Requirements to Validate Viability 
 
Based on this theoretical framework, it is possible to outline experimental studies aimed at deepening the 
understanding of the behavior and applicability of the developed films. A first step involves determining the TA 
release profile for each polymeric proportion (30/70, 50/50, and 70/30) using simulated media that represent 
different physiological conditions: pH 7.4 for healthy tissues and blood, pH 6.5 for the tumor microenvironment, 
and pH between 7.0 and 8.0 for wound sites. This evaluation will allow identification of how pH influences the 
release kinetics of the bioactive compound. Another important aspect is adjusting the degree of crosslinking with 
GLU to modulate the solubility and swelling properties of the matrix. This step aims to achieve a balance between 
structural stability and controlled release capacity. Additionally, it is recommended to assess the biological activity 
of the released TA by evaluating its cytotoxicity in relevant tumor cell lines, as well as its effects on fibroblast and 
keratinocyte migration and viability, essential parameters for wound-healing applications. The structural stability 
of the films, before and after the release process, should be analyzed through techniques such as SEM and FTIR 
to confirm matrix integrity during use. It is also essential to evaluate the biocompatibility and hemocompatibility 
of the formulations without TA, ensuring safety and suitability for biomedical applications. Finally, the application 
of kinetic models, such as Higuchi and Korsmeyer–Peppas, may help determine the predominant release 
mechanisms, whether diffusion-controlled, matrix relaxation-controlled, or a combination of both. For potential 
antitumor applications, in vivo or ex vivo studies are recommended to investigate the local release and tissue 
distribution of TA, thereby consolidating the feasibility of the proposed systems. 
 
4. CONCLUSION 
 
The results presented in this study indicate that the biopolymeric matrix composed of HEC and PAADDA, 
crosslinked with GLU, exhibits suitable physicochemical and structural properties to function as a controlled 
release system for TA. The analyses demonstrated the efficiency of bioactive compound incorporation, the 
structural stability provided by crosslinking, and the ability to modulate characteristics such as solubility, swelling, 
and porosity, allowing the matrix behavior to be adjusted according to the intended therapeutic application. 
The theoretical feasibility observed reinforces the potential of these films for both antitumor and wound-healing 
applications. In the oncological context, structural stability and sustained TA release are essential to maintain 
effective therapeutic concentrations within the tumor microenvironment, promoting antiangiogenic, 
antiproliferative, and pro-apoptotic effects. In wound-healing scenarios, greater swelling capacity and exudate 
absorption favor the maintenance of a moist environment, inflammation control, and tissue regeneration. 
Among the formulations evaluated, the 50/50 proportion stands out as the most balanced condition for controlled 
release systems, combining adequate TA incorporation with satisfactory structural stability, making it promising 
for general therapeutic applications. The 30/70 formulation, in turn, appears more suitable for use in bioactive 
dressings due to its higher swelling degree and faster release—features desirable for accelerating tissue repair. 
Conversely, the 70/30 and 50/50 compositions show greater potential for antitumor applications due to their lower 
solubility and slower release profiles, enabling localized and sustained bioactive action. However, experimental 
validation of these findings is essential. In vitro and in vivo assays evaluating release kinetics, biocompatibility, 
selective cytotoxicity, and maintenance of TA bioactivity are crucial steps for confirming the applicability of the 
developed systems. Conducting these studies will consolidate understanding of the release mechanisms involved 
and optimize formulation conditions for each intended use. 
 
In summary, the crosslinked HEC/PAADDA films constitute a versatile and tunable platform for the controlled 
release of bioactive compounds, offering promising foundations for the development of advanced therapeutic 
systems applicable both in localized oncological treatments and in next-generation bioactive dressings, thus 
contributing to the advancement of sustainable and multifunctional biomedical technologies. 
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Abstract 

In 2010, the World Health Organization estimated that there were 48.5 million infertile couples globally. This 
study aims to identify risk factors linked to female infertility in Tebessa. Through a random selection process, we 
selected 180 adults, specifically married women of childbearing age whose partners did not exhibit any signs of 
fertility problems. The findings indicate that there is no significant correlation between the age of a woman at the 
time of her marriage or her current age and her inability to conceive a child. The results also show that the primary 
risk factors for infertility are being overweight, which is typically characterized by android fat distribution, and 
having gained weight since childhood or adolescence. It was found that spontaneous miscarriages, oligomenorrhea, 
anovulation, and polycystic ovary syndrome are significantly associated with infertility with a significant degree. 
Obesity impairs the fertility of women by causing reproductive abnormalities and ovulation disorders, which 
ultimately leads to a decrease in fertility. 

Keywords: Infertility, Normal period to conception, Risk factors, Obesity women 
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Abstract 

This study aims to evaluate the impact of complementary phytotherapy on hematological parameters and 

chemotherapy tolerance in breast cancer patients. A cross-sectional case-control study was conducted among 200 

women, divided into two groups: Women receiving combined chemotherapy and phytotherapy (100 participants) 

and women receiving chemotherapy alone (100 participants). Data collection included hematological parameters, 

tumor characteristics, phytotherapeutic practices, and chemotherapy-related side effects. Statistical analyses were 

performed using student’s test and the chi-square test. The most frequently used medicinal plants were ephedra 

alata, artemisia herba-alba, and nigella sativa. Women receiving both chemotherapy and phytotherapy showed 

significantly better hematological profiles, with reduced erythropenia, lower frequency of anemia, decreased 

leukopenia, and reduced neutropenia. Chemotherapy tolerance was also improved, with significant reductions in 

nausea, appetite loss, and dry mouth. The duration of chemotherapy side effects was significantly shorter in women 

combining both treatments. These findings suggest that complementary phytotherapy may contribute to preserving 

hematological balance and improving tolerance to chemotherapy, supporting further investigation into its 

integration in oncology care. 

Keywords: Breast cancer, Phytotherapy, Chemotherapy, Hematological parameters, Traditional medicine 
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Abstract 

Nursing students frequently experience high levels of exam anxiety, which negatively affects academic 
performance and overall well-being. Mandala coloring and Twin Hearts Meditation are complementary 
interventions that may help reduce anxiety. This study aimed to compare the effects of these two interventions on 
exam anxiety among nursing students. This randomized clinical trial was conducted on 100 nursing students. 
Participants were randomly assigned into two groups: The mandala coloring group (n = 50) and the twin hearts 
meditation group (n = 50). The interventions were delivered immediately prior to a practical examination. Exam 
anxiety levels were assessed before and after the intervention using the Spielberger state-trait anxiety inventory 
(STAI). Data were analyzed using SPSS version 25, applying paired and independent t-tests, with P < 0.05 
considered statistically significant. There were no statistically significant differences in sociodemographic 
characteristics or pre-intervention anxiety scores between the two groups (P > 0.05). Following the intervention, 
the mean exam anxiety score in the mandala coloring group decreased significantly from 61.90 ± 16.0 to 45.50 ± 
6.57 (P ≤ 0.001). The twin hearts meditation group also showed a significant reduction in anxiety, from 67.52 ± 
17.24 to 62.78 ± 17.33 (P ≤ 0.001). However, independent t-test analysis revealed that the reduction in anxiety 
was significantly greater in the mandala coloring group compared to the meditation group (P ≤ 0.001). Both 
mandala coloring and twin hearts meditation were effective in reducing exam anxiety among nursing students, 
with mandala coloring demonstrating greater efficacy.  

Keywords: Mandala coloring, Meditation, Exam anxiety, Nursing students, Complementary therapies, Mental 
health 
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Abstract 

Mastectomy, as a primary treatment for breast cancer, has profound effects not only on women’s physical health 

but also on their body image and emotional well-being. In cultural contexts such as Morocco, where femininity 

and motherhood are closely tied to bodily integrity, the psychological and social repercussions of breast loss are 

particularly significant. This quantitative study was conducted among 40 women who underwent mastectomy, 

using a structured questionnaire to assess physical, psychological, and socio-cultural factors influencing their 

perception of body image. The findings reveal that 83% of participants associated breast loss with a loss of 

femininity, 77% reported dissatisfaction with body symmetry, and over 60% avoided mirrors or social interactions. 

Furthermore, 30% showed moderate to severe anxiety-depressive symptoms, while 54% felt less attractive and 

58% were dissatisfied with surgical scars. These impacts were further aggravated by factors such as economic 

precarity, illiteracy, and lack of family support. The study emphasizes the urgent need for integrated care models 

that incorporate psychological counseling, culturally sensitive education, and support networks to facilitate post-

mastectomy adjustment. A multidisciplinary approach is essential to restore self-esteem, improve mental health 

outcomes, and promote full social reintegration for women affected by breast cancer. 

Keywords: Mastectomy, Body image, Breast cancer, Psychological distress, Moroccan women 
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What do both countries have in common with respect to the challenges and results in fighting against high-level 
corruption? 
 
This study is prepared based on qualitative analysis of legislation, institutional reports (such as SPAK’s annual 
reports, EC’s Rule of Law reports, Corruption Perceptions Index by Transparency International), case studies of 
high-level corruption proceedings, and policy documents. 
 
1.1. Albania 
 
Albania, as an EU candidate country, has officially launched accession negotiations in March 2020 and started the 
technical accession negotiations in July 2022. Albania has shown a strong and firm political commitment leading 
to the opening of negotiations on 6 clusters. Albania opened the first cluster, cluster 1 “Fundamentals” on 15 
October 2024 and opened the last one, cluster 5 “Resources, Agriculture and Cohesion” on 17 November 2025. 
Albania successfully opened all six clusters within 13 months. 
 
Nowadays Albania is experiencing major transformation to consolidate a sustainable Rule of Law. It is facing 
multidimensional challenges to meet the European requirements towards the EU accession, as its final goal. The 
European Commission highlights in the 2025 Communication on EU Enlargement Policy that Albania continued 
to make progress in reforms under the fundamentals cluster, in particular on the comprehensive justice reform and 
with the completion of the vetting process in first instance, further good results by the Special Structure against 
Corruption and Organized Crime (SPAK) in anti-corruption cases, active international cooperation against 
organised crime and capacity development for financial investigations [3]. 
 
Despite the good progress in reforms, the perception among experts and business executives is that the level of 
corruption is high. Corruption in Albania is prevalent in most areas of public and business life, including in all 
branches of central and local government and institutions. The most vulnerable sectors are public infrastructure, 
cadastre and property rights, customs, tax administration, education, health, public procurement, Public–Private 
Partnership contracts, etc. [4]. The first major corruption scandal investigated in Albania is the “Fraud in a Public 
Tender for Sterilization Equipment,” in 2020, which consisted in a €100 million contract for the sterilization of 
surgical equipment in public hospitals [5]. The second major corruption scandal is the “Incinerator Scandal.” It 
consisted in the construction and operation of three incinerators (two of which have not yet been built), all given 
to the same group of people, creating virtually a monopoly. The Albanian incinerators were created from no 
demand, no requirement, and no official proposal. It all started with a request from a newly set up company, with 
no capital or experience. The three concession contracts for the construction of incinerators have cost Albanian 
taxpayers €72 million until June 2020, while they have all failed to provide the expected services [6]. 
 
Currently in Albania, numerous high-ranking officials are serving prison sentences, but the highest-level officials 
among them are the mayor of Tirana, Erion Veliaj (in 2025) and former President of Albania Ilir Meta (in 2024), 
both arrested on charges of money laundering and corruption. Most recently, public attention is highly focused on 
the investigations against the Deputy Prime Minister and Minister of Infrastructure and Energy Belinda Balluku, 
to whom SPAK has issued an order banning her on leaving the country, as well assuspended her from all her 
governmental duties. The fight against corruption of high-ranking officials, although it has produced encouraging 
results, remains a significant challenge for strengthening the rule of law in Albania. 
 
1.2. Bulgaria 
 
Bulgaria opened the negotiations in February 2000, closed the technical ones in 2004 and became an EU Member 
State in 2007. Bulgaria has gone through a long fight against corruption process. 
 
In the Bulgarian society, the poverty of Bulgaria is repeated again and again [7]. Based on the 2000 Regular Report 
on Bulgaria’s Progress Towards Accession, corruption scandals have been widely reported in the press. The 
Parliament rejected a motion of no confidence against the government for implementing a policy of corruption and 
covering up its real-time manifestations. Whilst allegations of corruption were rife, it was difficult to obtain 
substantial and reliable information on how the judicial system was dealing with corruption cases. Some 
information on bribery cases was available, but it was not possible to obtain clear figures for corruption-related 
cases [8]. 
 
Referring to 2001 Regular Report on Bulgaria’s Progress Towards Accession, corruption was a very serious 
problem in Bulgaria. Customs, the police, university teachers, business community, public sector officials who 
had close contact with the public and the judiciary were perceived to be among the most corrupt professions. 
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Abstract 

As artificial intelligence (AI) increasingly transforms contemporary workplaces, understanding how employees 
adapt to AI-driven changes has become a crucial organizational priority. While AI offers substantial benefits—
such as efficiency and innovation—it may simultaneously create psychological strain and job insecurity among 
employees with lower levels of AI literacy. Grounded in the job demands–resources (JD–R) model and regulatory 
focus theory, this study examines how AI literacy influences work engagement through the mediating roles of job 
crafting and job insecurity, and whether promotion and prevention regulatory foci moderate these relationships. 
AI literacy, conceptualized as a multifaceted personal resource encompassing understanding, evaluating, and 
effectively using AI technologies, is expected to encourage proactive behaviors such as job crafting while reducing 
perceived threats associated with job insecurity. Employees who possess higher AI literacy are more likely to 
reframe AI as a developmental opportunity rather than a workplace threat, thereby enhancing adaptive responses. 
Conversely, low AI literacy may heighten uncertainty and reduce engagement. This study also investigates how 
individuals with promotion or prevention orientations differentially interpret AI-related changes, shaping the 
effects of AI literacy on psychological and behavioral outcomes. This quantitative cross-sectional study will recruit 
employed adults across diverse sectors in Türkiye using an online survey. Validated measurement tools—including 
the Meta-AI Literacy Scale, job crafting scale, job insecurity scale, and work engagement scale—will be 
administered to a target sample of approximately 395 participants. Data will be analyzed using structural equation 
modeling and moderated mediation techniques. By clarifying the mechanisms linking AI literacy to employee 
engagement, this research aims to provide strategic insights for organizations designing AI-focused training 
programs, promoting adaptive work behaviors, and supporting employee well-being in technologically evolving 
environments.  

Keywords: Artificial intelligence literacy, Work engagement, Job crafting, Job insecurity, Regulatory focus 
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Abstract 

Artificial intelligence (AI) is profoundly transforming research and teaching methods in health sciences. While 
these tools offer immense potential for innovation and support, they also raise new ethical questions regarding 
scientific rigor, transparency, and accountability. Understanding the implications of AI for scientific integrity has 
therefore become essential, particularly in the training of nursing students, who represent future contributors to 
research and evidence-based practice. This narrative review examines the current state of knowledge regarding the 
relationship between scientific integrity and artificial intelligence, identifying the primary challenges, risks, and 
opportunities for integrating these dimensions into nursing education. A narrative literature review was conducted 
using major international databases in health, education, and technology (PubMed, Cumulative Index to Nursing 
and Allied Health Literature (CINAHL), Scopus, European Research Infrastructure Consortium (ERIC)). Studies 
published between 2015 and 2025 were selected based on their thematic relevance, conceptual rigor, and 
contribution to reflections on scientific integrity and the use of AI in nursing education. Findings highlight that AI 
is redefining the principles of scientific integrity, creating risks of opacity, bias, and automated plagiarism, while 
also offering potential for pedagogical innovation and the development of ethical reasoning. Nursing curricula 
must therefore integrate critical and digital literacy skills to ensure the responsible use of these technologies. The 
integration of AI in research calls for a reconfiguration of the principles of scientific integrity, grounded in 
transparency, shared responsibility, and critical training of researchers to ensure the responsible and informed use 
of AI in the production and application of knowledge. 

Keywords: Artificial intelligence, Scientific integrity, Ethics, Nursing education, Narrative review 
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Abstract 

The objective of this study is to identify the challenges encountered by science teachers in utilizing laboratory 
facilities. Laboratories hold significant importance in science education, serving as critical environments for 
achieving learning outcomes through firsthand student engagement or instructional demonstrations. Science 
teachers endeavor to incorporate laboratories into the teaching-learning process to the extent permitted by available 
resources. The effective use of laboratories contributes to the development of students' research, problem-solving, 
and logical reasoning skills. By providing an experiential learning setting, laboratories stimulate student interest 
and curiosity, thereby facilitating more durable knowledge acquisition. Furthermore, well-implemented laboratory 
practices support the enhancement of students' problem-solving abilities and psychomotor skills. In accordance 
with this objective, data were collected via semi-structured interviews conducted with 26 science teachers. 
Analysis of the interview findings revealed that laboratory conditions in schools are largely inadequate. 
Additionally, teachers reported that overcrowded classrooms hinder the effective utilization of laboratory facilities. 
Due to safety concerns, teachers often resort to demonstrating experiments themselves rather than having students 
perform hands-on activities. Moreover, respondents indicated that a lack of materials and equipment in laboratories 
frequently prevents the conduction of certain experiments 

Keyword: Science education, Science teacher, Laboratory 
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Abstract 

Toni Morrison’s The Bluest Eye (1970) has been the focus of numerous critical studies exploring race, beauty, and 
identity; however, the ways in which time and space shape human experience within the narrative remain 
unexamined. Drawing on Mikhail Bakhtin’s concept of the chronotope, the deep interrelation of temporal and 
spatial relations that gives form and meaning to narrative, this study reinterprets Morrison’s novel through the lens 
of racialized experience and the psychic confinement of Black subjectivity. Bakhtin emphasizes that time and 
space in literature are intrinsically connected, forming the ground of representation from which narrative events 
and social meanings emerge. The chronotope thus operates as a form-shaping ideology that constructs experience 
by linking temporal rhythms with spatial settings to define historical, social, and biographical relations. In The 
Bluest Eye, Bakhtin’s minor chronotopes such as the “Parlor,” “Road,” “Threshold,” and “Provincial Town” define 
the racialized conditions of mobility, belonging, and visibility. These temporal–spatial structures expose how 
psychic confinement, displacement, and social hierarchy characterize lived experience and subjectivity under 
racial oppression. Time takes on a cyclical yet immobilized rhythm, as the novel’s seasonal structure functions 
ironically to delineate not renewal but the progressive worsening of trauma and decay, whereas space, whether 
domestic, communal, or segregated, holds the imprint of exclusion. Together, these chronotopes fashion 
Morrison’s narrative as a meditation on how race structures the very conditions of temporality and spatial 
belonging in twentieth-century America. 

Keywords: The Bluest Eye, Bakhtin, Chronotopes, Racial oppression 
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Abstract 

We have many revolutions in the world political history. It is well known and accepted that human civilizations 
go back to almost seven thousand years. Early civilizations appeared in the Mesopotamia located among famous 
two rivers, Tigris and Euphrates. It was not spontaneous that early human communities preferred and set up a great 
land fed by rivers and led amazing fertilized agricultures as well water for surviving life. Human beings have great 
potentials in many areas. It’s not like other beings. Let’s look any species of animals. They may have some special 
abilities but it’s stable and fixed. On the other hand human beings may carry thousands of abilities and skills. 
That’s why we have many faculties, disciplines, arts, sports and so on. Indeed civilizations based on two important 
parameters. One is accumulation of past experiences that guide us. The second is exchange of knowledge, culture 
and innovations. Politic as master of arts for Aristotle led and guide these civilizations. Human beings as political 
actors may have disposals over the geography, animals, forests as well as humans. Of course this great potential 
and freedom may be very good as well as harmful. After renaissance and reforms French Revolution had been one 
of the great case in the human history. It let famous three slogans which are freedoms, equalities and liberties. 
Napoleon Bonaparte was a great commander and political leader who challenged the French Republic. He declared 
emperor twice but finally not succeed. His capacity and authority actually was output of the conjectural period of 
the France. Army and most of society supported his dreams. He represented real power of absolute supporters of 
ancient regimes. Comparing Reich of Germans, Republic defeated the dignity and imagination of ancient regimes 
in the France. 

Keywords: Napoleon Bonaparte, Republics, Ancient regimes, Revolutions 
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Abstract 

The uncontrolled release of synthetic dyes such as methylene blue (MB), methyl orange (MO), and methyl red 
(MR) represents a serious environmental challenge due to their high stability and toxicity. Heterogeneous 
photocatalysis is widely regarded as an efficient approach for degrading these persistent pollutants. Zinc oxide 
(ZnO), with its wide band gap, strong oxidation potential, and low cost, is a promising candidate. However, its 
practical use as a powder is limited by recovery and stability issues. To overcome these drawbacks, phosphate-
based glass-ceramics were developed incorporating ZnO as a crystalline phase. Structural flexibility within the 
phosphate network enables Zn2+ incorporation and ZnO crystallization during heat treatment, enhancing 
photocatalytic performance under ultraviyole (UV)–visible light by improving charge separation and dye 
adsorption. Beyond photocatalysis, ZnO incorporation significantly influences the dielectric response of the glass-
ceramics. Dielectric studies reveal that ZnO addition modifies polarization mechanisms, leading to higher 
permittivity values and a transition from insulating to more conductive behavior at low frequencies. This dual 
functionality positions ZnO-phosphate glass-ceramics as multifunctional materials with potential applications not 
only in wastewater treatment but also in electronic devices requiring tailored dielectric properties. 

Keywords: ZnO, Phosphate glass-ceramics, Photocatalysis, Dielectric properties, Dye degradation, Wastewater 
treatment 
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Abstract 

In this study, cellulose acetate (CA), a biodegradable polymer derived from renewable cellulose, was doped with 
zinc oxide (ZnO) nanoparticles to enhance its structural, optical, and morphological properties. The CA/ZnO 
composite films were prepared by a solution casting method with different ZnO concentrations to optimize the 
nanoparticle dispersion and polymer interaction. The structural analysis by fourier transform infrared spectroscopy 
(FTIR) confirmed the presence of strong intermolecular interactions between ZnO and the hydroxyl and carbonyl 
groups of cellulose acetate, indicating partial coordination bonding. X-ray diffraction (XRD) patterns revealed the 
semi-crystalline nature of the composites, with distinct diffraction peaks corresponding to ZnO crystallites 
embedded within the polymer matrix. Scanning electron microscopy (SEM) images showed a uniform distribution 
of ZnO nanoparticles at lower concentrations, while higher loadings led to slight agglomeration on the film surface. 
Optical characterization using ultraviolet (UV)–visible spectroscopy demonstrated that the incorporation of ZnO 
increased the absorption intensity in the UV region and slightly widened the optical band gap from 3.82 eV to 3.95 
eV, suggesting improved transparency and potential for UV-blocking applications. Thermal analysis indicated an 
enhancement in the thermal stability of the doped films compared to pure cellulose acetate. The improved 
physicochemical properties highlight the synergistic effect between ZnO nanoparticles and the polymeric matrix. 
Overall, the CA/ZnO nanocomposite films exhibit promising features for use in biodegradable packaging, 
photocatalytic systems, and optical coatings, combining environmental sustainability with functional performance. 

Keywords: Cellulose acetate, ZnO nanoparticles, Composite films, Characterization, Optical properties 
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Abstract 

In this study, a quad-band metamaterial (MM) absorber is suggested. The unit cell of the suggested MM absorber 
structure contains a metallic (copper) metasurface (MS) consisting of two square shaped ring resonators with a 
split in one arm on the top surface of a single-layer FR-4 dielectric substrate. The numerical analysis of the 
designed MM absorber structure was performed in CST Studio Suite, a simulation software based on the finite 
integration technique (FIT). The suggested MM-based absorber provides nearly 100% absorption across four 
different frequency bands (microwave S-, C-, Ku-, and K-bands (2–4 GHz, 4–8 GHz, 12–18 GHz, and 18–27 
GHz, respectively)) at four resonance frequencies (2.365 GHz, 4.95 GHz, 12.3 GHz, and 18.61 GHz). Thanks to 
its designed MS structure, the suggested absorber exhibits good stability (with an absorption rate of over 80%) 
for transverse electric (TE) mode waves under polarization angle up to 30° and oblique incidence up to 60°.  

Keywords: Metamaterial absorber, Quad-band, Wide-angle 
 
 
1. INTRODUCTION 
 
Today, the demand for the development of suitable materials and procedures to reduce the effects of 
electromagnetic (EM) waves is increasing day by day [1]. This demand led to the introduction of the concept of 
absorber [2]. An absorber is a block of material used to absorb part of a particle’s energy [3]. Research on 
absorbers is rapidly increasing due to their applications in many fields such as medical imaging, signal 
absorption, invisibility, sensors, and antennas [4, 5]. Some classic examples of EM absorbers include the 
Dallenbach, Salisbury, and Jaumann absorbers [6]. However, these traditional absorbers are unsuitable for many 
practical applications due to their bulky dimensions and design complexity [7, 8]. Therefore, in order to meet the 
need for simple and compact absorbers, the research focus has shifted to metamaterial (MM) absorbers [9]. 
MMs, which are unnatural materials with different electromagnetic (EM) behaviors, have found a wide range of 
applications in recent years. One of these, MM-based absorbers, are attracting significant interest due to their 
high absorption performance, thin layers, and low cost [10]. These MM-based absorbers can trap or absorb an 
incident EM wave at specific points of the device depending on their operating bandwidths and consequently 
convert the EM wave into heat [11]. 
 
In this study, an MM-based absorber designed on a single-layer and easily accessible FR-4 dielectric substrate is 
presented, which offers 99.71%, 99.81%, 99.95%, and 99.97% absorption rates, respectively, at frequencies of 
2.365 GHz, 4.95 GHz, 12.3 GHz, and 18.61 GHz, respectively, in microwave S-, C-, Ku-, and K-bands (2–4 
GHz, 4–8 GHz, 12–18 GHz, and 18–27 GHz, respectively). Additionally, the suggested MM absorber, thanks to 
its designed structure, exhibits good stability (with an absorption rate of over 80%) for transverse electric (TE) 
mode waves, both in terms of polarization angle (up to 30°) and under oblique incidence (up to 60°). 
 
2. SUGGESTED MM-BASED ABSORBER DESIGN 
 
The suggested quad-band MM-based absorber design was implemented using CST Studio Suite, a high-
performance EM analysis software program based on the finite integration technique (FIT). The suggested unit 
cell design is shown in Figure 1. The designed unit cell is designed to achieve high absorption in four different 
microwave bands (S-, C-, Ku-, and K-bands). This absorber design consists of top, middle, and bottom layers, as 
shown in Figure 1. An FR-4 dielectric substrate with a relative dielectric constant of 4.3 and a loss tangent of 
0.025 is used in the middle layer. The top layer consists of copper resonators with a conductivity of 5.8×107 S/m, 
while the bottom layer consists of the same copper ground plane. Figure 1(a) shows the front view of the 
suggested absorber unit cell, while Figure 1(b) shows the thicknesses of the layers (resonators, substrate, and 
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ground) of the suggested absorber unit cell in three-dimensional (3D). The top surface of the suggested structure 
consists of two square rings with a split on one arm. The dimensions of the MM absorber unit cell shown in 
Figure 1 are given in mm in Table 1. These final unit cell dimensions have been optimized to achieve the best 
results (high absorption rate, quad-band absorber, and wide-angle). 
 

 
Figure 1. (a) Front view and (b) 3D layer thickness representation of the suggested absorber unit cell 

 
Table 1. Suggested MM-based absorber unit cell dimensions in mm 

L1 L2 L3 w1 w2 g d1 d2 
11 9.1 4.5 0.45 0.25 0.5 2.8 0.035 

 
3. SIMULATION RESULTS 
 
For numerical analysis, boundary conditions in CST Studio Suite were selected as “unit cell” along the x- and y-
axes and “open (add space)” along the z-axis. Accordingly, the absorption (A) for the suggested MM-based 
absorber is calculated as follows from the simulations to be performed [2, 10, 11]. 
 
 A 1 T R= − −   (1) 
 
Here, T and R denote transmission and reflection, respectively, and are defined as follows [12]. 
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Here, 21S  and 11S  represent the transmitted and reflected power respectively, while Z is the impedance and 

( ) ( )0r Z 1 Z 1= − + . Additionally, n is the refractive index, k0 is the wave number of the incident wave in free 
space, and d is the length of the slab. 
 
When Equation (1) is examined, it is seen that if the reflected and transmitted power is minimized (to zero), 
absorption can be maximized (to 100% absorption) [2, 10–12]. As shown in Figure 1, for the suggested absorber, 
since the bottom layer, i.e., the ground plane, is made of copper, there is no transmitted power, i.e., 21S 0=  and 
therefore T 0=  [2, 10–12]. Therefore, Equation (1) takes the following form. 
 
 2

11A 1 R 1 S= − = −   (4) 
 
However, this is only valid when the structure is lossless. This is not possible in real-time applications [13]. The 
suggested structure was simulated in the 0–24 GHz frequency range using the CST Studio Suite EM simulation 
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program. The transmitted and reflected powers obtained from the simulation ( 21S  and 11S , respectively) and 
the absorption values (A) calculated from these simulation data using Equation (1) are shown in Figure 2 versus 
frequency. From Figure 2(a), it can be seen that the 21S  value for the suggested structure is 0.054, 0.043, 0.021, 
and 0.017, respectively, at the resonance frequencies of 2.365 GHz (in the microwave S frequency band), 4.95 
GHz (in the microwave C frequency band), 12.3 GHz (in the microwave Ku frequency band), and 18.61 GHz (in 
the microwave K frequency band) and the 11S  value is zero in the entire simulated frequency range. From 
Figure 2(b), it can be seen that the suggested structure offers a quad-band MM absorber performance with an 
absorption values (rates) of 0.9971 (99.71%), 0.9981 (99.81%), 0.9995 (99.95%), and 0.9997 (99.97%), 
respectively, at four resonant frequencies of 2.365 GHz, 4.95 GHz, 12.3 GHz, and 18.61 GHz, respectively, in 
the microwave S-, C-, Ku- and K-bands. 
 

       
Figure 2. (a) Transmitted and reflected powers ( 21S  and 11S , respectively) simulated in CST Studio Suite for 
the suggested MM-based absorber, and (b) calculated absorption value (A). 
 
The suggested structure was examined for different polarization angles (ϕ = 0°, 10°, 20°, and 30°) under normal 
incidence (θ = 0°) for TE mode waves. The absorption values calculated from the simulated 21S  and 11S  
values for different polarization angles are shown in Figure 3(a). When Figure 3(a) is examined, the suggested 
MM-absorber structure shows an absorption rate of over 80% at the specified frequency points for a polarization 
angle of up to 30° under normal incidence. Secondly, the suggested structure was investigated under oblique 
incidence (θ = 0°, 20°, 40° and 60°) for TE mode waves. The absorption values calculated from the simulated 

21S  and 11S  values under different oblique incidence angles are shown in Figure 3(b). When Figure 3(b) is 
examined, the suggested MM-absorber structure shows an absorption rate of over 80% at the specified frequency 
points up to 60° under oblique incidence. These results also indicate that the suggested MM-absorber structure 
exhibits good stability under both polarization angle and oblique incidence (up to 30° for ϕ and up to 60° for θ). 
 

     
Figure 3. For the TE mode waves, the absorption values obtained for (a) different polarization angles (ϕ = 0°, 
10°, 20°, and 30°) under normal incidence (θ = 0°) and (b) oblique incidence (θ = 0°, 20°, 40°, and 60°) 
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4. CONCLUSION 
 
In our study, an MM-based absorber was designed that exhibits high absorption performance in four bands with 
absorption values (rates) of 0.9971 (99.71%), 0.9981 (99.81%), 0.9995 (99.95%), and 0.9997 (99.97%), 
respectively, at four resonance frequencies of 2.365 GHz, 4.95 GHz, 12.3 GHz, and 18.61 GHz, respectively, in 
the microwave S-, C-, Ku-, and K-bands. Additionally, the suggested absorber can provide wide-angle 
absorption under both polarization angle and oblique incidence (up to 30° for ϕ and up to 60° for θ). MM 
absorber consisting of two square-shaped ring copper patches with a slit on one arm printed on a 2.8 mm thick 
FR-4 dielectric substrate with full copper lamination on the bottom plane can be easily realized. 
 
References 
 
[1]  S. Akram, M. Ashraf, A. Javid, H. A. Abid, S. Ahmad, Y. Nawab, et al., “Recent advances in 

electromagnetic interference (EMI) shielding textiles: A comprehensive review,” Synth. Met., vol. 294, 
art. no. 117305, Apr. 2023. 

[2]  Z. Q. Du, J. G. Liang, T. Cai, G.  M. Wang, T. W. Deng, and B. R. Wu, “Designing an ultra-thin and 
wideband low-frequency absorber based on lumped resistance,” Opt. Express, vol. 30, no. 2, pp. 914–925, 
Jan. 2022. 

[3]  X. J. Liu, F. Xia, M. Wang, J. Liang, and M. J. Yun, “Working mechanism and progress of 
electromagnetic metamaterial perfect absorber,” Photonics, vol. 10, no. 2, art. no. 205, Feb. 2023. 

[4]  S. Jorwal, A. Dubey, R. Gupta, and S. Agarwal, “A review: Advancement in metamaterial based RF and 
microwave absorbers,” Sens. Actuators A-Phys., vol. 354, art. no. 114283, May 2023. 

[5]  A. Parveen, A. Irshad, M. Um-e-Kalsoom, M. N. U. Shah, D. Tyagi, M. Alam, et al., “A review on 
advancing electromagnetic wave absorption in metamaterials: Progress, challenges, theoretical 
background, and advanced technological applications,” Adv. Mater. Technol., vol. 10, no. 20, Oct. 2025. 

[6]  F. Costa, A. Monorchio, and G. Manara, “Theory, design and perspectives of electromagnetic wave 
absorbers,” IEEE Electromagn. Compat. Mag., vol. 5, no. 2, pp. 67–74, Aug. 2016. 

[7]  Q. A. Alsulami, S. Wageh, A. A. Al-Ghamdi, R. M. H. Bilal, and M. A. Saeed, “A tunable and wearable 
dual-band metamaterial absorber based on polyethylene terephthalate (PET) substrate for sensing 
applications,” Polym., vol. 14, no. 21, art. no. 4503, Nov. 2022. 

[8]  G. W. Duan, J. Schalch, X. G. Zhao, A. B. Li, C. X. Chen, R. D. Averitt, et al., “A survey of theoretical 
models for terahertz electromagnetic metamaterial absorbers,” Sens. Actuators A-Phys., vol. 287, pp. 21-
28, Mar. 2019. 

[9]  Y. Q. Zhang, W. J. Zhou, X. F. Qin, Q. Zhao, Y. X. Chen, X. Y. Zhang, et al., “Broadband tunable 
terahertz near-perfect absorber enabled by rotationally symmetric single-layer graphene: A theoretical 
study,” Phys. Lett. A, vol. 546, art. no. 130502, Jun. 2025. 

[10]  Q. Zhou, B. Xue, S. Y. Gu, F. Ye, X. M. Fan, and W. Y. Duan, “Ultra broadband electromagnetic wave 
absorbing and scattering properties of flexible sandwich cylindrical water-based metamaterials,” Results 
Phys., vol. 38, art. no. 105587, Jul. 2022. 

[11]  R. Rahad, A. M. Mohsin, M. B. H. Bhuian, and M. M. Rahman, “Graphene-metamaterial based tunable 
broadband polarization ınsensitive absorber for terahertz antenna design,” IEEE Access, vol. 12, pp. 
48654–48667, 2024. 

[12]  S. Gangula, M. Vinukonda, and N. Rao, “Polarization ınsensitive absorber with ıncreased bandwidth 
using multilayer metamaterial,” Int. J. Electron. Commun. Eng., vol. 14, no. 8, pp. 246–250, 220. 

[13]  C. M. Watts, X. L. Liu, and W. J. Padilla, “Metamaterial electromagnetic wave absorbers,” Adv. Mater., 
vol. 24, no. 23, pp. OP98–OP120, Jun. 2012. 



 

2nd International Conference on Multidisciplinary Sciences 
and Technological Developments (ICMUSTED 2025) 

December 12-15, 2025 

 

441 

Enhanced Activation of Peroxymonosulfate by a Mixed Oxide Co2O4-Fe2O3 
for Sunset Yellow Dye Removal 

 
Djedjiga Bousalah1,2, Hanane Zazoua1, Amel Boudjemaa1, Khaldoun Bachari1, Nahed 

Dokhan2, Mohamed Zine Messaoud‑Boureghda3, Fayrouz Benhaoua2 

 
1Scientific and Technical Research Center for Physico-Chemical Analyses, 42004 Bou-Ismail, Algeria  

2Materials Processes and Environment Research Unit, M’hamed Bougara University, Boumerdes, Algeria 
3Food Technology Research Laboratory, M’hamed Bougara University, Boumerdes, Algeria 

Corresponding author: Djedjiga Bousalah (e-mail: bousalahdj2015@gmail.com) 
 

Abstract 

This research investigated the application of a mixed oxide Co2O4-Fe2O3, for the activation of peroxymonosulfate 
(PMS) in the degradation of sunset yellow (SY) dye in aqueous medium. The catalyst was characterized using 
various techniques including X-ray diffraction (XRD), scanning electron microscopy coupled with energy-
dispersive X-ray spectroscopy (SEM-EDX), the Brunauer-Emmett-Teller (BET) method and Fourier transform 
infrared (FTIR) spectroscopy. Complete elimination (100 %) of SY was achieved within in 90 min under optimal 
conditions: initial dye concentration = 50 mg/L, Peroxymonosulfate concentration = 0.4 mM, pH = 7, catalyst dose 
= 0.1g/L, and temperature = 20 °C, with a first-order rate constant (k) of 0.02372 min–1. Radical quenching 
experiments using tert-butyl alcohol and methanol revealed that SO4

• – and •OH were generated during PMS 
activation process by Co2O4-Fe2O3 with (SO4

• –) playing the dominant role in the degradation process. Furthermore, 
the composite successfully activated PMS for SY degradation over three consecutive catalytic cycles without any 
significant loss of activity. Under the same optimal conditions, the rate constants were 0.03462 and 0.02372 min–

1 for the photocatalytic and catalytic systems, respectively, indicating that light irradiation had no significant effect 
on the reaction rate. 
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Abstract 

Micro-electro-mechanical systems (MEMS) integrate electronic and mechanical components at the microscale. 
They are characterized by high precision, low energy consumption, and the ability to be embedded in limited 
spaces. In the textile and clothing industry, MEMS are primarily used as sensors, while the role of actuators 
remains limited due to low generated forces and unfavorable operating conditions. A key application is the control 
of relative humidity during yarn spinning. Humidity directly affects fiber strength, elasticity, and static charge. 
MEMS sensors enable precise measurement and regulation, improving yarn quality and process efficiency. 
Another important area is the detection of thread breakage in weaving. Accelerometers placed on warp sheets 
detect acceleration changes, allowing non-contact break detection. This reduces downtime and increases 
productivity. MEMS technology also supports the development of smart and intelligent clothing. Integrated 
sensors monitor environmental conditions and biological signals, enabling adaptive and interactive garments. 
Alongside MEMS, micropneumatics is being developed. Miniaturized pneumatic elements act as actuators in 
clothing, for example, to adjust thermal insulation via air chambers. Artificial pneumatic muscles are also being 
explored. These flexible actuators can be embedded in gloves or garments to assist movement, particularly for 
elderly or mobility-impaired users. In production processes, micropneumatics automates sewing, cutting, and 
material handling, increasing precision and efficiency. The integration of MEMS and micropneumatics represents 
a significant step toward smart, functional, and highly automated textile systems. 

Keywords: Sensors, MEMS, Micropneumatics, Industry, Automation  
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Abstract 

This study presents a comprehensive first-principles investigation of the structural, elastic, electronic, magnetic, 
and optical properties of cubic nitride perovskites BaCaN3 and BaSrN3. Calculations were performed using the 
WIEN2k code based on the full-potential linearized augmented plane wave (FP-LAPW) method within the 
framework of density functional theory (DFT). Both the generalized gradient approximation of Perdew-Burke-
Ernzerhof (GGA-PBE) and the modified Becke–Johnson (mBJ) potential were employed to accurately describe 
the electronic structure. The equilibrium structural parameters were obtained by fitting the Birch–Murnaghan 
equation of state, confirming the stability of both compounds in their cubic phase at the ground state. Elastic 
constants, calculated via the IRelast package, reveal that both BaCaN3 and BaSrN3 are mechanically stable, 
ductile, and elastically anisotropic. These results are further supported by the computed Pugh’s ratio and 
Poisson’s ratio. The electronic band structure indicates that both compounds exhibit half-metallic behavior, with 
metallic character in one spin channel and semiconducting behavior in the other. A direct band gap was observed 
in the spin-down channel, with values of 4.28 eV and 3.81 eV for BaCaN3 and BaSrN3, respectively, and 6.31 
eV and 6.42 eV using mBJ. Density of states (DOS) and partial DOS analyses reveal that the N-2p orbitals 
dominate near the Fermi level. The total magnetic moment was found to be an integer value of 5 μB for both 
compounds, confirming their half-metallic ferromagnetic nature. The magnetism mainly originates from the spin 
polarization of nitrogen p-electrons. Finally, the calculated optical properties, including the frequency-dependent 
refractive index n(ω) and extinction coefficient k(ω), provide additional insight into the potential of BaCaN3 and 
BaSrN3 for spintronic and optoelectronic applications. 

Keywords: Perovskites, Elastic properties, Optical properties, Density functional theory, Energy gap 
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Abstract 

This study presents a comprehensive bibliometric and network analysis of 1,067 unique English-language articles 
published between 2023 and 2025 in the Web of Science and Scopus databases, systematically mapping the 
intersection of multimodal large language models (MM-LLMs) and image processing. Using a unified dataset 
constructed through digital object identifier (DOI)-based merging and deduplication, the analysis first examines 
annual publication trends, distribution across application domains, author collaboration networks, and the co-
occurrence structure of author keywords. The findings reveal a marked increase in multimodal LLM research, 
particularly in 2025, indicating rapid growth of the field over a relatively short period. The application-domain 
analysis shows that the highest concentration of output is in medical imaging and healthcare applications, followed 
by general-purpose vision–language tasks and safety-critical domains such as autonomous driving, remote sensing, 
industrial inspection, and robotics. The keyword co-occurrence network demonstrates that the concepts of “large 
language models,” “multimodal large language models,” “deep learning,” and “computer vision” occupy central 
positions in the network, with task- and domain-oriented terms clustering around this core. The co-authorship 
analysis further indicates that scientific output is concentrated mainly around a few dominant research groups, that 
there are relatively few bridge authors connecting clusters, and that the collaboration structure still exhibits a 
fragmented pattern. Overall, the results provide a holistic picture of the current state of the multimodal LLM–
image processing literature and make visible both mature and relatively underexplored thematic areas for future 
research. 

Keywords: Multimodal large language models, Image processing, Bibliometric analysis, Keyword co-occurrence, 
Co-authorship network 

 

1. INTRODUCTION  
 
Large language models (LLMs) have rapidly evolved from text-only systems into general-purpose reasoning 
engines that achieve near-human-level performance on a wide range of tasks, from professional exams to complex 
coding and mathematical problem-solving [1, 2]. The introduction of GPT-4, a large-scale multimodal model that 
accepts both image and text inputs, marked a critical inflection point, demonstrating that the same generative 
backbone can interpret visual content, answer questions about images, and support complex decision-making 
pipelines [1]. In parallel, domain commentaries in medicine and imaging have begun to position LLMs and their 
multimodal extensions as a new infrastructure layer for clinical and scientific workflows [2]. 
 
Building on these advances, multimodal large language models (MLLMs) integrate vision encoders with robust 
LLM backbones to process and reason over heterogeneous data such as images, text, video, and other sensory 
inputs [3, 4]. Recent surveys highlight that MLLLMs typically adopt modular architectures that bridge pretrained 
visual and textual components via projection layers or cross-attention, and that they are increasingly trained with 
instruction-following objectives on large-scale image–text corpora [3,4]. Wu et al. provide an early taxonomy of 
multimodal architectures, training strategies, and evaluation protocols, emphasizing the role of LLMs as a 
“reasoning core” over unified multimodal representations [3]. Yin et al. further argue that MLLMs, exemplified 
by GPT-4V, may represent a plausible path toward more general artificial intelligence, given their emergent 
abilities in story writing from images, optical character recognition (OCR)-free mathematical reasoning, and cross-
domain transfer [4]. 
 
These conceptual developments are grounded in concrete model families. Flamingo, introduced by DeepMind, 
demonstrated that a single visual language model can achieve state-of-the-art few-shot performance across diverse 
vision–language tasks by coupling frozen vision and language backbones through a lightweight cross-attention 
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layer [5]. Large language and vision assistant (LLaVA) extended the idea to instruction tuning: by pairing a CLIP-
like vision encoder with a Vicuna-based LLM and training on GPT-4-generated multimodal instruction data, 
LLaVA achieves impressive open-ended visual dialogue and strong performance on benchmarks such as 
ScienceQA [6]. Such models typify a broader trend in which multimodal instruction tuning and alignment 
techniques initially developed for text-only LLMs are being adapted to vision–language settings. 
 
The impact of MLLMs is noticeable in safety-critical image-based domains. In healthcare, multimodal models that 
combine clinical text with radiological images are being explored for automated report generation, visual question 
answering, triage support, and interactive decision assistance [7]. Recent reviews in radiology and medical imaging 
emphasize that MLLMs can integrate heterogeneous inputs, including two-dimensional (2D) radiographs, three-
dimensional (3D) computerized tomography (CT)/magnetic resonance imaging (MRI), free-text clinical notes, and 
structured metadata, within a single reasoning framework, enabling more holistic analyses than traditional 
unimodal systems [8]. Concrete implementations, such as chest X-ray (CXR)-LLaVA, demonstrate that domain-
adapted MLLMs can detect key findings on chest X-rays and generate radiology reports with higher clinical 
fidelity than general-purpose models [9]. 
 
Beyond medicine, similar patterns are emerging in other high-stakes application areas. In autonomous driving, 
DriveGPT4 leverages multimodal LLMs to jointly interpret multi-frame video streams, explain vehicle actions in 
natural language, and predict low-level control signals in an end-to-end fashion, thereby combining perception, 
planning, and explanation in a single interpretable pipeline [10]. In remote sensing, EarthGPT is a universal MLLM 
tailored to multi-sensor satellite imagery, unifying scene classification, image captioning, visual question 
answering, and grounding tasks across optical, SAR, and infrared modalities through conversational interfaces 
[11]. These examples illustrate how multimodal LLMs are reshaping the landscape of computer vision by framing 
classical perception problems as components of interactive, language-mediated systems. 
 
At the same time, early empirical evaluations in clinical and diagnostic contexts reveal substantial limitations and 
risks. Benchmarking studies comparing multimodal artificial intelligence (AI) systems with human experts on 
medical image challenges report that current models can match or exceed average human accuracy on some tasks, 
yet remain sensitive to distribution shifts, incomplete inputs, and prompt variations [12]. Reviews in medical 
imaging and radiology highlight unresolved issues around hallucinated findings, lack of transparency in decision 
paths, data scarcity for high-quality multimodal training sets, and the computational costs of deploying large 
models in real-world workflows [8]. These concerns reinforce the need for systematic mapping of where and how 
MLLMs are being deployed, which tasks and domains are most mature, and where critical research gaps remain. 
 
A growing body of survey work has begun to address parts of this agenda. Technical overviews synthesize 
architectural taxonomies, training paradigms, and benchmark suites for general-purpose MLLMs [3, 4]. Domain-
focused reviews in healthcare discuss use cases such as medical report generation and visual question answering, 
as well as regulatory and ethical implications [7, 8, 13]. However, existing surveys largely adopt a narrative or 
exemplar-based approach; they do not systematically quantify the evolution of the field in terms of publication 
trends, co-authorship structures, or topic clusters over the period in which MLLMs have rapidly proliferated 
(2023–2025). In particular, there is a lack of bibliometric work that jointly (i) maps the intellectual structure of 
multimodal LLM research at the intersection of text and images, and (ii) links this structure to application domains 
such as medical imaging, autonomous driving, robotics, industrial inspection, and remote sensing. 
 
2. MATERIAL AND METHOD 
 
This study was designed as a descriptive bibliometric analysis and conceptual mapping of the academic literature 
on multimodal large language models (MM-LLMs) and image processing published between 2023 and 2025. The 
aim is to identify (i) publication volume and temporal trends systematically, (ii) distribution across application 
domains, (iii) key concepts and research themes, (iv) the structure of collaborations, and (v) the most influential 
works. 
 
The literature search was conducted in two major citation databases: Web of Science Core Collection (WoS) and 
Scopus. In both databases, the search strategy focused on capturing multimodal LLMs and their use in image 
processing tasks. 
 
In WoS, the search was carried out in the Author Keywords field using query combinations of the following type: 
 
• “multimodal” OR “multi-modal” OR “vision-language model” OR “vision language model” 
• “large language model*” OR LLM* OR “foundation model*” OR “generative AI” 



446 

• “image caption*”, “visual question answering”, “VQA”, “visual grounding”, “text-to-image”, “image 
generation” 

 
These terms were combined using AND/OR operators, and the search results were restricted to the years 2023–
2025. In Scopus, a similar conceptual scope was targeted in the keywords field, and the same key terms were used 
with appropriate logical operators. In both databases, the following filters were applied: 
 
• Document type: “article” only (peer-reviewed journal articles), 
• Language: English, 
• Year range: 2023–2025. 
 
After applying the inclusion and exclusion criteria, 707 articles were retrieved from WoS and 858 from Scopus. 
The retrieved records were evaluated according to the following criteria: studies were included if they (i) were 
peer-reviewed journal articles published between 2023 and 2025 in English, (ii) involved a multimodal or vision–
language model using at least two modalities (text + image), and (iii) reported an experimental evaluation on a 
task directly related to image processing (e.g., visual question answering (VQA), image captioning, visual 
grounding, text-to-image generation, image classification/segmentation, etc.). Conference papers, book chapters, 
editorials, opinion pieces, short notes, and records available only in abstract form were excluded, as were studies 
that considered only unimodal LLMs (text-only) or unimodal visual models (image-only) without text–image 
integration, and papers that mentioned MM-LLMs only conceptually without reporting experimental or applied 
results. These filters were used directly in the database interfaces wherever possible, and subsequently, titles and 
abstracts were screened to remove additional out-of-scope records. 
 
2.1. Record Integration and Digital Object Identifier (DOI)-Based De-Duplication 
 
The records retrieved from WoS and Scopus were integrated using a DOI-based merging approach to construct a 
single study universe. The following steps were applied to the DOI fields in both databases: 
 
• DOI normalization: Leading and trailing whitespaces were removed; prefixes such as https://doi.org/, 

http://doi.org/, and doi: were stripped; and all characters were converted to lowercase to create a standardized 
DOI field (DOI_norm). 

• Removal of invalid and missing DOIs: Records with empty or invalid DOI fields were excluded from the 
analysis. 

• Within-database de-duplication: In each of the WoS and Scopus files, duplicate entries with the same DOI 
were identified, and only a single record was retained for each DOI. 

• Cross-database de-duplication and merging: Scopus was taken as the reference source in terms of 
standardization of bibliometric fields. For each DOI, the Scopus record was prioritized, and WoS records with 
the same DOI were treated as duplicates. For DOIs present in WoS but absent in Scopus, the corresponding 
WoS records were transformed to match the Scopus field structure (authors, title, year, journal name, abstract, 
keywords, etc.) and then added to the dataset. 

 
As a result of this process, records from the two databases were de-duplicated at the DOI level, yielding a master 
dataset of 1,067 unique articles. This dataset was exported in comma-separated values (CSV) format and used as 
the primary data source for subsequent bibliometric analyses. 
 
2.2. Bibliometric Analysis 
 
Descriptive bibliometric analyses were conducted on the unified dataset. First, the number of publications was 
analyzed by year (2023, 2024, 2025) and by distribution across application domains. Application domains were 
determined through a rule-based classification of article titles, abstracts, and author keywords. Based on 
characteristic key phrases appearing in the text, the following categories were defined: 
 
• Medical/Healthcare (medical imaging, clinical applications), 
• Autonomous Driving/Transportation, 
• Remote Sensing, 
• Industrial/Manufacturing, 
• Robotics, 
• General Vision/AI (general vision–language tasks without a specific domain), and 
• Other/Unspecified (studies that do not specify a clear application domain). 
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The automatic assignments were manually checked and corrected for ambiguous or borderline cases. To examine 
author productivity, names in the Authors field formatted as Surname, I. were parsed, the total number of 
publications was calculated for each author label, and the most prolific author clusters were identified. To assess 
citation impact, the “Cited by” field from Scopus was used to rank the most highly cited works. 
 
2.3. Network Analyses: Keyword Co-Occurrence and Co-Authorship 
 
To examine the conceptual structure and collaboration networks, two primary network analyses were conducted 
using VOSviewer (v1.6.x): 
 
Co-occurrence analysis of author keywords: 
 
• Unit of analysis: Author keywords, 
• Inclusion threshold: Keywords occurring at least 3 times, 
• Counting method: Complete counting, 
• Normalization: Association strength metric (VOSviewer default), and 
• Clustering: Thematic clusters automatically identified using the visualization of similarities (VOS) clustering 

algorithm. 
 
This analysis visualized the central position of core concepts such as “large language models”, “multimodal large 
language models”, “deep learning”, and “computer vision” within the network, along with task/application-related 
terms associated with them, thereby revealing the field's conceptual map. 
 
2.4. Co-Authorship Network Analysis 
 
• Unit of analysis: Authors, 
• Inclusion threshold: authors with at least one publication and 1 citation, 
• Counting method and normalization: VOSviewer default settings, and 
• Clustering: VOS clustering algorithm. 
 
This network was used to visualize the leading research groups in the literature, the intensity of collaboration 
within and between these groups, and the authors who act as bridges between clusters. 
 
2.5. Ethical Considerations 
 
This study was conducted exclusively on bibliographic metadata obtained from open academic databases and does 
not involve any individual participant data or personal data. Therefore, no procedures requiring ethics committee 
approval were undertaken. Nevertheless, all analyses were carried out in accordance with the terms of use of the 
respective databases and with general principles of research ethics. 
 
3. RESULTS 
 
3.1. Overall Publication Profile and Temporal Trends 
 
The unified dataset constructed after DOI-based de-duplication of records from the WoS and Scopus databases 
consists of 1,067 unique articles. This dataset covers English-language journal articles published between 2023 
and 2025. 
 
Based on Scopus metadata, the yearly distribution shown in Figure 1 indicates that nine articles were published in 
2023, 124 in 2024, and 725 in 2025. This pattern reveals that the literature at the intersection of multimodal large 
language models and image processing has grown extremely rapidly in a very short period. While a limited number 
of proof-of-concept studies represent 2023, publication volume increased substantially in 2024, and 2025 
witnessed a pronounced “explosion” of both methodological and application-oriented work. A similar upward 
trend is observed in WoS, which is likewise restricted to the 2023–2025 period, indicating that multimodal LLM 
research has quickly become one of the field’s central topics. 
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Figure 1. Number of publications by year 

 
3.2. Publication Distribution by Application Domain 
 
The rule-based classification of article titles, abstracts, and keywords indicates that multimodal LLM-based image 
processing studies span several application domains. The domain-based distribution of the 1,067 articles is 
approximately as follows: 
 

 
Figure 2. Publication distribution by application domain 

 
As shown in Figure 2, when the distribution of the 1,067 articles at the intersection of multimodal large language 
models and image processing is examined by application domain, it is observed that the most significant share 
belongs to the medical imaging and healthcare field; the Medical/Healthcare category, with 215 articles, accounts 
for approximately 20.1% of the total. This is followed by the general vision/AI category, which primarily includes 
general-purpose vision–language tasks conducted on datasets such as COCO and Visual Genome, with 178 articles 
(16.7%). Among safety-critical application areas, there are 38 articles (3.6%) in the Autonomous 
Driving/Transportation category, 37 articles (3.5%) in remote sensing (remote sensing, satellite/aerial imagery), 
34 articles (3.2%) in the Industrial/Manufacturing category focusing on industrial inspection and production 
processes, and 26 articles (2.4%) in Robotics. The remaining 539 articles (50.5%) are grouped under the 
other/unspecified category, comprising studies whose titles, abstracts, and keywords do not clearly indicate a 
specific application domain or remain at a very general level. 
 
There are several possible reasons for this high proportion. First, given that multimodal LLM research is still a 
relatively new field, a substantial portion of the work focuses on core methodological developments (new 
architectures, training techniques, evaluation protocols). Such studies aim to improve general capabilities rather 
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than target a specific application context and therefore may not carry an explicit “application domain” label [3,4]. 
Second, many studies investigate general visual understanding tasks (VQA, image captioning) on broad, diverse 
datasets without explicitly linking them to a particular sector, such as automotive or healthcare. Third, some 
research is interdisciplinary or exploratory in nature and may not yet be described using a standardized application-
domain terminology. This can be seen as a reflection of the field's dynamic and rapidly evolving nature. In future 
work, a more detailed content analysis of the studies in this broad category would help identify emerging sub-
themes. 
 
The General Vision/AI category encompasses studies that focus primarily on VQA, image captioning, visual 
grounding, and text-to-image generation tasks on general-purpose datasets such as COCO and Visual Genome, 
and that do not bear a label associated with any specific application domain. Fields such as autonomous driving, 
remote sensing, industrial quality control, and robotics, while smaller in number, stand out as niche subdomains 
that are safety-critical and have high-risk, high-impact potential. The high proportion of the Other/Unspecified 
category indicates that many methodological or theory-oriented studies do not define a clear application context. 
 
3.3. Conceptual Structure: Co-Occurrence of Author Keywords 
 
Figure 3 depicts the co-occurrence network constructed from author keywords that appear at least three times. 
Nodes represent keywords, node size reflects frequency of occurrence, and colors indicate thematic clusters 
identified by the VOSviewer clustering algorithm. 
 

 
Figure 3. Co-occurrence network of author keywords (Minimum frequency: 3 keywords) 

 
At the center of the network, the largest nodes correspond to “large language models,” “multimodal large language 
models,” and closely related terms such as “deep learning,” “artificial intelligence,” and “computer vision.” The 
high frequency of these concepts and their dense connections with many other terms indicate that a substantial 
portion of the literature is still organized around an LLM-centered multimodal paradigm. 
 
Around this central core, numerous subclusters, each represented by a different color, emerge. Within these 
clusters: 
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• On one side, architecture- and methodology-oriented terms such as “vision-language models”, “multimodal 
learning”, and “foundation models”, 

• On another, concepts denoting specific tasks such as VQA, image captioning, visual grounding, and text-to-
image generation, 

• As well as smaller nodes reflecting application domains such as medical imaging, autonomous driving, and 
remote sensing, are observed. 

 
Moving from the center toward the periphery, the keywords become more niche and task- or domain-specific. This 
structure suggests that the literature is characterized by both a broad shared core (LLMs + multimodal learning) 
and diversification into multiple application-focused directions; accordingly, the research ecosystem exhibits 
diversity both horizontally (across different tasks and domains) and vertically (deepening within specific areas). 
 
3.4. Collaboration Structure: Co-Authorship Network 
 
Figure 4 presents the co-authorship network constructed among authors who meet the threshold of at least one 
publication and one citation. Nodes represent authors, edges denote co-authorship relations, and colors indicate 
collaboration clusters. 
 

 
 Figure 4. Co-authorship of authors (1 publication and 1 citation) 
 
The overall structure of the network reveals several relatively distinct, strong research groups in the literature. The 
red and green clusters on the right-hand side represent core teams with dense internal connections and multiple 
joint publications; these typically correspond to groups within the same institution or national network and engage 
in regular collaboration. The yellow and orange clusters on the left-hand side correspond to smaller but similarly 
locally focused research groups. 
 
There appear to be relatively few “bridge” authors between clusters; some nodes located in the central part of the 
network connect multiple clusters. These authors act as intermediary agents who contribute to the network's 
integration by collaborating both within their own groups and with external groups. Nevertheless, the overall 
structure remains fragmented and group-based, suggesting that large-scale, continuous, and multi-center 
international collaborations remain limited. This indicates that, in the future, increased inter-cluster collaboration 
could further strengthen the circulation of knowledge across disciplines and geographies. 
 
The co-authorship network analysis thus shows that the collaboration structure in the field is markedly fragmented 
and clustered around a few dominant research groups. This fragmented structure can be interpreted as an indicator 
that the intersection of multimodal LLMs and image processing is still an emerging and maturing research area. 
In new and rapidly developing fields, collaborations typically first form within existing laboratories, institutions, 
or strong national networks, and inter-cluster bridge connections emerge over time [14]. The limited number of 
bridge authors observed in the present analysis may indicate that knowledge and methodological approaches have 
not yet fully diffused across different research communities. While this may constrain the potential for 
interdisciplinary innovation, it may also slow the development of synergistic approaches to problems in various 
application areas (e.g., medicine and autonomous driving). As the field matures, fostering stronger cross-cluster 
collaborations through conferences, shared datasets, and benchmark initiatives will be critical for accelerating 
innovation and reducing methodological redundancy [15]. 
 
3.5. Most Prolific Authors and Most Influential Studies 
 
The author productivity analysis was conducted using names in the authors field formatted as Surname, I. As a 
result, different individuals sharing the same surname–initial combination may be grouped under a single label; 
the findings should therefore be interpreted with this limitation in mind. Within this framework, the most 
frequently occurring author labels include “Li, Y.” (38 publications), “Wang, Y.” (37), “Zhang, Y.” (28), and “Li, 
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Z.”, “Li, J.”, and “Liu, Y.” (27 publications each). This pattern reflects the intensive contribution of the research 
ecosystem in China and surrounding regions to the multimodal LLM and image processing literature. 
 
An examination of the most highly cited studies using the “Cited by” field in Scopus shows that specific themes 
have achieved substantial impact within a short period of time. Among the top 10 articles, prominent topics 
include: 
 
• LLM-based end-to-end driving models in autonomous driving (e.g., DriveGPT4), 
• multimodal LLM applications in healthcare (chest radiography, pathology images, multimodal LLM surveys 

in medicine), 
• multimodal models developed for remote sensing and Earth observation (e.g., EarthGPT), 
• ChatGPT and exam security, and 
• comprehensive evaluations of the multimodal capabilities of GPT-4o. 
 
These findings indicate that multimodal LLMs are rapidly assuming a central role—both in research interest and 
in citation impact — in data-intensive and safety-critical domains such as healthcare, autonomous driving, and 
remote sensing. 
 
4. CONCLUSION 
 
In this study, the intersection of multimodal large language models (MM-LLMs) and image processing was 
mapped, both bibliometrically and conceptually, using 1,067 unique articles compiled from WoS and Scopus 
between 2023 and 2025. The findings show that the transition from text-centric LLMs to multimodal, vision–
language architectures, exemplified by GPT-4 and similar models, represents not only a conceptual but also a 
dramatic quantitative shift in publication volume and topic diversity [1, 3, 4]. In particular, the surge in publications 
observed in 2025 indicates that multimodal LLMs have moved beyond being a niche research topic and have 
become a central component of the computer vision and artificial intelligence literature. 
 
An examination of domain distribution reveals that MM-LLM–based image processing studies are most densely 
clustered in medical imaging and healthcare, followed by general-purpose vision–language tasks and safety-
critical applications such as autonomous driving, remote sensing, industrial inspection, and robotics. This result is 
consistent with recent work discussing the potential role of MLLMs in medical imaging and clinical workflows 
[2, 7, 8]. In particular, medical MLLM applications, such as CXR-LLaVA, developed for chest radiography, 
pathology images, and clinical report generation, substantiate the medical focus identified in our analysis with 
concrete examples [8, 9]. Similarly, the way DriveGPT4 unifies the perception–decision–action pipeline in 
autonomous driving within a single, explainable multimodal chain [10] and EarthGPT’s integration of multi-sensor 
remote sensing data with language interfaces [11] aligns with the autonomous systems and remote sensing clusters 
observed in the literature. 
 
The co-occurrence analysis of author keywords showed that concepts such as “large language models,” 
“multimodal large language models,” “deep learning,” and “computer vision” occupy central positions in the 
network and are densely connected to numerous task and application terms. This structure is consistent with Wu 
et al.’s taxonomy, which positions multimodal LLMs as a “central reasoning core” operating over visual and 
textual representations [3], and with Yin et al.’s assessment that frames multimodal LLMs as a possible 
intermediate step toward more general intelligence [4]. The co-authorship network, in turn, demonstrated that 
scientific output is concentrated mainly around a few dominant research groups and geographically defined 
clusters, that there are relatively few authors acting as bridges across clusters, and that a fully global, densely 
connected collaboration network has not yet emerged. 
 
This study complements existing technical and domain-focused surveys [3, 4, 7, 8, 13] by adding a bibliometric 
perspective. While current surveys and domain reviews primarily provide in-depth discussions of architectures, 
training strategies, and benchmark suites through exemplar model families such as Flamingo and LLaVA [5, 6], 
the present study systematically characterizes the quantitative evolution of the field, topic clusters, collaboration 
structures, and highly cited core works over the same period. In doing so, it situates the opportunities and risks 
highlighted in studies on multimodal AI in medical imaging [2, 7–9], autonomous driving [10], remote sensing 
[11], and clinical diagnosis evaluation [12] within a broader publication universe. 
 
Nevertheless, the study has several limitations. First, the analysis is restricted to WoS and Scopus, excluding other 
databases and grey literature. Second, only English-language journal articles with DOIs were included, which may 
limit the representation of linguistic and regional diversity. Third, the application-domain and task classifications 



452 

were derived using a rule-based approach that relied on titles, abstracts, and keywords, without deep analysis of 
full-text content. Finally, performance indicators and error types were not quantitatively synthesized at a meta-
analytic level; instead, conceptual and thematic trends were foregrounded. 
 
Several concrete directions emerge for future work. First, as seen in evaluation and comparison studies on the 
clinical performance of multimodal AI in medical imaging and diagnosis [2, 8, 12], systematic task-level meta-
analyses of different MLLMs (e.g., for VQA, report generation, segmentation) would help delineate capability 
boundaries more objectively. Second, there is a need for more domain-specific, mixed-methods research (e.g., in 
radiology, pathology, and autonomous driving) that jointly examines critical risks such as hallucination, bias, 
explainability, and data privacy [2, 7, 8, 12] within real-world workflows and regulatory frameworks. Third, 
longitudinal bibliometric analyses extending beyond 2025 could track the diffusion dynamics of new MLLM 
families (e.g., lighter-weight, energy-efficient, domain-specialized models) [3, 4] and shed light on the transition 
from “single large models” to multi-model, ecosystem-based solutions. 
 
In conclusion, this study provides an integrated framework that characterizes the position and evolution of 
multimodal large language models in image processing, using bibliometric and network analysis tools. This 
framework offers an evidence-based reference point for technical and domain-focused surveys to build upon. It 
makes visible to policymakers, research funders, and practitioners which tasks and application domains have 
reached relative maturity and which still contain substantial research gaps. In doing so, it helps shape the 
multimodal LLM research agenda in a more balanced, reliable, and socially responsible manner. 
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Abstract 

Perchalcogenoborates, a promising subclass of chalcogenometallates, have recently garnered increasing attention 
for their potential in energy conversion technologies, particularly in thermoelectric applications. These materials 
combine the chemical versatility and structural diversity of group 13 elements with the favorable electrical and 
thermal characteristics of chalcogenides. Such a combination results in low lattice thermal conductivity, tunable 
electronic band structures, and potential for high thermoelectric efficiency. Despite these advantages, the 
exploration of perchalcogenoborates for thermoelectric applications remains relatively limited, with most previous 
studies focused on their optical functionalities. In this work, we employ first-principles calculations based on 
density functional theory (DFT) to investigate the structural, electronic, and mechanical properties of a 
representative perchalcogenoborate compound. The calculated elastic constants confirm mechanical stability, 
while the electronic band structure indicates a moderate band gap conducive to optimized charge carrier transport. 
Furthermore, the density of states analysis reveals the hybridization effects between the chalcogen and boron 
orbitals, which can influence carrier mobility and thermal transport. These intrinsic properties suggest that 
perchalcogenoborates may offer an attractive balance between electrical conductivity and suppressed thermal 
conductivity—key criteria for achieving a high thermoelectric figure of merit (ZT). The findings from this 
theoretical investigation provide valuable insights into the fundamental characteristics of perchalcogenoborates 
and support their potential as emerging materials for efficient thermoelectric energy conversion. Further studies, 
including phonon transport and doping effects, could help in tailoring their properties for practical device 
applications. 

Keywords: Perchalcogenoborates, Thermoelectric materials, Density functional theory (DFT), Electronic 
structure 
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