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ABSTRACT

In pharmaceutical research, solubility plays a key part in the assessment of
pharmacokinetic risks. Poor drug absorption, reduced efficacy, excessive
metabolism, and adverse reactions are frequently related to issues of drug
solubility. During early discovery research at pharmaceutical companies, many
thousands of molecules are considered. Most are rejected due to perceived
unfavorable properties. Pharmaceutical solubility along with permeability link
drug quality with its bioavailability and overall performance. For ionizable drugs,
solubility depends on pH, ionic strength, ionization, self-association, complex
formation, and solid-phase transformations. Studies demonstrate that apparently
simple solubility measurements may conceal multiple aqueous and solid-state
equilibria. Our research findings obtained within the physicochemical framework
developed by Serajuddin and Avdeef, demonstrate that rigorous solubility
measurement and mechanistic analysis are essential for salt selection,
formulation design, dissolution testing, and reliable assessment of drug quality
and performance.

INTRODUCTION
Solubility is often introduced in pharmaceutical development as a single
numerical property: the amount of drug that dissolves in a specified medium at a
specified temperature [1]. This description is useful, but for many drug
substances it is incomplete. A measured solubility is the observable result of
several coupled processes, including dissolution of a particular solid form,
ionization, association of dissolved species, complex formation with components
of the medium, and possible precipitation or conversion to another solid phase.
Consequently, the reported value can depend strongly on experimental
conditions and on whether equilibrium has actually been established.

The importance of this issue increases as drug discovery produces a larger
proportion of molecules with low aqueous solubility. Poor solubility may limit



dissolution in the gastrointestinal tract and thereby reduce or make variable the
fraction of an orally administered dose that becomes available for absorption.
Solubility is therefore connected not only with formulation development but also
with the reproducibility of drug performance. A compound can have favorable
pharmacological potency while remaining difficult to develop as a reliable
medicine because its physical form and aqueous behavior are inadequately
understood.

The objective of this contribution is to illustrate, through selected studies, why
pharmaceutical solubility should be considered a mechanistic property rather
than a single number. The examples will demonstrate how careful solubility
science can contribute to rational drug quality assessment and formulation
design.

DISCUSSION

A majority of the new chemical entities (NCE) that emerged as potential drug
candidates in pharmaceutical development during the past 2-3 decades are
practically insoluble solids consisting of ionizable molecules [2, 3]. Interpreting
their solution properties in the course of measuring solubility as a function of pH
is of crucial importance as the pH range within human body goes from 1-3
(gastric pH) to 5-8 (intestinal pH). Although solubility determination seems
simple and straightforward, optimal experimental design to measure the aqueous
equilibrium solubility of an ionizable substance requires a number of critical
considerations [4, 5]. The factors affecting the quality of the obtained results are
numerous: temperature, purity, and the composition of the starting compound,
type and composition of buffer in use, ionic strength, amount of solid phase in
excess, amount of substance to total solution volume ratio, carbon dioxide
percentage, mixing and sedimentation time, phase separation method, chemical
composition and properties of the solid phase in equilibrium with the solution,
etc. A multitude of methods can be found in the literature, but today’s druglike
molecules can pose special challenges, sometimes not adequately addressed in
practice. The published literature is replete with incomplete/ambiguous and
potentially misleading examples of solubility reports, frequently documented
inconsistently.

Based on above considerations, detailed and precise study of compound
solubility and the dissolution rate is at the core of the development of bioavailable
drug dosage forms and clinically effective pharmaceutical products that would
dissolve in gastric and intestinal fluids after oral administration or not precipitate
in the blood after intravenous dosing. Furthermore, high quality experimental
data can have a major impact on the quality of statistical methods to predict
solubility of druglike molecules in an effort to anticipate solubility requirements
and risks during structural design in the early stages of drug discovery [1, 6].

A white paper on consensus recommendations for improving data quality in
equilibrium solubility measurement of ionizable drugs was published [5]



emphasizing the importance of precise solubility measurements. Optimal
experimental design requires a number of critical considerations. Briefly, the
aqueous medium to which the substance is added ideally contains a buffer to help
attenuate changes in pH due to sample addition. To this medium, the substance
may be added in a number of ways: (a) as a highly supersaturated aqueous
solution, (b) as a saturated hot solution, (c¢) as a concentrated solution in a water-
miscible organic solvent, or (d) as a solid — which may or may not be in a
thermodynamically stable crystalline form. The first three approaches are
precipitation routes, while the fourth involves dissolution and is most commonly
used and best understood. With sufficient added solid and enough time, chemical
equilibrium is established, where the crystalline solid substance is in dynamic
equilibrium with its solution form. As the dissolution proceeds, the solid phase
can re-precipitate as another form with another structure (polymorphic
transitions) and even another composition (salt disproportionation, formation of
crystal solvates, new salt forms, or loss of solvate from the starting solid). In
solution, the substance may undergo ionization, self-aggregation (forming water-
soluble dimers, trimers, etc., or micelles in the case of amphiphilic substances),
or complexation with some of the buffer components. Both phases of the
solubility process are important to consider, as measured solubility depends both
on the solid and the solution forms.

Since, as mentioned earlier, most compounds currently synthesized in drug
discovery laboratories have poor aqueous solubility, a variety of methods to
increase solubility and/or dissolution rate, and thereby increase their
bioavailability, have been developed. Still, most of them, like particle size
reduction, salt formation, conversion to amorphous form, solid dispersion, and
solubilization in lipids or lipid-surfactant mixtures have their own limitations. To
mitigate some of the above limitations, a novel method of drug solubilization in
aqueous media by acid—base interaction has been developed in the research group
of Prof. Serajuddin, [3, 7-11]. This novel approach of greatly increasing the
solubility is based on interaction of a model low-soluble basic drug in an aqueous
medium with acidic species that would not normally form salts with it.

CONCLUSION

Solubility is one of the most consequential physicochemical properties of a drug
substance, but it is also one of the easiest to oversimplify. Our studies [10-14]
demonstrate that pH-dependent solubility may involve several simultaneous
aqueous and solid-state equilibria, including ionization, complexation, self-
association, common-ion effects, and salt interconversion.

For pharmaceutical development, the key message is straightforward: a
solubility value is meaningful only when the chemical system that produced it is
understood. Rigorous measurement, appropriate equilibrium modeling, and
solid-state characterization transform solubility from a descriptive number into a



mechanistic tool. Such an approach can improve salt selection, formulation
design, dissolution testing, and interpretation of drug quality and performance.

In this sense, pharmaceutical solubility is not merely a preformulation
parameter; it is a central link between the physicochemical identity of a drug and
its behavior as a medicine.
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ABSTRACT

In the context of the expanding nuclear energy industry and the increasing need
for emergency preparedness, the development of rapid, reliable, and efficient
methods for environmental radioactivity monitoring is of great importance. This
study evaluates rapid methods for the determination of the beta-emitting fission
products *°Sr and °H in drinking water samples collected from different cities
across the Republic of Serbia. Measurements were performed using an ultra-low-
background liquid scintillation counter. The activity concentrations of *°Sr and
3H in all analyzed samples were below the minimum detectable activities (MDA)
of 0.55 Bg/L and 2.4 Bq/L, respectively. In addition, the pH and electrical
conductivity of the water samples were determined to characterize their basic
physicochemical properties. The study also systematically evaluates the detector
counting efficiency and MDA, demonstrating the applicability of the proposed
methods for fast radiological emergency response.

INTRODUCTION

Systematic monitoring of environmental radioactivity is mandated by the Law
on Radiation and Nuclear Safety and Security [1]. Continuous monitoring
provides essential information on changes in environmental radioactivity levels
and enables the early detection of radiological contamination resulting from



natural or anthropogenic sources. The obtained data serve as the basis for
assessing the impact of ionizing radiation and evaluating the associated radiation
exposure of the population.

In the event of a radiological emergency, such as a nuclear reactor accident or
the use of nuclear weapons, decision-makers require rapid and reliable analytical
data to support timely actions aimed at minimizing both immediate and long-
term consequences. Among the radionuclides of greatest concern is the long-
lived fission product *°Sr, owing to its relatively long half-life (28.8 years),
chemical similarity to calcium, and high radiotoxicity resulting from its daughter
radionuclide *°Y [2]. Following its release into the environment, *’Sr can be
transferred through various environmental pathways into the food chain and
ultimately accumulate in the human body, particularly in bone tissue [3].

Another radionuclide of particular importance is tritium (*H), a radioactive
isotope of hydrogen with a half-life of 12.3 years [4]. Tritium is produced
naturally in the upper atmosphere through interactions between cosmic rays and
atmospheric nitrogen [5], while anthropogenic sources include atmospheric
nuclear weapons testing, nuclear power plants, and nuclear fuel reprocessing
facilities [6]. In the environment, tritium is predominantly present as tritiated
water (HTO), which behaves chemically like ordinary water. Consequently, it is
readily incorporated into living organisms and distributed throughout body
fluids. Although tritium emits low-energy beta particles and is generally
considered to have relatively low radiotoxicity, its biological significance arises
from its ability to replace stable hydrogen in water and organic molecules,
thereby contributing to internal radiation exposure [7].

Considering the importance of radionuclide determination during emergency
situations, there is a need for methods that combine short analysis time with
sufficient sensitivity and reliability. Therefore, the objective of this study was to
evaluate two rapid liquid scintillation counting methods for the determination of
%Sr and *H in drinking water and to assess their applicability for emergency
preparedness. The methods were jointly developed and applied by the
Department of Radiation and Environmental Protection, Vin¢a Institute of
Nuclear Sciences — National Institute of the Republic of Serbia, University of
Belgrade (VINS) and the Department of Physics, Faculty of Sciences, University
of Novi Sad (DPFS).

EXPERIMENTAL

This study included 10 drinking water samples taken from the following cities in
the Republic of Serbia: Subotica (W1), Novi Sad (W2), Ruma (W3), Zrenjanin
(W4), Belgrade (W5), Kragujevac (W6), Zlatibor (W7), Zajecar (W8), Nis (W9),
and Vranje (W10). The tap water samples (about 1.5 L) were collected during
June 2026.



Prior to radionuclide analysis, all water samples were characterized by
measuring their pH and electrical conductivity. The pH was measured using an
InoLab pH meter equipped with a SenTix-81 glass electrode (WTW, Germany),
while electrical conductivity was determined with a Cond 7110 conductometer
fitted with a TetraCon 325-x conductivity sensor (WTW, Germany).

The applied methods for determination of *°Sr and *H require minimal sample
preparation. For *°Sr analysis, 20 mL of water sample was transferred directly
into a 20 mL polyethylene vial and measured by the Cerenkov counting
technique. For *H determination, 8 mL of the water sample was mixed with 12
mL of Ultima Gold LLT scintillation cocktail (PerkinElmer, Finland) in a 20 mL
polyethylene vial. The prepared samples were stored in the sample holder of the
liquid scintillation counter for 6 h prior to measurement to allow complete decay
of chemiluminescence and photoluminescence.

The determination of *°Sr activity by the Cerenkov counting method was
performed according to the procedure described in Ref. [8], while *H activity was
determined using the direct method reported in Ref. [9]. Distilled water was used
as the background sample for *’Sr measurements, whereas deep-well water
(distilled raw water) served as the background for *H analysis. The counting
efficiencies were determined using certified *°Sr and *H standard solutions
supplied by the Czech Metrology Institute (Prague, Czech Republic). The *°Sr
standard solution (Serial No. 060117-654097) had a certified activity of 1.015
kBq on 30 January 2017, while the *H standard solution (Serial No. 060117-
713448) had a certified activity of 1.068 kBq on the same reference date.
Background samples and calibration standards were prepared following the same
procedure as the analyzed samples to ensure identical measurement conditions.

Measurements were carried out using a Quantulus™ 1220 ultra-low-
background liquid scintillation counter (PerkinElmer, Finland). Each sample was
measured for a total counting time of 300 min, divided into three consecutive
counting cycles. Background samples were measured immediately before each
measurement series. Spectral acquisition and data processing were performed
using the WinQ and EASY View software packages.

The activity concentrations of *°Sr and *H were calculated according to the
procedures described in Refs. [4,8]. The minimum detectable activity (MDA)
was evaluated using the Currie equation [10]. According to Currie's criterion, the
MDA represents the lowest activity concentration that can be detected with a
95% confidence level under the specified measurement conditions.

RESULTS AND DISCUSSION

The activity concentrations of *’Sr and *H, as well as the pH value and electrical
conductivity (EC) for the investigated drinking water samples are presented in
Table 1. Comparative results of determining the activity concentrations for the



mentioned artificial radionuclides in the VINS and DPFS are also given in Table
1.

Table 1. The activity concentrations of **Sr and *H, pH values and electrical
conductivity in investigated tap waters.

Sample VINS/ S *H pH EC at 25°C
DPFS  (Bq/L) (Bq/L) (uS/cm)
A T R 74 547
W2 1\375;2 i 8;; z ;3 7.6 591
W3 Effﬁi s 8;3 = §;‘ 7.9 691
WA TR 03 o2 78 o
WS DhEs 03 <aa 78 48
W6 DR 03 <22 6.9 408
W7 1\)]151;2 - 8;2 : §j§ 7.1 185
W8 1\)];};2 = 832 = ;:; 7.3 553
R s
W0 03 7.1 145

As shown in Table 1, the electrical conductivity of the analyzed drinking water
samples ranged from 145 to 691 puS/cm. These values are well below the
maximum recommended limit of 2500 uS/cm specified by the Regulation on the
Quality and Other Requirements for Natural Mineral Water, Spring Water, and
Bottled Drinking Water [11]. The measured pH values ranged from 6.9 to 7.9,
corresponding to neutral and slightly alkaline waters, which are typical
characteristics of drinking water.

The activity concentrations of *°Sr and *H in all investigated samples were
below their respective minimum detectable activities. Consequently, these
radionuclides were not detected in the investigated drinking water samples,
indicating the absence of measurable anthropogenic contamination by *°Sr and
3H at the time of sampling.

The derived activity concentrations for °°Sr and *H in drinking water are 4.9
Bg/L and 100 Bg/L, respectively [12]. The MDAs achieved in this study (0.55



Bq/L for *°Sr and 2.4 Bg/L for *H) are considerably lower than these guidance
levels, demonstrating that the proposed methods provide sufficient sensitivity for
both routine environmental monitoring and rapid radiological emergency
assessment.

The quality assurance of the procedures was verified through the analysis of
certified reference materials (water matrix) supplied by the International Atomic
Energy Agency (IAEA). The results independently obtained by VINS and DPFS
agreed with the certified values within the 95% confidence interval, confirming
the accuracy, reliability, and reproducibility of the applied methods.

The determination of counting efficiency and the dependence of the MDA on
counting time are presented in Figures 1 and 2 for *Sr (VINS) and in Figures 3
and 4 for *H (DPFS). The obtained efficiency values and low MDAs demonstrate
that the proposed methods are suitable for screening of drinking water samples,
providing adequate sensitivity for emergency response as well as routine
environmental radioactivity monitoring.

As shown in Figs. 1 and 2, in the VINS, the detection efficiency for *°Sr was
34.2(3)%, while achieving an MDA of 0.55 Bg/L for a distilled water sample
measured for 300 min using the Cerenkov counting technique. For *H (in the
DPFS, Figs. 3 and 4), the detection efficiency was 36.33(15)%, yielding an MDA
of 2.2 Bg/L for a 20 mL sample prepared with an 8:12 sample-to-scintillation
cocktail volume ratio and measured under identical counting conditions.
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Figure 1. Determination of the detection efficiency for *°Sr.
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Figure 3. Determination of the detection efficiency for *H.

10



Ultima Gold ulLT

MDA (Bq/L)

P TARPIE PUUEN TR PPN TR THRPPL PURRI TRRPL PR TR POPET
100 200 00 400 500 800 TOO BAOO SD0 1000 1100 1200

t (min)

y = 0.86(21) + 5.5(4) exp . R?T=09973

+ 2.2(4) exp

X X
T 69(9) 465(185)
Figure 4. The MDA dependence on measurement time for 8:12 (distilled
raw water: cocktail) volume ratio in a 20 mL vial.

CONCLUSION

Rapid screening methods based on liquid scintillation counting were successfully
evaluated for the determination of *°Sr and *H in drinking water samples. The
applied procedures require minimal sample preparation, allowing considerably
faster analysis than conventional radiochemical methods. None of the analyzed
drinking water samples contained detectable concentrations of *°Sr or *H,
confirming their radiological safety and compliance with current regulatory
recommendations. The determined maximum MDAs of 0.55 Bg/L for *°Sr and
2.4 Bg/L for *H are well below the corresponding guidance levels for drinking
water, demonstrating the suitability of the proposed methods for rapid screening
applications. The results also confirmed the reliability of the applied
methodologies through quality assurance procedures based on certified reference
materials. The established protocols provide a practical strategy for the best
response in eventual radiological incidents and can be easily incorporated into
national programs for assessing the radiological safety of drinking waters.
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ABSTRACT

AttractAdria is a Horizon Europe initiative that strengthens research and
innovation ecosystems in the Adriatic region by improving research careers and
capacity in personalised preventive healthcare. Its ecosystem-based approach
combines institutional reform, research-support hubs, mentorship, training,
mobility and academia-industry collaboration. Transferable skills are developed
alongside competencies in biomarkers, genomics, glycomics, digital health,
artificial intelligence, and clinical and translational research. By linking
widening-region institutions with international partners, healthcare providers,
industry, policymakers and funders, the project aims to improve career
development, talent circulation and the region's ability to translate
multidisciplinary research into responsible preventive-health innovation.

Keywords: personalised preventive healthcare, research careers, talent
ecosystem, capacity building, AttractAdria
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INTRODUCTION
Personalised preventive healthcare requires institutions able to support
researchers across disciplines and sectors. In widening countries of the Adriatic
region, fragmented career support, uneven access to training and mobility, and
weak links among academia, healthcare, industry and policy can restrict
translation of research into prevention-oriented solutions.

AttractAdria addresses these constraints as an ecosystem challenge rather than
a series of isolated training activities.

PROJECT FRAMEWORK

AttractAdria is a Horizon Europe Coordination and Support Action coordinated
by the University of Sarajevo and implemented by partners from Bosnia and
Herzegovina, Croatia, Ireland and Norway. Its four components are institutional
reform aligned with the European Charter for Researchers and the Human
Resources Strategy for Researchers, research-support hubs and mentorship,
transferable and specialised training, and mobility, networking and academia-
industry exchange.

Training connects project management, proposal writing, science
communication, intellectual property, open science, FAIR data and digital tools
with artificial intelligence in healthcare, genomics, glycomics and translational
research. Two-way knowledge exchange couples international expertise with
regional talent and healthcare contexts. These capacities are also relevant to food
and drug safety and quality research.

IMPLEMENTATION AND DISCUSSION

Initial implementation includes mapping and gap analysis, capacity-building and
stakeholder dialogue. Intended outputs are stronger career-support structures,
mentored early-career researchers, mobility mechanisms, cross-sector
collaborations and greater readiness for international proposals. Open science,
gender equality, public engagement and responsible data practices are cross-
cutting requirements.

Pairing skill development with institutional reform is a strength: training
cannot compensate for unclear career pathways or weak support services, while
policy documents have little effect without staff, researcher uptake and resources.
Since long-term career and health outcomes are not yet established, evaluation
should separate activity counts from outcomes such as institutional adoption, new
collaborations, proposal participation and researchers' perceived career support.
Sustainability beyond project funding is therefore a key test.
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CONCLUSION

AttractAdria aligns institutional policy, support services, advanced training,
mobility and cross-sector partnerships. If implemented and sustained, this model
can improve talent retention and the translation of multidisciplinary research into
prevention-oriented health innovation.
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ABSTRACT

Plasma Activated Water (PAW) has attracted increasing interest across scientific
disciplines due to its potential to promote plant growth, mitigate environmental
stress, and inactivate microorganisms. During plasma-liquid interactions,
reactive oxygen and nitrogen species (RONS) generated by plasma are
transferred into the aqueous phase, resulting in changes in physicochemical
properties, including decreased pH and increased conductivity, as well as
enrichment with reactive species such as hydrogen peroxide (H20:), nitrite
(NO2"), and nitrate (NOs"). Nitrogen species can provide nutrients that support
plant growth, while H20: and acidification contribute to the antimicrobial
properties of PAW [1]. Depending on the intended application, PAW can be
produced from different water sources, including distilled water, tap water, and
wastewater [2].

This work investigates the effects of PAW on plant growth and elemental uptake
under different stress conditions, including heavy-metal contamination, salinity,
or drought. Plants were cultivated under controlled conditions and exposed to
selected abiotic stressors. Plant growth and stress-related responses were
evaluated, with particular emphasis on elemental uptake and redistribution within
plant tissues. The spatial distributions of selected elements were determined
using Laser-Induced Breakdown Spectroscopy (LIBS). LIBS is an optical
emission spectroscopy technique based on laser-induced plasma and enables
rapid multi-element analysis with spatially resolved detection [3].

The study contributes to understanding the interactions among PAW, abiotic
stress, and elemental uptake in plants and evaluates the potential of plasma-based
water treatment as a tool for improving plant resilience and supporting safer and
more sustainable agricultural production.
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ABSTRACT

In the era of the “Plasticene” the extensive production, use, and disposal of plastic
materials have emerged as major environmental challenges, particularly because
of the progressive fragmentation of discarded plastics into microplastics (MPs).
MPs are generally described as plastic particles whose sizes ranging from 0.1- 5
mm and are formed by the breakdown of larger plastic materials through abiotic
and biotic processes, such as ultraviolet radiation, temperature variations,
mechanical abrasion, and microbial activity and enzyme degradation. As a result,
the ubiquitous presence and increasing accumulation of MPs in soils-particularly
agricultural soils-has emerged as a major global environmental problem. The
annual input of MPs into agricultural soils in the United States has been estimated
to be over 70 kilotons, highlighting the significant scale of plastic buildup in
terrestrial ecosystems. Similarly, approximately 110-730 kilotons of MPs are
added annually to agricultural soils across Europe and North America. Elevated
MP concentrations have also been reported in several Asian countries, including
Japan, South Korea, and China, further demonstrating the global concern of this
emerging contaminant. Due to their small size, high surface-area-to-volume
ratio, and hydrophobic surface properties, MPs can interact with and transport a
wide range of contaminants, including phthalates, heavy metals, persistent
organic pollutants (POPs), microorganisms, antibiotic-resistance genes, and
pharmaceuticals. Such contaminant-carrying behavior is often described by the
“Trojan Horse” mechanism, whereby MPs can facilitate the transport and
potential redistribution of associated contaminants within environmental
compartments. Among these co-contaminants, nitro-polycyclic aromatic
hydrocarbons (nitro-PAHs) are an important and potentially harmful group of
organic pollutants. Nitro-PAHs are PAH derivatives formed due to the nitration
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of PAHs, either during combustion or via atmospheric and environmental
transformation reactions. They are formed mainly from combustion-related
sources, including burning fossil fuels, coal, petroleum-derived materials, and
other carbonaceous substances. Their environmental importance arises from their
persistence, toxicity, and capacity to generate reactive intermediates and
oxidative stress, which may contribute to adverse biological effects. The co-
occurrence of MPs and nitro-PAHs in agricultural environments may create
complex contaminant interactions and severe effects. Because of their
hydrophobic surfaces, MPs may adsorb nitro-PAHs and act as mobile carriers or
environmental reservoirs, influencing their transport, persistence, partitioning,
and bioavailability. In contrast, environmental aging and surface modification of
MPs can alter their adsorption ability and interactions with soil elements. As a
result, the presence of MPs can change the environmental fate and bioavailability
of nitro-PAHs, potentially influencing how they interact with soil microbes, plant
roots, and crops. MPs can alter soil structure, porosity, water-holding capacity,
nutrient availability, and microbial community composition, whereas nitro-
PAHs can provide extra toxicological stress to soil microorganisms. As a result,
co-exposure may impair microbial activities and biochemical processes that are
critical for maintaining soil fertility and resilience. Changes in microbial
community structure and activity can subsequently influence the degradation and
transformation of both contaminants, creating a dynamic feedback relationship
between pollutant exposure and soil biological functioning.

The consequences of these changes extend beyond soil and directly affect plant
health and crop quality. Plant roots are continuously exposed to contaminated
soil and interact with MPs and nitro-PAHs via adsorption, absorption, and
rhizosphere-mediated mechanisms. MPs and associated nitro-PAHs may have an
impact on root development, nutrient absorption, photosynthesis, cellular redox
equilibrium, and overall plant growth. Exposure can stimulate the development
of reactive oxygen species (ROS), leading to oxidative stress and the activation
of antioxidant defense systems. Furthermore, interactions between MPs and
nitro-PAHs may modify contaminant bioavailability and influence their
accumulation and mobility throughout plants. This raises particular concern
when contaminants reach edible tissues. Ultimately, the soil-root interface can
affect crop quality, productivity, and nutritional safety. Furthermore, the
accumulation of MPs and nitro-PAHs in edible parts of plants presents a possible
pathway for dietary exposure in people and animals, hence connecting
environmental pollution and food safety. Following exposure, these pollutants
may interact with biological tissues, accumulating or remaining in adipose tissue.
Growing data suggest that exposure to MPs and nitro-PAHs can cause serious
health consequences, including oxidative stress, inflammation, endocrine
disruption, reproductive toxicity, gut microbiota dysbiosis, DNA damage,
genotoxicity, and neurotoxicity. These effects may arise through complex
interactions involving cellular oxidative imbalance, inflammatory signaling,
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mitochondrial dysfunction, and disruption of normal metabolic and physiological
processes.

These possible consequences highlight the need to assess MPs and nitro-PAHs
contamination from both an environmental standpoint and an integrated food-
safety and One Health framework. Addressing this emerging challenge requires
the development of integrated, sustainable, and evidence-based mitigation
strategies that can simultaneously reduce contaminant burden and restore
ecosystem health. In addition to improving soil biological functioning and
encouraging plant growth, biological interventions-particularly microbial
bioremediation and phytoremediation approaches offer sustainable and eco-
friendly ways to lower the bioavailability and remediation of MPs and nitro-
PAHs. Similarly, biochar, nanomaterials, and other cutting-edge soil
amendments also enhance the immobilization of contaminants, alter their
bioavailability, and aid in the restoration of deteriorated soil qualities. Future
studies should integrate advanced omics tools-such as metagenomics,
transcriptomics, proteomics, and metabolomics with phytoremediation and
microbial bioremediation approaches in order to improve these strategies'
efficacy and mechanistic understanding. Together, these methods can deliver a
broad view of shifts in microbial community composition, functional genes, gene
expression patterns, protein responses, and metabolic pathways linked to
contaminant degradation and plant-microbe interactions. Furthermore, coupling
multi-omics datasets with artificial intelligence (AI) and machine-learning
methods may help identify the key microbial taxa, metabolic pathways,
biomarkers, and environmental drivers that control contaminant transformation
and removal. Technology-enabled remediation frameworks could support the
design of more targeted, efficient, and predictive strategies to mitigate the
adverse effects of MP and nitro-PAH contamination. These technical measures
should be reinforced by public education, responsible plastic management,
sustainable agricultural practices, and effective environmental policies that
reduce contaminant inputs at their source. However, the success of these
mitigation strategies should not be assessed solely on the basis of reductions in
total contaminant concentrations. A comprehensive evaluation should also
consider changes in contaminant bioavailability, soil microbial diversity and
functionality, plant uptake and translocation, crop quality, residual toxicity,
ecosystem recovery, and potential transfer of contaminants into the food chain.
Such a holistic assessment will be essential for ensuring that remediation
strategies are not only effective in reducing contamination but also contribute to
long-term soil health, food safety, environmental sustainability, and human
health within a One Health framework.
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ABSTRACT

In this study, an active film was prepared using an extract from the fruit of
Arbutus andrachne L. and pumpkin seed protein loaded into the nanoemulsion.
To make the whole plant extracts, A. andrachne fruits were extracted in water,
methanol, and ethanol with a fruit-to-solvent ratio of 1:15 (w/v) for 10 min by
ultrasonication, and the total phenolic content (TPC) of the extracts was
determined. Among the tested solvents (water, 4.20 mg/L; methanol, 5.94 mg/L;
ethanol, 3.67 mg/L), the extract prepared in methanol was found to have the
highest TPC, and this extract was used for further preparation of nanoemulsion.
The obtained nanoemulsion-loaded extract was then added to a matrix of
pumpkin seed proteins forming films. The morphology of SEM revealed a
relatively continuous film with a compact shape and the presence of dispersed
particulate domains and no significant cracks or defects in the film, which
indicated good incorporation and compatibility of the nanoemulsion in the
protein matrix. Overall, based on the results, it is concluded that the active film
fabricated using pumpkin seed protein and A. andrachne phenolic extract-loaded
nanoemulsion has the potential for use as an active ingredient in the development
of active films for food packaging applications.

Keywords: Nanoemulsion; Plant-extract; Protein; Active packaging

INTRODUCTION

With the growing amount of petroleum-based plastic packaging waste, there
has been great interest in packaging materials that are biodegradable and
renewable in food packaging. In this context, protein, polysaccharide, and lipid-
based edible and biodegradable films have emerged as promising materials to
offer packaging functionality and minimize the reliance on conventional plastics.
Among the biopolymer materials, protein films are particularly interesting by the
presence of several functional groups in proteins that could provide three-
dimensional cohesive networks via hydrogen bonding, hydrophobic interactions,
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electrostatic interactions, and disulphide bonding. Furthermore, protein matrices
can be used to carry active ingredients such as antioxidants and antimicrobial
agents, thereby providing, in addition to simple food containment, other active-
packaging functions [1,2].

Increasingly, plants proteins are the focus of study for the sustainable
development of films because of their renewable origin as well as the possibility
of valorisation of agricultural resources. Pumpkin (Cucurbita spp.) seeds are an
underused agro-industrial resource with high protein, lipids, minerals and other
bioactive compounds contents. The pumpkin seed protein exhibited desirable
functional properties including emulsifying, foaming, water and oil binding and
film forming properties. Based on these properties, pumpkin seed protein can be
considered as a good source of biodegradable packaging materials. A previous
study has shown the feasibility of using pumpkin seed protein in the preparation
of edible films. Pumpkin seed protein has additionally been studied for its
applications in packaging for foods in recent years. The hydrophilic nature and
limited functional performances of protein films in high moisture environments
are still challenges, which can be addressed by the addition of suitable functional
additives and delivery systems at the nanoscale [3,4].

The incorporation of plant-derived phenolic compounds into active films is an
attractive approach for developing active packaging because phenolics possess
antioxidant and, in many cases, antimicrobial properties. Arbutus andrachne L.,
commonly known as the Greek strawberry tree, produces edible fruits that are
recognized as a rich source of phenolic compounds and antioxidants. Serce et al.
[5] reported substantial variation in the total phenolic content of A. andrachne
fruits collected from different regions of Turkey, confirming their potential as a
natural source of bioactive compounds. Nevertheless, the effective incorporation
of plant extracts into protein-based films can be challenging because phenolic
compounds may exhibit limited stability, poor compatibility with the polymer
matrix, and uncontrolled release.

Nanoemulsion-based delivery systems offer a promising strategy to overcome
some of these limitations. Nanoemulsions provide finely dispersed droplets with
a high interfacial area and can facilitate the incorporation, stabilization, and
controlled delivery of bioactive compounds in food systems. Their application as
carriers for active compounds has received considerable attention because small
droplet dimensions can improve physical stability and facilitate interactions
between encapsulated compounds and surrounding food matrices [6].
Incorporation of such systems into protein-based films may therefore improve
the dispersion of bioactive extracts within the film-forming network while
providing a potential route for active-compound delivery.

Therefore, the present study aimed to develop a pumpkin seed protein-based
active film incorporating an A. andrachne fruit extract-loaded nanoemulsion.
Water, methanol, and ethanol were initially evaluated as extraction solvents
based on total phenolic content, and the most effective solvent was selected for
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subsequent nanoemulsion preparation. The developed active film was
subsequently characterized by scanning electron microscopy to evaluate its
surface morphology and the incorporation of the extract-loaded nanoemulsion
within the pumpkin seed protein matrix.

EXPERIMENTAL

Arbutus andrachne L. extract was prepared using different solvents, including
water, methanol, and ethanol. Briefly, 1:15 (w/v) fruits and solvent were blended
with a laboratory blender. The slurry was subjected to ultrasonication for 10 min,
followed by filtration [7]. Total phenolic content (TPC) of each solvent was
determined, and based on the results, a suitable solvent was used for further
processing. A plant extract was incorporated into the nanoemulsion system at 5
% (w/v), and a plant-extract-loaded nanoemulsion was formed. The
nanoemulsion was homogenized under the optimum conditions to achieve a
stable and uniform dispersion. The pumpkin seed protein (3 % w/v) was added
to 100 mL of distilled water and stirred continuously until a uniform dispersion
of protein was achieved. The plant-extract-loaded nanoemulsion was mixed with
pumpkin seed protein dispersion in a ratio of 1:0.25 (v/v) protein dispersion to
the nanoemulsion and was dispersed in the protein dispersion with continuous
stirring for uniform dispersion. Glycerol was used as a plasticiser at 30% (w/w)
of the protein content, and its mixing was carried out for 1 h. The sonication
process was performed for 10 min at 37 °C to achieve better dispersion of the
nanoemulsion and minimize aggregation. This was then transferred to glass Petri
dishes and allowed to dry for 24 hours at 45 °C. The films were dried and then
carefully removed from the casting surface and stored in controlled conditions
for subsequent characterization. The resulting films were named plant-extract-
loaded pumpkin seed protein nanoemulsion films (PE-PPF). Scanning electron
microscopy of the film was conducted to study the surface morphology of film

[8].

RESULTS AND DISCUSSION

The total phenolic content (TPC) of Arbutus andrachne L. fruit extracts obtained
using different extraction solvents was evaluated to select the most suitable
solvent for subsequent nanoemulsion preparation. The TPC varied considerably
depending on the extraction solvent. Among the tested solvents, the methanolic
extract exhibited the highest TPC (5.94 mg/L), followed by the aqueous extract
(4.20 mg/L) and ethanolic extract (3.67 mg/L), as shown in Figure 1. The higher
TPC observed in the methanolic extract indicates that methanol was more
effective in extracting phenolic compounds from A. andrachne L. fruits under
the applied extraction conditions. Therefore, methanol was selected as the
extraction solvent for further preparation of the extract-loaded nanoemulsion and
its incorporation into potato protein-based films. The higher TPC obtained with
methanol can be primarily attributed to its polarity and its ability to solubilize a
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broad range of low- and medium-molecular-weight phenolic compounds.
Phenolic acids, flavonoids, and their glycosides possess different degrees of
polarity, and consequently, solvent polarity strongly influences their extraction
and recovery. Previous studies have demonstrated that methanol can provide high
recovery of polar and moderately polar phenolic compounds because of its
favorable interactions with hydroxyl-containing phenolics. Differences in
solvent polarity can therefore result in substantial differences in both the quantity
and composition of extracted phenolics [5].

7 -

6 4

HH

5 -

Total phenolic content (mg/L)

Water Methanol Ethanol

Solvent

Figure 1. Total phenolic content of 4. andrachne L. fruits determined under
different extraction conditions.

The surface morphology of the protein-based film incorporated with Arbutus
andrachne L. extract-loaded nanoemulsion was examined using scanning
electron microscopy (SEM) at 2000x magnification (Figure 2). The SEM
micrograph revealed a relatively continuous and compact film matrix with a
predominantly homogeneous surface morphology. Small dispersed particulate
features were observed throughout the matrix, which may be associated with the
presence of the nanoemulsion droplets and/or interactions between the
nanoemulsion components and the protein matrix. Importantly, no extensive
cracks, large pores, or pronounced structural discontinuities were evident,
suggesting that the nanoemulsion was reasonably well distributed within the
protein-based film-forming network.

The relatively compact morphology may be attributed to the formation of
intermolecular interactions between protein chains and the components of the
extract-loaded nanoemulsion. Protein-based films are generally formed through
the development of hydrogen bonding, hydrophobic interactions, electrostatic
interactions, and other non-covalent associations among protein molecules
during drying. Incorporation of nanoemulsions can further modify these
interactions because the dispersed oil phase and emulsifier provide additional
interfaces within the protein matrix. When the nanoemulsion droplets are
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sufficiently stabilized and uniformly dispersed, they can become embedded
within the continuous protein network without producing large-scale phase
separation, resulting in a relatively continuous film structure. The absence of
prominent cracks and large voids is particularly relevant because major structural
discontinuities can indicate poor compatibility between the dispersed phase and
the film-forming matrix and may negatively affect the mechanical and barrier
properties of the resulting film. In the present micrograph, the relatively smooth
and compact morphology indicates good compatibility between the protein
matrix and the extract-loaded nanoemulsion under the conditions used for film
preparation. The small dispersed features observed on the surface may represent
nanoemulsion-derived domains [8].

Figure 2. Scanning electron microscopy (SEM) of nano-emulsion-loaded
pumpkin seed protein film.

CONCLUSION

The present study demonstrated the feasibility of developing an active
biodegradable film based on pumpkin seed protein incorporating an Arbutus
andrachne L. fruit extract-loaded nanoemulsion. Among the solvents evaluated
for extraction, methanol resulted in the highest total phenolic content (5.94
mg/L), compared with water (4.20 mg/L) and ethanol (3.67 mg/L), and was
therefore selected for subsequent nanoemulsion preparation. Incorporation of the
extract-loaded nanoemulsion into the pumpkin seed protein matrix resulted in a
relatively continuous and compact film morphology, as observed by SEM,
without prominent cracks or large structural defects. The presence of dispersed
domains indicated successful incorporation of the nanoemulsion within the
protein matrix and suggested satisfactory compatibility between the active
delivery system and film-forming network. Overall, the findings indicate that A.
andrachne extract-loaded nanoemulsion can be effectively incorporated into
pumpkin seed protein films, providing a promising approach for the development
of biodegradable and potentially active food-packaging materials. Further studies
evaluating mechanical, barrier, antioxidant, antimicrobial, release, and food-
preservation properties are recommended to establish the practical application of
the developed film.
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ABSTRACT

Food systems are becoming increasingly complex due to globalization, extended
supply chains, emerging food fraud practices, and growing consumer demand for
transparency and authenticity. In this context, physical chemistry plays a crucial
role in understanding the molecular and physicochemical properties of foods and
transforming analytical information into practical tools for food integrity, safety,
and quality assurance.

This presentation explores the contribution of modern physical chemistry
approaches to the evaluation of food authenticity and consumer trust, with
particular emphasis on non-destructive analytical techniques and digital
innovation. Spectroscopic methods such as Near-Infrared Spectroscopy (NIR)
and Hyperspectral Imaging (HSI), combined with chemometric and artificial
intelligence-based data analysis, are increasingly being applied for rapid
characterization of food matrices, detection of adulteration, assessment of quality
parameters, and traceability studies.

Special attention will be given to applications in honey and olive oil value chains,
where molecular fingerprinting and physicochemical profiling can support the
identification of botanical/varietal and geographical origin, detection of
fraudulent practices, and development of more transparent supply chains. The
presentation will further discuss the integration of portable analytical devices,
digital spectral databases, and data-driven approaches as emerging tools for real-
time food authentication and quality monitoring.

Beyond analytical performance, the presentation highlights the broader societal
and regulatory relevance of physical chemistry tools in strengthening food
integrity systems, supporting evidence-based policies, enhancing market
transparency, and increasing consumer confidence. The transition “from
molecules to market” illustrates how molecular-level information can be
translated into practical solutions that contribute to safer, more sustainable, and
more trustworthy food systems.
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ABSTRACT

This study investigates the valorization of blackcurrant pomace extract as a
source of bioactive compounds for the functionalization of cotton fabrics with
skin-compatible properties. Blackcurrant pomace was subjected to water/ethanol
extraction using response surface methodology, resulting in a total phenolic
content of 36.04 mg GAE/g DW, together with flavonoid and anthocyanin
contents of 5.28 mg QE/g DW and 5.18 mg/g DW, respectively. Cotton fabric
was subsequently functionalized via layer-by-layer (LbL) protocol, in which the
extract was incorporated into chitosan/pectin multilayers comprising four, eight,
or twelve bilayers. The resulting cotton fabrics showed no detectable cytotoxicity
and exhibited almost maximal antioxidant and antibacterial efficacy against E.
coli and S. aureus. The multilayer functionalization architecture also allowed the
amount of extract deposited on the cotton surface to be controlled within the
range of 0.09-2.70%, while promoting the retention and stabilization of its
bioactive constituents. This controlled functionalization was accompanied by
changes in fabric coloration and moisture management behavior. Molecular
docking simulations were further employed to characterize the interactions of
HPLC-identified anthocyanins, namely cyanidin-3-O-glucoside, cyanidin-3-O-
rutinoside, delphinidin-3-O-glucoside, and delphinidin-3-O-rutinoside, with the
polysaccharide components (cellulose, chitosan, and pectin). The simulations
indicated progressively stronger binding interactions when moving from
cellulose toward chitosan and pectin. Among the investigated fabrics, cotton
coated with eight chitosan/pectin bilayers containing blackcurrant pomace
extract provided a favorable combination of bioactivity and moisture-
management performance, demonstrating the potential of this approach for the
development of medical, protective, and skin-compatible textile materials.

Funding: This research was funded by the Ministry of Science, Technological
Development and Innovation of the Republic of Serbia, grant numbers (451-03-
33/2026-03/200287).
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ABSTRACT

The circular bioeconomy can transform food-chain side streams into functional
and sustainable foods. This presentation examines fermentation, enzyme-assisted
extraction, and cascading biomass valorization as strategies for recovering
proteins, dietary fiber, phenolics, pigments, and other valuable compounds.
Attention is given to food-safety-by-design, from feedstock selection and
traceability through processing, formulation, and regulatory assessment. Circular
systems may introduce or redistribute microbiological, chemical, physical, and
allergen hazards. A practical framework is proposed to map material flows,
prioritize hazards according to their occurrence, persistence, transfer, and health
relevance, and implement validated controls, monitoring, and final-product
verification. The presentation also distinguishes technological functionality and
compositional improvement from demonstrated human health benefits. Circular
biotechnology can support resource efficiency and food innovation, but safety,
sustainability, and health claims must be substantiated for each product and
process.

Keywords: Circular bioeconomy; food safety; food-safety-by-design;

biotechnological innovation; functional foods; sustainable food systems;
fermentation; biomass valorization.
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ABSTRACT

The aim of this study was to test the phytotoxicity and genotoxicity of ibuprofen
(IBU) using the Allium test, a well-established bioassay for monitoring
environmental pollutants. Onions’ roots (n=10 bulbs per treatment) were exposed
to IBU (1-100 mg/L) or to dH>O (control) for 72 h in a controlled environment
(dark, 20 °C, 75 % humidity). Following exposure, root length and fresh weight
were recorded, and in meristem cells of root tips the frequency of chromosomal
aberrations (CAs) was estimated. For statistical analysis, one-way ANOVA
followed by Dunnett’s test (p<0.05) was used. The decrease in root length and
fresh weight was observed at higher IBU concentrations (50 and 100 mg/L). An
increased frequency of CAs was recorded already at the lowest IBU
concentration (1 mg/L). The most frequent CAs were C-mitosis, anaphase
bridges, and sticky chromosomes, indicating aneugenic as well as clastogenic
effects of IBU. These results indicate the importance of monitoring the presence
of IBU in the environment.

INTRODUCTION
Increasing use of pharmaceuticals in human and veterinary medicine has led to
their accumulation in the environment. Nowadays, pharmaceuticals are
considered the most critical emerging contaminants detected in water supplies
worldwide [1]. Special concerns are non-steroidal anti-inflammatory drugs
(NSAIDs) such as ibuprofen (IBU), since they are available without a
prescription [2]. According to the Agency for Medicinal Products and Medicinal
Devices of Croatia, in Croatia, IBU is in 14" place on the list of the most utilized
pharmaceuticals in 2024 [3]. NSAIDs together with antibiotics are the most
frequently found pharmaceuticals in wastewater treatment plant effluents and
aquatic environments worldwide [1].

IBU can reach the environment from several sources: (1) directly as a result
of waste disposal by the pharmaceutical industry, (2) from inappropriate disposal
leaching from landfills, or (3) via wastewater after excretion [2, 4]. The removal
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of IBU in wastewater treatment plants is incomplete; its chemical stability makes
conventional treatments inefficient in removing IBU [1]. Additionally, due to
chemical stability, IBU has a relatively slow rate of degradation. As a result, IBU
is detected in surface waters, drinking waters, and soil. The concentrations of
IBU in aquatic environmental samples are at ug/L; in wastewater samples, the
detected IBU concentration was up to 1673 ug/L [5]. In soil samples, IBU
concentrations ranged from 321 to 610 pg/kg [5]. It is shown that IBU can
bioaccumulate in a wide range of living organisms [2, 4]. Consequently, IBU can
reach the food chain and affect human health. Due to its ubiquitous presence in
the environment, IBU represents a threat to non-target organisms. Therefore, the
aim of this study was to test the phytotoxicity and genotoxicity of IBU using the
Allium test, a well-established test for biomonitoring environmental pollutants.

EXPERIMENTAL

Stock solution of IBU (Sigma Aldrich, St. Louis, MO, USA, >98 % purity) at a
concentration of 0.1 g/mL was prepared in ethanol. IBU test solutions in the
concentration range 1-100 mg/L were prepared by diluting the IBU stock solution
in dH>O.

The biological experiment was performed as described previously [6-8].
Firstly, healthy onion bulbs (4//ium cepa L., var. Stuttgarter riesen) were selected,
and their roots’ growth were started in dH>O (onions were kept in a controlled
environment: dark, 20 + 2 °C, humidity 75% for 24 h). Afterwards, bulbs were
divided into 5 groups (each group having 10 bulbs) and their roots were exposed
to IBU in concentrations of 1, 10, 50, and 100 mg/L or to dH>O (control) for 72
h. Throughout the experiment, the onions were kept in a controlled environment
(dark, 20 £ 2 °C, humidity 75%). At the end of exposure, roots were examined
for morphological changes, and root length and fresh weight were recorded.
Afterwards, two roots of each bulb were placed in fixative (ethanol:glacial acetic
acid; 3:1; v/v) and stored at 4 °C. Microscopic slides were prepared by staining
the root tips with aceto-orcein (1% orcein in 45% glacial acetic acid) for 15 min.
The meristem cells of root tips were examined for chromosomal aberrations
(CAs), such as C-mitosis, anaphase bridges, and sticky chromosomes using a
microscope (CX22 LED, Olympus, Tokyo, Japan). The frequency of CAs was
estimated on approximately 100 divisions per slide. For statistical analysis, one-
way ANOVA followed by Dunnett’s test (p<0.05) was used.

RESULTS AND DISCUSSION

Allium test 1s considered a standard for testing environmental pollutants [6, 9].
There are several advantages of the A/lium test, such as: onions are easy to
handle, their cells have relatively large chromosomes, and, importantly, the
results of the Allium test have good correlation to mammalian-derived cell lines
[6-10]. Furthermore, stable chromosome number and rare occurrence of
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spontaneous chromosomal damage make onion suitable for genotoxic studies
[10].

In this study, onion roots were exposed to IBU in concentrations of 1-100
mg/L for 72 h. Results on roots’ length and fresh weight are presented in Table
1. Exposure to higher IBU concentrations significantly reduced root length and
fresh weight compared to controls exposed to dH>O.

Table 1. Root length and fresh weight after 72 h exposure to IBU in the
concentration range 1-100 mg/L or dH20 (control).

Treatment Root length (cm) Fresh weight (g)
Control (dH20) 432+0.6° 0.24 + 0.05*°

1 mg/L 4.75+0.6* 0.33+0.07*

10 mg/L 4.75+0.7% 0.32+0.07*

50 mg/L 2.28 £0.3¢ 0.16 +0.04°¢

100 mg/L 1.95+0.3¢ 0.18 £0.05¢

Different letters indicate significantly different values at p<0.05 according to
ANOVA.

Previously, IBU phytotoxicity was tested on several plant models. Rede et al.
[4] tested the impact of IBU on germination of lettuce seeds (Lactuca sativa L.).
In that study, IBU, even at the highest concentration applied (1 mg/L, 5 days
exposure), had no impact on germination or leaf length. However, in the study of
de Silva et al. [11], in which lettuce seeds were exposed to a much higher IBU
concentration (600 mg/L, 72 h exposure), a reduction in germination of 62% was
observed, while IBU at lower concentrations (20 and 200 pg/L, 72 h) had no
effect on lettuce germination. Menicagli et al. [12] in seagrass Cymodocea
nodosa (Ucria) Asch. exposed to IBU in the concentration range 0.25-25 pg/L
for 12 days observed no change in growth, although a change at the cellular level
(in photosynthetic efficiency) was recorded. A concentration-dependent
reduction in fresh weight was observed in Lemna minor exposed to IBU (5-400
mg/L) for 15 days (higher concentrations) or 21 days (lower concentrations) [2].
Mentioned studies indicate that phytotoxicity of IBU depends on plant model,
concentration, and duration of exposure. Kornacka et al. [2] observed that Lemna
minor may adapt to lower IBU concentrations. This could be the case in this
study, since an increase in root length and fresh weight at lower IBU
concentrations, although not statistically significant, was observed.

There are limited studies on IBU genotoxicity. De Silva et al. [11] observed
an increase in the frequency of micronuclei in lettuce exposed to IBU (at a
concentration of 600 mg/L for 72 h), while lower IBU concentrations (20 and
200 pg/L, 72 h) did not induce the formation of micronuclei. A micronucleus is
the result of chromosome breaks (and formation of chromosome fragments) or
chromosome losses that cannot be incorporated into the main nucleus during the
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cell cycle; thus, a micronucleus mainly indicates a mutagen, i.e., a tested
compound that acts directly on DNA [9]. In this study, following IBU exposure,
root meristem cells were examined for CAs as C-mitosis, anaphase bridges, and
sticky chromosomes (Fig. 1). Even the lowest applied IBU concentration (1
mg/L) increased the frequency of CAs in comparison to controls (Table 2).
Chromosomal aberrations are results of changes in chromosomal structure or
in the total number of chromosomes. CAs, such as chromosome bridges and
breaks, are indicators of clastogenic action (affecting the DNA molecule), while
chromosome losses, delays, adherence, and C-metaphase result from aneugenic
effect (affecting the mitotic spindle) of the tested compound [6, 9]. Results of this
study indicate that IBU has clastogenic as well as aneugenic effects in onion root
cells that are recorded even at the lowest applied IBU concentration (1 mg/L).

Table 2. Frequency of chromosomal aberrations after 72 h exposure to IBU in
the concentration range (1-100 mg/L) or dH20 (control).

Treatment Chromosomal aberrations
frequency (%)

Control (dH20) 6.6 +0.9°

1 mg/L 18.0 £ 6.5¢

10 mg/L 29.5 + 4.0>°

50 mg/L 46.6 £9.9*

100 mg/L 51.3+7.1°
Different letters indicate significantly different values at p<0.05 according to
ANOVA.

A C

- ';’;
L R IIXIYTYE

Figure 1. Chromosomal aberrations after 72 h exposure to IBU (50 mg/L). (A)
C-mitosis; (B) bridges; (C) sticky chromosomes. Light microscope,
magnification 400x.

CONCLUSION

Results of this study indicate that IBU phytotoxicity is linked to its genotoxic
potential. Its genotoxic action includes both direct action on the DNA molecule
and on the mitotic spindle. Therefore, the presence of IBU in the environment
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should be monitored, and precautions should be taken to prevent its entrance in
the food chain in order to protect the environment as well as human health.
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ABSTRACT

Lichens, symbiotic associations between fungi and photosynthetic partners, are
increasingly recognized as prolific sources of diverse secondary metabolites with
significant pharmaceutical, agricultural, and biotechnological applications. This
study delves into the phytochemical composition, antioxidant properties, and
antimicrobial effectiveness of two lichen species, Heterodermia diademata and
Parmotrema tsavoense, particularly against phytopathogens Xanthomonas
oryzae, Colletotrichum gloeosporioides, Pyricularia oryzae, and Sclerotinia
sclerotiorum. Qualitative phytochemical screening revealed the presence of a
variety of bioactive compounds, including alkaloids, flavonoids, phenolic
compounds, tannins, and triterpenoids, indicating their rich metabolite profile
and potential therapeutic value. Quantitative estimation of total phenolic content
and total flavonoid content was performed using the Folin-Ciocalteu and
aluminum trichloride methods, respectively, demonstrating substantial levels of
antioxidant-associated compounds in both lichen extracts. The antioxidant
activity of the extracts was evaluated using in vitro assays, i.e.,
phosphomolybdenum total antioxidant capacity, ferric reducing antioxidant
power (FRAP), and 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging
assays. The results revealed notable antioxidant potential, which can be attributed
to the abundance of phenolic and flavonoid constituents capable of neutralizing
reactive oxygen species and reducing oxidative stress. Furthermore, the
antimicrobial efficacy of the lichen extracts was assessed against four
economically important plant pathogens, including Xanthomonas oryzae,
Colletotrichum  gloeosporioides, Pyricularia oryzae, and Sclerotinia
sclerotiorum, using the disc diffusion method. Among them, Parmotrema
tsavoense exhibited comparatively stronger antimicrobial activity, producing
larger zones of inhibition against the targeted pathogens. The observed
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antioxidant and antimicrobial activities suggest that these lichens possess
significant potential as natural sources of bioactive compounds for the
development of eco-friendly plant disease management strategies and novel
antimicrobial formulations. Overall, the findings highlight the value of H.
diademata and P. tsavoense as promising reservoirs of biologically active
metabolites and provide a scientific basis for their further exploration in
agricultural, pharmaceutical, and biotechnological applications. Future studies
focusing on the isolation, characterization, and mode of action of individual
bioactive compounds are warranted to fully exploit their practical potential.

Keywords: Antimicrobial, crop plants, lichen, plant pathogens
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ABSTRACT

Sour cherry can be used for wine production. For this process, an innovative
microvinification procedure was applied. In this procedure, half of the samples
were produced without pits, and under conditions with or without added sugar
and/or the enzymatic preparation glycosidase (EPG). Selected phenolic
compounds were identified and quantified using UPLC/MS-MS analysis. The
inhibitory activity of sour cherry wine samples against a-glucosidase was also
investigated, and the contribution of specific compounds to this activity was
estimated by a molecular docking study. Antioxidant activity was determined by
the Briggs-Rauscher method. Wines produced with pits and with the addition of
sugar and EPG showed higher phenolic content, better inhibitory activity against
a-glucosidase, and improved antioxidant properties. In summary, the phenolic
profile and biological activity of sour cherry wines depended on the
microvinification procedure used in their production.

INTRODUCTION

Intake of fresh or processed fruits and vegetables has a positive effect on human
health, so their consumption should be essential and regular in a well-balanced
diet. It is important to note that regular consumption implies an intake of 400 g
of fruits and vegetables, as well as two glasses of red wine daily [1]. The
development of chronic non-communicable diseases such as heart disease and
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diabetes mellitus could be prevented by consuming foods rich in antioxidants [2].
Numerous naturally occurring compounds such as phenolic acids, flavonoids,
and anthocyanins originate from fruits and their derived products. Among them,
hydroxybenzoic and hydroxycinnamic acid derivatives are particularly notable
[3,4]. Fruit wine is one product obtained from fruit processing. During this
process, active principles are retained in the final product [5].

Drupe fruit wines, such as those made from sour cherry, are especially known
as rich sources of phenolic compounds with good antioxidant properties [6]. It is
also important to highlight the natural active principles from fruit that display a-
glucosidase inhibitory activity. The aforementioned enzyme is involved in the
final phase of carbohydrate digestion. Natural active principles with o-
glucosidase inhibitory activity have much fewer side effects than synthetic ones
and can be used in the control of postprandial hyperglycemia [7,8]. Additionally,
the antioxidant activity of fruit can be determined by various methods, and one
of them is the Briggs-Rauscher (BR) oscillating reaction. The BR reaction
generates reactive oxygen and iodine radicals present in living organisms. As a
result of these reactions, the quenching of oscillatory dynamics may occur, which
is used to determine the antioxidant activity of different samples [9].

The production of high-quality sour cherries in Serbia is a good precondition
for producing wine from this fruit. This study aimed to investigate how an
innovative microvinification procedure influences the content of selected
phenolic compounds and antioxidant activity. In addition, the a-glucosidase
inhibitory activity of lyophilized fruit wine samples was evaluated, as well as the
contribution of phenolic compounds to this activity.

EXPERIMENTAL
The sour cherry (Prunus cerasus) was obtained from Grocka, Serbia. Shortly
after picking from the orchard, sour cherries were processed into wine. In half of
the fruit, pits were removed. An innovative microvinification procedure was
conducted in two sets, and the first step in both sets was fruit disintegration. In
the first set, before fermentation began, sugar and the enzymatic preparation
glycosidase (EPG) were added to the fruit must, while the second set was
conducted without addition. In both subsets, controlled alcoholic fermentation
was conducted using a selected pure commercial wine yeast strain (Lalvin 71B,
Lallemand, Canada yeast strain Saccharomyces cerevisiae) at the amounts of 20
g per 100 kg, respectively. Microvinification was conducted in barrels with a
pigeage system, while alcohol fermentation was conducted at 20°C over the next
7 to 10 days. After fermentation, sour cherry wine was separated from pomace
by sedimentation and kept at 12°C for the next six months, until further studies.
Physicochemical properties of fruit wines such as total soluble solids (TSS,
expressed in °Brix), pH, total titratable acidity (TTA) and alcohol concentration
(expressed as volume (vol. %)) were evaluated.
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Solid-phase extraction (SPE) on Oasis HLB 6CC 200 mg cartridges (Waters,
Milford, MA, USA) was applied to decrease the influence of the matrix during
phenolics identification. UPLC/MS-MS analysis was used for quantification of
phenolic compounds, performed using a Waters Acquity Ultra Performance H-
Class System (Waters, Milford, MA, USA).

Lyophilized wine samples were tested for a-glucosidase inhibitory activity
using the modified method described previously [10]. The a-glucosidase from
Saccharomyces cerevisiae dissolved in phosphate buffer (pH = 6.8) was used,
while the substrate solution was p-nitrophenyl a-D-glucopyranoside (PNPG in
phosphate buffer 1.5 mg/mL). Absorbance was measured on ELISA reader,
Multiskan EX, Thermo Scientific (Waltham, Massachusetts, USA) before and
after incubation at 37°C for 5 min. Acarbose was used as a positive control. The
a-glucosidase inhibitory activity standards were actually determined in the same
way as for the lyophilized fruit wine samples. The results were expressed as ICso
(ng/mL).

Molecular docking study was conducted on crystal structures of a-glucosidase
(PDB ID: 2ZE0) which was retrieved from Protein Data Bank [11]. Prepared 2D
coordinates of phenolic compound standards were converted to 3D and
optimized with Chem3D 7 (CambridgeSoft, Cambridge, Massachusetts, USA).
PDBQT files of the enzyme and ligands were prepared in Autodock Tools, while
docking calculations were carried out in the Autodock Vina software. Blind
docking with acarbose over the whole protein was carried out for finding of the
binding sites. Finally, the binding energies (kcal/mol) were used in the
interpretation of the obtained results.

Determination of antioxidant activity of fruit wines was conducted by Briggs-
Rauscher reaction [9]. The experiments were performed in a stationary well-
stirring (o = 900 rpm) reactor. The total volume of BR reaction solution was 25
ml while the temperature of the reaction mixture was maintained on 37.2 °C.
When the temperature of 37.2 was reached, hydrogen peroxide was added. After
initiating the reaction, 50 pl of wine sample was added. The time evolution of
the BR reaction was potentiometrically monitored using a Pt electrode as a
measuring electrode, and Hg/HgSOy4 as a reference electrode.

RESULTS AND DISCUSSION

Physicochemical parameters such as the TSS content of the must and pH are
important for wine quality. The first parameter can predict the alcohol content
(Vol. %) in the wine, while the second directly affects its flavor and aroma. The
results obtained after UPLC/MS-MS analysis of sour cherry wine samples
prepared without pits and without sugar/EPG addition were compared with those
prepared with pits and with sugar/EPG (Table 1). The presence of sugar and EPG
significantly affected the content of selected phenolic compounds (p<0.05).
Higher sugar content before fermentation leads to higher alcohol content in the
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final product, which improves the extraction of phenolic compounds (p<0.05).
EPG releases phenolics from their glycoside form. It is important to note that the
microvinification procedure significantly affects the content of phenolic
compounds. The highest content was found in sweet cherry wine samples
prepared with sugar and EPG. The presence of pits did not lead to a significant
increase in the content of phenolic compounds (p>0.05). The two major phenolic
compounds in sweet cherry wines were chlorogenic and protocatechuic acids
(Table 1).

Table 1. Content of selected phenolic compounds in the sour cherry wines
(ng/mL)

Type of Chlorogenic Gallic Protochatechuic Caffeic p-Coumaric
Vinification acid acid acid acid acid

Sour cherry

675153 0.67=0.03 153+14.2 95+¢11.3  1.97+0.02

-pit
SO‘“F“"‘“Y'I)“‘ 7312164 1312002 1854164 1184144 537:0.03
: ugal+ellzyule+

N s cherr
S““i;if“y 681+17.5 0.72£0.04  157+153  97+102 2.11=0.01
Sour cherry+pit,
Sugartenzyme+

7354257  1.42+0.03 187+£20.5 121+£12.3  5.77+0.03

Hydroxycinnamic acid derivatives such as caffeic and p-coumaric acids were
also identified. The content of gallic acid was the lowest in the analyzed samples.
The obtained results are in good agreement with the literature, which reports that
sour cherries are a rich source of chlorogenic acid [5]. The a-glucosidase
inhibitory activity showed the same trend as the UPLC/MS-MS analysis (p <
0.05) (Table 2). IC50 values for fruit wines and phenolic standards were obtained
from sigmoidal inhibition curves. The results indicated that the analyzed samples
exhibited good a-glucosidase inhibitory activity (Table 2). These findings are
supported by studies on different sour cherry products, which have shown
significant a-glucosidase inhibitory activity. Accordingly, it is possible to
include sour cherries in the diet as part of therapeutic postprandial hyperglycemia
control [12].
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Table 2. Activity of black chokeberry wines against a-glucoidase

Type of | (@5
Vinification (ng/ml)
Sour cherry 1 A

Y 612123
-pit
Sour cherry-pit, HaL 1
Sugar+enzyme+ 49=1.11
Sour cherry 5849 12

+pit

Sour cherry-+pit, P
Sugar+enzyme+ 47=115

The highest contribution to the a-glucosidase inhibitory activity of the samples
was observed for chlorogenic and protocatechuic acids. Molecular docking
studies revealed the binding energies of the quantified phenolic compounds,
which ranged between -6.1 and 8.7 kcal/mol. Compounds with binding energies
lower than -6 kcal/mol are considered to have higher binding affinity. The
binding energy for acarbose was -9.5 kcal/mol. The results obtained for some
derivatives of hydroxycinnamic acids (caffeic and p-coumaric acids) and
hydroxybenzoic acids (gallic and protocatechuic acids) are in good agreement
with the literature data [13].

The results of the BR method revealed good antioxidant potential of the samples,
which was in the range from 37s to 147s. It is important to underline that the
experimental conditions for the BR method are similar to physiological
conditions. Specifically, the temperature was about 37°C, and the pH of the BR
reaction solution was about 2, which corresponds to the pH of gastric fluid
(stomach acid). This makes the reaction suitable for investigating the antioxidant
capacity of biologically active compounds, which could indicate their potential
activity in the human organism [9]. The highest antioxidant activity was observed
for the sample made with pit and sugar/EPG, while the lowest activity was
observed in the sample produced without pit.

CONCLUSION

In summary, sour cherry wine can be highlighted as an important source of
naturally occurring antioxidants with health-promoting properties. The findings
also indicate that sour cherry wine inhibits a-glucosidase and may potentially be
used as a functional (medicinal) food in the prevention of diabetes mellitus and
other chronic diseases. Phenolic acid derivatives, together with other active
principles — both phenolic and non-phenolic — are responsible for the beneficial
health effects of fruit wine. Moderate consumption of sour cherry wine may be
recommended as part of a healthy, well-balanced diet.
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ABSTRACT

Prooxidative  properties  of  hafnium(IV)-substituted =~ Wells-Dawson
polyoxometalate, Kis[Hf(02-P2W17061)2]-19H.0 (Hf-WD 1:2), a promising
contrast agent for micro-computed tomography (microCT) and biological
transmission electron microscopy (TEM) imaging, were evaluated in vitro. The
effect of Hf-WD 1:2 on carbonylated protein level, as a biomarker of severe
oxidative stress, was determined in human plasma after 4-hour exposure to 1-100
uM Hf-WD 1:2 at 37 °C. The studied contrast agent candidate did not result in
increased oxidative protein modification compared to control sample, that
indicates its favourable toxicity profile and safe biomedical application.
Additionally, 100 uM Hf-WD 1:2 induced a remarkable decrease of carbonylated
protein concentration. This result forms a basis for further research on the
antioxidant potential of Hf-WD 1:2.

INTRODUCTION

Polyoxometalates (POMs) are inorganic anionic cage complexes consisting of
transition metals in their high oxidation states (typically W and V°") bridged
by oxygen [1]. Recent studies revealed a new field of POM utility as promising
contrast agents which are able to enhance the visualization of cell structures in
imaging techniques for ultrastructural analysis such as transmission electron
microscopy (TEM) and micro-computed tomography (microCT) [2, 3].
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Our most recent findings [4] revealed the potential of hafnium(IV)-substituted
Wells-Dawson POM, Kis[Hf(02-P2W17061)2]- 19H20 (Hf-WD 1:2) (Figure 1) as
a promising non-radioactive contrast agent for biological TEM imaging. The WD
POM demonstrated superior contrast properties compared to conventional
radioactive uranyl-based reagents, enhancing the visualization of subcellular
structures. As the potential application of novel agents for biomedical purposes
requires a favorable toxicological profile, the aim of this study was to evaluate in
vitro prooxidative properties of Hf-WD 1:2 as a promising contrast agent with
potential clinical application. For this purpose, the effect of Hf-WD 1:2 on
carbonylated protein level, as a key biomarker of oxidative stress, cell injury, and
biological decay associated with aging, was studied using human blood as a
model system for in vitro toxicity evaluation.

Figure 1. Structure of hafnium(IV)-substituted WD POM, K[ Hf(02-
PoW17061)2]- 19H20 (Hf-WD 1:2).

EXPERIMENTAL
The studied Hf-WD 1:2 was synthesized according to the published procedure
[5].

Blood samples were taken from a healthy male and female individual, who
agreed to participate in this investigation, which was approved by the
Institutional Ethics Committee and observed the ethical principles of the
Declaration of Helsinki. For the treatment, 100 uL of the stock/working solutions
of Hf~WD 1:2 were added to 900 pL of human whole blood samples to reach
studied final concentrations (Figure 2) and incubated at 37 °C for 4 h.
Carbonylated proteins were determined in human plasma samples [6]. All
measurements were done in triplicates.

RESULTS AND DISCUSSION

The concentrations of carbonylated proteins, as an indicator of excessive free
radical production, were measured in the samples of human plasma after 4-hour
exposure in vitro to Hf~-WD 1:2 within the concentration range of 1-100 pM.
Untreated human plasma samples were taken as controls, and the highest POM
concentration was limited by its solubility in water. Human blood samples were
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taken from a male and female individual, and the results were expressed as a
percentage of the corresponding control values.

The obtained results (Figure 2) show a dose-dependent effect of Hf-WD 1:2
on carbonylated protein levels. After 4-hour treatment, Hf-WD 1:2 resulted in a
decrease in carbonylated protein concentrations related to the control for all
followed treating doses. The most significant effect was noticed for the POM
concentration of 100 pM, which reduced carbonylated protein level by 28%
compared to the control value.
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Figure 2. The effect of Hf-WD 1:2 on carbonylated protein level (% of
control) in human plasma after 4-hour treatment in vitro at 37 °C. The results
are expressed as mean values = S.E.M.

The obtained decrease of carbonylated protein levels in human plasma
indicates that Hf-WD 1:2 did not induce generating free radicals resulting in
oxidative stress and consequently oxidative protein modification. This effect
might be explained possible antioxidant properties of Hf-WD 1:2 acting as a
constant “scavenger,” immediately removing even minimal amounts of reactive
oxygen species as soon as they appear. In addition, Hf-WD 1:2 may have
stimulated or supported the natural antioxidant enzymes already present in the
blood, such as superoxide dismutase and catalase, making them more effective
at eliminating basal oxidative stress. Surely, these assumptions should be
confirmed using appropriate experimental methods.
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CONCLUSION

Hafnium(IV)-substituted WD POM, a promising contrast agent candidate for
TEM and microCT, did not generate oxidative protein modification as the result
of prooxidative action, which suggests its favourable toxicity profile and safe
biomedical application.
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ABSTRACT

Agroecology improves sustainability and biodiversity, preserving ecological
balance. The objective of this study was to examine the impact of cover crops
(oat and rye), combined with weed control measures (mechanical weed control,
bio-herbicide, full and reduced herbicide rates, compared to the weedy check),
on the status of non-enzymatic antioxidants. While rye, as a cover crop, promoted
accumulation of phenolics and glutathione, thereby increasing the DPPH radical-
scavenging capacity, fallow was associated with greater phytate accumulation,
which may play a presumable role in grain yield development. It was shown that
a combination of various agroecological practices could have a great impact on
antioxidants in maize grain.

INTRODUCTION

Owing to the growing trend in the EU to reduce the use of pesticides by 50%
by 2030 [1], more sustainable farming practices were promoted as a way to
restore agroecosystems and biodiversity. Serbia is in the process of aligning
agricultural policies with the EU Common Agricultural Policy, so it is important
to reduce pesticide application.

Cover crops provide many benefits, from soil moisture preservation, reduction
of soil erosion and nutrient runoff to weed suppression [2,3]. Due to the fact that
there are no documented data on nutrient status in grain of agroecologically
grown maize, the objective of this study was to examine the impact of cover crops
(oat and rye), together with various weed control measures (mechanical weed
control, bio-based herbicide, full and reduced herbicide rates, compared to the
weedy check) on the status of non-enzymatic antioxidants.

EXPERIMENTAL

The research started in 2023, at the experimental field of the Maize Research
Institute “Zemun Polje”, Belgrade, Serbia (44°52’' N 20°20" E). The experiment
included three replications, where the main plot was cover crop (CC), sown in
November 2023: rye (Secale cereale L.), oat (Avena sativa L.), and fallow
(NoCC). Sub—plots were weed control measures: herbicides nicosulfuron +
tembotrione, applied either at the recommended rate (FLR) or at '42FLR,
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bioherbicide (BH) — pelargonic acid; mechanical control (MC), done using an
inter-row cultivator, and the weedy check (WC). After CCs termination (April
2024), maize (ZP388) was sown.

After harvest, maize grains were dried at 60°C and milled. After extraction
with 5% trichloroacetic acid, phytic P (Ppny) and glutathione (GSH) were
determined spectrophotometrically [4,5]. Soluble phenolics (Phen) were
determined after extraction with double-distilled water [6] and expressed as pg
of 3-hydroxy-4-methoxycinnamic acid g' dry matter. DPPH radical scavenging
activity was performed using the method by Brand-Williams et al. and Wong et
al. [7,8]. Results were presented as mean+standard deviation (SD). Correlation
analysis between maize grain yield (GY) and analysed antioxidants (Pearson’s
correlation coefficients) was also performed.

RESULTS AND DISCUSSION

Irrespective of the greater variability in the concentration of antioxidants, the
rye variant had the highest average values of phenolics, GSH, and DPPH radical
reduction capacity (Table 1). Comparing weed control treatments, it is obvious
that higher Pphy and DPPH radical reduction capacity were in FLR, followed by
2FLR, indicating that herbicides, by removing weeds, are able to increase the
antioxidant capacity of the maize grain [9]. It is interesting that phytate mainly
contributed to the reduction capacity of DPPH radical (Table 2), which could be
tied to the greater resistance to oxidative stress [10].

The highest Pphy was in NoCC+FLR and oat+FLR (Table 1), while the
highest reduction capacity of DPPH radical was in NoCC+FLR, again evidencing
that the variant with fallow supports accumulation of non-enzymatic antioxidants
in maize grain, particularly phytate, which could be potentially tied to greater
phosphorus availability and certain microbial activity [11]. BH contributed
mainly to the accumulation of phenolics and GSH in maize grain, with the highest
value obtained in combination with rye, evidencing the distinctive impact of CCs
and weed control measures on antioxidants in maize grain [12]. This could be
one of the reasons for the significant positive correlation between maize grain
yield and the reduction capacity of the DPPH radical and phytate (Table 2),
supporting the hypothesis that grain yield and further grain performance closely
rely on antioxidants, particularly phytate [10,13].
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Table 1. The concentration of non-enzymatic antioxidants in maize grain

(mean+SD).
Pphy Phen. GSH DPPH
NoCC
WC 259 +£ 001 7343 =+ 13.09 3452 <+ 1281 59.59 =+ 0.78
FLR 3.02 = 0.12 5956 + 432 3833 =+ 230 6830 = 1.02
YaFLR 299 + 0.08 5672 + 2294 4758 + 1521 65.12 + 1.02
BH 266 £ 0.07 738.8 + 3658 5992 + 6.57 5465 + 049
MC 299 £ 0.11 5147 <+ 163 473.0 = 581 5874 =+ 0.61
Mean 285 + 0.08 630.1 =+ 1571 4553 =+ 854 6128 =+ 0.78
Oat
WC 260 = 005 6354 =+ 1024 3867 + 463 5338 =+ 049
FLR 3.03 = 0.09 6264 =+ 1820 4653 =+ 11.72 6512 = 029
YoFLR 287 + 0.06 6129 + 1585 4717 + 1321 5582 + 025
BH 259 + 0.06 6429 + 21.05 5300 + 043 5120 =+ 045
MC 271 £ 0.06 6159 =+ 12.14 5019 =+ 1022 5519 =+ 1.06
Mean 2.76 £+ 0.06 6267 =+ 1550 471.1 =+ 8.04 56.14 + 0.51
Rye
WC 253 £ 006 8108 =+ 2143 3426 + 043 6437 =+ 0.20
FLR 272 = 0.19 7958 + 822 4852 <+ 827 6825 = 049
YoFLR 2.87 + 0.08 6841 + 2429 5215 + 1249 6745 + 0.86
BH 255 + 0.04 8955 <+ 28.03 6014 + 929 5827 <+ 1.06
MC 266 £ 0.10 637.6 =+ 1727 549.0 + 524 6427 <+ 0.78
Mean 2.66 = (.09 76477 £+ 1985 4999 <+ 7.15 6452 + 0.68

Table 2. Correlation between analyzed non-enzymatic antioxidants and maize

grain yield (GY), Pearson’s correlation coefficients ()

GY Pphy Phen GSH
Pphy 0.52*
Phen -0.09 -0.69*
GSH 0.04 -0.07 0.15
DPPH 0.55%* 0.45%* 0.07 -0.22

* Significant at p<0.05

CONCLUSION

The combination of various agroecological practices that serve as weed control
could contribute significantly to the maize grain yield quality, from the
perspective of non-enzymatic antioxidants. While rye, as CC, promoted
accumulation of phenolics and GSH, consequently increasing the reduction
capacity of DPPH radical, it was shown that fallow was responsible for phytate
accumulation, which plays a presumed role in grain yield development.
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ABSTRACT

Cerebral hypoperfusion (CH), a reduced cerebral blood flow, contributes to the
development and progression of various neurodegenerative diseases for which
adequate treatments are lacking. To investigate the neuroprotective effects of the
hormone progesterone (P4), male Wistar rats were divided into three groups: a
control group treated with vehicle (flaxseed oil, 1 mg/kg/day) and groups
subjected to permanent bilateral common carotid artery occlusion (2VO) to
induce CH and that were treated with vehicle or P4 (1.7 mg/kg/day) for 7 days.
The prefrontal cortex (PFC) and hippocampus (HIPP) were isolated to perform a
comparative analysis of P4 effects on nitric oxide (NO) and advanced oxidation
protein products (AOPP) levels. Obtained results suggest that P4 differentially
modulates regional nitro-oxidative pathways and protects HIPP from protein
damage. This study sheds light on the potential neuroprotective role of the P4
mechanism against CH.

INTRODUCTION

Cerebral hypoperfusion (CH) represents a significant pathological factor in the
development and progression of neurodegenerative diseases such as vascular
dementia, leading to region-specific damage in vulnerable central nervous
system (CNS) structures [1]. The prefrontal cortex (PFC) and the hippocampus
(HIPP) are particularly sensitive to decreased blood supply [2].

At the cellular level, CH deprives tissue of oxygen and nutrients, increasing
the overproduction of reactive oxygen species (ROS) and inducing nitro-
oxidative stress. Under these conditions, changes in nitric oxide (NO)
homeostasis promote its reaction with superoxide anions to generate
peroxynitrite (ONOO"). This aggressive oxidant directly targets functional
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protein structures, modifying amino acid side chains and cross-linking the protein
backbone, which finally results in the accumulation of advanced oxidation
protein products (AOPP).

Progesterone (P4) is a female steroid hormone that can exert potent
neuroprotective actions [3]. However, its specific impact on 2VO-induced nitro-
oxidative imbalance and macromolecular damage remains to be fully evaluated.
To address this, the present study investigates the comparative effects of P4 on
NO and AOPP levels in the PFC and HIPP of rats subjected to permanent
bilateral common carotid artery occlusion (2VO), an established experimental
model widely used to mimic CH.

EXPERIMENTAL

All animal procedures were approved by the Ethical Committee for the Use
of Laboratory Animals of VINCA Institute of Nuclear Sciences - National
Institute of the Republic of Serbia, Belgrade (authorization numbers 02/11 and
323-07-04253/2016-05). Adult male Wistar rats were randomly divided into
three experimental groups (n=6 per group): (I) Sham-operated controls receiving
vehicle (commercial flaxseed oil, 1 mg/kg/day, s.c., Sham + V group); (II) group
subjected to 2VO and treated with vehicle (commercial flaxseed oil, 1
mg/kg/day, s.c., 2VO + V group) and (III) 2VO group treated with P4 (1.7
mg/kg/day, s.c., 2VO + P4 group) dissolved in vehicle. For that purpose, rats were
anesthetized with chloral hydrate and subjected to a ventral midline neck incision
and the common carotid arteries were carefully exposed and isolated from the
carotid sheaths and vagus nerve. In the 2VO groups, both arteries were
permanently double-ligated using 5-0 silk sutures, whereas sham-operated
controls underwent the identical surgical procedure without actual occlusion.
Treatments were administered once daily starting immediately post-surgery.
Following decapitation, the PFC and HIPP were rapidly dissected on ice and
stored at -70°C. Tissue samples were homogenized in ice-cold buffers followed
by differential centrifugation [4]. All assays were performed in duplicate in 96-
well plates using a Tecan Sunrise microplate reader (Tecan Group Ltd.,
Minnedorf, Switzerland). Total NO production was assessed by measuring stable
nitrite (NO2") levels using the Griess reagent protocol [4]. Advanced oxidation
protein products (AOPP) were quantified at 340 nm in the presence of potassium
iodide against chloramine-T standards [5]. Statistical evaluation was performed
via one-way ANOVA followed by Tukey's post-hoc test (p < 0.05).

RESULTS AND DISCUSSION

Permanent bilateral common carotid artery occlusion induced region-specific
changes in nitro-oxidative profiles in both CNS structures. Regional differences
were evident in the regulation of total NO levels. In the PFC, CH caused a
significant reduction in NO levels compared to the control group (*p <0.05,2VO
+ V vs. Sham + V, Fig. 1A), indicating impaired local vascular dynamics.
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Progesterone treatment completely reversed this deficit, restoring cortical NO to
control levels, making it elevated compared to 2VO + V group (p < 0.05, 2VO
+ P4 vs. 2VO + V) (Fig. 1A). In contrast, the HIPP showed the opposite response,
2VO led to a significant accumulation of NO (*p < 0.05, 2VO + V vs. Sham +
V, Fig. 1B). Administration of P4 did not produce a statistically significant effect
compared to the 2VO + V group, although values returned toward control levels
(Fig. 1B).
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Figure 1. Comparative changes in total nitric oxide (NO) levels in the prefrontal
cortex (PFC, A) and hippocampus (HIPP, B). All data are presented as % of
control (Sham + V). "p < 0.05, 2VO + V vs. Sham + V; #p < 0.05, 2VO + P4 vs.
2VO + V.

The downstream impact was reflected in protein oxidation. In the PFC, AOPP
remained unchanged in all experimental groups (Fig. 2A). However, the HIPP
tissue demonstrated a significant increase in AOPP levels in 2VO + V group
compared to the control group (*p < 0.05, 2VO + V vs. Sham + V, Fig. 2B),
confirming that localized HIPP nitro-oxidative stress induced protein
modification. Importantly, treatment with P4 prevented 2VO-induced AOPP
accumulation in the HIPP, maintaining protein oxidation at control levels (Fig.
2B). This indicates that P4 effectively counteracts regional nitro-oxidative stress
and protects HIPP proteins from oxidative degradation during CH.

Altogether, these findings highlight the translational potential of P4 as a
targeted neuroprotective strategy against CH-related neurodegeneration.
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Figure 2. Comparative changes in advanced oxidation protein products (AOPP)
levels in the prefrontal cortex (PFC, A) and hippocampus (HIPP, B). All data are
presented as % of control (Sham + V). "p <0.05, 2VO + V vs. Sham + V.
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CONCLUSION

This comparative study demonstrates that CH activates structurally distinct
pathophysiological pathways in the rat brain, characterized by ischemic NO
deficiency in the PFC and NO accumulation in the HIPP. Progesterone provides
region-specific neuroprotection by normalizing cortical and hippocampal NO
homeostasis and suppressing AOPP accumulation, thereby protecting vulnerable
CNS structures from irreversible macromolecular damage.
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ABSTRACT

The presence of organophosphate pesticides in water represents an important
environmental concern due to their toxicity and possible transfer through the food
chain. This study investigates carbon-based adsorbents prepared from rabbit litter
waste for the removal of malathion (MLT) from water. The waste biomass was
chemically impregnated and carbonized at 900 °C. The prepared adsorbents were
characterized by SEM and BET analysis, while MLT adsorption was evaluated
through batch experiments and quantified by UPLC. Adsorption equilibrium was
reached within 30 min, and the maximum adsorption capacities were 17.66 and
27.52 mg g !, depending on the chemical treatment applied. The results suggest
that rabbit litter waste can be valorized into efficient adsorbents for the treatment
of pesticide-contaminated water.

INTRODUCTION

Malathion is a widely used organophosphate pesticide, and its extensive use
in crop protection raises environmental and public health concerns due to its
toxicity, mobility, and potential to persist in soil and water systems [1]. Among
available methods for pesticide removal, adsorption is an efficient and
environmentally friendly strategy. Carbon-based adsorbents are particularly
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promising due to their porous structure, high surface area, and favorable surface
chemistry [2]. In this study, rabbit litter waste was converted into carbon-based
adsorbents and evaluated as a sustainable material for MLT removal from water,
thereby supporting waste valorization and contributing to the remediation of
pesticide-contaminated water in the context of food and environmental safety.

EXPERIMENTAL

Rabbit litter waste (rabbit sawdust containing urine) was used as a precursor
for carbon-based adsorbents. The biomass was impregnated with either H3PO4
or NaOH, yielding CRLy and CRLx, respectively, and carbonized in a tube
furnace under nitrogen flow (100 L h™") at 900 °C for 60 min, with a heating rate
of 5 °C min"!. The prepared materials were characterized by SEM. Nitrogen
adsorption measurements were performed at 77 K using a Sorptomatic 1990
analyzer after degassing at 200 °C for 24 h, and the specific surface area was
calculated using the BET method. MLT adsorption experiments were performed
as previously described [2].

RESULTS AND DISCUSSION

The SEM micrographs (Figure 1) reveal an irregular, layered carbonaceous
morphology with visible surface roughness and cracks, suggesting structural
changes induced by carbonization and chemical treatment. Such a morphology

Figure 1. SEM micrographs of CRLH (left) and CRLx (right) materials

The specific surface area of the prepared materials, determined by the BET
method, was significantly higher for CRLy (419 m? g ') than for CRLy (109 m?
g ), indicating that HsPO4 impregnation was far more effective in developing
the material's surface area.

The equilibrium contact time was determined by monitoring the residual MLT
concentration in solution after contact with the adsorbent materials. The results,
presented in Figure 2, showed that the MLT concentration reached a nearly
constant value after 30 min, which was selected as the equilibrium contact time
for further adsorption experiments.
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Figure 2. Determination of equilibrium contact time.

Adsorption isotherms were analyzed using the non-linear Freundlich and
Langmuir models to evaluate MLT adsorption behavior and adsorbent affinity
(Table 1). The Freundlich model provided a very good fit to the experimental
data for both materials, with n values higher than 1, indicating favorable
adsorption on energetically heterogeneous surfaces. The higher Kr value
obtained for CRLx suggests a stronger affinity of MLT toward this material than
toward CRLy. Although the Langmuir model also provided an acceptable fit, its
assumption of monolayer adsorption on a homogeneous surface should be used
with caution. Therefore, the Langmuir qmax values are primarily used for
comparison between the two materials, rather than as absolute maximum
adsorption capacities. The higher qmax value obtained for CRLx (27.52 mg g™)
compared to CRLy (17.66 mg g™ follows the same trend as the Freundlich model
and indicates better adsorption performance of CRLn. This improvement may be
attributed to the favorable influence of NaOH impregnation on surface chemistry
and the accessibility of adsorption sites. However, the results also suggest that a
developed specific surface area alone is not necessarily sufficient for efficient
MLT adsorption, most likely due to incomplete surface accessibility and the
specific interaction requirements of MLT molecules.
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Table 1. Parameters of the Freundlich and Langmuir isotherm models for
MLT adsorption at an adsorbent dose of 1 mg mL™!

Freundlich isotherm

Material

KF ((dm3 mg—l) l/n) n X2 RZ
CRLH 0.165 1.321 0.173 0.980
CRLN 0.264 1.321 0.050 0.998

Langmuir isotherm

K1 (dm’ mg™) Gmax (Mg g ") h R?
CRLu 0.005 17.661 0.225 0.975
CRLx 0.005 27.519 0.145 0.993

CONCLUSION

Rabbit litter waste was successfully converted into carbon-based adsorbents for
the removal of MLT from water. Although CRLy showed a higher specific
surface area, CRL~ exhibited better adsorption performance, indicating the
important role of surface chemistry and accessible adsorption sites. The results
highlight rabbit litter waste as a promising precursor for sustainable adsorbents
in pesticide-contaminated water treatment.
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ABSTRACT

Goji berry (Lycium barbarum L.) is recognised as a valuable source of essential
minerals. This study compared the mineral composition of organically and
conventionally grown goji berries cultivated in Serbia. Fresh fruits were collected
from an organic plantation in Subotica and a conventional plantation in
Smederevo. Mineral composition was determined by ICP-OES and ICP-MS
following microwave-assisted acid digestion. Potassium was the predominant
mineral in both samples. Organically grown fruits contained significantly higher
levels of K, Na, Mg, P, S, Cu, and Mn (p < 0.05), whereas conventionally grown
fruits showed a higher calcium content. No significant differences were observed
for Fe and Zn. These findings indicate that cultivation system influences mineral
accumulation and suggest that organically produced goji berries possess a more
favourable mineral profile.

INTRODUCTION

Goji berry (Lycium barbarum L., Solanaceae) is widely recognised as a
functional food due to its high nutritional value and abundance of bioactive
compounds, including minerals, vitamins, polysaccharides, carotenoids and
phenolic compounds [1]. Owing to its nutritional and health-promoting
properties, goji cultivation has expanded beyond its traditional growing regions
in Asia and has become increasingly important in many European countries,
including Serbia [2].

Minerals are essential nutrients involved in numerous physiological
processes, and their concentration in fruits is influenced by genotype,
environmental conditions, soil properties and cultivation practices [3].

Organic and conventional production systems differ in fertilisation and crop
management, which may affect mineral accumulation in plant tissues. However,
studies comparing the mineral composition of organically and conventionally
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grown goji berries remain limited, particularly for fruits cultivated in Serbia.
Therefore, the aim of this study was to compare the mineral composition of
organically and conventionally grown Lycium barbarum fruits produced under
Serbian growing conditions.

EXPERIMENTAL

Fresh, ripe Lycium barbarum fruits were harvested from an organic plantation in
Subotica (northern Serbia) and a conventional plantation in Smederevo (central
Serbia). Samples were washed, homogenised and subjected to microwave-
assisted acid digestion using HNOs/H20O: according to a previously described
procedure [2]. Macroelements (K, Na, Ca, Mg, P and S) were determined using
ICP-OES (iCAP 6300 Duo, Thermo Fisher Scientific, USA), while
microelements (Fe, Zn, Cu, Mn) were analysed by ICP-MS (iCAP Qc, Thermo
Fisher Scientific, UK). Results are expressed as mean = SD (n = 3). Statistical
differences between cultivation systems were evaluated using Student’s #-test (p
<0.05).

RESULTS AND DISCUSSION
The mineral composition of organically and conventionally grown Lycium
barbarum fruits is presented in Table 1.

Potassium was the predominant mineral in both cultivation systems, followed
by phosphorus and sodium. Organically grown fruits contained significantly
higher concentrations of K, Na, Mg, P, S, Cu, and Mn, whereas conventionally
grown fruits exhibited a significantly higher calcium content. No significant
differences were observed for Fe and Zn.

The obtained mineral distribution agrees with previous reports describing
potassium as the dominant mineral in goji berries cultivated in different
geographical regions [4,5]. Likewise, the mineral concentrations observed in the
present study are comparable with those previously reported for Italian Lycium
barbarum fruits [6]. The observed differences between cultivation systems may
be attributed to variations in fertilization practices and nutrient availability.
Organic fertilizers enrich the soil with essential nutrients and improve its
physicochemical and biological properties, thereby enhancing mineral uptake
and accumulation in plants [3]. This may explain the higher concentrations of
most minerals observed in organically cultivated goji berries compared with
conventionally grown fruits. Conversely, the higher calcium concentration in
conventionally grown fruits may reflect differences in fertilization strategy and
soil composition. Overall, both cultivation systems produced mineral-rich fruits,
highlighting the nutritional value of Serbian goji berries.

62



Table 1. Mineral composition (mg/kg) of organically and conventionally

cultivated Lycium barbarum fruits.

Mineral (mg/kg) Organic goji Conventional goji
K 4367 +21.50° 2951 + 11.00°
Na 740.3 +9.382 625.1 + 10.20°
Ca 149.1 + 6.00? 2242 +5.01°
Mg 255.3 +£5.51° 146.7 +3.51°
P 1571 +20.50? 1008 + 13.20°
S 527.1 +8.10° 333.3+7.51°
Fe 5.76 + 0.812 7.92 +1.132
Zn 6.10 + 0.49° 5.36 + 0.64°
Cu 2.94+0.16 248 +0.11°
Mn 1.42 +0.022 0.65 + 0.03°

Values are expressed as mean = SD (n = 3). Different superscript letters within the same
row indicate statistically significant differences between cultivation systems (Student's
t-test, p < 0.05)

CONCLUSION

The cultivation system significantly influenced the mineral composition of
Serbian goji fruits. Organically grown berries contained higher concentrations
of most essential macro- and microelements, whereas calcium was higher in
conventionally grown fruits. These findings confirm the high nutritional quality
of Serbian goji berries and indicate that organic cultivation may improve their
mineral profile.
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ABSTRACT

In traditional medicine, sage is frequently utilized for disease prevention and
treatment. This study compared the polyphenol content and radical scavenging
capacity of sage leaf extracts prepared with choline chloride:urea mixed with
10% water (ChCl:U) and sage water extract (dH20) made under the identical
experimental conditions. Total phenolic content (TPC), total tannin content
(TTC), and total flavonoid content (TFC) in both extracts were measured.
Antioxidant activity of sage extracts was estimated using the DPPH and ABTS
assays. The results showed that solvent polarity affected polyphenol extraction
from sage. Higher polyphenol content (TPC and TTC) and radical scavenging
properties against ABTS™ were observed in sage extract made with ChCl:U. TFC
and neutralization towards DPPH" were negligibly higher in the water extract.
The findings showed that NADES based on choline chloride is an effective
solvent for sage leaf extraction.

INTRODUCTION

Sage (Salvia officinalis L.) has a complex secondary metabolite profile, abundant
in rosmarinic acid (a caffeic acid dimer), carnosic acid and carnosol (phenolic
diterpenes), and flavonoids (luteolin and apigenin glycosides), making it an
excellent source of natural antioxidants [1]. These phenolic compounds are
essential for the neutralization of reactive oxygen species (ROS), which in turn
reduces the risk of chronic diseases [2]. Aqueous extraction, although
environmentally friendly, exhibits high surface tension and low affinity for semi-
polar and hydrophobic compounds (e.g., carnosic acid), resulting in poor mass
transfer, low target yields, and rapid thermal degradation of the extracted
polyphenols [3]. Natural deep eutectic solvents (NADES) provide a highly
adaptable and environmentally friendly solution to address these restrictions.
These systems consist of a quaternary ammonium salt that acts as a hydrogen-
bond acceptor (HBA) and an organic molecule that acts as a hydrogen-bond
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donor (HBD). NADES have good biodegradability and biocompatibility, low
cost, and simple preparation. The drawbacks of using NADES for extract
preparation include their low volatility and high viscosity [1, 3, 4, 5].

NADES like choline chloride: urea (ChCl:U) offer a sustainable, non-
toxic, and highly efficient alternative [1, 3]. This study investigates the efficacy
of ChCI:U in recovering phenolic compounds from sage leaves and evaluates the
resulting antioxidant capacity.

EXPERIMENTAL

Sage extract preparation

ChCIL:U NADES was prepared by combining choline chloride (ChCl) and urea
(U) in a 1:2 molar ratio, according to the previously reported procedure [5]. The
final solvent for sage extraction was prepared by mixing 90% ChCIL:U with 10%
water to achieve slightly better solubility and lower viscosity. It was stated that
NADES diluted up to 50% with water is stable and retains intact hydrogen bonds
[6]. 100 mg of pulverized sage leaves were extracted with 2 mL of solvent.
Extraction in an ultrasonic bath (Elma, Schmidbauer GmbH, Singen, Germany)
lasted 90 minutes at 50°C, similar to previously described [3, 5]. A pure water
extract of sage (dH2O) was prepared under the same conditions as the control for
comparison purposes.

Chemical characterization of sage extracts

The total phenolic content (TPC) and total tannin content (TTC) were determined
using the capacity of phenolics to interact with the Folin—Ciocalteu (FC) reagent,
forming a blue-colored complex [2, 5]. The total flavonoid content (TFC) was
evaluated by using the ability of flavonoids to bind Al**, allowing them to form
yellow Al-complexes [2, 5]. Chemical characterization of selected extracts was
determined spectrophotometrically (Sunrise, Tecan Group Ltd, Minnedorf,
Switzerland). TPC and TTC were expressed as mg of gallic acid equivalents
(GAE) per g of dried weight (d.w.), while TFC was expressed as mg of quercetin
equivalents (QE) per g of dried weight (d.w.).

Antioxidative capacity of sage extracts

The radical scavenging activity of sage extracts towards DPPH (2,2-diphenyl-1-
picrylhydrazyl) radical and ABTS (2,2’-azino-bis(3-ethylbenzothiazoline-6-
sulfonic acid)) radical cation was evaluated using previously described methods
[2, 5]. Measurements were performed using spectrophotometric assays (Sunrise,
Tecan Group Ltd, Ménnedorf, Switzerland), resulting in a color change from the
purple-colored stable DPPH" to the yellow-colored reduced form DPPH-H, as
well as decolorization of the blue-green ABTS™". The results were expressed as
ICso values (the concentration of the sample required to neutralize 50% of the
selected radicals).
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RESULTS AND DISCUSSION

According to the results of our research, a better extraction yield of polyphenols
was achieved using ChCl:U with 10% water addition, compared to water (Fig.
1A). TPC in the ChCl:U extract was 36% higher, while TTC was 18% higher
compared to the dH>O sage extract. On the other hand, TFC in the dH,O sage
extract was merely 5% higher.
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Figure 1. A) Results for chemical characterization of sage extracts; B) Results
for DPPH" and ABTS™" scavenging of sage extracts.

It has previously been observed that ChCI:U can effectively extract phenolic
compounds from plant material, particularly sage, when compared to
conventional solvents like water and ethanol [3 - 5]. Nevertheless, information
on TTC for NADES extraction of sage has not previously been reported in the
literature.

The ICso value was 15% higher for ChCl:U sage extract in scavenging DPPH",
indicating lower antioxidant activity than the water extract, as shown in Fig. 1B.
On the contrary, the ability of ChCI:U extract to neutralize ABTS™ was better,
with 53% higher inhibitory potency compared to the water sage extract. When
comparing antioxidant profiles, an extract showing higher ABTS™" and lower
DPPH" scavenging capability reflects a solvent-dependent extraction and is
assumed to be due to different mechanisms of action [5]. The results of the
DPPH’ neutralization of NADES sage extract are consistent with the literature
reports for various types of sage extracts [1, 2, 4, 5]. The literature on the radical
scavenging of ABTS™ by NADES sage extracts remains limited. Results
obtained in this research for extracts neutralizing ABTS"" are in correspondence
with previously published results for different types of sage extracts [2, 5, 7].
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CONCLUSION

The application of the same extraction method using ChCl:U and water indicated
that NADES exhibited superior efficacy for extracting polyphenols from sage
leaves. The sage extract derived from ChCl:U exhibited elevated total phenolic
and total tannin contents, although the total flavonoid content was somewhat
greater in the water extract, along with modest radical scavenging properties
against DPPH". Conversely, the antioxidant activity against ABTS™ was much
superior in the ChCl:U sage extract. Our findings suggest that ChCl:U NADES
may serve as an efficient solvent for the extraction of polyphenols from sage
leaves.
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ABSTRACT

The presence of antibiotics such as ciprofloxacin in the environment poses a
significant threat to living organisms, including adverse effects on human health.
Municipal wastewater originating from households, hospitals, and industrial
sources is the primary pathway by which this pharmaceutical enters natural
waterways. Ciprofloxacin is a synthetic fluoroquinolone antibiotic that
continually accumulates in the environment and is difficult to degrade naturally.
A clay-based filter under development removed over 80% of this compound from
water at various concentrations. To further improve its removal, the filter surface
was investigated using automated, MATLAB-based image analysis.

INTRODUCTION

The presence of antibiotics in the environment poses a major challenge for
ecosystem protection and public health [1]. Ciprofloxacin, a synthetic
fluoroquinolone, is particularly concerning due to its chemical stability and
continuous accumulation in aquatic ecosystems [2,3]. This paper explores the use
of Kolubara clay-based filters for removing organic pollutants from water.
Previous work demonstrated ciprofloxacin removal efficiencies exceeding 80%
from aqueous solutions (6 uM and 9 uM in phosphate buffer, pH = 5), with rates
of ~82% and ~85%, respectively [4]. While pore size distribution is fundamental
for filter characterization, pore shape has emerged as an equally important factor
influencing filtration performance [5], affecting hydrodynamic characteristics,
specific surface area, tortuosity, and overall removal efficiency [6]. Automated
digital image processing in MATLAB [7] enables fast, objective quantification
of both pore size and shape parameters (circularity, eccentricity), essential for
comprehensive filter characterization and synthesis optimization.
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EXPERIMENTAL
The chemical composition (wt%) of clay is: SiO2 88%, Al,O3 6.05%, Fe,Os3
2.06%, K20 1.76%, Na2O 1.05%, TiO2 0.48%, MgO 0.35%, CaO 0.18% [8]. The
raw clay was thermally and chemically treated to remove organic impurities and
iron oxide content, respectively. The powder mixture, prepared by blending
purified clay with 0.5 wt% aqueous H3BOs3, was uniaxially cold-pressed at 40
MPa in a 940 mm mould and sintered at 1300 °C for 4 h. Full details are given
in [4].

An optical micrograph of the sintered sample cross-section was acquired using
a stereo microscope (Zeiss Stemi 508) at 10x magnification and saved in JPEG
format (1920 x 1080 pixels, 24-bit RGB). A single representative micrograph
was analyzed (Figure 1a).

Airo» —»p

Shell with afilter

(a) (b)

Figure 1. (a) Optical microscopy image of the tested sample; (b) in-house built
setup and position of the largest pores on the tested filter

All image processing was performed in MATLAB R2023a [7]. The automated
pipeline comprised: 1) spatial calibration using the embedded 200 pm scale bar;
2) RGB to grayscale conversion (rgh2gray), uneven illumination correction
(imflatfield, kernel 40 pixels), and contrast enhancement (imadjust); 3) adaptive
thresholding for pore segmentation (imbinarize, ForegroundPolarity = bright,
sensitivity = 0.40); 4) hole-filling (imfill) and noise removal (bwareaopen, 15
pixels); 5) measurement of pore properties via regionprops. Derived parameters
were: equivalent circular diameter, circularity (1 = perfect circle, approaching 0
= irregular shape), and eccentricity (0 = circle, 1 = line segment).

The maximum pore diameter obtained by image analysis (127.0 pm) showed
95% agreement with the experimental reference value of 133.5 pum [4],
determined by the first bubble-point method using a custom-built apparatus
based on ASTM F316 [9] adapted for macroporous ceramics (Figure 1Db).
Compressed air was introduced at the bottom of the shell, and pressure was
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gradually increased until the first air bubble appeared at the upper sample surface.
This validation confirms the accuracy of the segmentation and measurement
procedures applied in the present pore shape analysis.

RESULTS AND DISCUSSION

The automated MATLAB algorithm detected 5,077 individual pores on the
analyzed micrograph. Results of the pore shape analysis are summarized in
Figure 2 (a) and (b). The mean circularity of 0.48 and wide standard deviation
(£0.26) reveal a highly heterogeneous pore population, with most pores deviating
significantly from ideal circular geometry. The eccentricity distribution is shifted
toward higher values (median 0.85), confirming pronounced pore elongation, a
direct consequence of uniaxial pressing, where particle rearrangement occurs
preferentially perpendicular to the pressing direction during synthesis.
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Figure 2. (a) Circularity distribution histogram; (b) Eccentricity distribution
histogram.

This anisotropic morphology directly benefits filtration performance.
Elongated and irregular pores exhibit a higher surface-to-volume ratio than
spherical pores of equivalent diameter. The tortuous flow paths extend fluid
residence time, enabling ciprofloxacin removal. Furthermore, interconnected
elongated pores reduce "dead-end" porosity, maximizing utilization of the filter's
internal surface area. Varying preparation pressing pressure or employing
isostatic pressing could tune pore shape for optimal performance of the filter.

CONCLUSION

The automated MATLAB pipeline provides rapid feedback on morphological
effects, enabling efficient optimization of filter fabrication conditions. A
limitation is the single-micrograph analysis; future work should assess multiple
regions and replicate specimens. If a clay-based filter that removes
pharmaceuticals from water were to become an integral part of the water
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treatment system within the food and pharmaceutical industries, the quality of
the final products would increase, thereby directly benefiting public health and
quality of life.
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ABSTRACT

Chitosan-based edible films plasticized with ethyl lactate and enriched with
propolis and Fumaria officinalis extract (4 and 8 wt%) were developed and
characterized as potential active food packaging materials. Film morphology was
analyzed by optical microscopy and SEM, while antioxidant activity was
evaluated using DPPHe and ABTSe* assays. The 4 wt% film exhibited a compact
and homogeneous structure, indicating good dispersion of bioactive compounds
within the chitosan matrix. In contrast, the 8 wt% film showed increased
heterogeneity and visible aggregates, suggesting partial extract agglomeration at
higher concentrations. Both films demonstrated strong antioxidant activity,
which increased with extract content. The 8 wt% film showed significantly
higher DPPH+ scavenging activity, while ABTS<" inhibition remained above
95% for both samples.

INTRODUCTION

Edible films are biodegradable biopolymer-based layers applied directly to food
surfaces to improve quality, extend shelf life, and reduce moisture and oxygen
transfer. Among biopolymers, chitosan is widely used due to its excellent film-
forming ability, biocompatibility, biodegradability, and suitability for various
bioactive compounds that can enhance functional performance [1,2]. Natural
additives such as Fumaria officinalis extract and propolis are of particular
interest, as both are rich in phenolic compounds, responsible for strong
antioxidant and antimicrobial properties, contributing to additional protective
and bioactive effects in food packaging applications [3,4]. This study aimed to
develop chitosan-based edible films plasticized with ethyl lactate and enriched
with F. officinalis extract and propolis, and to evaluate their functional and
structural properties. The films were characterized in terms of antioxidant
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activity, surface morphology using optical microscopy and scanning electron
microscopy (SEM), and swelling behavior to assess their suitability for potential
application as active food packaging materials.

EXPERIMENTAL

The aerial part of F. officinalis was extracted with 50% ethanol (ultrasound-
assisted, 15 min), followed by solvent removal via rotary evaporation and storage
of the dried extract at 4°C [5]. Chitosan-based film-forming solutions were
prepared in aqueous lactic acid with triglyceryl citrate as a plasticizer. Propolis,
pre-emulsified with ethyl lactate and Glucopon®, was added to the chitosan
solution, followed by incorporation of fumitory extract at 4 and 8 wt%. The
mixtures were cast and dried to form films. Film morphology was analyzed by
optical microscopy and SEM. Antioxidant activity of the films was evaluated
using DPPHe and ABTSe* assays by measuring absorbance changes at 517 and
734 nm, respectively. Film samples (3 mg) were dissolved in PBS and reacted
with radical solutions prepared according to standard methods [5].

RESULTS AND DISCUSSION
At 4 wt%, the film surface is relatively uniform and compact, indicating good
dispersion of the extract in the chitosan matrix, with only minor irregularities
likely due to natural heterogeneity of chitosan films (Figure 1a).

Figure 1. Optical micrographs of films with propolis and Fumaria officinalis
extract: 4 wt% (a and c) and 8 wt% (b and d).

In contrast, the 8 wt% film shows a more heterogeneous surface with visible
aggregates, suggesting partial agglomeration of the extract and increased surface
roughness (Figure 1b). Cross-sectional images confirm these findings: the 4 wt%
film has a dense, continuous structure and good compatibility between
components. The 8 wt% film displays structural irregularities and reduced
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uniformity, likely due to saturation of interactions such as hydrogen bonding
between chitosan and extract constituents.

" e L L & nart
SEM HV: 20.0 kV WD: 6.02 mm [l MIRA3 TESCAN| SEM HV: 20.0 kV WD: 6.12 mm 1 |
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Figure 2. Images of scanning electron microscopy of films with propolis and
Fumaria officinalis extract: 4 wt% (a) and 8 wt% (b), 2000% magnification.

SEM micrographs revealed differences in the morphology of chitosan films
containing 4 and 8 wt% extract (Figure 2). The 4 wt% film exerted a
homogeneous, compact surface, indicating good dispersion of the extract within
the chitosan matrix. In contrast, the 8§ wt% film exhibited a more heterogeneous
morphology with visible aggregates, suggesting partial agglomeration and
reduced uniformity at higher extract concentration.

Table 1. Antioxidant potential of films with propolis and Fumaria officinalis
extract (4 and 8 wt%).

Sample Inhibition of DPPH* (%) Inhibition of ABTS<" (%)
Film with 4 wt% extract 53.64+1.15 95.33+2.61
Film with 8 wt% extract 89.06+2.13 98.34+1.99

Both films showed strong antioxidant activity, which increased with higher
extract concentration (Table 1). The 8 wt% film exhibited significantly higher
DPPH?e inhibition compared to the 4 wt% film, while both samples showed very
high ABTSe+" scavenging activity. The enhanced antioxidant potential is
attributed to the higher phenolic compound content from propolis and F.
officinalis extract [3-5]. ABTSe* inhibition values were higher than DPPHe for
both samples, suggesting greater effectiveness of the bioactive compounds
toward ABTS radicals, likely due to differences in radical solubility and reaction
mechanisms [6,7].
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CONCLUSION

Chitosan films containing propolis and F. officinalis extract exhibited promising
antioxidant properties and successful incorporation of bioactive compounds into
the polymer matrix. Increasing the extract concentration enhanced radical
scavenging activity, particularly against ABTSe*. The results indicate that
although the extract can be successfully incorporated into chitosan films, higher
loading reduces structural homogeneity and increases phase separation, which
may negatively influence key properties such as mechanical strength, flexibility,
and barrier performance. Nevertheless, the developed films show potential for
application as active edible packaging materials.
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ABSTRACT

Rosehip is a valuable source of polyphenols with significant antioxidant
potential. This study examined the influence of B-cyclodextrin (B-CD) on the
stability of total polyphenol content (TPC) in rosehip extracts prepared using a
natural deep eutectic solvent. During storage, TPC decreased in all samples, with
greater stability observed at 4°C than at 25°C. The addition of B-CD improved
polyphenol retention during storage, particularly at 4 wt%, indicating enhanced
protection of phenolic compounds through the inclusion complex formation.
These findings indicate that the combined use of B-CD and refrigerated storage
effectively enhances the stability of rosehip polyphenols.

INTRODUCTION

Rosehip is traditionally used as an anti-inflammatory medicinal plant with pain-
relieving properties [1]. Recent studies have investigated its potential in the
treatment of various disorders, including inflammatory diseases, arthritis,
diabetes, obesity, and cancer, mainly due to its antioxidant phytochemicals such
as ascorbic acid, phenolics, and fatty acids [1,2]. Cyclodextrins are promising
compounds for improving the solubility and stability of plant bioactives through
inclusion complex formation [3]. Cyclodextrin-based extraction is considered an
emerging green technology for efficient extraction and improved utilization of
polyphenols from plant materials [4-6].
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EXPERIMENTAL

Dried and ground rose hips were obtained from the Institute for Medicinal Plants
Research ”Dr Josif Panci¢”, Serbia. The rosehip extracts were prepared
employing an ultrasound probe Sonopuls (Bandelin, Germany) and natural deep
eutectic solvent (betaine and citric acid with 50% water) in the absence or
presence of B-cyclodextrin (B-CD, 2 and 4 wt%), the solid-to-solvent ratio of
1:100 g/mL, extraction time of 12 min, and amplitude of 43%. The total
polyphenol content (TPC) was determined in all samples using the modified
Folin-Ciocalteu assay [7] on the 1% and 30™ days after storage at 4°C and 25°C.

RESULTS AND DISCUSSION
Table 1 presents the total polyphenol content (TPC) of rosehip extracts prepared
using a natural deep eutectic solvent, with and without B-CD, monitored over 30
days of storage at 4°C and 25°C.

Table 1. Total polyphenol content (TPC) in rosehip extract with a natural deep
eutectic solvent in the absence and presence of B-cyclodextrin (B-CD).

Sample Storage TPC (mg GAE*/mL)
conditions 1 day 30" day
Extract without p-CD il 1.09+0.07 1.04+0.08
25°C ' ’ 0.98+0.05
Extract with 2 wt% B-CD il 1.07+0.10 LO1+0.01
25°C 0.97+0.05
Extract with 4 wt% [- 4°C 0.92+0.11
CD P 25°C 0.84+0.09 0.88+0.15

*GAE, gallic acid equivalent.

The TPC of rosehip extracts prepared using a natural deep eutectic solvent
showed only minor variations during storage and in the presence of B-CD. In the
absence of B-CD, TPC slightly decreased from 1.09+0.07 mg GAE/mL on the 1
day to 1.04+0.08 mg GAE/mL after 30 days at 4°C, while a more pronounced
reduction was observed at 25°C (0.98+0.05 mg GAE/mL). A similar trend was
observed for extracts containing 2 wt% B-CD, where TPC remained relatively
stable during storage at 4°C (1.07+0.10 to 1.01+0.01 mg GAE/mL), while a
decrease was recorded at 25°C (0.97+£0.05 mg GAE/mL). In contrast, the addition
of 4 wt% B-CD resulted in lower initial TPC values but generally maintained or
slightly improved stability over the storage period, particularly at 4°C (0.84+0.09
t0 0.92+0.11 mg GAE/mL). This suggests that higher cyclodextrin concentration
may enhance the formation of inclusion complexes with phenolic compounds,
thereby improving their resistance to degradation and/or oxidation during
storage. Namely, storage temperature had a stronger effect on phenolic stability
than B-CD concentration, indicating partial degradation or structural
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transformations of phenolic compounds under room temperature conditions.
Similar findings have been reported for rosehip-derived polyphenols, where
storage temperature significantly affected the stability and retention of bioactive
compounds [8,9].

(A) TPC during storage at 4 °C and 25 °C (B) Change in TPC after 30 days (at 4 °C)
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TPC - total polyphenol content (mg gallic acid equivalent (GAE)/mL), B-CD — p-cyclodextrin.
nsp>0.05, * p<0.05, * p<0.01, ** p <0.001, **** p < 0.0001.
Two-way ANOVA followed by Tukey's post hoc test (panel A). One-way ANOVA with Tukey's post hoc test (panel B). Pearson correlation (panel C).

Figure 1. Changes in total polyphenol content (TPC) and correlation analysis
as affected by storage temperature and B-cyclodextrin (-CD) concentration.

Figure 1 shows that storage temperature and B-CD concentration influence TPC
during storage. Although TPC decreased within all samples, formulations stored
at 4°C showed greater stability than those at 25°C. The addition of B-CD further
improved polyphenol retention, with 4 wt% B-CD providing the highest stability,
while samples without B-CD showed the greatest losses. Correlation analysis
confirmed a significant positive relationship between B-CD concentration and
TPC retention at 4°C. Namely, -CD encapsulation combined with refrigerated
storage effectively improved polyphenol stability.
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CONCLUSION

This study investigated the effect of B-CD and storage conditions on the stability
of polyphenols in rosehip extracts obtained using ultrasound-assisted extraction
with a natural deep eutectic solvent. The addition of B-CD improved the stability
of polyphenols during storage, while refrigerated conditions (4°C) significantly
enhanced total polyphenol content (TPC) retention compared to room
temperature. The most pronounced stabilizing effect was observed at 4 wt% [3-
CD, suggesting efficient inclusion complex formation with phenolic compounds.
These findings indicate that combining B-CD encapsulation with low-
temperature storage is a promising strategy for preserving bioactive compounds
in plant extracts.
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ABSTRACT

Extracts obtained from Hericium erinaceus (HeE) and Agaricus bisporus (AbE)
solid waste were investigated for their capacity to modulate the growth of the
probiotic (E. coli Nissle 1917) and foodborne pathogen (E. coli O157:H7)
Escherichia strains, and cytotoxic potential against the human hepatocellular
carcinoma cell line (HepG2). In selected assays, the tested concentrations did not
exceed 1 mg/mL. HeE extract stimulated growth, while AbE extract did not
disturb the growth dynamics of both E. coli strains. HeE extract exhibited
significant cytotoxicity towards HepG2 cells (up to 43.1%). The obtained results
confirmed that not only medicinal and edible mushrooms, but also their by-
products, could exhibit biological effects.

INTRODUCTION

Mushroom production generates a large amount of by-products such as waste
and off-grade mushrooms that lack market value, that ranges between 5% and
20% of production volume [1]. By-products generated during mushroom
production and processing are repurposed for energy production and
bioremediation, and could find applications as animal feed, fertilizer, bio-based
materials, and cosmeceuticals [2]. With this in mind, the discarded material from
mushroom extraction could retain bioactives, the levels of which vary according
to the specific extraction technique used. To date, components derived from
specific medicinal mushrooms have become valuable ingredients of a functional
food and dietary supplements [3]. Lion’s mane mushroom, Hericium erinaceus,
based supplements and products exhibit a diverse array of biological activities,
including antimicrobial, immunoregulating, antioxidant, anti-inflammatory,
hypolipidemic, and antiviral functions. In general, edible and medicinal
mushrooms could serve as prebiotics, promoting the formation of the gut
microbiota and so providing health benefits to the host [4]. H. erinaceus products
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are available in various forms, including health wines, beverages, teas, extracts
and solid food products [5]. Among the frequently grown varieties is also the
button mushroom, Agaricus bisporus (J.E. Lange), which is widely cultivated in
Europe and comprises about 32% of the world mushroom production [1]. The
purpose of this study was to verify whether fungal by-products, much like the
fungi they originate from, can be considered as carriers of biological activities.
Therefore, this study investigates whether the extracts prepared from A. bisporus
and H. erinaceus solid waste (AbE and HeE) can modulate growth of both
probiotic and foodborne pathogen Escherichia coli strains and exert in vitro
cytotoxicity towards hepatocarcinoma cells (HepG2).

EXPERIMENTAL

Mushrooms by-products were collected after commercial preparation of water
extracts (Serbia). Here, AbE and HeE solid waste has been subjected to
maceration in a 50% water/ethanol solution for 24 h with constant stirring (150
rpm). Then the liquid was separated from the plant material, filtered, and
centrifuged (6200%g, 10 min). The solvent was evaporated using a rotary
evaporator at 39°C under vacuum. The dried extracts were dissolved in ethanol
to a final concentration of 100 mg/mL. Determination of growth curves was
based on the methodology of Lehtinen ef al. [6]. A cytotoxicity assay was carried
out against HepG2 cells with AbE and HeE by employing an MTT assay [7].
GraphPad Prism 6.0 software was used for statistical data analysis.

RESULTS AND DISCUSSION

E. coli is the most dominant gram-negative bacterium of the normal intestinal
microbiota. Among E. coli strains, probiotic strains, as well as pathogens and
pathobionts, were recognized. Our study assessed the growth dynamics of
probiotic E. coli Nissle 1917 and the foodborne pathogen E. coli O157:H7 with
and without AbE and HeE extracts (Figure 1). HeE extract stimulated growth of
both E. coli strains, while AbE extracts did not disturb the growth dynamics of
E. coli strains. By contrast, 4. bisporus was capable to stimulate the growth of
G-positive probiotic bacteria. El-Maradny [4] demonstrated that polysaccharide
extracts from A. bisporus significantly stimulated the growth of L. paracasei.
Contrary to our results, Ramos et al. [8] discussed that crude extracts obtained
from A. bisporus exert anti-E. coli activity. It has also been discussed that H.
erinaceus exert antibacterial effect against G-positive and G-negative bacteria
including E. coli [9].
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Figure 1. Growth dynamic of the E. coli strains during 24 h with AbE and HeE
treatment. GC-growth control; A-antibiotic, vancomycin.

Previously, it has been confirmed that compounds isolated from H. erinaceus,
such as the bioactive peptide Lys-Ser-Pro-Leu-Tyr (KSPLY, Mw 608.38 Da)
lack cytotoxic potential. Moreover, it contributed to the proliferation of HepG2
cells [10]. In our study, HeE extracts significantly decreased the viability of
HepG2 cells (up to 43.1%). Next, literature data indicated that A. bisporus
exhibited cytotoxicity against HepG2 [11]. Within this study, we found no
evidence of cytotoxicity in the by-products derived from 4. bisporus.
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Figure 2. HepG2 cell viability. C-growth control. A significant difference in
means between samples and control according to the Dunnett's test (p<0.05).

CONCLUSION

Edible mushrooms are recognized not only for their nutritional value but also for
their diverse biological activities. Here, it was confirmed that extract from
Hericium erinaceus solid waste can also exhibit prominent bioactivity.
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ABSTRACT

The presence of pesticide residues in fruits represents an important aspect of food
quality and consumer safety. This study aimed to evaluate the occurrence and
distribution of multiple pesticide residues in conventionally and organically
produced fruits available on the Serbian market. Fruit samples from different
groups (berries, stone fruits, and citrus fruits) were analyzed using GC-MS. The
most frequently detected pesticides were cypermethrin, fludioxonil, boscalid, and
tebuconazole. Berries and stone fruits showed the highest diversity of detected
residues, while organic fruits generally exhibited lower residue occurrence. The
highest individual concentrations were observed for imazalil in sour cherry and
pyraclostrobin in raspberry samples. Although most detected concentrations
were within regulatory limits, the findings demonstrate that pesticide application
during cultivation may result in detectable residues in fruits and highlight the
importance of continuous monitoring.

INTRODUCTION

Fruit consumption is strongly associated with beneficial health effects due to the
presence of many bioactive compounds. Intensive agricultural production
requires the application of plant protection products to prevent losses. Although
pesticides play an important role in modern agriculture, their intensive or
inappropriate use may result in the accumulation of residues in edible plant parts.
The presence of pesticide residues in food represents an important food safety
concern due to possible long-term dietary exposure and potential adverse effects
on human health. To protect consumers, maximum residue limits (MRLs) have
been established by national and international regulatory bodies, while
continuous monitoring programs are implemented to verify compliance and
assess dietary exposure. Previous studies [1,2] have shown that fruits,
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particularly berries and stone fruits, belong to the food groups where multiple
pesticide residues are frequently detected. Differences in residue occurrence may
be related to agricultural practices, crop susceptibility, environmental conditions,
and post-harvest treatments.

The aim of this study was to investigate the occurrence and distribution of
pesticide residues in different fruits available on the Serbian market, with
emphasis on comparing conventional and organic production systems and
evaluating their implications for food safety.

EXPERIMENTAL

Conventionally and organically produced fruit samples (a total of 77 samples),
including berries, stone fruits, and citrus fruits, were obtained from the Serbian
market over two years. Samples were homogenized and prepared for pesticide
residue analysis using a multiresidue extraction procedure based on the
QuEChERS method. The determination of pesticide residues was performed by
gas chromatography coupled with tandem mass spectrometry (GC-MS).

RESULTS AND DISCUSSION

The summary of detected pesticide residues in different fruit categories from the
Serbian market is presented in Table 1. The analysis of 77 fruit samples
demonstrated that pesticide residues were detected in most of the samples, while
residue occurrence and composition varied among different fruit types. It was
shown that various pesticide residues belong mainly to fungicides and
insecticides (such as fludioxonil, boscalid, tebuconazole, pyraclostrobin,
cypermethrin, pyridaben, imazalil) (Table 1).

Berries, including raspberry, blackberry, strawberry, and blueberry, showed
the highest diversity of detected pesticide compounds. Frequently identified
residues included cypermethrin, fludioxonil, boscalid, and tebuconazol (Table 1).
Several berry samples contained multiple pesticide residues simultaneously,
suggesting the intensive use of combined crop protection treatments during
production. Among berry samples, the highest concentrations were observed for
pyraclostrobin (0.5522 mg kg™') and boscalid (0.3867 mg kg!) in raspberry
samples (Table 1).

Stone fruits, including plum and sour cherry, also demonstrated considerable
variability of pesticide residue. Fludioxonil, cypermethrin, tebuconazole, and
other fungicides were commonly detected. The highest individual concentration
observed in the dataset was recorded for imazalil (1.2842 mg/kg, Table 1) in sour
cherry samples, indicating the importance of continuous monitoring of certain
fruit commodities with higher susceptibility to fungal contamination or post-
harvest treatments. Pyridaben, which is an insecticide in the acaricide group, was
important for plum samples, with the highest value of 0.144 mg/kg (Table 1).
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Table 1. Summary of detected pesticide residues in different fruit categories
from the Serbian market.

. No. of | Most frequently Max detecfed Food safety
Fruit group . . concentration .
samples| detected pesticides 1 observation
(mg kg™)
I(Sr;rlgz Cypermethrin, Multiple residues
poerty, Fludioxonil, frequently detected,
blackberry, 39 . up to 0.55
strawberry Boscalid, levels generally
’ Tebuconazole below MRLs
blueberry)
Stone fruits Fludioxonil, .
. Occasional elevated
(plum, Cypermethrin, . p
21 up to 1.28 residues requiring
sour cherry, Tebuconazole, ..
. . monitoring
apricot) Imazalil
Citrus fruits Cypermethrin, Low residue
2 : <0.02
(lemon) Imazalil occurrence
Fludioxonil, fre Llfezzr rce(?;guzred
Organic fruits 15 Cypermethrin, <0.05 4 y comp
. . with conventional
Boscalid (sporadic) fruits

Organic fruits generally exhibited a lower number of detected residues
compared with conventional samples. However, occasional detection of pesticide
compounds was observed, which may be associated with environmental
contamination and spray drift from neighboring agricultural areas.

Overall, the detected concentrations were generally low, and the residue
patterns were comparable with those reported by the European Food Safety
Authority (EFSA) [3]. The obtained residue profiles indicate that pesticide
occurrence is highly dependent on fruit type and production conditions. In
addition, the presence of multiple residues in individual samples highlights the
necessity of regular surveillance programs. These results contribute to the current
knowledge of pesticide residue occurrence in fruit available on the Serbian
market and provide useful data for future exposure assessment and food safety
evaluation.

CONCLUSION

This study provides an overview of pesticide residue occurrence in different fruit
samples available on the Serbian market. The results demonstrated variability in
residue profiles among berries, stone fruits, and citrus fruits, with multiple
pesticide residues detected in several samples. Fungicides and insecticides
represented the predominant groups of detected pesticides, reflecting their
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widespread application in fruit production. Among the detected fungicides,
pyraclostrobin was identified in several berry samples, with the highest
concentration observed in raspberry samples. Organic fruits generally showed a
lower frequency of pesticide detection. However, the occasional detection of
pesticide residues emphasizes the need for continuous monitoring programs to
provide reliable data for dietary exposure assessment, support regulatory actions,
and ensure consumer confidence in food safety. The obtained data contribute to
a better understanding of pesticide contamination patterns in fruits and provide
valuable information for future food safety evaluations and consumer exposure
assessments.
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ABSTRACT

Sodium nitrite (NaNO-) and butylated hydroxyanisole (BHA) are food additives
that may undergo chemical interactions in acidic conditions, influencing
oxidative processes. This study assessed their individual and combined effects
on ROS and mitochondrial membrane potential in MRC-5 fibroblasts exposed
for 3h at pH 7.0 and pH 5.5. ROS were measured using DCFH-DA, and
mitochondrial potential using TMRE. No significant alterations in mitochondrial
membrane potential were observed following any of the applied treatments,
while intracellular ROS production was significantly increased under acidic
conditions, particularly after combined NaNO: and BHA exposure. Overall, the
findings indicate that combined NaNO. and BHA treatment significantly altered
intracellular ROS levels under acidic conditions, but not at physiological pH,
suggesting a synergistic effect of the treatment on ROS induction without
accompanying alterations in mitochondrial membrane potential.

INTRODUCTION

Reactive oxygen and nitrogen species (ROS/RNS) regulate cellular signaling and
redox homeostasis, whereas their excessive production induces oxidative stress
[1]. pH strongly influences intracellular redox balance and the formation of
reactive intermediates [2]. Under acidic conditions, sodium nitrite (NaNO-)
generates reactive nitrogen species through nitrous acid formation [3,4].
Although butylated hydroxyanisole (BHA) is a widely used antioxidant, it may
also exhibit pro-oxidant effects depending on the redox environment [5]. Since
sodium nitrite and BHA may coexist in the acidic gastric environment following
dietary exposure, they may undergo chemical interactions leading to the
formation of reactive intermediates with potential carcinogenic properties [6].
Therefore, their combined effects under acidic conditions need further attention.
Accordingly, we investigated the individual and combined effects of NaNO: and
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BHA on ROS production and mitochondrial membrane potential in MRC-5
fibroblasts under neutral and acidic (pH 5.5) conditions.

EXPERIMENTAL

Human fetal lung fibroblasts (MRC-5) were cultured under standard conditions
(37 °C, 5% CO:z). Cells were exposed for 3 h to NaNO- (20 and 50 uM) and BHA
(20 and 50 uM), individually or in combination, in HBSS (10% FBS) at neutral
pH or pH 5.5 (adjusted with 2 N HCI). The selected concentrations were chosen
based on preliminary XTT cytotoxicity experiments to ensure subcytotoxic
exposure while allowing the assessment of early oxidative responses
[unpublished data]. Untreated cells in HBSS (pH 7.0, and pH 5.5) served as
controls. Intracellular ROS levels were measured using 2',7'-dichlorofluorescin
diacetate (DCFH-DA) according to a previously described fluorimetric method.
Briefly, following treatment, cells were incubated with 20 uM DCFH-DA for 30
min at 37 °C in the dark, and fluorescence intensity was measured at
excitation/emission wavelengths of 485/535 nm [7]. Mitochondrial membrane
potential (A¥m) was assessed using TMRE, a fluorescent dye that accumulates
in mitochondria according to the mitochondrial membrane potential. Cells were
incubated with 2 puM TMRE for 30 min at 37 °C, washed with PBS, and
fluorescence was measured at 549/575 nm [8]. The combined effect of BHA and
NaNO: treatment was evaluated using the Bliss independence model by
comparing experimentally observed and predicted combination effects, with
ABliss values used to determine synergistic, additive, or antagonistic interactions
[9]. Statistical analysis was performed using one-way ANOVA (IBM SPSS),
with p < 0.05 considered statistically significant.

RESULTS AND DISCUSSION

At physiological pH (7.0), individual treatments increased ROS without
statistical significance, apart from treatment with 50 uM BHA (p < 0.05).
Moderate ROS increases do not necessarily indicate oxidative damage, since low
ROS levels also participate in physiological redox signaling [1,10]. Under acidic
conditions (pH 5.5), only combined exposure increased ROS-associated
fluorescence levels, resulting in strong synergistic effects confirmed by Bliss
analysis. The synergistic effect of combined treatments under acidic conditions
was more pronounced at higher tested concentrations with 50 pM BHA and 50
uM NaNO?2 (Figure 1, B). Acidification promotes nitrite conversion into reactive
nitrogen intermediates, enhancing oxidative and nitrosative stress [4].
Interactions between ROS and RNS may generate highly reactive oxidants,
which may contribute to oxidative damage [11]. In addition, BHA may exhibit
pro-oxidant activity under specific redox conditions and, together with nitrite,
may influence reactive species formation [5].
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A DCF assay
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Figure 1. Effects of NaNO:, BHA, and combined treatments on intracellular
ROS levels in MRC-5 cells. (A) DCF assay after 3 h exposure at pH 7.0 and
5.5. Results are expressed as % of untreated control. *p < 0.05; **p <0.01. (B)
Bliss independence analysis of combined NaNO: and BHA treatments at pH 5.5
showing predicted (Egiiss), experimental, and ABliss values.
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Figure 2. Mitochondrial membrane potential in MRC-S fibroblasts exposed to
NaNO2, BHA, and combined treatments, at pH 7.0 and pH 5.5, determined by
the TMRE assay. The results are presented as a percentage of the untreated
control.

TMRE analysis did not reveal significant changes in mitochondrial membrane
potential, suggesting that within the 3 h treatment window, ROS alterations were
mainly associated with NaNO: and BHA exposure rather than mitochondrial
dysfunction. Further studies are needed to determine how these early oxidative
responses influence subsequent cellular outcomes.

CONCLUSION

Combined sodium nitrite (NaNO:) and butylated hydroxyanisole (BHA)
exposure induced pH-dependent changes in intracellular ROS production in
MRC-5 cells, with a pronounced pro-oxidative response under acidic conditions
and no significant changes in mitochondrial membrane potential. Bliss
independence analysis confirmed synergistic ROS induction under acidic
conditions, particularly following treatments with higher food additive
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concentrations. Since these additives may coexist in the acidic gastric
environment following dietary intake, the findings highlight the importance of
evaluating their combined biological effects for food safety assessment.
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ABSTRACT

Widely perceived as a natural and safer alternative to synthetic pesticides, neem
(Azadirachta indica) seed oil is extensively used as a biopesticide in agriculture;
however, its potential effects following inhalation exposure remain insufficiently
characterized. This study assessed its cytotoxicity in the human lung epithelial
A549 cell line using the MTT assay. A significant concentration-dependent
decrease in cell viability was observed, with minimal effects at low
concentrations and pronounced cytotoxicity at higher concentrations. These
findings indicate that neem seed oil can exert cytotoxic effects relevant to
inhalation exposure, emphasizing the need for careful safety evaluation under
realistic conditions of use. Further studies are warranted to better characterize the
mechanisms of toxicity and to support a more comprehensive evaluation of the
safety of neem-based biopesticides.

INTRODUCTION

To date, thousands of plant species have been evaluated for pest and disease
control in modern agriculture, leading to the widespread use of numerous
horticultural mineral oils, botanical extracts, and essential oil-based
formulations. Among these, neem (Azadirachta indica) seed oil has gained
widespread use owing to its reported insecticidal, antifungal, and antibacterial
effects, which are attributed to its complex chemical composition, rich in
bioactive compounds such as azadirachtin, nimbin, salannin, and various fatty
acids [1].

While neem oil is often considered relatively safe based on traditional use and
low acute toxicity in mammals, its complex chemical composition and
formulation additives may trigger adverse cellular responses under certain
exposure conditions [2]. Neem-based formulations are commonly applied as
sprays, generating aerosols and fine droplets that can be inhaled by operators and
individuals in the surrounding environment. In this context, its increasing use as
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a sprayable biopesticide has raised questions about human exposure under
realistic use conditions. This study aims to investigate its cytotoxic potential
using the human lung epithelial cell line A549 as a model system. The A549 cell
line is commonly used in toxicological research as a model for respiratory
exposure and to evaluate the cytotoxic effects of inhaled toxicants [3]. By
focusing on inhalation exposure scenarios, the study's findings are intended to
contribute to a more comprehensive understanding of the safety profile of neem-
based biopesticides and to support their responsible use.

EXPERIMENTAL

Preparation of neem seed oil treatment solutions

Commercially available, cold-pressed neem (Azadirachta indica) seed oil
(Eterra, TemaCo d.o.o., Novi Sad, Serbia; country of origin: India) was used in
the experiments. Stock emulsions of neem oil were prepared by mixing the oil
with the surfactant Tween 20 (Sigma-Aldrich, France) and Dulbecco’s Modified
Eagle Medium (DMEM) (Thermo Fisher Scientific, USA). Working
concentrations were prepared by serial dilution.

Cell culture

A549 cells (ATCC CCL-185, Manassas, VA, USA) were cultured in DMEM
supplemented with 10% fetal bovine serum (Capricorn Scientific, Germany) and
1% penicillin/streptomycin (Capricorn Scientific, Germany) at 37 °C in 5% CO..
Cell viability and density were assessed by trypan blue exclusion, as previously
described [4]. Cells were seeded in 96-well plates (1 x 10* cells/well), allowed
to attach and form a monolayer for 24 h, and then treated with neem oil at final
concentrations of 0.01-2 mg/mL for 24 h. Untreated cells served as negative
controls. The final concentration of Tween 20 in the cultures did not exceed the
toxicity threshold (<0.01%) [5], except at 2 mg/mL neem seed oil, where it
reached 0.02%, so a corresponding solvent control (0.02% Tween 20) was
included. All experiments were performed in triplicate.

Cytotoxicity assessment (MTT assay)

Cytotoxicity was assessed using the MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) assay. The absorbance was measured at 570 nm
(reference 630 nm). Cell viability was expressed relative to untreated controls.
The 1Cso was defined as the concentration that reduced cell viability by 50%.
Statistical analysis

Statistical analysis was performed using the Student's t-test with Statistica 8 and
OriginPro 8.5.1 for Microsoft Windows. The p value < 0.05 was considered
statistically significant.

RESULTS AND DISCUSSION

The results of the study demonstrate a concentration-dependent cytotoxic effect
of neem oil after 24 h of exposure, with substantial reductions in cell viability at
concentrations >0.5 mg/mL (p < 0.05) and near-complete loss of viability at 2
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mg/mL (p < 0.001) (Fig. 1.). The calculated ICso value (0.89 mg/mL) indicates
moderate cytotoxic potency under the tested conditions. While cell viability
remained above ~85-90% at concentrations <0.025 mg/mL, suggesting limited
acute toxicity in this range, the progressive decline observed at 0.05 mg/mL and
above indicates the onset of cellular stress.

80

60

Cell viability (%)

40 -

20+
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Tween Control 0.01 0.025 005 0.1 025 05 1 2
20

Concentration (mg/mL)

Figure 1. Cell viability (%) (mean £+ SD) following exposure to increasing
concentrations of neem seed oil, calculated relative to the untreated control
(100%) for all tested concentrations. *p<0.05, **p<0.01, ***p<0.001 compared
to control.

At the highest concentration, viability decreased to 6.88%, confirming
pronounced cytotoxicity. Notably, treatment with Tween 20 (0.02%) alone
resulted in approximately 70% viability, indicating that the additional reduction
is primarily attributable to the intrinsic toxicity of neem oil rather than the
surfactant. This distinction is important, as it highlights that the biological
activity of neem-based formulations may not always be attributed solely to the
active substance but may instead reflect the combined, potentially additive
effects of both active and formulation constituents. The observed cytotoxicity of
neem oil may be associated with mitochondrial dysfunction and disruption of
membrane integrity, leading to impaired metabolic activity. Limonoids such as
azadirachtin are known to interfere with multiple cellular signaling pathways and
may contribute to the observed effects [6].

From a safety perspective, concentrations that induce pronounced cytotoxicity
exceed those typically encountered in environmental exposure; however,
localized exposure, such as inhalation of aerosolized droplets during spraying or
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occupational handling, may transiently elevate concentrations at the epithelial
surface. A recent study further supports this concern, showing a significantly
higher prevalence of respiratory symptoms and impaired lung function in
workers exposed to neem oil processing compared with controls, indicating
adverse effects from aerosols, dust, and associated chemicals [7].

CONCLUSION

The observed cytotoxicity in A549 cells suggests that inhaled neem oil may
adversely affect the respiratory epithelium. Further studies are warranted to better
characterize its safety profile under realistic exposure conditions.
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ABSTRACT

Microgreens are young, small plants with high nutrient content. They were
cultivated hydroponically in three media. After measuring growth parameters,
the antioxidant capacity of the plant extracts was evaluated using DPPH and
cyclic voltammetry. Hoagland solution influenced the greatest plant growth, and
both analytical methods confirmed that the cultivation media significantly
influenced the antioxidant status and redox properties of the microgreens.

INTRODUCTION

Microgreens are young edible plants that have been increasingly used in culinary
applications in recent decades as food ingredients because of their distinctive
aroma, texture, decorative appeal, and nutritional value. They are characterized
by fully developed cotyledons and one to two pairs of true leaves and contain a
high concentration of vitamins, minerals, and bioactive compounds, including
antioxidants, compared with their mature counterparts. They are harvested
without roots, and their early harvest stage makes them attractive for
incorporation into human diet [1]. Microgreens have great potential for modern
agrotechnological production systems and may serve as nutrient-rich functional
food ingredients because they contain elevated levels of nutritional and bioactive
compounds associated with human health [1,2]. Antioxidant capacity is an
indicator of the biological properties of plant extract, reflecting their ability to
scavenge free radicals and participate in electron-transfer processes. potential to
neutralize free radicals and support physiological functions. The DPPH assay is
commonly used to evaluate the free radical scavenging capacity of antioxidants
through hydrogen atom or electron transfer mechanisms, whereas cyclic
voltammetry (CV) provides information on the overall reducing capacity of
electroactive compounds present in plant extracts. Electrochemical methods are
“green,” eco-friendly approaches for assessing the electron-donating ability of
plant antioxidants, without the need for hazardous organic solvents. In addition,
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CV can be advantageous for the analysis of colored plant extracts, as the
electrochemical response is not directly affected by sample coloration, which
may interfere with spectrophotometric measurements. CV also provides
information on the redox properties and electron-transfer behavior of the
electroactive compounds, offering complementary insight into the antioxidant
characteristics of complex plant matrices. The aim of this study was to compare
three hydroponic cultivation media in terms of their effects on the growth and
antioxidant capacity of microgreens using conventional spectrophotometric and
electrochemical methods.

EXPERIMENTAL

Two different microgreens, Mung bean and Green peas (Vigna radiata and
Pisum sativum), were cultivated hydroponically in three different media:
demineralized water (W), Hoagland (HG) [3], and commercial compound
fertilizer for growth in hydroponic systems (HI). Seeds were grown under
controlled environmental conditions at 24 °C, 45% relative humidity, and 445
ppm COs. After 8 days of growth, plant, root, and shoot lengths were measured
and expressed as mean £ SD (n=50). Microgreens were homogenized in liquid
nitrogen, extracted with methanol (1:10), and radical-scavenging activity was
determined spectrophotometrically using 1 mM DPPH [4]. The redox potential
of the water extracts after plant homogenization was measured by cyclic
voltammetry (CV). All results are presented as mean + SD.

RESULTS AND DISCUSSION

After eight days of cultivation, both Vigna radiata and Pisum sativum
microgreens developed in all three media, and microgreens cultivated in HG
exhibited the greatest development compared with those grown in water and
commercial hydroponic medium. Plant growth was assessed by measuring shoot
and root lengths (Fig. 1). Higher biomass production in HG medium was
observed for both species, indicating preferential allocation of growth to the
Pisum sativum root system in HG compared to other media.
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Figure 1. The effect of different media on the growth of microgreens.
(W- Water, HG- Hoagland, HI- hydroponic system)

The antioxidant capacity of the microgreens was evaluated by DPPH radical
scavenging assay and cyclic voltammetry (Fig. 2). Both analytical approaches
revealed differences among cultivation media, although differences depended on
the analytical method and plant species. The observed trends indicate that
nutrient composition influences not only plant growth but also the redox
properties of the microgreens. The use of DPPH and CV methods provided
complementary information regarding antioxidant properties. A qualitative trend
was observed, with microgreens exhibiting greater plant growth, generally
showing higher redox activity in the water extracts. The higher antioxidant
activity observed in nutrient-enriched media agrees with earlier findings
suggesting that mineral nutrition influences the synthesis of bioactive compounds
and the redox status of plants [5].

70 "
g 60 18
16
=
S _50 14
S =
7 =40 on
L 2w
S 230 S
£z B
o 20 6
& 4
g v 2
0 0
Vigna radiata Pisum sativium Vigna radiata Pisum sativim
=W = HG = HI A =W s HG =HI

Figure 2. Comparison of antioxidant potential in microgreens determined by
DPPH assay (A) and CV method (B).
(W- Water, HG- Hoagland, HI- hydroponic system)
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CONCLUSION

The results indicated the influence of hydroponic medium composition on the
growth and antioxidant properties of microgreens. Among the tested media, the
Hoagland nutrient solution showed the most favourable conditions for promoting
plant growth, while both DPPH and CV confirmed that cultivation conditions
affect antioxidant capacity.
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ABSTRACT

Microgreens are a functional food rich in vitamins, minerals, and bioactive
compounds with antioxidant properties. The aim of this study was to examine the
effect of selenium supplementation (0.1, 0.5, 1, and 10 mg/L) on the growth,
Normalized Difference Vegetation Index (NDVI), and antioxidant capacity of
Vigna radiata microgreens grown under hydroponic conditions. The plants were
treated with different selenium concentrations during cultivation, after which
plant length and NDVI value were measured. Antioxidant capacity was
determined using the DPPH method. The results showed that selenium
supplementation at 0.5 mg/L increased antioxidant capacity and NDVI values,
whereas higher concentrations negatively affected growth and antioxidant
capacity, confirming the potential of selenium for supplementation of functional
foods.

INTRODUCTION

In recent years, microgreens have become increasingly prominent in the food
industry, driven by heightened consumer awareness of nutrition and by their
appealing appearance, texture, and diverse colors, aromas, and flavors, which
have contributed to their popularity in contemporary gastronomy and high-end
restaurants. Microgreens are young vegetable plants harvested shortly after the
development of cotyledon leaves and can be consumed, providing substantial
amounts of vitamins, minerals, dietary fiber, and bioactive compounds. Their
short cultivation and harvest cycles, minimal spatial requirements, and high
market value position microgreens as a significant crop for sustainable food
production. A wide range of plant species is used for microgreen cultivation, with
notable interspecies variation. Even small quantities of microgreens provide
substantial nutritional benefits, comparable to much larger amounts of mature
vegetables. Particular emphasis is placed on their content of bioactive substances,
including carotenoids, polyphenols, anthocyanins, and phylloquinones, as well
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as micronutrients [1, 2]. Selenium is an essential trace element that plays a critical
role in antioxidant defense, immunomodulation, thyroid regulation, and various
metabolic processes in humans and animals, but uneven global soil distribution
leaves approximately 15% of the global population deficient. To combat hidden
hunger in mineral-malnourished countries, agronomic biofortification can be the
most suitable dietary intervention. In plants, low concentrations of selenium can
promote growth, enhance the synthesis of bioactive compounds, and increase
antioxidant capacity [3, 4]. Hydroponic systems are among the most widely used
methods for cultivating microgreens, allowing plants to grow under controlled
conditions by supplying nutrient solutions and regulating parameters such as
light intensity, temperature, and humidity [5]. These systems facilitate precise
management of mineral nutrient availability and provide an effective model for
the biofortification of plants with micronutrients. This study aims to investigate
the effects of selenium supplementation on the growth, NDVI, and antioxidant
capacity of hydroponically cultivated Vigna radiata (L.) Wilczek microgreens
(Mung bean).

EXPERIMENTAL

V. radiata microgreens were cultivated hydroponically in Hoagland solution
supplemented with selenium at concentrations of 0-10 mg/L (Na>SeO3). Seeds
were grown under controlled environmental conditions at 24 °C, 45% relative
humidity, and 442 ppm COz. After 8 days of growth, plant, root, and shoot
lengths were measured and expressed as mean + SD (n = 50). Additionally, a CI-
710s SpectraVue Leaf Spectrometer - CID Bio-Science was used to obtain leaf
spectra from 330 to 1100 nm and to calculate the Normalized Difference
Vegetation Index (NDVI). Fresh microgreens (n = 50) were homogenized in
liquid nitrogen, and Se content was detected by ICP-MS, Single Quadrupole
(Thermo Fisher Scientific). Radical-scavenging activity was determined
spectrophotometrically (Shimadzu UV-1280, Shimadzu Europa GmbH,
Germany) in methanol-extracted (1:10) plant homogenates using 1 mM DPPH.
All results are presented as mean + SD. Statistical analysis was performed using
one-way ANOVA. Differences were considered statistically significant at p <
0.05.

RESULTS AND DISCUSSION

An increase in selenium accumulation was observed in the plants, with selenium
content increasing from 0.45 mg/kg DW in the control to 9.80 mg/kg DW in
plants grown at the highest selenium concentration (10 mg/L). A slight increase
in selenium content in plants was observed in media with 0.5 and 1 mg/L
NazSeOs. The measured lengths of V. radiata microgreens after 8 days of growth
under different selenium concentrations are shown in Figure 1A. Selenium
supplementation affected growth, with the most stimulatory effect observed at
0.5 mg/L Se. At this concentration, both root and shoot elongation increased
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compared to the control grown without selenium. In contrast, higher selenium
concentrations showed an inhibitory effect on plant growth. A reduction in root
length was observed as selenium levels increased, indicating that the root system
was more sensitive to selenium-induced stress than the aerial parts of the
microgreens. Additionally, the NDVI of microgreen leaves showed a slight
increase at a selenium concentration of 0.5 mg/L. compared to control plant leaves
grown in medium without Se (Fig. 1B). This increase suggests improved
photosynthetic performance and chlorophyll status of the microgreens at low
selenium concentrations.
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Figure 1. Effect of different selenium supplementation on hydroponic growth
(A), and NDVI values (B) of V. radiata microgreens. Statistically significant
difference compared to the control (*p < 0.05).

DPPH radical scavenging capacity increased in plants grown hydroponically
in a medium with 0.5 mg/L selenium (Fig. 2), whereas higher selenium
concentrations reduced antioxidant activity in microgreens. Low selenium
concentrations may stimulate antioxidant activity, whereas excessive selenium
may induce oxidative stress and reduce antioxidant capacity.
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Figure 2. DPPH radical scavenging activity of V. radiata microgreens.
Statistically significant difference compared to the control (*p < 0.05).

CONCLUSION

Applying selenium in hydroponic systems represents a promising strategy for
improving selected functional properties of microgreens. Studying selenium’s
effects on the growth and antioxidant capacity of V. radiata microgreens helps
clarify their potential as functional foods. Results show that low selenium
concentrations can promote plant development by supporting metabolic activity.
Therefore, 0.5 mg/L selenium appears to be the most suitable concentration for
improving the growth and antioxidant capacity of V. radiata, whereas higher
concentrations inhibited growth and antioxidant capacity.
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ABSTRACT

Although zaleplon is widely prescribed for short-term insomnia, its effects on
peripheral redox homeostasis remain poorly understood. This study investigates
the impact of zaleplon administration on systemic and hepatic oxidative status in
adult male Wistar rats. Animals were treated intraperitoneally with zaleplon
(0.625 mg/kg) or vehicle (physiological saline) for five consecutive days.
Twenty-four hours after the final treatment, serum and liver samples were
collected and prooxidant-antioxidant balance (PAB), advanced oxidation protein
products and lipid peroxidation markers were assessed. Zaleplon increased serum
protein oxidation and lipid peroxidation, while the PAB remained unchanged. In
contrast, hepatic analysis revealed a shift toward a pro-oxidative state without
significant alterations in protein or lipid oxidative damage. This tissue-specific
response underscores the necessity of multi-biomarker approaches to fully
evaluate the peripheral redox impact of hypnotic agents.

INTRODUCTION

Zaleplon is a non-benzodiazepine “Z-drug” approved for short-term insomnia
treatment [1]. Its rapid onset, ultra-short half-life, and absence of active
metabolites provide a favorable pharmacokinetic profile with reduced residual
effects compared with classical benzodiazepines. However, despite their
perceived safety, Z-drugs are increasingly linked to misuse, dependence, and
withdrawal, warranting further investigation into their systemic biological effects
[2].

Since the liver is the primary site of xenobiotic metabolism, drug
biotransformation can trigger reactive oxygen species generation and disrupt
redox homeostasis, ultimately causing oxidative modifications to proteins and
lipids [3]. Although zaleplon undergoes extensive hepatic clearance, its impact

105



on systemic and hepatic redox balance following repeated exposure remains
insufficiently explored.

To capture these redox disturbances and potential macromolecular damage,
evaluating a panel of complementary biomarkers, specifically prooxidant-
antioxidant balance (PAB), advanced oxidation protein products (AOPP), and
lipid peroxidation products (LPO), is essential. Therefore, this study aimed to
investigate the effects of repeated zaleplon administration on systemic and
hepatic oxidative status in rats.

EXPERIMENTAL

All procedures complied with EU Directive 2010/63/EU and were approved by
the Ethics Committee for the Use of Laboratory Animals of the Vinca Institute
of Nuclear Sciences — National Institute of the Republic of Serbia, University of
Belgrade (license No. 323-07-06,688/2020-05). Adult male Wistar rats, were
randomly assigned to two groups, receiving daily intraperitoneal injections
(08:00-09:00 h) of physiological saline (vehicle, Control group, n=6) or zaleplon
(0.625 mg/kg, Zaleplon group, n=6) for five consecutive days. Twenty-four
hours post-treatment, animals were decapitated (Harvard Apparatus guillotine,
Holliston, MA, USA). Trunk blood was collected, centrifuged (3000 rpm, 15
min; Heraeus Labofuge GL, Hanau, Germany), and serum was stored at -80 °C
alongside rapidly excised liver tissue. Analytical-grade chemicals were
purchased from Sigma-Aldrich (St. Louis, MO, USA). Serum and hepatic PAB,
AOPP and LPO (expressed as malondialdehyde (MDA) and 4-hydroxynonenal
(HNE) levels) were measured spectrophotometrically in duplicate (Tecan
Sunrise microplate reader, Ménnedorf, Switzerland) following methods
described by GuSevac Stojanovi¢ et al. [4]. Results were normalized to the
control group and expressed as mean = SEM.

RESULTS AND DISCUSSION

Serum analysis revealed significantly increased protein oxidation [t (9) = 2.850,
p =0.0191] and lipid peroxidation [t (9) =2.691, p = 0.0247] following zaleplon
treatment, whereas the PAB remained unchanged [t (10) = 1.678, p = 0.1242]
(Fig. 1). This indicates selective oxidative damage to proteins and lipids despite
an unaltered global redox balance.
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Figure 1. Effect of zaleplon on serum (a) prooxidant-antioxidant balance
(PAB), (b) advanced oxidation protein products (AOPP), (c) lipid peroxidation
(LPO). Data were expressed as mean = SEM. Asterisks indicate a significant
change in the Zaleplon group (blue) compared to the Control group (gray)
(* p <0.05).

Since PAB reflects systemic equilibrium while AOPP and lipid peroxidation
capture cumulative macromolecular damage, these markers may detect localized
modifications before a global shift occurs. Alternatively, transient redox
imbalances may have resolved before sampling, leaving stable oxidation
products detectable.

In contrast, hepatic analysis demonstrated a significant reduction in pro-
oxidative status following zaleplon treatment compared to the Control group [t
(10) = 2.39, p = 0.0380], as indicated by decreased PAB levels. In contrast,
markers of protein oxidation [t (10) =0.3577, p = 0.7280] and lipid peroxidation
[t(10)=1.039, p=0.3233] showed no significant changes (Fig. 2). The reduction
in pro-oxidative status may reflect enhanced regulation of endogenous
antioxidant capacity or an early adaptive response without detectable alterations
in protein and lipid oxidation markers.
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Figure 2. Effect of zaleplon on liver (a) prooxidant-antioxidant balance
(PAB), (b) advanced oxidation protein products (AOPP), (c) lipid peroxidation
(LPO). Data were expressed as mean + SEM. Asterisks indicate a significant
change in the Zaleplon group (green) compared to the Control group (gray)
(* p <0.05).

CONCLUSION

Repeated zaleplon administration induced tissue-specific redox alterations.
While serum analysis revealed protein and lipid oxidation without changes in
global redox balance, the liver exhibited reduction in pro-oxidative status and
absence of macromolecular damage. This highlights tissue-specific redox
responses and the importance of integrating multiple oxidative stress biomarkers
for comprehensive evaluation of zaleplon effects.
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ABSTRACT

Zaleplon is a non-benzodiazepine hypnotic that selectively modulates gamma-
aminobutyric acid type A receptors, primarily those containing the al subunit.
Although considered a safer alternative to classical benzodiazepines, increasing
evidence suggests that it may induce neuroadaptive changes following repeated
administration and subsequent discontinuation. The present study investigated
the effects of short-term zaleplon exposure on stress-related behavior during the
early withdrawal phase in rats using the Forced Swim Test (FST). Adult male
Wistar rats received zaleplon (0.625 mg/kg, i.p.) or vehicle for five consecutive
days, and behavioral assessment was performed 24h after the last administration.
Zaleplon-treated animals exhibited increased immobility time compared with
control animals, indicating that short-term exposure to zaleplon may induce early
withdrawal-related behavioral alterations, potentially associated with adaptations
within inhibitory GABAergic neurotransmission.

INTRODUCTION

Zaleplon is a pyrazolopyrimidine hypnotic approved for the short-term
management of insomnia. It acts as a positive allosteric modulator of gamma-
aminobutyric acid type A receptors (GABAAR), enhancing GABA-mediated
inhibitory neurotransmission through increased chloride influx and neuronal
hyperpolarization. Due to its selective affinity for al-containing GABAAR, rapid
onset of action, and short elimination half-life, zaleplon was initially considered
to have a reduced potential for tolerance, dependence, and withdrawal compared
with classical benzodiazepines [1].

However, accumulating evidence indicates that non-benzodiazepine
hypnotics may also produce neuroadaptive changes following repeated exposure.
Chronic stimulation of GABAergic signaling may result in compensatory
alterations within inhibitory circuits, and abrupt discontinuation may lead to an
imbalance between inhibitory and excitatory neurotransmission [2]. Such
alterations may contribute to withdrawal-associated symptoms, including
anxiety, sleep disturbances, and affective changes.
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The Forced Swim Test (FST) is widely used to evaluate behavioral responses
to an inescapable stressor, where increased immobility time is interpreted as
enhanced passive coping behavior [3] and is frequently associated with
depressive-like behavioral alterations in rodents. Since the GABAergic system is
critically involved in the regulation of stress responsiveness and emotional
behavior, changes induced by hypnotic exposure may influence behavioral
adaptation during withdrawal. Therefore, the aim of the present study was to
investigate whether short-term zaleplon administration followed by abrupt
discontinuation induces behavioral alterations during the early withdrawal phase,
assessed using the FST.

EXPERIMENTAL

All experimental procedures were approved by the Ethics Committee for the
Use of Laboratory Animals of the Vinca Institute of Nuclear Sciences — National
Institute of the Republic of Serbia, University of Belgrade (license number: 323-
07-06,688/2020-05) and conducted in accordance with the European
Communities Council Directive (2010/63/EU) for animal experiments.

Adult male Wistar rats were housed under standard laboratory conditions with
a 12h light/dark cycle, controlled temperature and humidity, and ad libitum
access to commercial rat pellets and tap water. Animals were randomly divided
into two groups. The control group received saline (vehicle), while the
experimental group received zaleplon (0.625 mg/kg, 1.p.) once daily for five
consecutive days. Both vehicle and zaleplon were administered between 08:00
and 09:00 AM. Behavioral assessment was performed 24 h after the final
administration to evaluate behavioral changes during the early withdrawal phase.

The Forced Swim Test was conducted under standardized conditions, using a
transparent plexiglass cylinder (height: 50 cm, diameter: 20 cm) filled with water
(25+1°C) to a depth of 30 cm, ensuring the animal could not support itself by touching
the bottom. Behavior was recorded during the 5-min testing session. Immobility
time was quantified as the primary parameter reflecting passive coping behavior.
Statistical analysis was conducted using an unpaired two-tailed Student’s t-test.

RESULTS AND DISCUSSION

The unpaired two-tailed t-test revealed a statistically significant increase in
immobility time in zaleplon-treated rats compared with control animals [t (10) =
2.632, p =0.0251]. Because behavioral testing was performed 24 h after the last
zaleplon administration, the observed behavioral alteration may reflect changes
emerging during the early withdrawal period.
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Increased immobility in the FST indicates enhanced passive coping behavior in
response to an acute stress challenge. These effects may result from
neuroadaptive changes induced by repeated zaleplon exposure and subsequent
discontinuation. Importantly, these findings are consistent with our Open Field
Test results (unpublished data), which showed no changes in locomotor activity
but suggested an anxiogenic-like behavioral profile, indicating that the increased
immobility is unlikely to reflect impaired motor function.

Although zaleplon exhibits selectivity for al-containing GABAAR and was
initially considered to have a lower risk of dependence-related effects, repeated
modulation of GABAergic signaling may still produce compensatory alterations
within inhibitory networks. Following treatment cessation, these adaptations may
contribute to altered stress responsiveness and behavioral changes associated
with the early withdrawal period.

The present findings indicate that short-term zaleplon exposure is sufficient
to produce measurable behavioral alterations after treatment cessation,
underscoring the need for further investigation into the mechanisms underlying
withdrawal-related effects of selective hypnotic agents.

CONCLUSION

Short-term zaleplon administration followed by abrupt discontinuation resulted
in increased immobility time in the FST during the early withdrawal phase. This
behavioral alteration suggests changes in stress-coping responses following
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zaleplon cessation and indicates that even brief exposure to selective hypnotic
agents may induce neurobehavioral adaptations. Further studies investigating the
underlying molecular mechanisms, particularly within the GABAergic system,
are required to better understand the consequences of zaleplon withdrawal.
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ABSTRACT

The growing resistance of phytopathogenic bacteria to conventional bactericides
has intensified the search for sustainable crop protection strategies. Neem
(Azadirachta indica) seed oil is widely promoted as a botanical biopesticide with
antimicrobial potential due to its complex composition and bioactive properties.
However, its efficacy against phytopathogens remains poorly characterized. In
this study, the antibacterial activity of neem seed oil was evaluated against four
agriculturally important phytopathogenic bacteria using the broth microdilution
assay. Despite its recognized bioactivity, neem seed oil did not show inhibitory
or bactericidal effects against the selected strains within the tested concentration
range. These findings indicate that the antimicrobial efficacy of neem-based
products depends on formulation properties, chemical composition, and
pathogen-specific susceptibility, highlighting the need for rigorous evaluation
and optimized formulations before agricultural application.

INTRODUCTION

The rising prevalence of antimicrobial resistance among phytopathogenic
bacteria poses a significant challenge for modern agriculture. Conventional
disease control strategies rely primarily on synthetic pesticides and copper-based
antimicrobial agents; however, their extensive and repeated use has contributed
to the emergence of resistant bacterial strains, reduced treatment efficacy, and
growing environmental and human health concerns [1]. These challenges have
intensified the demand for sustainable, environmentally friendly alternatives in
plant disease management. In this context, biopesticides derived from natural
sources have gained increasing attention as promising tools for sustainable
agriculture. Plant-based biopesticides are particularly attractive due to their
biodegradability, chemical diversity, and broad spectrum of biological activities,
including insecticidal, antifungal, and antibacterial effects [2]. Among them,
neem (Azadirachta indica) seed oil has become one of the most extensively
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studied botanical biopesticides. Its biological activity is primarily attributed to
limonoids such as azadirachtin, along with other bioactive compounds, including
nimbin and salannin, which contribute to its pesticidal and antimicrobial
properties [3].

The antibacterial efficacy of neem seed oil against phytopathogenic bacteria
remains insufficiently validated and inconsistent across studies. Neem oil is
highly hydrophobic, so its biological activity may depend on formulation
stability, emulsification efficiency, and the bioavailability of active constituents.
Although antimicrobial activity is frequently attributed to neem-derived
products, supporting evidence remains heterogeneous and often dependent on
experimental design and extraction methodology. Phytopathogenic bacteria such
as Xanthomonas campestris pv. campestris, Clavibacter michiganensis subsp.
michiganensis, Pectobacterium carotovorum subsp. brasiliense, and
Pseudomonas syringae pv. aptata cause economically significant crop diseases
worldwide and are often difficult to manage because of their adaptability and
environmental persistence. Therefore, this study aimed to evaluate the
antibacterial activity of neem seed oil against selected phytopathogenic bacteria
of agricultural relevance and to assess its potential as a natural biopesticide for
sustainable crop protection.

EXPERIMENTAL

Commercial cold-pressed neem (Azadirachta indica) seed oil (Eterra, TemaCo
d.o.o0., Serbia; origin: India) was evaluated for antibacterial activity against four
agriculturally relevant phytopathogenic bacteria: Xanthomonas campestris pv.
campestris (NCPPB 528), Clavibacter michiganensis subsp. michiganensis
(CFBP 4999), Pectobacterium carotovorum subsp. brasiliense (PCB 2811), and
Pseudomonas syringae pv. aptata (P21), belonging to the bacterial strain
collection of the Department of Microbiology, University of Belgrade, Faculty
of Biology. Neem oil emulsions were prepared in Mueller—Hinton broth using
Tween 20 (Sigma-Aldrich, France) as an emulsifying agent. Antibacterial
activity was assessed using the broth microdilution method in 96-well
microplates by determining the minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MBC). Neem oil was tested over a
concentration range of 0.078—100 mg/mL against bacterial inocula standardized
to 1 x 10° CFU/mL. Streptomycin (concentration range 2-256 pg/mL) and
tetracycline (concentration range 0.5-64 pg/mL) served as positive controls,
while serial dilutions of Tween 20 (concentration range 0.0078-10%) were
included as a solvent control. Following incubation at 30 °C for 24 h, bacterial
viability was assessed using a resazurin-based assay, while bactericidal activity
was confirmed by subculturing in Mueller—Hinton agar (TMMedia, India).
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RESULTS AND DISCUSSION

The antibacterial activity of Azadirachta indica seed oil against selected
phytopathogenic bacterial strains was evaluated using the broth microdilution
method to determine the MIC and MBC. Tween 20, used as the emulsifying
agent, did not exhibit antibacterial activity. As shown in Table 1, neem seed oil
showed no inhibitory or bactericidal activity against the selected strains at the
tested concentrations. In contrast, the positive controls showed expected
antibacterial activity. Streptomycin exhibited MIC values ranging from < 2
pg/mL to 8 pg/mL and MBC values from 8 ug/mL to 32 ug/mL, while
tetracycline showed pronounced activity against strain NCPPB 528 (MIC < 0.5
pug/mL; MBC 2 pg/mL). Strain PCB 2811 was not sensitive to either antibiotic,
indicating a high level of resistance that further emphasizes the urgent need for
alternative disease management strategies.

Table 1. Minimal inhibitory and minimal bactericidal concentrations of neem
seed oil.

. Neem seed oil Streptomycin Tetracycline
Strain
designation (mg/mL) (ug/mL) (ug/mL)
MIC MBC MIC MBC MIC MBC
NCPPB 528 >100 nd 8 32 <0.5 2
CFBP 4999 > 100 nd 8 16 > 64 nd
PCB 2811 > 100 nd > 256 nd > 64 nd
P21 > 100 nd <2 8 2 32

nd- not determined in the tested concentration range

These findings contrast with several reports describing the antibacterial effects
of Azadirachta indica extracts and formulations against certain phytopathogenic
Xanthomonas, Pseudomonas, and Agrobacterium species [4-5], underscoring
that the antimicrobial efficacy of neem-derived products is highly dependent on
the extraction method, formulation, and chemical composition. Indeed,
antibacterial efficacy appears to vary among neem plant parts, with leaf and bark
extracts generally showing stronger activity than seed and fruit extracts [6].
Additionally, previous greenhouse and field studies suggest that neem oil
formulations may contribute to disease suppression through indirect
mechanisms, including modulation of plant defense responses and interference
with pathogen colonization [7].

The absence of measurable antibacterial activity observed in this study may
be attributed to the limited bioavailability and dispersion of hydrophobic neem
oil constituents in aqueous culture systems, thereby reducing their interaction
with bacterial cells. In addition, formulation-related factors and the intrinsic
resistance mechanisms of phytopathogenic bacteria may further influence the
antimicrobial efficacy of neem-based products. Collectively, these findings
highlight the complexity of neem-based antimicrobial activity and underscore the
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need for detailed chemical characterization, optimized formulations, and
evaluation of isolated bioactive constituents against a broader range of
phytopathogens.

CONCLUSION

Under the experimental conditions used, Azadirachta indica seed oil did not
show direct antibacterial activity against the phytopathogenic bacteria tested.
These findings underscore the importance of optimizing formulations and
conducting standardized biological evaluations in developing evidence-based
neem-derived biopesticides for sustainable agriculture.
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ABSTRACT

The increasing discharge of hazardous pollutants into aquatic environments
demands sustainable remediation strategies. This study evaluates a biosorbent
derived from food waste via hydrothermal carbonization (HTC) at 200 °C,
followed by chemical modification with H2O2 to enhance adsorption
performance. The hydrochar was tested for methylene blue (MB) removal from
aqueous media at 35 °C. To elucidate equilibrium mechanisms, experimental
data were fitted to Langmuir, Freundlich, Temkin, and Dubinin-Radushkevich
isotherms. The data aligned best with the Langmuir and Freundlich models,
revealing a maximum adsorption capacity (qmax) of 122 mg g'. SEM analysis
revealed that HTC and H>O» modification led to significant surface erosion and
roughness, while preserving the underlying fibrous structure. This surface
degradation and resulting roughness contributed to an increased reactive surface
area. These findings confirm that H2O>-modified hydrochar is an efficient dye-
removal solution.

INTRODUCTION

The discharge of synthetic dyes, particularly MB, into aquatic ecosystems
poses severe environmental and toxicological risks due to their complex aromatic
structure, persistence, and toxicity [1]. Adsorption is widely recognized as an
efficient and simple remediation method, yet the high cost of commercial
activated carbon highlights the need for sustainable, bio-based alternatives [2].
Food waste represents an abundant organic resource well-suited for HTC. HTC
efficiently converts high-moisture biomass into hydrochars at moderate
temperatures (180-260 °C) without energy-intensive pre-drying [3]. However,
pristine hydrochars often suffer from limited porosity and lower functional group
density [3,4]. Chemical modification with H>O; serves as an eco-friendly
activation strategy, enhancing surface roughness and introducing oxygen-
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containing functional groups without generating secondary toxic residues. This
study investigates a novel biosorbent derived from food waste via HTC at 200
°C and modified with H2O> for MB removal from aqueous media. The main
objectives were to evaluate its equilibrium adsorption capacity at 35 °C,
characterize morphological surface changes using scanning electron microscopy
(SEM), and model the adsorption mechanisms using Langmuir, Freundlich,
Temkin, and Dubinin-Radushkevich isotherms.

EXPERIMENTAL

The food waste was mixed with deionized water (1:15) and hydrothermally
carbonized at 200 °C for 60 min. The washed, dried hydrochar (12 g) was stirred
in 150 mL H>O; solution for 180 min and dried at 60 °C. This hydrochar is
labeled HC-H>O,. Morphology was analyzed using SEM (Thermo Fisher
Scientific, USA). Batch trials evaluated hydrochar dispersions (10 mg mL™" in
50% ethanol, pH 6) with MB (Sigma-Aldrich, Germany) at 35 °C. Following
centrifugation (14,500 rpm), residual dye was quantified at 664 nm via UV-Vis
spectrophotometry (Perkin Elmer Lambda 35).

RESULTS AND DISCUSSION
The morphological analysis reveals significant structural transformations
following hydrothermal treatment and H>O; activation (Figure 1).

Food waste

-

T

Figure 1. SEM analysis of food waste and HC-H»O,.

The food waste exhibits a smooth, compact surface with parallel fibrous
channels. In contrast, HC-H>O, shows substantial surface erosion, cracking, and
increased roughness while retaining the underlying aligned matrix. This
oxidative degradation and roughened texture effectively enhance the active
surface area and exposure of binding sites, favoring MB adsorption.
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Table 1. Adsorption

parameters of HC-H>O». g5
Methylene blue
Freundlich isotherm { HCH0,
Ky 0.821 204
((dm* mg™)"™)
n 1.23
N 2.469 15
R2 0972 _':‘0 —— Freundlich isotherm model
Langmuir isotherm & Langmuir isotherm model
— 104 —— Temkin isotherm model
KL (dl’l’l3 mg_l) 0004 o —— Dubinin-Raduskevich isotherm model
Qmax (Mg g™") 122 ]
v 3.397 5
R? 0.962
TemKkin isotherm v
Kt (dm3 ngI) 1.1 © 7T - r v r 1 1 71 v 717
be (J g mol' mg 600 0 10 20 30 40 50 60 70 80
D) ¢, [mg dm?]
v 33.46
R? 0.625 Figure 2. Adsorption isotherms of HC-H>Ox.
Dubinin—Radushkevich
isotherm
qor (mg g™) 31
Kpr (H‘lOl2 J'Z) 1.2- 10"4
E (J mol) 64
v 16.193
R? 0.818

This study investigates the equilibrium adsorption of MB onto a HC-H>O; using
Freundlich, Langmuir, Temkin, and Dubinin—Radushkevich isotherm models.

Based on the R? and X2 analysis, the data were best fitted by the Freundlich model

(R?=10.972, XZZ 2.469). The heterogeneity factor n = 1.23 (1/n < 1) confirms a
highly favorable multilayer adsorption on an energetically heterogeneous
surface.

The Langmuir model also showed a strong correlation (R? = 0.962), yielding a
gmax of 122 mg g!. Additionally, the mean free energy calculated from the
Dubinin—Radushkevich isotherm (E = 0.064 kJ mol™!) is well below 8 kJ mol™,
confirming a physisorption mechanism dominated by electrostatic and weak van
der Waals interactions. Overall, the sorbent exhibits high efficacy for cationic
dye removal.

CONCLUSION

A highly efficient biosorbent was successfully developed from food waste via
hydrothermal carbonization and H>O; modification. SEM analysis confirmed
enhanced surface roughness and exposed binding sites. The equilibrium data
fitted well to Langmuir and Freundlich models, exhibiting qmax of 122 mg g.
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The mean free energy (E = 0.064 kJ mol™) confirms a physical adsorption
mechanism. Consequently, H>Oz-modified hydrochar is an effective, eco-
friendly candidate for dye-contaminated wastewater treatment.
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ABSTRACT

In the present work, interaction of the synthesized quercetin-capped gold
nanoparticles (NPQs) and compared with that of free quercetin (Q) using UV-
Vis spectroscopy. It was shown that unlike Q, the interaction of NPQs with Trp
did not alter its concentration-dependent pattern of absorption changes.
Moreover, this interaction was independent of the NPQ concentration and did not
induce the nanoparticle aggregation.

INTRODUCTION

Flavonol quercetin (Q) (Fig. 1A), a type of natural polyphenolic possess various
promising bioactive effects such as such as hypotensive, hypoglycemic,
antioxidant, antiinfammatory, antibacterial, antiviral, and immunomodulatory
[1]. However, its potential clinical use is hindered by its low bioavailability. As
one of the possible option to overcome this limitation, the quercetin-capped gold
nanoparticles (NPQs) have been synthesized. They were shown to possess
antioxidant, antimicrobial, as well as anticancer activities [2].

A B

OH

HN NH,

Figure 1. Molecular structures of A) quercetin, B) tryptophan
There is a general consensus that all flavonoids exert their antioxidant activity

through their ability to interact with a broad range of proteins, enzymes and
transcription factors rather than acting as conventional hydrogen-donating
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antioxidants [3]. Previously was shown that among the amino acid (AA) residues
interacting with quercetin are all hydrophobic amino acids, showing that
quercetin bound to the hydrophobic region of the protein [4]. The presence of the
indole ring in the chemical structure of Trp (Fig. 1B) gives high hydrophobic
features to this molecule among all protein AAs [5]. Also, Trp is one of the amino
acids residues which are shown to interact with Q [4].

Therefore, a better understanding of the biological activities of NPQs requires
studying their interaction with proteins. In this work, the interaction of Trp with
the synthesized NPQs was investigated and compared with that of free Q using
UV-Vis spectroscopy.

EXPERIMENTAL
NPQs were synthesized according Milanezi et al. with slight modifications [2].
Stock solution 102 M of Q was prepared in DMSO.

In the experiments, either NPQs or free Q aqueous solution was incubated
with various concentrations of Trp (10°M — 2x107> M) at 25 °C for 4 h, followed
with UV-Vis spectra recording. The experiments were done with two
concentrations 10 and 10 M for both, NPQs and free Q.

RESULTS AND DISCUSSION
The recorded spectra showed absorption maxima at 278, 259 and 374, and 539
nm for Trp, free Q and the NPQs, respectively, 10* M free Q and NPQs (Fig. 2
A-C). The interaction of various concentrations of Trp with the NPQs showed
the same pattern of changes in the absorption maxima as for Trp alone; that is,
the intensity of the absorption bands at 278 and 259 nm increased with increasing
Trp concentration, whereas increasing Trp concentration did not affect the
intensity of the band at 374 nm (Fig. 2 D-F). The intensity of the absorption band
at 539 nm did not change, nor was a new maximum formed upon interaction of
the NPQs with Trp (Fig. 2C), indicating that the nanoparticles did not aggregate.
The interaction of increasing concentrations of Trp with free Q was accompanied
by a decrease in the intensity of the three absorption maxima at 278, 259, and
374 nm (Fig. 2 D-F).

The results of Trp interaction with 10> M NPQs showed the same trend in
changes of the absorption maxima changes as observed with 10# M NPQs (data
not shown).
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Figure 2. UV-Vis spectra of various concentrations of Trp A) alone, B) with
free Q, C) with NPQs, 10 M free Q and NPQs. The changes in absorbance
recorded at D) 278 nm, E) 259 nm, F) 374 nm, dependent on Trp
concentrations.
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CONCLUSION

The present study indicated that, unlike Q, the interaction of NPQs with Trp did
not alter its concentration-dependent pattern of absorption changes. Moreover,
this interaction was independent of the NPQ concentration and did not induce the
nanoparticle aggregation.
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ABSTRACT

Food colorants play an important role in the food industry; however, their
accurate determination, separation, and control are essential to ensure food
quality and safety. Brilliant Blue FCF (E133) is a synthetic dye widely used in
food products due to its intense color and high stability. In this study, ionic liquid-
based aqueous biphasic systems (ABSs) composed of salicylate-based ionic
liquids (ILs) and potassium carbonate (K.CO3) were investigated as alternative
extraction platforms for the separation of E133. Initially, phase diagrams were
constructed to evaluate the biphasic behavior of the investigated systems and to
assess the influence of IL cation structure on phase formation. Subsequently, the
extraction performance of selected IL-ABSs toward E133 was evaluated. The
tested systems demonstrated excellent extraction efficiency, reaching 99.48%
and 99.55%. These findings highlight the potential of salicylate-based IL-ABSs
as efficient, tunable, and sustainable platforms for the extraction and separation
of food-related compounds.

INTRODUCTION

Synthetic food colorants are widely used in the food industry to enhance the
appearance and consumer acceptance of various food products. Among them,
Brilliant Blue FCF (E133) is one of the most commonly applied water-soluble
dyes due to its intense color, high stability, and compatibility with different food
matrices [1]. However, the increasing use of synthetic colorants has highlighted
the importance of reliable separation and extraction approaches for their
determination, purification, and potential recovery from complex systems,
contributing to improved food quality and safety.

In recent years, ILs have emerged as promising compounds for the
development of sustainable separation processes due to their negligible vapor
pressure, high chemical stability, and highly tunable physicochemical properties.
Their ability to establish specific interactions with target molecules, including
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hydrogen bonding, electrostatic interactions, and m-m interactions, enables their
application as efficient extraction media.

Among different IL-based separation approaches, ABSs have gained
considerable attention as environmentally favorable platforms for the extraction
and separation of various compounds. Aqueous biphasic systems are liquid-
liquid separation systems composed mainly of water and two phase-forming
components, which, under appropriate concentrations and conditions,
spontaneously separate into two distinct aqueous phases [2]. Due to differences
in the affinity of solutes toward these phases, target compounds can be selectively
distributed between them, enabling efficient extraction and separation. By
incorporating ionic liquids as one of the phase-forming components, IL-ABSs
combine the advantages of aqueous biphasic media with the tunability of ILs,
allowing the selective partitioning of target molecules between coexisting
aqueous phases.

In this study, aqueous biphasic systems composed of salicylate-based ILs
(tetrabytilphosphonium - TBP and tetrabutylammonium - TBA) and K»COs were
investigated for the extraction of E133. Initially, phase diagrams were
constructed to evaluate the phase-forming ability of the investigated systems and
to determine the influence of IL cation structure on biphasic behavior.
Subsequently, selected ABSs were applied for the extraction of E133. The
obtained results demonstrate the effectiveness of salicylate-based IL-ABSs for
the extraction of E133 and highlight the importance of IL structure in designing
efficient dye separation systems.

EXPERIMENTAL

Salicylate-based ILs were prepared through a neutralization reaction between the
corresponding hydroxide precursors, tetrabutylphosphonium hydroxide or
tetrabutylammonium hydroxide (40 wt% aqueous solutions, Sigma-Aldrich,
USA), and salicylic acid (=99% purity, Sigma-Aldrich, USA). The reactants
were combined in an equimolar ratio, and the resulting mixtures were subjected
to continuous stirring at ambient conditions to promote complete reaction. After
the reaction, water was removed from the obtained mixtures under reduced
pressure using a rotary evaporator (R-210 Rotavapor System, Biichi
Labortechnik AG, Switzerland) to obtain the desired ILs.

Phase diagrams, representing the mass fraction of IL as a function of the mass
fraction of potassium carbonate, were determined using the cloud point titration
method. Aqueous mixtures of known amounts of IL and potassium carbonate
were prepared and titrated with water until a clear single-phase system was
obtained, followed by titration with potassium carbonate solution until turbidity
appeared, indicating the onset of phase separation. The compositions at the cloud
point were recorded and used to construct the phase diagrams.
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The concentration of E133 was quantified using a LLG-uniSPEC 2 UV-Vis
spectrophotometer (LLG Labware, Germany) by measuring the absorbance at
625 nm.

RESULTS AND DISCUSSION

Phase diagrams (Figure 1.) were determined to evaluate the phase-forming ability
of the investigated ABSs with potassium carbonate. Both ILs readily formed
biphasic systems; however, [TBP][Sal] showed a stronger salting-out tendency
than [TBA][Sal], as indicated by its binodal curve being closer to the coordinate
origin. This behavior can be attributed to the higher hydrophobicity of the [TBP]*
cation compared with [TBATJ*, resulting from the larger atomic radius and lower
electronegativity of phosphorus. The more diffuse charge distribution of the
phosphonium cation reduces its hydration ability, facilitating IL salting-out and
phase separation at lower component concentrations [3].

100.00 ~

—e— [TBAJ[Sal]
60 - —e— [TBP][Sal] 99.75 -
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Figure 1. Phase diagrams for [TBP][Sal]/ [TBA][Sal] + KoCOj3 at ambient
conditions and extraction efficiencies of E133 obtained for [TBP][Sal]/
[TBA][Sal] + K2CO3 systems.

An extraction point within the biphasic region, consisting of 20 wt% IL and
15 wt% potassium carbonate, was selected for further investigation. ABSs with
this composition were prepared and evaluated for the extraction of E133 dye. The
obtained parameters are presented in Figure 1.

The obtained results showed that E133 dye migrated almost completely into
the IL-rich phase, indicating a strong affinity of the dye toward the IL phase. This
behavior can be attributed to the presence of specific interactions between the
dye molecules and ILs. Consequently, high extraction efficiencies of 99.48% and
99.55% were achieved, with corresponding distribution coefficients (log K) of
2.67 and 2.64 for the ABSs containing [TBP][Sal] and [TBA][Sal], respectively.
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CONCLUSION

Salicylate-based IL-ABSs combined with K>COs; demonstrated excellent
capability for the extraction of E133. Both investigated systems enabled efficient
phase separation and almost complete dye transfer into the IL-rich phase,
achieving extraction efficiencies above 99%. The higher hydrophobicity of
[TBP][Sal] resulted in a slightly enhanced salting-out tendency compared with
[TBA][Sal], highlighting the role of IL cation structure in tuning ABS
performance. These results confirm the potential of salicylate-based IL-ABSs as
efficient and sustainable platforms for the extraction of food colorants.
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ABSTRACT

Melatonin is increasingly recognized as a bioactive compound that improves
wine quality and stability in aging. This study combined experimental evaluation
of melatonin-enriched wines with computational biomimetic profiling to
investigate the underlying mechanisms. Wines supplemented with 0.05, 0.1, and
0.5 mg/kg melatonin were monitored over 6 months using the Folin—Ciocalteu
index and spectrophotometric measurements at 420, 520, and 620 nm. Density
functional theory (DFT), Abraham linear solvation energy relationship (LSER)
descriptors, and PerMM membrane simulations characterized the electronic,
intermolecular, and membrane-interaction properties of melatonin. DFT revealed
higher electronic flexibility and electron-donating ability than gallic acid, while
LSER and PerMM indicated favorable solvation, amphiphilic partitioning, and
molecular recognition. These findings matched experimental results showing that
0.05 mg/kg melatonin best preserved phenolic compounds and wine color during

aging.

INTRODUCTION

Wine is a complex hydroalcoholic system in which the stability of phenolic
compounds determines antioxidant capacity, color, and sensory quality during
aging. Oxidative reactions progressively modify phenolics and anthocyanin-
derived pigments, leading to quality deterioration. Melatonin, an endogenous
indoleamine naturally present in grapes and wines, has attracted attention
because of its antioxidant and redox-regulating properties, and its
supplementation has been shown to improve the preservation of phenolic
compounds and wine color [1]. However, the molecular basis of these effects
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remains unclear. Biomimetic computational approaches offer a useful framework
for investigating these mechanisms by reproducing key physicochemical
interactions in hydroalcoholic environments [2]. In this study, DFT, Abraham
LSER descriptors, and PerMM membrane simulations were combined with
experimental measurements of the Folin—Ciocalteu index and
spectrophotometric color parameters (A420, A520, and A620) during six months
of wine aging. Gallic acid was selected as a reference compound because it
represents a characteristic wine phenolic with well-established antioxidant
properties. Its inclusion provides a chemically relevant benchmark for comparing
the electronic reactivity and intermolecular interaction properties of melatonin
with those of a typical phenolic antioxidant present in the wine matrix. We
hypothesized that the preservation of phenolic compounds and wine color is
governed by the biomimetic molecular properties of melatonin, which can be
characterized using these complementary computational approaches.

EXPERIMENTAL

Melatonin was supplemented at concentrations of 0.05, 0.1, and 0.5 mg/kg before
vinification, and the wines were then produced and aged under controlled
conditions for six months. Wine quality during aging was assessed using the
Folin—Ciocalteu index and absorbance measurements at 420, 520, and 620 nm,
corresponding to the yellow, red, and blue color components, respectively, as
determined using an OenoFoss instrument. These experimental data were
compared with computational biomimetic predictions. The HOMO and LUMO
energies of melatonin and gallic acid were calculated using the ORCA quantum
chemistry package. Geometry optimization and vibrational frequency
calculations were performed at the B3LYP/def2-SVP level of theory. Frontier
molecular orbital energies and the corresponding global chemical reactivity
descriptors are presented in Table 1.

Table 1. HOMO-LUMO energies and derived global chemical reactivity
descriptors for melatonin and gallic acid.

Analyte EHOMO ELUMO  AE P EA n s M X @
M"(f\t}’)”m -5229 0488 4742 5229 0488 2371 0211eV' -2.858 2858 1.723
Ga'('g;“d 6228  —1.147 5081 6228 1147 254 0.097eV 3688 3.688 2677

* AE = ELUMO — EHOMO; IP = -EHOMO; EA = -ELUMO; n = (IP — EA)/2; S = 1/(2n);
M = -(IP + EA)/2; X = (IP + EA)/2; & = p/(21)

Abraham solute descriptors were obtained from the Reaction Mechanism
Generator database. The calculated descriptors included excess molar refraction
(E), dipolarity/polarizability (S), hydrogen-bond acidity (A), hydrogen-bond
basicity (B), gas-to-hexadecane partition descriptor (L), and McGowan
characteristic volume (V). Ethanol was used to represent the alcoholic phase of
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wine. Solvation free energy, enthalpy, and entropy at 298 K were also predicted,
and the results are summarized in Table 2.

Table 2. Abraham LSER solute descriptors and predicted solvation
thermodynamic parameters of gallic acid and melatonin in ethanol.

AGsolv AHsolv ASsolv
(kcal/mol) (kcal/mol) (kcal/mol-K)

Gallic acid Ethanol 1.2777 1.5235 1.5286 0.7882 6.6293 1.1078 —18.45 —35.00 —5.55x1072
Melatonin Ethanol 1.5838 2.3114 0.8311 1.2815 9.8516 1.8251 —20.12 —34.07 —4.68 x 10?2

Compound Solvent E S A B L A\

The membrane interaction profile of melatonin was evaluated using the PerMM
computational platform. Simulations were performed at 298 K and pH 7.4 using
the Drag method and a dioleoylphosphatidylcholine membrane model. The
molecular orientation was defined using atoms C1, C2, O1, and N1. The resulting
transmembrane free-energy profile was used to estimate the membrane-binding
free energy (AG_bind). Permeability coefficients were additionally predicted for
black lipid membrane, blood—brain barrier, Caco-2, PAMPA-DS, and plasma
membrane models.

RESULTS AND DISCUSSION

Each computational approach addressed a specific aspect of biomimetic
molecular behavior. DFT characterized the electronic reactivity of the molecules,
Abraham LSER descriptors described intermolecular interactions within the
hydroalcoholic wine matrix, and PerMM evaluated amphiphilic membrane-like
interactions. Together, these methods provided a molecular basis for interpreting
the experimental preservation of phenolic compounds and wine color. DFT
calculations showed that melatonin had a higher HOMO energy (—5.229 eV) than
gallic acid (—6.228 eV) together with a smaller HOMO-LUMO energy gap
(4.742 vs. 5.081 eV), indicating greater electron-donating ability and higher
electronic flexibility. In contrast, gallic acid exhibited higher ionization potential,
electronegativity, and electrophilicity, consistent with a more electronically
stable structure. These results suggest that melatonin readily participates in
reversible electron-transfer processes, thereby contributing to the maintenance of
a favorable redox environment. The Abraham LSER descriptors indicated
favorable molecular recognition of melatonin within the hydroalcoholic wine
matrix. Compared with gallic acid, melatonin exhibited higher excess molar
refraction (E = 1.5838), dipolarity/polarizability (S =2.3114), gas-to-hexadecane
partition descriptor (L = 9.8516), and McGowan volume (V = 1.8251), whereas
gallic acid showed greater hydrogen-bond acidity and melatonin higher
hydrogen-bond basicity. Melatonin also displayed a more favorable solvation
free energy in ethanol (AG solv = —20.12 kcal/mol vs. —18.45 kcal/mol),
indicating stable incorporation into the hydroalcoholic medium while
maintaining reversible non-covalent interactions. PerMM simulations further
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showed that melatonin exhibits moderate membrane affinity, with a membrane-
binding free energy of —2.02 kcal/mol and preferential localization at the
membrane interface (Z = 14 A). The predicted permeability coefficients for the
BLM, BBB, PAMPA-DS, Caco-2, and plasma membrane models indicate
efficient partitioning between aqueous and amphiphilic environments without
strong retention within the lipid phase. The computational predictions agreed
well with the experimental observations. Wines supplemented with 0.05 mg/kg
melatonin consistently exhibited the highest Folin—Ciocalteu index together with
the greatest absorbance at 420, 520, and 620 nm during six months of aging,
indicating superior preservation of phenolic compounds and wine color. These
findings suggest that melatonin acts as a biomimetic molecular modulator by
combining favorable electronic properties, intermolecular interactions, and
amphiphilic partitioning to stabilize the wine microenvironment. The lack of
additional improvement at higher melatonin concentrations indicates that this
protective effect depends on an optimal balance of these molecular properties
rather than on melatonin concentration alone.

CONCLUSION

This study combined experimental and computational biomimetic approaches to
investigate the role of melatonin in wine stabilization during aging. DFT,
Abraham LSER, and PerMM analyses demonstrated that melatonin possesses
favorable electronic, solvation, and membrane-interaction properties, supporting
its function as a biomimetic molecular modulator. These predictions agreed well
with the experimental results, with 0.05 mg/kg melatonin providing the greatest
preservation of phenolic compounds and wine color. The findings highlight the
potential of computational biomimetic profiling as a valuable tool for
understanding wine aging and designing more stable functional wines.
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ABSTRACT

Obesity is associated with elevated levels of leptin in circulation, which is
linked to serious metabolic disorders. This research aimed to investigate the link
between concentrations of circulating leptin and metabolic, inflammatory, and
oxidative stress markers in high-fat (HF) diet-induced obese rats. We found that
consuming a HF diet significantly increased concentrations of leptin (p<0.05),
total cholesterol (p<0.05), and interleukin-1 (p<0.01), while decreased
concentration of glutathione reductase, but not significantly, in the serum of rats.
These findings indicate that hyperleptinemia induced by the HF diet contributes
to metabolic and inflammatory disturbance in obese rats.

INTRODUCTION

Obesity is a chronic disorder that contributes to the development of
cardiovascular diseases [1]. One common characteristic of obesity is elevated
leptin levels in circulation, which lead to leptin resistance [2]. Primarily, leptin
resistance is defined as a condition in which leptin fails to suppress appetite and
stimulate energy expenditure [3]. However, given leptin's diverse roles, impaired
leptin signaling leads to serious disturbances in metabolism, redox balance,
neuroendocrine function, and the immune response [2]. In addition,
hyperleptinemia is associated with endothelial dysfunction, vascular
inflammation, and arterial stiffness [4]. Taken together, obesity accompanied by
hyperleptinemia contributes to cardiometabolic dysfunction [3]. This research
aimed to investigate the link between levels of circulating leptin and metabolic,
inflammatory, and oxidative stress markers in high-fat (HF) diet-induced obese
rats.

EXPERIMENTAL

For all experiments, adult male Wistar rats were used. The Ethical Committee
approved all experiments for Experimental Animals at the Vinca Institute
(Veterinary Directorate — No. 323-07-02710/2017-05). Animals were housed
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under standard laboratory conditions in cages with controlled temperature (22+2
°C), a 12-hour light/dark cycle, and ad libitum access to water and food for 12
weeks, and split into two groups: the control group (CONT), which received a
standard laboratory diet, and the HF group (HF), which received a HF diet that
was enriched with 42% sunflower oil. Blood was collected from all animals, the
serum was separated, and the samples were stored appropriately until further
analysis. Leptin concentration in rat serum was measured using an ELISA kit, as
recommended by the manufacturer. For leptin concentration, a standard curve
was used to calculate concentrations, which were expressed as pg/ml. Total
cholesterol concentration in rat serum was measured using an automated
analyzer, and results were expressed as mmol/l. Using an ELISA kit, interleukin-
1 (IL-1) concentration in rat serum were determined following the manufacturer's
instructions. Concentration of IL-1 was determined from the standard curve, and
results were expressed as pg/ml. An ELISA Kit was used to measure the
glutathione reductase (GR) concentration in rat serum, as recommended by the
manufacturer. The concentration of GR was determined from the standard curve,
and results were expressed as pg/ml. Data are presented as mean = SEM, and a
two-tailed Student's t-test was used to assess statistical significance. A p-value
<0.05 was considered significant. SPSS for Windows (SPSS, Chicago, IL, USA)
was used for statistical analyses.

RESULTS AND DISCUSSION

Chronic overnutrition stimulates adipose tissue to produce large amounts of
leptin, thereby suppressing hunger and promoting satiety. However, over time,
the brain fails to recognize elevated leptin concentrations, which, in turn, leads
to leptin resistance.

We found that consuming a HF diet significantly increased serum leptin
concentration in rats, compared to values in rats fed a standard diet (Figure 1A).
Our findings are in line with the results of other authors, who showed that the HF
diet leads not only to hyperleptinemia but also to various cardiovascular disorders
[5]. Hyperleptinemia is strongly associated with dyslipidemia, a condition
characterized by abnormalities in lipid metabolism, including elevated blood
cholesterol levels [5]. Our results showed that the concentration of total
cholesterol (p<0.05) was higher in the serum of HF diet-fed rats than in control
rats (Figure 1B). Obesity-induced hyperleptinemia contributes to low-grade
inflammation by stimulating the production of pro-inflammatory cytokines [6].
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Figure 1. The concentrations of leptin, total cholesterol, IL-1, and GR in the
serum of control and HF rats. GR — glutathione reductase, HF — high-fat

In addition, IL-1 may represent one of the inflammatory mediators through
which hyperleptinemia contributes to metabolic and inflammatory dysfunction
associated with obesity [7]. We found that the concentration of IL-1 (p<0.01)
was increased in the serum of HF diet-fed rats compared with the values obtained
for the same parameter in control rats (Figure 1C). High circulating leptin
concentration are also linked with oxidative stress and decreased antioxidant
defense mechanisms [8]. Our results showed that the serum GR concentration
decreased in rats fed with a HF diet compared with control rats, but the difference
was not significant (Figure 1D).

CONCLUSION

The results indicate that a HF diet adversely affects the concentrations of leptin,
total cholesterol, and IL-1 in the serum of obese rats. These findings suggest that
hyperleptinemia induced by the HF diet contributes to metabolic and
inflammatory disturbance in obese rats.
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ABSTRACT

Per- and polyfluoroalkyl substances (PFAS) are persistent environmental
contaminants associated with adverse health effects. However, differences in
biological effects of individual PFAS compounds remain insufficiently
characterized. This study compared physiological and behavioral effects of two
structurally similar long-chain PFAS, perfluorooctanoic acid (PFOA) containing
an 8-carbon backbone and perfluorononanoic acid (PFNA) containing a 9-carbon
backbone, following 4 weeks of exposure to PFOA or PFNA (2.5 mg/kg/day) via
drinking water in male Wistar rats. PFNA exposure resulted in reduced body
mass progression compared with control and PFOA groups, accompanied by
increased sucrose preference, fluid intake, and immobility. These findings
demonstrate that an extra carbon-fluorine (CF2) group between closely related
PFAS compounds may result in markedly different physiological and behavioral
outcomes, emphasizing the importance of compound-specific assessment of
PFAS biological effects.

INTRODUCTION

Per- and polyfluoroalkyl substances (PFAS) comprise a large group of more than
14 000 synthetic chemicals widely used in industrial processes and consumer
products. Due to their exceptional chemical stability and extremely slow
degradation, PFAS are commonly referred to as “forever chemicals”. PFAS are
widely detected in surface waters, groundwater, soils, sediments, wildlife, and
human biological samples [1]. PFAS contamination has also been documented in
Serbian rivers and sediments [2,3]. Growing evidence on the health impacts of
individual and mixed PFAS exposure highlights the need to better understand
compound-specific biological effects.
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Structurally, PFAS consist of fluorinated carbon chains characterized by
strong carbon-fluorine bonds, contributing to their exceptional chemical stability
and environmental persistence. Long-chain PFAS generally exhibit greater
bioaccumulation and longer biological half-lives than short-chain compounds
[4]. As persistent and bioaccumulative pollutants, PFAS have been associated
with a broad spectrum of adverse health outcomes, including endocrine
disruption, reproductive toxicity, organ toxicity, metabolic disturbances, immune
dysfunction, and cancer risk [5]. Although PFAS share common structural
characteristics, growing evidence suggests that individual compounds differ
considerably in their toxicological profiles. Increasing evidence indicates that
several PFAS can cross the blood-brain barrier and interfere with
neurotransmission, neurodevelopment, and neuroplasticity, potentially
contributing to neurobehavioral alterations and affective disturbances [6].
However, behavioral consequences of PFAS exposure remain insufficiently
characterized, and direct comparisons between structurally similar compounds
are scarce. Perfluorooctanoic acid (PFOA) and perfluorononanoic acid (PFNA)
are widely distributed long-chain PFAS differing by only an extra carbon-
fluorine (CF2) group that makes PFNA a slightly larger molecule. Nevertheless,
this subtle structural difference may substantially influence their toxicokinetic
properties, tissue accumulation, and biological activity. To our knowledge, this
represents the first direct comparison of physiological and behavioral effects of
PFOA and PFNA following sub-chronic exposure in male Wistar rats.

EXPERIMENTAL

One-month-old male Wistar rats were used in this study. All experimental
procedures were approved by the Ethical Committee for the use of laboratory
animals of the “VINCA” Institute of Nuclear Sciences - National Institute of the
Republic of Serbia, University of Belgrade. The study protocol was further
authorized by the Ministry of Agriculture, Forestry and Water Management-
Veterinary Directorate, Ethics Committee, under license no. 003912767/2025.
Animals were housed in groups of 3-4 per cage under standard laboratory
conditions, with food and water available ad libitum. Rats were divided into three
groups: Control (n=13), PFOA-exposed (n=14), and PFNA-exposed (n=13).
Both PFAS were administered via drinking water for four weeks at an estimated
daily dose of 2.5 mg/kg. Fresh solutions were prepared daily. Body mass was
monitored weekly, and dose adjustments were performed based on the average
daily fluid intake of 15 mL/kg.

Behavioral testing was performed at the onset of the experiment and at the end
of the fourth week of exposure. Anhedonia-like behavior was assessed using the
sucrose preference (SP) test. Animals were presented with two bottles for 1 h,
one containing tap water and the other containing 2% sucrose solution. The SP
was calculated as the ratio of sucrose solution intake to total fluid intake and
expressed as a percentage. In addition, total fluid intake during the testing period

138



was used to assess treatment-related changes in consummatory behavior. Since
bottle exposure lasted only 1 h, these measurements reflected acute fluid
consumption during testing rather than total daily fluid intake. Both SP and liquid
intake measurements were performed in triplicate during each session, and
average values were used for statistical analysis. Despair-like behavior was
assessed using the forced swimming test (FST). During the test, animals were
placed individually for 5 min in transparent plexiglass cylinders (@ 30 cm, height
45 cm) filled with water to a depth of 30 cm. Animal behavior was recorded and
analyzed by a researcher blinded to the experimental conditions. After
confirmation of normality and variance homogeneity, repeated-measures
ANOVA was performed, followed by Tukey’s post hoc test.

RESULTS AND DISCUSSION

In toxicological studies, changes in body mass serve as an important non-specific
indicator of systemic toxicity, reflecting disrupted metabolic homeostasis and
potential target-organ damage resulting from toxicant exposure. Repeated-
measures ANOVA revealed significant treatment-dependent alterations in body
mass progression, with PFNA-exposed animals displaying reduced body mass
changes from week 3 compared with controls and from week 2 compared with
PFOA-exposed animals (Fig. 1). Our finding that a 4-week administration of
PFNA resulted in reduced weight gain aligns with the growing consensus that
PFAS may disrupt metabolic regulation and energy balance. While overt weight
loss in animal models typically signifies acute systemic toxicity, human
epidemiological data suggest these changes are rooted in profound metabolic
suppression [7]. The disrupted weight trajectories observed in PFNA-exposed
animals provide additional evidence of PFNA-associated alterations in
physiological adaptation.

Neurobiological alterations can influence the ability of animals to feel
pleasure, hence, evaluating the level of SP can be taken as a measure of
neurobiological changes in animals. Since SP can be influenced by motivational,
metabolic, and hedonic factors, these findings should not be interpreted
exclusively as antidepressant-like effects. Animals exposed to PFNA exhibited a
marked alteration in consummatory behavior (Fig. 2), characterized by a
significant increase in both SP and total liquid intake compared to control and
PFOA-exposed groups.

Baseline values were comparable among groups, whereas PFNA-exposed rats
maintained fluid intake after 4 weeks, in contrast to the decline observed in
controls and PFOA-treated animals. A significant time X treatment interaction
was observed for total fluid intake during the SP test, while post hoc analysis
revealed that PFNA-exposed animals maintained significantly higher intake
values at week 4 compared with Control and PFOA groups. Maintenance of fluid
intake together with elevated SP in PFNA-exposed animals may suggest altered
reward-related or consummatory behavior. The elevated hedonic consumption
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was strictly decoupled from mass accumulation, as PFNA-treated animals
concurrently demonstrated reduced weight gain.
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Figure 2. Effects of PFOA and PFNA exposure on (a) sucrose preference and (b) total
fluid intake at baseline and after 4 weeks. Asterisks indicate within-group differences
from baseline; hashtags indicate differences between PFOA and PFNA groups; carets
indicate differences between PFAS-treated and control groups (“p < 0.01, ***p < 0.001,
#p <0.01,""p <0.001).

Increased immobility is a measure of despair-like behavior in animals and has
been adopted as a measure of depressive-like behavior in translational studies.
Four weeks of exposure to PFNA has resulted in increased immobility with a
simultaneous decline in swimming behavior (Fig. 3). No significance in
behavioral changes in FST was observed after 4-week exposure to PFOA. Thus,
FST showed stronger PFNA-associated effects in neurobehavioral alterations
compared to PFOA, which may be related to its capacity to induce severe
neurobehavioral stress. Together with altered SP, increased immobility suggests
that PFNA exposure affects multiple behavioral domains, including reward-
related and stress-coping behaviors.
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Figure 3. Immobility, swimming, and climbing behaviors following PFAS exposure.
Asterisks indicate statistically significant differences between PFAS-exposed and
control group ("p < 0.05).

CONCLUSION

Comparative analysis of 4-week exposure revealed stronger physiological and
neurobehavioral effects of PFNA than PFOA. PFNA exposure resulted in
reduced body mass progression, increased SP, elevated fluid intake during SP
testing, and increased despair-like behavior, whereas PFOA did not produce
comparable alterations in the assessed parameters. These findings indicate that a
single-carbon structural difference may substantially influence PFAS biological
effects, emphasizing the importance of compound-specific assessment of PFAS
toxicity. Further molecular and metabolic studies are warranted to elucidate the
mechanisms underlying these differences.
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ABSTRACT

The aim of the research was to characterise fructan isolated from roots of
shatavari (Asparagus racemosus Willd.) and suma (Pfaffia paniculata) using
microwave-assisted extraction. Its physico-chemical properties and functional
properties (swelling, water and oil holding capacities, flowability and
cohesiveness) were evaluated. The structure of inulin-type fructans was
confirmed by FTIR spectroscopy, as the presence of 2-ketose and 5 (2—1) bonds
were found. Shatavari fructan was characterized with low degree of
polymerization 8 and molecular mass of 1.3 kDa, while suma polysaccharide is
high-molecular fructan with degree of polymerization 24. The isolated fructans
showed better oil-holding capacity than water-holding one, but low swelling
properties. The research was the first detailed study for elucidation of structure
and functional properties of inulin from shatavari and suma roots that reveal their
potential for application in food, pharmaceutical and cosmetic purposes.

INTRODUCTION

Shatavari (Asparagus racemosus), is a medicinal plant from India and the
Himalayas from Liliaceae family [1]. It was reported 26.7% yield of 2—1 linked
fructo-oligosaccharides with degree of polymerization (DP) of nearly 7-8 in
Asparagus racemosus roots with immunomodulatory activity [2].

Pfaffia glomerata (Spreng.) Pedersen, known also as suma or “Brazilian
ginseng” 1s a medicinal herb from the Amaranthaceae family. It is distributed in
Guyana, Bolivia, Argentina and Brazil [3,4]. Some authors isolated inulin with
degree of polymerization (DP) of 13-15.33 [3, 4] with prebiotic activity [3].
Therefore, these two plants deserve attention for isolation of biologically active
fructans. However, the information about carbohydrate composition is still
insufficient and the functional properties were not evaluated well. This provokes
the aim of the current research that is connected with fructan isolated from roots
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of shatavari and suma using microwave-assisted extraction and evaluation of
their physicochemical properties and functional properties.

EXPERIMENTAL

The organic shatavari root flour and suma root flour were purchased and obtained
from FutuNatura (Slovenia). The isolation of shatavari and suma fructans was
performed by boiling hot water microwave assisted extraction for 5 min [5]. The
physicochemical properties were characterized [6]. The FTIR spectra were
recorded on Jasco X6 (JASCO, Japan) spectrometer in the wavelength range of
4000—400 cm™', 132 scans at a resolution of 2 cm™!. Color measurement was done
by a portable colorimeter Model WR-10QC D 65 lighting [5]. Functional
properties of fructans were evaluated [5]. True, bulk, and tapped densities, angle
of repose, flowability and wettability were determined [6].

RESULTS AND DISCUSSION
The structure of shatavari and suma fructans was confirmed by FTIR
spectroscopy (Fig. 1).
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Figure 1. FTIR spectra of chicory inulin, shatavari and suma fructans.

FTIR spectra showed all typical bands for inulin-type fructans [5,6], as their
bands were compared with chicory inulin standards (Frutafit HP with DP 9-12
and Raftiline HPX DP=25). The band at 3330 cm—1 was typical for OH groups,
The bands at 1014 cm™! were typical for C—O stretching vibration. The bands at
930-932 cm ! showed o-D-glucopyranosyl residue, while the band at 873 cm™
was due to 2-ketofuranose and B-anomer bendings in C1-H. The bands at 817-
819 cm™! confirmed the presence of 2-ketose in pyranosyl or furanosyl ring.
The results for the physicochemical characteristics of fructans isolated by
microwave extraction were presented (Table 1). The yield of the suma
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polysaccharide was low, with a low fructose content (17%) and inulin purity
(10%), but it exhibited a high molecular mass and a degree of polymerization of
24 (Tab. 1). Our results were lower than the previously reported yield of 11.45
% obtained by classical hot-water extraction followed by ethanol precipitation
[3]. However, the degree of polymerization of inulin from suma was higher than
in some reports [3, 4]. Moreover, the colour characteristics of suma fructan were
reported for the first time in this study, whereas those of shatavari were
comparable to previously reported values [5]. However, shatavari fructan
showed a better yield 6.8% with inulin purity of 62% and a high fructose content
of 68%. The degree of polymerization is 8, and the obtained inulin from
Asparagus racemosus can be evaluated as a low-molecular-mass fructan, part of
fructooligosacchrides with a molecular mass 1375 Da. Therefore, our data on
shatavari inulin were close to the reports in the literature [1, 5].

Table 1. Physicochemical characteristics of fructans isolated from shatavari
and suma roots by microwave-assisted extraction

Characteristics Shatavari inulin Suma fructan Inulin Frutafit
HD DP B8-12
Yield . % 6.8+0.4 1.2+0.2 -
Purity, % 62.0+£0.6 10.1+=0.5 82.5+£0.3
Fructose content, %% 68.6=x0.9 17.5+0.2 750404
DP by HPLC-SEC 8 24 12
Mw. Da 1375 3951 2185
Mn. Da 1340 3757 2105
Polvdispersity index 1.03 1.05 1.04
Color characteristics
L 54.03x+1.50 T2E1+x122 100.00=0.00
a 11.62 047 27006 0.08=0.04
b 2685091 1811016 6.79+0.10
C 2925+ 0.52 1991+ 0.12 6.79+0.10
h 66.60= 0.41 6545+ 0.11 92 29+516

Legend: Mw- weight molecular mass, Mn — Number molecular mass, L-
lightness, a — redness, b- yellowness, C- chroma, h — hue

The functional properties were summarized in Table 2. Both isolated inulin
demonstrated with low swelling properties, but high oil-holding capacity, good
water holding capacity and hygroscopicity. Wetting properties were close to
those of the chicory inulin reference. Because of the low yield, some functional
properties of suma fructan could not be determine. However, this was the first
study for evaluation of the functional properties of suma fructan.
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Table 2. Functional properties of isolated inulin from shatavari roots

Functional properties Shatavari Suma Inulin
mulin fructan  Raftiline HD
DPE-12
Swelling, g/cm’ 0.17 0.09 0.74
Water-holding capacity, g water/g 5.52 3.88 0.40
Oil-holding capacity, g oil/g 830 841 0.40
Bulk density, g/mL 040 - 24
Tapped density, g/mL 047 - 18.5
True density, g/mL 047 - 1.11
Angle of repose,® 1131 16.16 25.64
Higroscopicity, % 6.92 6.52 3.7
Wettability, s 11.7 11.5 9
CONCLUSION

The current study elucidated the structure, physicochemical and functional
properties of inulin-type fructan from shatavari and suma roots. The obtained
shatavari inulin was characterised as a low molecular mass fructan with DP § and
an average yield, while suma fructan was a high molecular inulin. According to
the obtained functional properties, shatavari inulin should be used as a taste
modifier in food products with a potential prebiotic effect, because of its low
molecular weight, while suma can be used as texture modifier.
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ABSTRACT

Neem (Azadirachta indica) seed oil is widely used as a biopesticide and in
cosmetic formulations, yet data on its genotoxicity remain limited. This study
assessed its effects in human peripheral blood lymphocytes using the cytokinesis-
block micronucleus assay. A significant, concentration-dependent increase in
micronuclei incidence was observed, accompanied by reduced cell proliferation
across all tested concentrations. At the highest concentration, pronounced
cytotoxicity was observed. These findings highlight the need for further in-depth
safety evaluation of neem seed oil and clarification of the roles of its individual
constituents in the observed biological effects.

INTRODUCTION

Neem (Azadirachta indica) seed oil is widely used in agriculture and cosmetic
formulations and has also been incorporated into traditional medicinal and
pharmaceutical preparations [1]. As a result of this broad, cross-sectoral
application, human exposure to neem-derived products may occur through
multiple routes, including dermal contact, inhalation, and oral intake as an
auxiliary medical agent. Notably, certain Azadirachta indica-derived substances
(e.g., neem seed extract) have been identified as carcinogenic, mutagenic, or
toxic to reproduction (CMR) and have been prohibited in cosmetic products in
the EU since 2023 [2]. Neem seed oil represents a highly complex mixture
comprising more than 300 constituents, including fatty acids, triterpenes,
flavonoids, saponins, catechins, and limonoids [3]. Given its complex chemical
composition and increased use, concerns have arisen regarding human exposure
and potential adverse effects, particularly at higher concentrations or with
prolonged exposure. Genotoxicity is a critical endpoint in toxicological
assessment, yet, despite its wide use, data on the genotoxic potential of neem
seed oil remain limited and inconsistent, likely due to differences in composition,
formulation, and experimental design. In this study, the genotoxic and cytotoxic
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effects of neem seed oil in human peripheral blood lymphocytes were evaluated
using the standardized cytokinesis-block micronucleus (CBMN) assay [4]. The
findings provide insight into its potential genotoxic risk and contribute to its
safety assessment under increasing environmental and human exposure.

EXPERIMENTAL

Cell culture and genotoxicity assessment

Commercial cold-pressed neem (Azadirachta indica) seed oil (Eterra, TemaCo
d.o.o., Novi Sad, Serbia; origin: India) was used. Stock emulsions were prepared
in DMEM (Thermo Fisher Scientific, USA) with Tween 20 (Sigma-Aldrich,
France) as the surfactant. Working concentrations were obtained by serial
dilution. Peripheral blood samples were collected from a healthy male donor after
informed consent, in accordance with protocols approved by the Institutional
Ethics Committee (approval no. 116-5-5/2023-000) and relevant ethical
guidelines [5]. Heparinized whole blood was cultured in Panserin 701 (Pan-
Biotech, Germany) medium. Neem seed oil was tested at concentrations ranging
from 0.025 to 1 mg/mL. Untreated cultures served as controls. Tween 20 was
used at final concentrations below the cytotoxicity threshold (<0.01%) [6].
Experiments were performed in triplicate. Genotoxicity was assessed using the
CBMN assay of Fenech [7], following the OECD 487 Guideline [4]. At least
2000 binucleated cells per sample were analyzed using a light microscope
(Optech, Germany) at 400x or 1000x magnification. Cytostatic/cytotoxic effects
of neem seed oil were assessed by estimating the cytokinesis-block proliferation
index (CBPI) [8], using the formula: CBPI = [MI + 2MII + 3(MIII +MIV)]/N,
where MI-MIV represent cells with one to four nuclei, and N is the total number
of cells scored. At least 500 cells per sample were analyzed [4]. Cytotoxicity (%)
was calculated as: 100 — 100[(CBPIt— 1)/(CBPIc — 1)], where CBPIr is the CBPI
of the test compound, and CBPIc is the CBPI of the untreated control cells [4].
Statistical analyses were performed using Student’s t-test and Pearson and partial
correlation analyses in Statistica 8.0 and OriginPro 8.5. A p-value < 0.05 was
considered statistically significant.

RESULTS AND DISCUSSION

The genotoxic potential of neem seed oil was evaluated in human lymphocytes
across a concentration range of 0.025—-1 mg/mL. The results (Fig. 1.) show a
significant, concentration-dependent increase in micronuclei (MN) incidence.
The effect was evident even at the lowest tested concentration and increased
progressively; at 1 mg/mL, near-complete inhibition of cell proliferation
precluded reliable MN scoring, indicating cytotoxicity beyond the evaluable
range (data not shown). CBPI analysis showed a parallel, concentration-
dependent reduction in proliferative capacity (Fig. 1.). CBPI decreased
progressively up to 0.5 mg/mL, while 1 mg/mL caused ~ 100% inhibition of
proliferation (data not shown). Cytotoxicity increased accordingly, ranging from
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mild effects at lower concentrations to pronounced cytotoxicity at 0.5 mg/mL
(54.41 £ 1.47%) and near-complete cell cycle arrest at 1 mg/mL (Table 1).
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Figure 1. The MN incidence (mean + SD) and CBPI (mean + SD) in cultured
human lymphocytes treated with neem oil, expressed as percentages relative to
the control, set at 100%. *p<0.05, **p<0.01, ***p<0.001 compared with the
control.

A significant inverse correlation between MN incidence and CBPI (r = —0.96; p
= 0.0001) suggests activation of cell cycle checkpoints, particularly at G2/M, in
response to DNA damage. Damaged cells likely undergo arrest, senescence, or
apoptosis, thereby reducing proliferation and increasing genomic instability. The
observed genotoxic responses align with reports on neem nanoformulations, in
which DNA damage has been linked to oxidative stress and ROS generation [9].
Notably, these effects occurred at higher concentrations (1.2—2 mg/mL) than in
the present study, suggesting that formulation, bioavailability, and cellular
uptake influence toxicity. Evidence for constituents, such as azadirachtin,
indicates that genotoxicity may arise from mitotic spindle disruption and
chromosome missegregation rather than from direct DNA damage, leading to
micronuclei formation [10].

Table 1. Neem seed oil-induced cytotoxicity (%) in human lymphocytes.
Concentration of neem seed oil (mg/mL)

0.025 0.05 0.1 0.5
Cytotoxicity 22.06 26.47 45.59 55.88
(%) 23.53 27.94 44.11 52.94
(mean+SD) 17.65 35.29 44.11 54.41

21.08+3.06 29.90+4.72 44.60+0.85 54.41+1.47
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Collectively, these findings suggest that neem oil-associated genotoxicity may
involve both clastogenic and aneugenic mechanisms, likely driven by multiple
bioactive constituents rather than a single compound.

CONCLUSION

The present findings indicate that neem seed oil compromises genomic stability
and cell cycle progression in a concentration-dependent manner, raising potential
toxicological concerns associated with its increasing use and possible human
exposure.
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ABSTRACT

In the present study, five representative dietary phenolic acids, namely p-
coumaric acid, vanillic acid, caffeic acid, gallic acid, and chlorogenic acid, were
comparatively evaluated using an in silico descriptor-based approach. Molecular
weight (MW), hydrogen-bond donors (HBD), hydrogen-bond acceptors (HBA),
lipophilicity (LogP), topological polar surface area (TPSA), rotatable bonds, and
Lipinski Rule-of-Five compliance were analyzed to assess drug-likeness and
predicted membrane permeability. Among the investigated compounds, caffeic
acid provided the most balanced combination of antioxidant activity and
physicochemical properties associated with oral absorption.

INTRODUCTION

Phenolic acids constitute one of the largest classes of naturally occurring
phytochemicals and are widely distributed throughout fruits, vegetables, cereals,
coffee, tea, medicinal plants, and numerous functional foods. These compounds
contribute significantly to the antioxidant capacity of plant-derived products and
have been associated with various beneficial biological effects. The in vivo
effectiveness of phenolic acids depends not only on intrinsic chemical reactivity
but also on pharmacokinetic behavior. [1]

Drug-likeness represents a conceptual framework used to assess whether a
molecule possesses physicochemical characteristics commonly associated with
successful orally active drugs. Among the available approaches, Lipinski's Rule
of Five remains one of the most widely applied guidelines in medicinal
chemistry. Phenolic acids represent an excellent model system for investigating
the relationship between antioxidant activity and drug-likeness. [2]

The objective of the present study was to perform a comparative in silico
assessment of five representative dietary phenolic acids, and to examine the
relationship between antioxidant potential and drug-likeness.
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EXPERIMENTAL

The molecular descriptors evaluated were molecular weight, hydrogen-bond
donor count, hydrogen-bond acceptor count, octanol-water partition coefficient,
topological polar surface area, and number of rotatable bonds. Drug-likeness was
assessed according to Lipinski's Rule of Five. The following criteria were
applied: MW < 500 Da, HBD <5, HBA <10, and LogP <5. The number of
violations for each compound was determined and interpreted as an indicator of
predicted oral drug-likeness. We evaluated relative antioxidant potential based
on established structure-activity principles for phenolic compounds. Particular
attention was given to the number of phenolic hydroxyl groups, presence of
catechol motifs, methoxy substitution, and expected stabilization of phenoxyl
radicals following hydrogen or electron donation. [3]

RESULTS AND DISCUSSION

The investigated compounds exhibited substantial differences in molecular size,
polarity, and hydrogen-bonding capacity despite sharing common aromatic acid
scaffolds. Table 1 summarizes the descriptor values used for comparative
analysis. Among the investigated compounds, chlorogenic acid displayed the
highest molecular weight and TPSA, indicating substantially greater polarity
than the remaining phenolic acids. In contrast, p-coumaric acid exhibited the
lowest TPSA and the highest LogP value, suggesting superior predicted passive
membrane permeability. Vanillic acid also showed a favorable descriptor profile,
reflecting the permeability-supporting effect of methoxy substitution.

Table 1. Physicochemical descriptors and Lipinski parameters of selected
phenolic acids.

MW TPSA  Rotatable . .
Compound (Da) HBD HBA LogP (A2) bonds Violations
p-Coumaric  yc/ 16 5 3 149  57.53 2 0
acid
Vanillic e 15 5 3 110 66.76 2 0
acid
Caffeic acid 180.16 3 3120 77.76 2 0
Gallicacid 170.12 4 4 050 97.99 1 0
Chlorogenic 354 47 ¢ 8  -0.79 164.75 4 1
acid

All compounds except chlorogenic acid fully satisfied Lipinski's criteria.
Chlorogenic acid exhibited one violation due to the presence of six hydrogen-
bond donor groups. These results suggest that p-coumaric acid, vanillic acid,
caffeic acid, and gallic acid occupy physicochemical space generally associated
with favorable oral drug-likeness. In contrast, chlorogenic acid may experience
reduced passive membrane transport due to its high polarity and hydrogen-
bonding capacity.
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The antioxidant activity of phenolic acids is strongly influenced by
hydroxylation patterns. Gallic acid contains three phenolic hydroxyl groups and
therefore exhibits extensive radical stabilization through resonance mechanisms.
Caffeic acid contains a catechol moiety that provides efficient electron
delocalization following hydrogen donation. Chlorogenic acid retains the
antioxidant characteristics of caffeic acid while introducing additional hydroxyl
groups through the quinic acid moiety. Conversely, p-coumaric acid contains
only a single phenolic hydroxyl group and therefore exhibits lower radical-
scavenging potential. Vanillic acid occupies an intermediate position because the
methoxy substituent contributes electron density while reducing hydrogen-bond
donor capacity. The expected structure-based antioxidant activity follows the
qualitative order: gallic acid > caffeic acid > chlorogenic acid > vanillic acid >
p-coumaric acid. This ranking should be interpreted as a structural prediction
until supplemented with quantitative antioxidant assay data from the literature or
new experiments. A notable inverse relationship was observed between
antioxidant potential and predicted drug-likeness (Fig. 1). Increasing
hydroxylation generally resulted in higher antioxidant potential, increased HBD
and HBA values, larger TPSA values, greater polarity, and reduced predicted
membrane permeability. This relationship suggests the existence of an
antioxidant activity-drug-likeness trade-off in phenolic acids.

Antioxidant Activity vs Drug-Likeness

Bl Antioxidant activity
mmm Drug-likeness

Relative score (1-5)
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Figure 1. Structure of p-tert-butyldihomooxacalix[4]arene tetra(diethyl)amide.

Among the investigated compounds, caffeic acid appears to occupy the most
favorable position within the antioxidant activity-drug-likeness landscape. The
catechol structure confers strong antioxidant activity, while molecular size,
TPSA, and hydrogen-bonding characteristics remain within ranges generally
associated with favorable oral absorption. This balance distinguishes caffeic acid
from highly permeable but less active compounds and from highly active but
more polar compounds.
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CONCLUSION

The present study provides a comparative in silico assessment of drug-likeness
and antioxidant potential among five representative dietary phenolic acids. The
results demonstrate that structural modifications influencing antioxidant activity
simultaneously affect physicochemical properties associated with oral
absorption. A clear antioxidant activity-drug-likeness trade-off was observed.
Increased hydroxylation enhanced predicted antioxidant activity but also
increased polarity, hydrogen-bonding capacity, and topological polar surface
area. These changes may reduce membrane permeability and pharmacokinetic
performance. Among the investigated compounds, caffeic acid exhibited the
most favorable balance between antioxidant potential and drug-like properties.
This finding suggests that caffeic acid occupies an advantageous position within
the structure-property landscape of phenolic acids and may represent a promising
scaffold for the development of nutraceutical and pharmaceutical agents.
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ABSTRACT

Deep eutectic solvents (DES) are a novel class of green solvents with good
biocompatibility; however, their protective potential against various xenobiotics
hasn’t been explored. Combining choline chloride (ChCl) with the naturally
occurring antioxidant, ascorbic acid (AA), could provide desirable biological
effects. We investigated the potential protective effect of ChCl and AA
formulated DES, ChCIl:AA, against hydroxyurea (HU)-induced oxidative
damage in human lymphoblastoid TK6 cells. Cell viability (50-300 pg/mL) was
assessed using the Trypan blue assay, and antioxidant status was evaluated by
measuring reduced glutathione (GSH). ChCl:AA treatment maintained cell
viability and increased intracellular GSH. Furthermore, under HU-induced
oxidative stress, ChCl:AA pretreatment significantly elevated GSH levels
compared to HU treatment alone. These findings suggest that ChCl:AA
enhances cellular antioxidant defenses, highlighting its potential for
pharmaceutical and food applications.

INTRODUCTION

Deep eutectic solvents (DES) are a class of green solvents with growing potential
in pharmaceutical and food industries owing to their ability to improve the
solubility and enhance bioavailability of poorly soluble compounds. They consist
of two or more components, a hydrogen bond acceptor (HBA) and a hydrogen
bond donor (HBD), resulting in a eutectic mixture with a lower melting point
compared to the individual components [1]. Choline chloride (ChCl) is one of
the most commonly used HBAs, as a naturally occurring quaternary ammonium
compound. Ascorbic acid (AA) is a potent water-soluble antioxidant involved in
maintaining cellular redox homeostasis. Hence, combining ChCl with AA could
form a DES with both good biocompatibility and beneficial antioxidant
properties [2]. Hydroxyurea (HU) is a chemotherapeutic agent that can induce
oxidative stress through reactive oxygen species (ROS) generation and depletion
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of intracellular antioxidant defenses, leading to long-term adverse effects on
healthy cells [3]. Therefore, this study aimed to evaluate the potential of choline
chloride:ascorbic acid (ChCl:AA) DES (2:1 molar ratio) to mitigate the adverse
effects of HU on the TK6 human lymphoblastoid cell line by monitoring cell
viability and intracellular reduced glutathione (GSH) levels under HU-induced
oxidative stress.

EXPERIMENTAL

TK6 cells were seeded in 24-well plates at a density of 0.05 x 10° cells per well
in RPMI 1640 (Capricorn Scientific, Germany) medium supplemented with 10%
Fetal Bovine Serum (FBS, Capricorn Scientific, Germany) under standard cell
culture conditions, 37°C and 5% COx. Cells were treated with ChCI:AA (50, 100,
and 300 pg/mL) for 24 h. For co-treatment experiments, cells were pretreated
with ChCLl:AA for 5 h before exposure to HU (100 uM). Following 24 h of
incubation, cell viability was assessed using a Trypan blue exclusion assay
according to the standard procedures [4]. Cell viability was expressed as the
percentage of viable cells relative to the untreated control.
GSH levels were determined using Ellman’s method [5]. Absorbance was
measured at 412 nm (Sunrise, Tecan microplate reader), and the results are
expressed as percentages relative to the untreated control.

All the experiments were performed in triplicate and repeated twice. The
results are presented as means + standard errors (mean+SE). One-way ANOVA
from the SPSS software for Windows 10, version 20 (IBM, Armonk, NY, USA)
was used to assess the differences between the groups, with significance set at
p<0.05.

RESULTS AND DISCUSSION

The cell viability assay demonstrated that after treatment with ChCl:AA at all
tested concentrations (50, 100, and 300 pg/mL), cell viability remained within
the range of the untreated control, indicating good biocompatibility of the tested
DES in the TK6 cellular model (Figure 1A). Determination of GSH showed that
ChCl:AA increased GSH levels in a concentration-dependent manner,
significantly at 300 pg/mL, indicating enhancement of the cellular antioxidant
defense system (Figure 1B).
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Figure 1. Effects of ChCl:AA on A) cell viability and B) GSH levels. *p<0.05,
treatments vs. untreated control.

Consistent with previous findings, treatment with 100 uM HU exerted a
cytotoxic effect (Figure 2A) and induced oxidative stress, seen as decreased
intracellular GSH levels (Figure 2B). However, pretreatment with ChCl:AA
resulted in a slight increase in the percentage of viable cells compared with HU
(Figure 2A). Furthermore, DES pretreatment significantly increased intracellular
GSH levels compared with HU-treated cells at all tested concentrations,
indicating its promising antioxidant potential (Figure 2B). The observed increase
in GSH levels may be attributed to the ascorbic acid in the DES composition,
which can directly scavenge ROS and contribute to the maintenance of
intracellular redox balance, thereby preserving cellular antioxidant reserves [6].
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Figure 2. Effects of HU+ ChCIl:AA on A) cell viability and B) GSH levels.
*p<0.001, treatments vs. untreated control; *#p<0.001, treatments vs. HU

These results suggest that the enhanced antioxidant defense observed
following ChCl:AA treatment becomes more pronounced under oxidative stress.

156



However, the modest improvement in cell viability may be attributed to the
relatively short pretreatment period (5 h), during which the increase in
intracellular GSH may not have been sufficient to translate into a significant
improvement in cell survival. Nevertheless, the significant increase in GSH
levels indicates that ChCl:AA effectively enhances the cellular antioxidant
response against HU-induced oxidative stress.

CONCLUSION

Taken together, these findings indicate that ChCl:AA exhibits favorable
biological properties, characterized by high cellular compatibility and the ability
to contribute to the maintenance of cellular redox status.
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ABSTRACT

Elevated fluoride (F~) concentrations in the environment are a real-case scenario
that could negatively affect various tissues. Therefore, the current in vivo study
evaluated subacute (28 days) F~ toxicity through the benchmark dose-response
(BMD) approach in spleen tissue. Male Wistar rats were allocated into six groups
(n=15): a control group (tap water) together with five groups that were exposed
to increasing F~ concentrations (10, 25, 50, 100, and 150 mg/L sodium-fluoride
(NaF)) ad libitum. Spleen tissue was prepared for copper (Cu), iron (Fe) and
DNA damage (comet assay) determination. BMD methodology for the external
and internal F~ dose-response relationships was obtained via PROASTweb 70.1
software. The results showed that F~ caused a significant increase in DNA
damage in all experimental groups. No significant changes were observed for Cu
and Fe levels. The dose-dependent alterations were confirmed for decreasing Cu
levels. The presented data provide important findings on an unexplored dose-
dependent relationship between F~ exposure and possible toxicity mechanisms
in the spleen tissue.

INTRODUCTION

Despite the fact that fluorides (F~) have been known for their beneficial effects
in the prevention of tooth decay for more than eight decades [1], they are
constantly a subject of interest in contemporary toxicology research. Excessive

158



F~ consumption due to cumulative intake from beverages, water, air, industrial
contamination and natural sources could lead to local and/or systemic toxicity
[2]. According to some authors, elevated F~ concentrations could cause apoptosis
of splenic cells, impair innate immunity and deregulate signaling pathways in
spleen lymphocytes [3, 4]. To the best of our knowledge, this is the first study
that has evaluated F~ subacute toxicity in the spleen tissue of experimental rats
via dose-response methodology, with a goal to expand possible F~ toxicity
mechanisms.

EXPERIMENTAL

The experiment, approved by the Ethical Committees of the School of Dental
Medicine (Serbia, no 36/2) and the University of Belgrade, Faculty of Pharmacy
(No. 323-07-11822/2018-05), was performed on 30 male albino Wistar rats (8
weeks old, 140-190 g). Animals (n = 5 per group, due to the 3R principle) were
randomly allocated into six groups: control-tap water, while the other five groups
were drinking solutions made with increasing sodium fluoride (NaF)
concentrations: 10, 25, 50, 100, and 150 mg/L, for 28 days. Water (kept in the
refrigerator in plastic bottles and prepared daily) and food (The Veterinary
Institute, Subotica, Serbia) were provided ad libitum, to imitate the most common
route of F~ exposure. The animals were euthanized by the intraperitoneal
application of anesthetic ketamine (300 mg/kg) and xylazine (30 mg/kg).

The determination of zinc (Zn) and iron (Fe) concentrations was performed
by flame atomic absorption spectrophotometry (FAAS) (240FS AA; Agilent
Technologies, Santa Clara, CA, USA), and the protocol was in detail explained
in our previously published paper [5]. Comet assay was performed in a mingle
format [6] with modifications. Details on cell viability (fluorescence microscope
Leica, DMLS, Austria, under magnification 200x, excitation filter 510-560 nm,
barrier filter 590 nm), slide preparations and conditions for comet assay are
provided in detail in our previous paper [7]. A total of 100 nucleoids were
examined per each sample (Comet IV Computer Software (Perceptive
Instruments, UK)). Quantification of the damage was assessed via Tail Intensity
%. Nuclei with excessive levels of DNA damage were recorded for each sample
by the hedgehog tool in the software. For benchmark dose—response modeling,
PROASTweb 70.1 software (https://proastweb.rivm.nl) was used. External
dosages (F~ in drinking solutions) represented the exposure, while internal
dosages (F~ in tissues) indicated the actual biologically effective dose. A
benchmark response (BMR) of 5% at a 90% confidence level was utilized for
continuous individual data (exponential and Hill family models). BMDS5 dose
interval is defined by the BMDLS (BMD lower) and BMDUS5 (BMD upper)
intervals.
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RESULTS AND DISCUSSION

In experimental groups treated with F~ concentrations of 50 mg/L and higher, we
observed a trend of decreasing Cu levels, without statistical significance. Fe
levels remained unchanged in all the groups (Table 1).

Table 1. Bioelement concentrations in the spleen of Wistar rats subacutely exposed
to different F~ concentrations.

Groups (n=5)

BE C 10 mg/L F 25 mg/L F 50 mg/L F 100 mg/L F- 150 mg/L F
Cu (pg/g) 1.65+0.41 2.04+1.26 2.4840.09 1.1240.21 0.9540.1 1.140.51
. 239.5 258.5 520.2 319.8 284.6 250.6

Fe (ng/g)

- 175.7-303.3  238.3-278.8  513.6-526.9  280.9-358.8 278.1-291 215.8-285.3

BE bioelement; C control; Cu copper; Fe iron; F~ fluoride. One-way ANOVA followed by Fisher’s least
significant difference (LSD) and Kruskal-Wallis tests, followed by Dunn’s post hoc test. Results are
given as means + SDs or as the medians and interquartile ranges (25—-75%).

Figure 1 summarizes comet assay data for all the experimental groups. A
significant increase of DNA damage has been observed in all experimental
groups exposed to F~ compared to the control (**p < 0.01, ***p < 0.001, ****p
< 0.0001). The most prominent damage occurred within groups that were
exposed to 25 and 150 mg/L F~ where the highest median values were observed.
BMDS5 analysis was performed for essential elements parameters and DNA
damage measured in our study. Table 2 present the parameters that passed the
criteria for dose-response modeling. External dose-dependent effects were
observed for Cu, with the BMDLS5 15.3 mg F /L. These results showed that there
is need for a constant update for F~ risk assessments and cautious monitoring,
especially regarding water fluoridation processes, since F~ are usually combined
with another elements, and synergistic and/or antagonistic properties should be
observed [8].

Spleen tissue

*kkk

Tail intensity %
$k
kkkk
sk

Figure 1. The level of DNA damage in the spleen assessed by the comet assay after
subacute exposure to different F~ concentrations (10, 25, 50, 100 and 150 mg/L). One-
way ANOVA followed by Fisher's least significant difference (LSD) as was used for
data analysis. **p < 0.01, ***p <0.001, ****p < (0.0001 (compared with the control
group). Values represent mean = SDs.
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Table 2. External dose-dependent fluoride response for Cu in spleen tissue.

_ No. BMDL5 BMDUS

Par. FM  Loglik. P AIC (mg F/L) (mgF/L) TR

cu X 514 5 1428 153 482  +|
m5-

AIC Akaike information criterion; BMDLS5 lower confidence limit of the benchmark dose; BMDUS upper
confidence limit of the benchmark dose; Cu copper; FM Fitted Models; Loglik loglikelihood; No. Par.
Number of parameters; Par. parameter; TR trend; | negative trend.

CONCLUSIONS

Our findings reveal a trend of decreased Cu values in the groups that received
moderately elevated F~ concentrations, suggesting Cu potential disbalance in the
spleen tissue. Subacute F~ exposure also caused increased DNA damage in all
groups, while BMDS5 analysis showed a dose-dependent correlation for
decreased Cu values. The presented low BMDLS value indicates that even
minimal F~ doses might cause measurable disturbances in essential element
homeostasis and potentially impair spleen function.
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ABSTRACT

Chronic benzodiazepine exposure promotes dependence and withdrawal-
associated neuroadaptations, yet the underlying neurochemical mechanisms
remain insufficiently defined. Here, we examined alterations in dopamine and
serotonin levels in the prefrontal cortex (PFC) following alprazolam withdrawal
in adult female Wistar rats. Animals received escalating doses of alprazolam over
8 days, followed by abrupt cessation and assessment at 36 h withdrawal time
point. Neuromodulator concentrations were quantified using high-performance
liquid chromatography (HPLC). Withdrawal induced a significant increase in
dopamine levels and a significant decrease in serotonin levels in the PFC. These
findings indicate a disruption of neurochemical balance, suggesting that
alterations in PFC monoamines may contribute to withdrawal-associated
behavioral changes.

INTRODUCTION
The prefrontal cortex (PFC) is a critical brain region involved in the regulation
of executive functions, emotional processing, and goal-directed behavior [1, 2].
It plays a central role in cognitive flexibility, decision-making, and inhibitory
control, largely through its extensive connections with limbic and subcortical
structures [1, 2]. Dysregulation of PFC activity has been strongly implicated in
neuropsychiatric disorders, including anxiety, depression, and substance use
disorders [3].

Benzodiazepines, such as alprazolam, are widely prescribed for the
management of anxiety and related conditions due to their potentiation of y-
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aminobutyric acid (GABA)-mediated inhibitory neurotransmission. However,
chronic use of benzodiazepines can lead to the development of tolerance and
dependence, followed by withdrawal symptoms upon cessation. These
withdrawal states are often characterized by heightened anxiety, altered
emotional processing, and dysregulation of neurotransmitter/neuromodulator
systems [4].

The PFC is highly sensitive to alterations in neurotransmitter balance, and
both dopaminergic and serotonergic signaling within this region are essential for
maintaining optimal cognitive and affective function [2, 5]. Disruption of these
systems during benzodiazepine withdrawal may contribute to the behavioral and
neurochemical abnormalities [6, 7]. While previous studies have investigated the
effects of benzodiazepines on limbic structures such as the amygdala, less
attention has been given to withdrawal-associated neurochemical changes within
the PFC.

Therefore, the present study investigated dopamine and serotonin levels in the
PFC at 36 h following alprazolam withdrawal in adult female Wistar rats using
high-performance liquid chromatography (HPLC), providing insight into
neurochemical adaptations associated with benzodiazepine withdrawal.

EXPERIMENTAL

Adult female Wistar rats were randomly divided into two experimental groups:
control (vehicle-treated, 0.5 % Tween 80 in saline) and 36 h alprazolam
withdrawal group. Alprazolam was administered intraperitoneally in escalating
doses (3, 5, 7, and 9 mg/kg; twice daily for two days each) over 8 days, followed
by abrupt cessation. Animals were housed under standard laboratory conditions
with food and water available ad libitum. All procedures were performed in
accordance with institutional ethical guidelines. Following 36 h withdrawal
period animals were sacrificed, the PFC was identified using Paxinos and Watson
stereotaxic atlas [8], and then carefully dissected. Tissue samples (n = 6-7 per
group) were homogenized in deproteinization solution (1 mg tissue/10 pL),
followed by sonication (3 x 10 s) and centrifugation (30 min, 15,000 rpm, 4 °C).
The resulting supernatants were collected for analysis using HPLC with
electrochemical detection. An aliquot of each sample (40 puL) was injected into
an UltiMate 3000 HPLC system (Thermo Fisher Scientific, USA) equipped with
a C18 column. The mobile phase consisted of 100 mM ammonium formate buffer
(pH 3.6) and methanol, with an initial ratio of 98:2 (v/v), delivered at a flow rate
of 500 pL/min. Under these conditions, dopamine and serotonin were separated
and detected using an electrochemical detector set at 850 mV and 25 °C. Data
were acquired and analyzed using Chromeleon 7 Chromatography Data System
(Thermo Fisher Scientific, USA). Neuromodulator concentrations were
expressed as pg/mg tissue. Data were analyzed using an unpaired two-tailed
Student’s t-test. Differences were considered statistically significant at p < 0.05.
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RESULTS AND DISCUSSION
Dopamine and serotonin levels in the PFC were quantified following alprazolam
withdrawal. Statistical analysis revealed a significant effect of withdrawal on
monoamine levels.

Specifically, dopamine concentrations were significantly increased in the 36
h withdrawal group compared to controls (p = 0.0041; Figure 1A), indicating
possible enhanced dopaminergic activity in the PFC following cessation of
alprazolam treatment.

In contrast, serotonin levels were significantly decreased in the withdrawal
group (p = 0.0445; Figure 1B), suggesting a potential reduction in serotonergic

levels.
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Figure 1. HPLC analysis of monoamine levels in the prefrontal cortex. (A)
Dopamine concentration (pug/mg of tissue); (B) Serotonin concentration (pg/mg
of tissue). Each dot represents an individual animal in the vehicle and
alprazolam 36 h withdrawal groups. The number of animals per group is
indicated within the bars (at the base of each column).

The present findings show that withdrawal from chronic alprazolam
administration  produces  significant alterations in  monoaminergic
neurotransmission in the PFC, reflected by increased dopamine and decreased
serotonin levels.

The observed elevation in dopamine may reflect a compensatory response to
prolonged enhancement of GABAergic inhibition induced by benzodiazepines.
Chronic alprazolam exposure enhances GABAA receptor activity, leading to
suppression of neuronal excitability [7]. Upon abrupt withdrawal, this inhibitory
tone is removed, potentially resulting in a rebound hyperactivity of dopaminergic
neurons. Such dysregulation of dopamine signaling in the PFC has been
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associated with heightened arousal, anxiety, and impaired executive function,
which are commonly reported during benzodiazepine withdrawal [2].

Conversely, the reduction in serotonin levels suggests impaired serotonergic
transmission following withdrawal. Serotonin plays a critical role in mood
regulation and emotional stability, and its decrease may contribute to withdrawal-
related symptoms such as anxiety, irritability, and depressive-like states [6]. The
imbalance between increased dopaminergic and decreased serotonergic activity
may further exacerbate behavioral and affective disturbances.

Overall, these results indicate that alprazolam withdrawal leads to a significant
neurochemical imbalance in the PFC, which may contribute to the behavioral and
emotional symptoms observed during withdrawal. Further studies are needed to
determine the temporal dynamics of these changes and their relationship to
functional outcomes.

CONCLUSION

In conclusion, alprazolam withdrawal was associated with altered monoamine
levels in the PFC, characterized by increased dopamine and decreased serotonin
concentrations. These findings indicate a disruption of PFC monoaminergic
balance that may contribute to withdrawal-related behavioral and affective
changes. Overall, the study provides evidence for PFC monoaminergic
alterations during benzodiazepine withdrawal and contributes to understanding
its neurochemical basis.
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ABSTRACT

Food waste is a valuable source of bioactive compounds, and cocoa bean shells
(Theobroma cacao L.) are rich in phenolic compounds with antioxidant potential.
This study optimized ultrasound-assisted extraction of polyphenols by varying
solvent type, solid-to-solvent ratio, and time, and evaluated the extracts’
antioxidant activity. The results showed that extraction conditions significantly
affected both total polyphenol content (TPC) and ICso values. The highest TPC
was obtained with 50% ethanol, while optimal conditions were a 1:30 ratio and
30 min extraction. Antioxidant activity improved with higher TPC, but only a
weak correlation was observed (r = -0.37), indicating that activity depends not
only on total phenolics but also on the extract’s chemical profile. Ultrasound-
assisted extraction was confirmed as an efficient method for obtaining
antioxidant-rich cocoa bean shell extracts.

INTRODUCTION

Food waste represents a significant environmental problem, but it can also serve
as a source of bioactive compounds, dietary fibers, and natural antioxidants for
the development of functional food products. Valorization of food waste
materials contributes to the principles of the circular economy, the reduction of
environmental pollution, and the more efficient use of agro-industrial by-
products [1,2]. Cocoa bean shells from Theobroma cacao L. are a valuable by-
product rich in flavonoids, phenolic acids, methylxanthines (theobromine and
caffeine), dietary fibers, phytosterols, amino acids, and microelements, thus
showing significant antioxidant and functional potential [1,3]. Ultrasound-
assisted extraction allows for shorter extraction times, lower solvent
consumption, and higher efficiency of bioactive components separation due to
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the cavitation effect and improved mass transfer [4]. Therefore, this study aimed
to optimize the ultrasound extraction process from cocoa shell via evaluation of
polyphenol yield and antioxidant potential of developed extracts.

EXPERIMENTAL

The optimization of the extraction from cocoa bean shells was performed by
varying the solid-to-solvent ratio (1:10, 1:20, 1:30, and 1:40), the extraction
medium (30%, 50%, and 70% ethanol, and water), and time (15, 30, 45, and 50
min), using an ultrasound bath. Total polyphenol content (TPC) was measured
using the previously described Folin-Ciocalteu method [4]. Antioxidant potential
of the obtained extracts was evaluated using the DPPHe assay by measuring
absorbance changes at 517 nm [5].

RESULTS AND DISCUSSION
The effects of ultrasound extraction conditions on the TPC and antioxidant
activity of cocoa bean shell extracts are presented in Table 1.

Table 1. Total polyphenol content (TPC) and antioxidant potential of cocoa bean
shell extracts obtained by ultrasound extraction.

Extraction conditions T;l))l(;n(tmn%a(t;gil:)/ g Ic(lsrigl?ll:il){.
1:10, 30% EtOH, 30 min 12.09+1.18° 60.71+2.00¢
1:20, 30% EtOH, 30 min 14.32+1.04% 29.65+1.61°
1:30, 30% EtOH, 30 min 15.77+1.23° 21.99+0.552
1:40, 30% EtOH, 30 min 14.22+1.11% 23.44+1.02°
1:20, H,0, 30 min 9.46+0.74¢ 39.46+1.42°
1:20, 50% EtOH, 30 min 18.18+1.07* 29.27+0.75°
1:20, 70% EtOH, 30 min 9.00+0.444 29.26+1.00°
1:20, 30% EtOH, 15 min 13.224+0.91°¢ 29.00+1.24°
1:20, 30% EtOH, 45 min 16.24+1.25° 29.97+0.87°
1:20, 30% EtOH, 60 min 12.4240.75°¢ 30.50+1.34°

*GAE, gallic acid equivalent; ICso, concentration for 50% inhibition of DPPH radicals; EtOH,
ethanol; different letters in superscript indicate statistically significant differences between
samples (n = 3, p < 0.05, one-way ANOVA, Duncan post hoc test).
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The results presented in Table 1 show that the ultrasound extraction conditions
significantly affect the TPC in cocoa bean shell extracts. The highest TPC was
recorded with 50% ethanol (~18.18 mg gallic acid equivalent/g of plant material),
indicating that the mixture of water and ethanol provides more efficient
extraction of phenolic compounds compared to pure water or higher ethanol
concentrations. This result is in accordance with literature data stating that
mixtures of water and ethanol often show higher efficiency in polyphenol
extraction compared to pure solvents, due to better solubility of different groups
of phenolic compounds [4,6]. Increasing the solid-to-solvent ratio to 1:30 led to
an increase in the TPC value, while further increase to 1:40 had no positive effect.
Also, extending the extraction time to 45 min increased the TPC, while after 60
min, there was a decrease, probably due to the degradation of sensitive phenolic
compounds and possible oxidation of the extracted components [4,7]. The results
obtained indicate that all tested variables are key factors for the efficient
extraction of polyphenols from cocoa bean shells. The results of the ICso DPPH
analysis indicate that the extraction conditions also significantly affect the
antioxidant activity of cocoa bean shell extracts (Table 1). Namely, lower I1Cso
values indicate a higher ability to neutralize free radicals. The most pronounced
antioxidant activity was achieved at the solid-to-solvent ratio of 1:30 and 1:40
with 30% ethanol for 30 min, where the lowest ICso values were recorded (~21.99
and ~23.44 mg/mL, respectively). Water extract showed significantly weaker
antioxidant activity (~39.46 mg/mL), while the ratio of 1:10 yielded the highest
ICso value (~60.71 mg/mL), indicating the lowest extraction efficiency of
antioxidants. Changes in ethanol concentration and extraction time did not
significantly affect the ICso values. The results confirm that selecting an
appropriate solvent type and solid-to-solvent ratio increases the antioxidant
potential of cocoa bean shell extracts. The Pearson correlation analysis showed
a weak-to-moderate negative correlation between TPC and ICso values (r = -
0.37). The negative sign of the correlation indicates that an increase in
polyphenol content is accompanied by a decrease in ICso values, i.e., an increase
in the antioxidant activity. However, the obtained correlation is not statistically
significant (p > 0.05), which suggests that the antioxidant capacity of the extracts
does not depend solely on the TPC, but also on the composition and structure of
individual phenolic compounds present in the extracts [8].

CONCLUSION

Based on the results obtained, it can be concluded that the ultrasound extraction
conditions significantly affect the TPC and the antioxidant activity of cocoa bean
shell extracts. The most effective solvent was 50% ethanol, while the optimal
ratio and extraction time were 1:30 and 30 min, respectively. Although the
increase in TPC was followed by an improvement in antioxidant activity,
correlation analysis showed only a weak relationship between these parameters.
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The data confirm that ultrasonic extraction is an effective procedure for obtaining
antioxidant-rich extracts from cocoa bean shells and indicate their potential for
further valorization as a functional ingredient.
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ABSTRACT

This paper compares two methods for obtaining analytical curves of tartrazine:
by the standard UV/VIS method and by the oscillatory Briggs Rauscher (BR)
reaction. The aim of this paper is to calculate and compare the lowest limit of
detection (LOD) and the lowest limit of quantification (LOQ) for both methods.
Although UV/VIS spectrophotometry exhibited lower LOD and LOQ values, the
Briggs-Rauscher reaction represents a simple and cost-effective alternative for
tartrazine determination, providing satisfactory analytical performance.

INTRODUCTION

Tartrazine is an organic dye, often used in the food, medical, pharmaceutical, and
textile industries [1-5]. Because of its potentially harmful effects, including the
possibility of being poisonous and triggering cancer in humans, detecting low
tartrazine concentrations in aqueous solution is important [6]. This paper
describes the Briggs Rauscher (BR) reaction as a method for tartrazine
determination that, according to the literature, has not previously been applied
for this purpose [7].

EXPERIMENTAL

To establish the UV/VIS calibration curve, a stock solution was prepared by
dissolving 0.0157 g of standard tartrazine (Sigma-Aldrich) in 100 mL of distilled
water. This stock was subsequently diluted 5-, 10-, 25-, 50-, and 100-fold to
generate a series of working standards for the analytical curve. All
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spectrophotometric measurements were conducted at an ambient temperature of
approximately 25 °C using an Agilent 8453 spectrophotometer, scanning across
a wavelength range of 200 nm to 1100 nm.

To establish the BR calibration curve, all experiments were performed in a
closed, thermostated (T = 37.1 °C), well-stirred reactor (¢ = 900 rpm). The time
evolution of the BR system was monitored potentiometrically with an ion-
sensitive I— electrode as the working electrode and a Hg/HgSOs electrode as the
reference. The initial concentrations of the reactants were: [Malonic acid]’ =
0.0789 mol dm™, [MnSO4]° = 0.00752 mol dm™, [HC1O04]° = 0.03 mol dm>,
[KIO3]° = 0.0752 mol dm™, [H202]° = 1.176 mol dm?3. 50 uL of Tartrazme
solutions of different concentrations (5.86 x 10~* mol dm™; 2.84 x 102 mol dm"
3.5.71 x 102 mol dm™, 8.52 x 102 mol dm™>, 1.13 x10"' mol dm™, 1.69 x107!
mol dm™, 2.25 x 107! mol dm™, 2.80 x 10"* mol dm™) were added to the reaction
mixture 30 s after the initiation of the reaction with hydrogen peroxide.

RESULTS AND DISCUSSION
Figure 1 a) presents the UV/VIS and b) BR results for tartrazine analytical curves
obtained as written in the figure’s description.
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Figure 1. a) The standard tartrazine water solutions UV/VIS spectra 5.78x10~° mol dm
3 (black line), 2.89x10° mol dm™ (red line) , 1.16x10 mol dm™ (blue line), 5.78x10°
mol dm™ (violet line) and 2.89x10° mol dm™ (green line) and b) analytical UV/VIS
curve at 426 nm, c) Basic BR oscillogram and BR oscillograms obtained with the
addition of various concentrations of tartrazine: 1.17x10° mol dm~ (¢2), 5.67x107° mol
dm= (c3), 1.14x10* mol dm? (c4), 1.70x10* mol dm™ (c5), 2.26x10** mol dm™ (c6),
3.38x10* mol dm™ (c7), 4.49x10* mol dm? (c8), and 5.59x10** mol dm™(c9), d) The
BR oscillatory period, Tosc, dependence on the tartrazine concentration.
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UV/VIS analytical curve shows a linear area supported by the Lambert-Beer law,
matching the coefficient a with the reference [8]. In contrast, the BR reaction
shows two areas: the linear and non-linear ones. In order to calculate LOD and
LOQ values, only the linear area of the BR reaction was taken into account. LOD
and LOQ values for each method were calculated according to the formulas listed
in Table 1.

Table 1. LOD and LOQ values for each method-formulas and the results.

UV/VIS method BR reaction
Formulas A=(21400£200)xC + Tosc=(137000£8000)xC +
(0.001+0.005) (102+2)
LOD = 3.3 x =2 1.1x10°¢ 43%10°
slope
LOQ =10 X 3.0x10° 1.3x10*
slope

Where 8 = Z(i-Yerp)”
(n-1)

n is the number of measurements, and y is the oscillatory period for the BR
method, while it is absorbance for the UV-VIS method.

The UV/VIS spectrophotometric method yielded superior analytical
performance compared to the Briggs—Rauscher (BR) matrix method, achieving
significantly lower LOD and LOQ values. Notably, the LOQ for the UV/VIS
method was approximately two orders of magnitude lower than that of the BR
method. This enhanced sensitivity is primarily attributed to the lower
concentration range utilized to construct the UV/VIS calibration curve, as well
as the lower 0 obtained, due to better repeatability and trueness.

CONCLUSION

This work provides a comparison of two methods to obtain analytical curves for
tartrazine determination in order to calculate LOD and LOQ. Those two methods
included the Briggs Rauscher oscillatory reaction as a nonstandard method for
tartrazine calibration, and UV/VIS as a standard one. UV/VIS spectrophotometry
exhibited lower LOD and LOQ values, indicating superior analytical sensitivity.
The higher detection limits obtained with the Briggs-Rauscher method are
mainly associated with its lower sensitivity under the investigated experimental
conditions. Nevertheless, the Briggs-Rauscher reaction represents a simple and
cost-effective alternative for tartrazine determination and may be suitable for
applications where ultra-low detection limits are not required.
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ABSTRACT

This work aims to microscopically examine the solid residues obtained after
evaporation of the Briggs-Rauscher (BR) reaction mixture, as well as the effect
of tartrazine addition. Individual BR components, the complete BR mixture, pure
tartrazine, and the BR system containing tartrazine were evaporated and analyzed
by optical microscopy and SEM. Distinct morphological differences were
observed, particularly after tartrazine addition.

INTRODUCTION

Tartrazine i1s an organic dye widely used as a colorant in the food,
pharmaceutical, and related industries [1,2]. The BR reaction is a well-known
oscillating chemical system [3]. However, microscopic characterization of solid
residues obtained after evaporation of the BR reaction mixture has received little
attention. Therefore, optical microscopy and SEM were applied to compare the
morphology of BR residues in the absence and presence of tartrazine.

EXPERIMENTAL

For morphological characterization, the individual components of the BR
reaction, the complete BR reaction mixture, pure tartrazine, and the BR
reaction containing tartrazine were prepared in separate Petri dishes. The
BR mixture consisted of 0.7 mL malonic acid (0.282 mol dm™), 0.5 mL MnSOQOx
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(0.0376 mol dm™), 0.5 mL HCIO4 (0.15 mol dm™), 0.5 mL KIO; (0.376 mol dm"
3), and 0.3 mL H:0: (9.8 mol dm™). The tartrazine-containing system
was prepared by adding 0.001 g of tartrazine to the complete BR mixture,
while pure tartrazine was prepared by dissolving 0.001 g in 1 mL of distilled
water. All samples were allowed to evaporate under ambient conditions
(approximately 25 °C, atmospheric pressure) for 48 h, yielding solid residues
suitable for microscopic analysis.

Optical  microscopy  was performed using a Geefantech transmission
microscope at magnifications of 160x, 400x, and 1600x. Representative
micrographs were selected after examining multiple regions of each sample
to ensure that the observed features reflected the characteristic morphology.
Scanning electron microscopy (SEM) was carried out using a JEOL JSM-
6460LV microscope (JEOL Ltd., Tokyo, Japan). Prior to imaging, the samples
were mounted on aluminum stubs using conductive adhesive tape and sputter-
coated with gold (BAL-TEC SCD 005, Balzers, Liechtenstein) to
minimize charging effects. Particle sizes were determined using SemAfore 5.21
software.

RESULTS AND DISCUSSION

The evaporated samples were subjected to microscopic analysis, under
magnifications ranging from 160 to 400 and up to 1600x. To the best of our
knowledge, optical microscopic characterization of the evaporated BR system is
reported here for the first time.

Figure 1 a) shows optical microscopy characterization of evaporated samples for
each BR system component, of the complete BR system, of tartrazine itself, and
of BR with tartrazine. Potassium iodate shows hexagonal particles, malonic acid
exhibits a chain-like morphology, while the H>O- sample shows a spider-web-like
appearance. BR reaction, when evaporated, shows agglomerated particles
containing partly defined hexagonal granules and a chain morphology with
snowflake features (Figure 1 a). Under the optical microscope, tartrazine itself
possesses granules full of small needles, while the mixture of tartrazine and BR
reaction shows hexagonal granules that become more agglomerated compared to
the BR ones.

To have better insight into the morphology of the same samples, they underwent
SEM analysis (Figure 1b).

The fractured plate morphology with well-defined plate edges ranging from 4 to
12 um was observed for KIO3, while a gravelly morphology was observed for
HCIOs4, ranging from 0.7 to 4 um. Large, broken particles were observed for
malonic acid, while irregular particles of 2—7 um were present in the MnSO4
sample. BR has a gravelly morphology with particles ranging from 0.9 to 6 um,
showing a similar morphology to the mixture morphologies of HC1O4 and MnSOs.
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Figure 1. A) optical microscopy characterization of evaporated samples for each
BR system component (as marked), of the complete BR system, of tartrazine
itself and of BR with tartrazine under the magnifications of 160 to 400 and to

1600%; B) SEM characterization of the same samples, as marked in each figure.

After the addition of tartrazine to the BR system, the BR morphology has
changed into a microporous form, possessing particles 0.3 to 1.3 micrometer-
sized and 1.4-1.9 um pores. This change in morphology indicates that the
presence of tartrazine affects the formation and organization of the solid residue
obtained from the BR system (Figure 1b).

CONCLUSION

This work presents microscopic characterization of solid residues obtained from
the BR reaction system. Optical microscopy and SEM revealed clear
morphological differences after tartrazine addition, including changes in particle
size and structure. These results indicate that tartrazine affects the morphology
and organization of the solid residue formed after evaporation of the BR reaction
mixture.
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ABSTRACT

The aim of this research was to establish the optimal composition of functional
ingredients based on skimmed goat's milk and grape pomace seed extract. A
central composite design was used to test the influence of grape pomace content
and pH on total phenolic content (TPC), antioxidant (ABTS, DPPH, and FRP)
and chelating (CHE) properties as response variables of analyzed mixtures.
Significant linear regression was observed for TPC, ABTS™ radical scavenging
activity, and FRP, while significant linear and squared regression was determined
for DPPH’ scavenging activity and chelating ability. No significant correlation
between tested responses and the interaction term was-detected. By applying the
desirability function, optimal conditions were set, and predicted values of
responses were compared to experimental results. Good agreement was obtained
only for TPC and FRP, contrary to other properties whose experimental values
were much higher than predicted.

INTRODUCTION

The modern way of life has shifted the consumers' interest toward nutritious,
safe, and healthy food products. Designing new food products with improved
nutritive and/or techno-functional properties raises the question of what
proportions ingredients should be mixed? Answering this question encompasses
experimental work, and one way for planning and conducting experiments is
using a statistical approach called design of experiments (DoE) [1,2]. The
principles of DoE gained more attention in food processing during the last few
decades as a tool for quality control, cutting down production costs, developing
new products, or optimizing food processes [3,4].

In this paper, optimization of nutritional properties of functional
formulation based on skimmed goat milk enriched with grape pomace seed
extract was performed using central composite design. The aim was to
summarize results of the statistical approach, analyzing advantages and
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shortcomings of applying a statistical approach in optimization of new functional
ingredients. The nutritive properties of tested formulations were assessed using
total phenolic content (TPC), antioxidant activity (tested by ABTS, DPPH, and
FRP assays), and chelating ability (CHE) as dependent (response) variables.
Employing the desirability function as a multiple response optimization tool, the
optimal mixture was determined.

EXPERIMENTAL

Grape seeds of the Prokupac grape variety ("Wine house Milinci¢") were
manually separated from the fermented pomace and ground in a coffee grinder
(Bosch MKM 6003 UC, BSH Hausgerate GmbH, Munich, Germany). Fresh
goat's milk was obtained from a local dairy and immediately skimmed prior to
use.

Grape pomace seed extracts (GPE) were prepared as previously described by
Pesi¢ et al. [5], with acidified 80% aqueous methanol (0.1% HCI) (1:20, m/v
ratio) for 1 h under continuous shaking at room temperature. The obtained
filtrates were combined, and the solvent was removed under reduced pressure at
40 °C. The dried extract was reconstituted in MilliQ water, then lyophilized and
stored in a freezer at —20 °C until further use. Samples of skimmed goat milk
were heat-treated (90 °C, 10 min) (TM) and prepared according to the
methodology previously described by Pesic et al. [6]. Milk samples were spray-
dried and stored in a freezer until further use.

The effects and interactions of two independent variables on total phenolic
content (TPC), antioxidant activity (tested by ABTS, DPPH and FRP assays) and
chelating ability (CHE) of prepared functional additives were investigated by
central composite experimental design (CCD). The testing of selected factors was
performed at three levels (low, medium and high). Grape pomace seed extract
content (W(GPE), % (m/m)) was tested at 0.1, 0.55, and 1.0%, while pH was
tested at 5.5, 6.25, and 7.0. The experimental matrix was obtained according to
the selected CCD using MINITAB software (Release 16, Minitab Inc., State
College, PA). A full factorial design with a total of 13 experimental runs was
performed, with 4 cube points, 5 central points in the cube, and 4 axial points.
The experimental measurements of all dependent variables were done in
triplicate, and the average was taken as the response.

The spray-dried thermally treated goat milk powder was reconstituted with
milliQ water (1:10 w/v, 10%). The prepared milk was divided into three glasses
to adjust the desired pH (7.0; 6.25; and 5.50). Then, the suggested amounts of
lyophilized grape pomace extract were added to the prepared milk samples to
obtain 13 mixtures according to the experimental matrix. The mixtures were
mixed on a mechanical shaker for 1h and then sonicated for 30 minutes to ensure
the best solubilization.

To determine the total phenolic content, the procedure described by Kosti¢ et al.
[7] was used. The TPC was expressed as mg gallic acid equivalents per 100 mL
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(mg GAE/100 mL). Antioxidant assays, such as ferric reducing power (FRP),
ABTS'™ scavenging activity (ABTS), DPPH" scavenging activity (DPPH), and
ferrous ion-chelating capacity (CHE) of the prepared samples were evaluated as
previously described [7,8]. The results for both radical scavenging assays and
FRP were expressed as mg Trolox equivalents per 100mL of sample (mg
Trolox/100mL). Results for FCC were expressed as mg EDTA equivalents per
100mL of sample (mg EDTA/100mL). A microplate Reader was used for all
measurements (ELISA Plate Reader).

RESULTS AND DISCUSSION

RSM comprises a group of mathematical relationships that rely on the fit of
empirical models to the experimental data acquired in a factorial experimental
design. The experimental data were represented using a second-order polynomial
equation that considers linear, square, and interaction terms [9]. Experimental
results were statistically analyzed. The confidence interval of each individual
factor and their combinations at a 95% confidence level were evaluated.

The relative magnitudes of the process variable effects were determined on the
basis of the factor effect and the corresponding p-value. The estimated effects
and regression coefficients, validated with an ANOVA test (data not shown),
were used to determine the way in which investigated factors influence analyzed
nutritional properties of prepared functional products. Regression equations
including only statistically significant terms (p<0.05), as well as correlation
coefficients, are summarized in Table 1.

Table 1. Second-order polynomial equations and regression coefficients of the
response variables.

Response Regression equation R* (%)
TPC (mg GAE/100 mL) y=49.13 +4.58w(GPE) +4.50pH+¢  73.24
ABTS™ (mg Trolox/100 y=44.47 +4.37pH + ¢ 74.02

mL)

DPPH’ (mg Trolox/100  y =28.89 + 3.37-w(GPE) - 87.83

mL) 5.23:(W(GPE))* + ¢

FRP (mg Trolox/100 y=24.82+ 11.92-w(GPE) + ¢ 92.91

mL)

CHE (mg EDTA/100 y=9229 + 17.44-pH - 6.78-(pH)* + ¢ 95.87
mL)

By comparing the estimated p-values and the established criterion (p=0.05), it
was found that linear terms significantly influence the TPC in analyzed mixtures.
The satisfactory coefficient of variation (R°=73.24%) and no significant lack of
fit (»>0.05) indicated that there was a linear correlation between the response
variable and independent factors. The response surface plot presented in Fig. 1a
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showed that the highest total phenolic content (TPC) was observed in the mixture
prepared at the maximum investigated levels of independent variables (pH and
w(GPE)).

Analysis confirmed that pH significantly influenced ABTS™ radical
scavenging activity (p<0.05). Linear increase of antioxidant activity with
increase of pH value at which functional mixtures were prepared is evident from
the response surface plot (Fig. 1b). Influence of pH value on ABTS radical
scavenging activity is more pronounced at higher grape pomace seed extract
content. The coefficient of variation was R>=74.02%, indicating a satisfactory
degree of correlation between the response variable and independent factors.

Contrary to TPC and ABTS, for DPPH scavenging activity, it was found that
linear and square terms of grape pomace seed extract were significant for system
response (p<0.05). A good correlation coefficient of R>=87.73% indicated a high
degree of correlation between the response variable and independent factors and
a high degree of fitting. The DPPH radical scavenging activity (Fig. 1c) linearly
increases with an increase in grape pomace seed extract content (w(GPE)),
reaching a maximum and curvature at w(GPE)=0.55% (m/m). From the response
plot, although pH is not a statistically significant parameter, maximum
antioxidant activity measured by the DPPH assay was recorded for mixtures
prepared at pH 6.25.

A | suface Plotof TPC(mgGAE/100mL) vs pH; W(GPE), % b | suface Plotof TS (my Trolox /100m ) vs pH; W(GPE), % C | Surface Plotof DPPH (mg Trolox/ 100mL) vs pk W(GPE), %

=
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Figure 1. Response surface plot for: (a) Total phenolic content; (b) ABTS™
radical scavenging activity; (c) DPPH" radical scavenging activity; (d) Ferric
reducing power; (e) Ferric chelating ability

Ferric reducing power was highly correlated with the investigated parameters
(R’>=92.91%), with a high degree of fitting between the response variable and
linear grape pomace seed extract content term. The response surface plot (Fig.
1d) showed the effect of pH and grape pomace seed extract (GPE) content on the
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tendency to reduce ferric ions (FRP). From this plot, it can be seen that
antioxidant activity increased with an increase in GPE content, and the highest
antioxidant activity was observed at the maximum investigated levels of pH and
GPE.

According to the results of estimated regression coefficients and ANOVA test,
chelating properties of analyzed mixtures were statistically influenced by the
linear term and square term of pH. The high correlation coefficient (R>=95.87%)
showed a high degree of fitting between chelating properties and varied
parameters. It is important to emphasize that the pH square regression term was
not only statistically significant, but also negatively influenced the analyzed
response parameter. Maximum chelating properties, as shown on the response
surface plot in Fig. le, were recorded for products prepared with the lowest grape
pomace extract content and at the highest investigated pH value.

To obtain overall desirability, all five responses were taken into account, and
the importance of every variable relative to others was chosen. In this process,
importance equal to 1 for all five responses was selected. After that, the weights
were assigned to individual responses. The weights determine how important it
is for the individual desirability function to be close to maximum or minimum.
Weights were chosen to be 1 [4]. According to the established data set, overall
desirability was D=0.9467 for a mixture prepared with 0,703 % (m/m) grape
pomace seed extract at pH 6.36. An excellent agreement between predicted and
obtained results was achieved for FRP antioxidant activity and total phenolic
content. Significantly higher experimental than predicted results were recorded
for antioxidant activity measured with ABTS, DPPH assays and for ferrous ion
chelating properties.

CONCLUSION

To prepare an optimized milk/GPE functional ingredient, a surface response
design methodology was used. The effects and interactions of two independent
variables, pH and GPE content, on total phenolic content (TPC), antioxidant
activity (tested by ABTS, DPPH and FRP assays) and chelating ability (CHE) of
milk/GPE mixtures were investigated by central composite experimental design
(CCD). The results revealed that TPC was linearly correlated with the
investigated parameters; ABTS was satisfactorily correlated with the linear term
of pH; DPPH and FRP values were highly correlated with both the linear and
square term of the content of grape pomace seed extract, while results for
chelating ability were correlated with the linear and square term of pH. The
desirability function determined that an optimal mixture can be prepared with the
addition of 0,703 % (m/m) grape pomace seed extract in 10% milk at pH 6.36.
An excellent agreement between the predicted and obtained results was achieved
for the FRP antioxidant activity and TPC. Significantly higher experimental than
predicted results were recorded for DPPH, ABTS activity, and CHE properties.
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ABSTRACT

Due to present-day lifestyle habits, obesity is a disease of modern society.
Obesity is characterized by excessive fat accumulation and lipid disturbance,
which further leads to alterations in liver enzyme activity and redox signaling.
We aimed to explore the effect of a high-fat (HF) diet on the concentrations of
aspartate aminotransferase (AST), alkaline phosphatase (ALP), and alanine
aminotransferase (ALT) in serum, and levels of nuclear factor erythroid 2-related
factor 2 (NRF2) and peroxisome proliferator-activated receptor gamma
coactivator l-alpha (PGC-la) in rat liver. Our results showed a significant
elevation of ALP concentration and no change in AST and ALT concentrations
in serum. Additionally, protein levels of NRF2 and PGC1-a were reduced in liver
of HF diet-fed rats compared to control rats. These findings indicate an increased
inflammatory response and impaired antioxidant defense signaling in the liver of
HF diet-fed rats, predisposing them to the development of insulin resistance.

INTRODUCTION

Obesity has emerged as one of the major public health challenges of modern
society, largely driven by contemporary lifestyle habits. Excessive fat
accumulation and lipid disturbance are key characteristics of obesity, which
consequently lead to oxidative stress and insulin resistance [1]. Ample evidence
demonstrates that high-fat (HF) diet induces intracellular and systemic lipid
overload which affects liver parameters, such as aspartate aminotransferase
(AST), alkaline phosphatase (ALP) and alanine aminotransferase (ALT) [2, 3].
Furthermore, HF diet affects the hepatic antioxidant defense where nuclear factor
erythroid 2-related factor 2 (NRF2) takes a central role, promoting oxidative
stress and insulin resistance development [4, 5]. Additionally, obesity impairs
peroxisome proliferator-activated receptor gamma coactivator 1-alpha (PGC1-a)
in the liver, which contributes significantly to insulin resistance and non-
alcoholic fatty liver disease [6, 7]. The objective of this study was to elucidate
the effect of HF diet on liver parameters in serum and hepatic NRF2/PGC1-a
signaling in rats.
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EXPERIMENTAL

The study was conducted on adult male Wistar rats. Animals were kept in cages
under standardized laboratory conditions: a controlled temperature (22+2 °C), a
12-hour light/dark cycle, and ad libitum water and food. The animals were
randomly assigned to one of two experimental groups: a control group (CONT,
n = 7), fed a standard laboratory food, and a HF diet group (HF, n = 7), fed a
standard laboratory food enriched with 42% sunflower oil. After 12 weeks,
animals were anesthetized and euthanized, and blood samples were obtained by
cardiac puncture for subsequent analyses. From each blood sample the serum was
separated and preserved to further analysis. In addition, the liver was excised and
stored at -80 °C until analysis. The experimental protocols were approved by the
official Vinca Institute's Ethical Committee for Experimental Animals and
Veterinary Directorate — No. 323-07-02710/2017-05. Serum enzyme
concentrations of ALP, ALT, and AST were determined using an automated
analyzer according to the manufacturer's instructions and expressed as units per
liter (U/L). Furthermore, the protein expression of NRF2 and PGC1-a in rat liver
was determined using Western blot analysis as we previously showed [1].

RESULTS AND DISCUSSION

To elucidate the impact of HF diet on hepatic function and redox regulation,
concentrations of ALP, ALT and AST in serum and the levels of protein
expression of NRF2 and PGCl1-a in rat liver were analyzed.

Obesity contributes to hepatocyte damage, which can be recognized via changes
in the concentrations of various biomarkers of hepatic dysfunction in circulation
[2]. Previous studies have reported elevated serum concentrations of ALP, ALT,
and AST enzymes in rats fed a HF diet [8, 9]. We observed that HF diet
significantly increased serum ALP concentration in rats, relative to rats fed a
standard diet (p<0.001) (Figure 1A). However, the serum ALT and AST
concentrations were not significantly altered following the HF diet (Figures 1B
and 1C). To investigate the impact of feeding with an HF diet on antioxidant
defense signaling, we evaluated the expression of the transcriptional factor
NRF2, which is also involved in lipid metabolism. Our results suggest that HF
diet suppresses hepatic NRF2 protein expression (p<0.001), which is associated
with oxidative stress and, consequently, insulin resistance (Figure 1E).
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Figure 1. The ALP (A), ALT (B), and AST (C) concentrations in serum and
protein expression, and representative blots of PGC1-a (D) and NRF2 (E) in the
liver of control and HF rats. ALP - alkaline phosphatase, ALT - alanine
aminotransferase, AST - aspartate aminotransferase, HF — high-fat, PGC1-a -
peroxisome proliferator-activated receptor gamma coactivator 1-alpha, NRF2 -
nuclear factor erythroid 2-related factor 2.

Consistent with our results, the literature indicates that HF diet decreases NRF2
protein expression in the liver [4, 5]. The transcriptional coactivator PGCl-a is
involved in hepatic fatty acid oxidation by activating peroxisome proliferator-
activated receptor target genes, thereby regulating metabolic processes under
different dietary conditions. In our study obesity leads to reduction of PGC1-a
protein expression (p<0.01) in the liver (Figure 1D). Furthermore, results from
other studies demonstrated that HF diet decreased the level of PGC1-a mRNA
expression, which contributes significantly to insulin resistance and development
of non-alcoholic fatty liver disease [6, 7].

CONCLUSION

These findings suggest that HF diet adversely affects hepatic function, as
evidenced by significant elevation in serum ALP concentration and reduced
hepatic protein expression of NRF2 and PGC1-a in the liver of obese rats relative
to control rats. These findings indicate an increased inflammatory response and
impaired antioxidant defense signaling in the liver of HF diet-fed rats,
predisposing them to the development of insulin resistance.
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ABSTRACT

Resveratrol (RSV) is a naturally occurring polyphenolic compound that has
attracted considerable attention in recent decades due to its pronounced
antioxidant activity and therapeutic potential, including anti-inflammatory,
cardioprotective, and anticancer effects. However, its broader application is
significantly limited by poor aqueous solubility. In this study, aqueous solutions
of cholinium salicylate ([Ch][Sal]) were investigated as a potential medium for
improving RSV solubilization. The influence of ionic liquid concentration on
RSV solubility was evaluated to gain insight into the interactions governing the
dissolution process. Additionally, the antioxidant activity of RSV in [Ch][Sal]
aqueous media was assessed to determine whether the ionic liquid environment
affects its functional properties.

INTRODUCTION

Resveratrol is widely recognized for its diverse biological activities, which
have contributed to its growing interest in pharmaceutical, nutraceutical, and
cosmetic applications [1]. This compound is biologically active in its trans
configuration; however, under exposure to light, elevated temperature (above
~37 °C), oxygen, and basic media, it readily undergoes isomerization to the cis
form, which exhibits significantly reduced biological activity [2]. Additionally,
the practical application of RSV remains limited by its poor aqueous solubility,
which leads to low bioavailability and challenges in formulation within water-
based systems.

Various strategies have been explored over the years to overcome these
limitations for RSV and other poorly water-soluble molecules. More recently,
ionic liquids (ILs) have emerged as promising alternative media for enhancing
the solubility of such compounds [3]. Owing to their highly tunable
physicochemical properties, amphiphilic character, and ability to establish
specific intermolecular interactions, ILs can act as efficient hydrotropic systems
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capable of significantly improving the dissolution behavior of hydrophobic
molecules.

Among different IL families, cholinium-based ionic liquids have attracted
particular interest due to their favorable environmental profile and relatively low
toxicity [4]. Their ability to participate in hydrogen bonding and stabilize
dissolved molecules in aqueous media makes them attractive systems for
solubilization of bioactive compounds.

Therefore, in this study, the influence of aqueous solutions of cholinium
salicylate ([Ch][Sal]) on RSV solubilization behavior was investigated. Initially,
the concentration of IL was varied from ~2 to ~25 wt% to evaluate its influence
on RSV solubilization enhancement. In order to ensure that the functional
properties of RSV were preserved under these conditions, its antioxidant activity
was additionally evaluated in IL media at both lower (5 wt%) and higher (20
wt%) concentrations. Overall, the proposed method represents a potential
solution to the problem of poor solubility and the practical utilization of bioactive
compounds in aqueous formulations.

EXPERIMENTAL

Cholinium salicylate was synthesized via a neutralization reaction using
cholinium hydroxide (46 wt% in water) solution (Sigma-Aldrich - USA) and
salicylic acid (purity > 99%, Sigma-Aldrich - USA), in an equimolar ratio. The
obtained solution was stirred for an additional period to ensure reaction
completion, followed by water removal under reduced pressure using a rotary
evaporator (R-210 Rotavapor System, Biichi Labortechnik AG, Switzerland).

Resveratrol concentration was determined using a high-performance liquid
chromatography (HPLC) system (Azura HPLC, Germany) equipped with a C18
column and diode-array detector (DAD). Separation was performed using a
methanol/water gradient elution at a flow rate of 1 mL/min, injection volume of
20 pL, and column temperature of 30 °C. Quantification was performed at 306
nm, and all solutions were prepared in 0.1% formic acid in water (pH = 2.70).

The antioxidant activity of RSV in IL media was evaluated using the DPPH
radical scavenging assay. A DPPH stock solution (0.2 mM) was prepared in
methanol. An aliquot of 10 pL of RSV solution at its maximum solubility in
aqueous ionic liquid media (containing 5 and 20 wt% IL) was mixed with 990
uL DPPH solution and incubated in the dark at room temperature for 30 min.
Antioxidant activity was simultaneously evaluated in ethanol at the same RSV
concentrations to assess the influence of the IL medium. The decrease in
absorbance was measured at 517 nm using a UV-Vis spectrophotometer (LLG-
uniSPEC2, Germany).

189



RESULTS AND DISCUSSION

The presence of IL in aqueous media significantly enhanced RSV solubility,
achieving up to a 50-fold increase compared to water (Figure 1). This confirms
their strong solubilizing (hydrotropic) effect through RSV-IL and IL-water
interactions that disrupt water structure and favor solute stabilization. Solubility
enhancement can be potentially attributed to m-m interactions between the
aromatic salicylate anion and RSV and hydrogen bonding, further stabilizing the
solute in solution.
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Figure 1. Dependence of the relative solubility of RSV on the IL mass
percentage in aqueous media.

Additionally, IL concentration had a clear impact: the solubility increase was
more pronounced at lower concentrations, where RSV-IL interactions dominate.
At higher concentrations, enhanced IL-IL self-association likely reduces the
availability of free IL species for direct interaction with RSV, leading to a less
efficient incremental increase.

The system operates in a hydrotropic regime within the studied range (<1 M),
as no distinct minimum hydrotrope concentration was observed and only a weak
sigmoidal trend was detected. This suggests gradual solubilization without
formation of well-defined IL-rich aggregates.

After establishing that the 1onic liquid significantly enhances the solubility of
RSV, its antioxidant activity was subsequently evaluated.

The inhibition percentage of RSV in 5 wt% IL media at its maximum
solubility resulted in 40.12% inhibition, while in 20 wt% IL media the inhibition
was 33.06%. For comparison, at the same RSV concentrations in ethanol,
inhibition values of 39.45% and 33.56% were obtained, respectively. These
results indicate that the IL medium does not adversely affect the antioxidant
activity of RSV, confirming that its radical scavenging capability is preserved in
IL-based systems.
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CONCLUSION

Ionic liquids demonstrated a significant enhancement of RSV aqueous solubility,
achieving up to a 50-fold increase compared to water, confirming their strong
hydrotropic capability and tunable solvation behavior. The influence of IL
concentration was found to be crucial, with more pronounced solubilization
effects observed at lower concentrations. Importantly, despite the strong
solubilization effect, the antioxidant activity of RSV remained preserved in IL
media. This indicates that the IL environment does not negatively affect the
intrinsic radical scavenging properties of RSV. Overall, the results highlight the
functionality of ILs as efficient solubilizing media that maintain the bioactivity
of RSV, supporting their potential application in the formulation and processing
of poorly water-soluble bioactive compounds.
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ABSTRACT

C4 stereochemistry is an important feature of 1,4-dihydropyridine (DHP)
calcium channel blockers, but its impact on ADMET properties remains
insufficiently explored. A novel unsymmetrical DHP derivative bearing an
optically active (—)-menthyl ester was synthesized as a mixture of C4
diastereoisomers and evaluated in silico using pkCSM and ADMETlab 2.0, with
benidipine as a reference drug. The new derivative showed favorable predicted
absorption and distribution properties and more favorable predicted hERG and
AMES profiles than benidipine, while a high predicted DILI probability was
observed for both compounds. These findings support further experimental
evaluation of the novel DHP scaffold, including the role of C4 stereochemistry
in its ADMET properties.

INTRODUCTION

L-type calcium channels are well-established targets of 1,4-dihydropyridine
(DHP) calcium channel blockers. Unsymmetrical ester substitution, common
among newer DHPs, renders the C4 position stereogenic, and pronounced
stereoselectivity in pharmacological activity has been reported [1,2]. Increasing
evidence suggests that C4 stereochemistry may also affect pharmacokinetic and
safety profiles [3]. In this study, a simplified unsymmetrical DHP bearing an
optically active (—)-menthyl ester was designed to afford a diastereomeric
mixture of C4 stereoisomers. The new DHP derivative was synthesized using a
modified Hantzsch approach, and its in silico ADMET profile was comparatively
evaluated against benidipine (Ben) as a reference DHP drug.

EXPERIMENTAL
Synthesis of 3-ethyl 5-((/R,2S,5R)-2-isopropyl-5-methylcyclohexyl) (R/S)-2,6-
dimethyl-4-phenyl-1,4-dihydropyridine-3,5-dicarboxylate ©) was

accomplished in three steps (Figure 1). Ethyl benzylideneacetoacetate (A) was

192



prepared according to the reported procedure [4], while menthyl acetoacetate (B)
was synthesized by catalyst-free, solvent-free = microwave-assisted
transesterification of ethyl acetoacetate with (—)-menthol [5]. The target DHP
derivative C was obtained by Hantzsch cyclocondensation of A and B in
refluxing ethanol using ammonium carbonate as the ammonia source [6]. The
product was obtained as a mixture of two C4 diasterecoisomers in an
approximately 6:4 ratio, as determined by GC-MS analysis. Its structure was
further supported by IR spectroscopy.

In silico predictions were performed using pkCSM [7] and the ADMETIab
2.0 web server [8].

RESULTS AND DISCUSSION
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Figure 1. (a) General structure of 1,4-dihydropyridines (DHPs); (b) structure of
benidipine (Ben); (c) synthetic route to the novel DHP derivative.

C(R)

The general DHP scaffold, the structure of benidipine, and the synthetic route to
C, including the preparation of the B-ketoester precursors, are presented in Figure
1. The target derivative was obtained as a mixture of two C4 diastereoisomers in
an approximately 6:4 ratio, as determined by GC-MS analysis.

Predicted molecular properties and drug-likeness parameters of C and
benidipine are summarized in Table 1. The novel DHP derivative C exhibited
higher predicted lipophilicity and lower molecular weight, while both
compounds satisfied the drug-likeness criteria with only one Lipinski Rule of
Five violation. Compared with the reference drug, C showed lower TPSA, fewer
rotatable bonds, and fewer hydrogen-bond acceptors.
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Table 1. Molecular properties and drug-likeness of the novel DHP derivative
(C) and benidipine (Ben).

(MW — molecular weight; log P — lipophilicity; rotB — number of rotatable bonds;
HBA/HBD — number of hydrogen bond acceptors/donors; TPSA — topological polar
surface area (A?); nyiol — number of violations of Lipinski Rule of Five criteria; Ref. —

recommended reference ranges for drug-likeness and oral bioavailability)
Compound MW" log P* rotB° HBA" HBD"' TPSA’ v
C 440 549 6 5 1 65 1
Ben 506 421 7 8 1 111 1
Ref. <500 <5 <10 <10 <5 <140 <l
apkCSM PADMETIab2.0

Predicted ADMET profiles of C and benidipine as a reference DHP drug are
compared in Table 2.

Table 2. Comparative predicted ADMET profiles of the novel DHP
derivative (C) and benidipine (Ben).

(Compd. — compound; [A — intestinal absorption (%); VDss — steady-state
volume of distribution (log L/kg); CYP — number of interacting cytochrome
P450 isoforms; CL — clearance (mL/min/kg); hERG — hERG inhibition
(cardiotoxicity); DILI — drug-induced liver injury; AMES — AMES
mutagenicity)

Compd. IA* VDss' BBB' CYP’ CL’ hERG’ DILI’ AMES’

C 92  0.39 -0.13 7 151 0.642 0969 0.012
Ben 86 0.6 -0.77 7 17.1  0.698 0966 0.564
3pkCSM YADMETIab2.0

Both compounds showed favorable predicted absorption and distribution,
with C exhibiting higher predicted IA and BBB penetration probability,
consistent with its higher lipophilicity and lower TPSA, whereas benidipine
showed a higher predicted VDss. C and benidipine were predicted to interact
with seven CYP isoforms, and both showed high predicted total clearance. A
high predicted DILI probability was observed for both compounds, whereas C
exhibited more favorable predicted hERG and, particularly, AMES profile than
benidipine.

CONCLUSION

The novel unsymmetrical DHP derivative was successfully synthesized as a
mixture of C4 diastereoisomers and exhibited a favorable predicted drug-likeness
and ADMET profile. Compared with benidipine, the new derivative showed
more favorable predicted hERG and AMES profiles, while both compounds
exhibited a high predicted probability of DILI. These findings support the
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potential of the new DHP scaffold for further experimental pharmacological and
ADMET evaluation.
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ABSTRACT

Spent coffee grounds represent an abundant food-related waste material that
can be converted into value-added carbon-based materials for environmental
applications. In this study, two carbon adsorbents prepared from spent coffee
grounds were evaluated for the removal of crystal violet (CV) from water. The
prepared materials were characterized by SEM and BET analysis, while CV
adsorption was investigated in batch mode. The maximum adsorption capacities
were 360 and 374 mg g !, confirming the high efficiency of both materials. These
results indicate that spent coffee grounds can be efficiently valorized as low-cost
precursors for sustainable adsorbents for the treatment of dye-contaminated
water.

INTRODUCTION

Crystal violet is a synthetic cationic dye whose release into wastewater may
cause environmental concern due to its persistence, strong coloration, and
potential toxicity [1]. Adsorption represents an efficient and environmentally
suitable strategy for dye removal, particularly when low-cost carbon-based
materials are used as adsorbents [2]. In this study, spent coffee grounds were
valorized as a biomass precursor for the preparation of two carbon-based
adsorbents and evaluated for the removal of CV from water, highlighting the
potential of food waste-derived materials for sustainable water remediation.
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EXPERIMENTAL

Spent coffee grounds (100% Arabica) were collected from the coffee machine
at the Wood K plus office in Linz. Half of the sample was additionally extracted
in boiling water for 1 h, filtered and washed three times with boiling water. Both
samples were dried for 24 h at 105 °C. Afterwards the samples were carbonized
in a GERO HTKS chamber furnace at 900 °C in N> atmosphere (200 L h™!) using
the following program: 10 °C min'up to 200 °C — 1 °C min " up to 600 °C — 10 °C
min ! up to 900 °C — 30 min isothermal at 900 °C. For each carbonized sample, 10 g
were subsequently activated in a Nabertherm RSR rotary tube furnace at 870 °C for 60
min using a CO, flow of 80 L h™!. The activated carbons were denoted as “SCG_a60”
and “wSCG_a60” for the sample from the original SCG and the washed one,
respectively.

The prepared materials were characterized by scanning electron microscopy
(SEM). Nitrogen adsorption—desorption measurements were performed, and the
specific surface area was calculated by the Brunauer-Emmett-Teller (BET)
method.

CV adsorption was investigated in batch mode using deionized water for solution
preparation. Experiments were performed at pH 7, 25 °C, with an adsorbent
concentration of 1 mg mL™! and a contact time varied from 1 to 1440 min. After
adsorption, the suspensions were centrifuged, and the residual CV concentration was
determined by UV-Vis spectrophotometry. Control experiments were performed
without adsorbent, while removal efficiency and adsorption capacity were calculated
according to Uptake = 100% x (C, — Ce)/C,, where C, represents the initial CV
concentration, and Ceq corresponds to the equilibrium concentration.

RESULTS AND DISCUSSION

SEM micrographs showed irregular, porous, and fragmented carbonaceous
structures for both samples, with visible surface roughness and cavities that may
contribute to the accessibility of adsorption sites for CV removal.

The specific surface area of the prepared materials, determined by the BET
method, was 436 m? g! for sample SCG a60 and 525 m* g! for sample
wSCG_a60, confirming that both materials possessed a well-developed porous
structure, with sample wSCG_a60 showing a slightly higher surface area.
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The adsorption behavior of CV on the prepared carbon materials was further
evaluated using kinetic and isotherm models to assess adsorption rate, model fit,
and maximum adsorption capacity. Non-linear pseudo-first-order (PFO) and
pseudo-second-order (PSO) models were used. For both materials, the PSO
model provided a slightly better fit (Table 1), suggesting that both adsorbents
exhibited similar kinetic behavior, with sample wSCG_a60 exhibiting a slightly
higher calculated ge value. The time of equilibrium was determined as 1440 min.
The adsorption isotherms were fitted using the Freundlich and Langmuir models
(Table 2), with the Langmuir model showing better agreement with the
experimental data. The maximum adsorption capacities were 360 mg g for
sample SCG a60 and 374 mg g' for sample wSCG _a60, confirming the high
efficiency of both materials toward CV. The somewhat better performance of
sample wSCG_a60 is consistent with its higher specific surface area.

Table 1. Kinetic parameters of CV (5%107% mol dm3) adsorption on investigated
materials (1 mg mL™!) at 25 °C

. PFO

Material = “mgg)  kimin) 7 R
SCG_a60 1.793 0.032 0.026 0.940
wSCG a60 1.883 0.045 0.023 0.948

PSO

Qe(mgg") ko(mgmin'gh) ¥ R
SCG_a60 1.879 0.024 0.015 0.965
wSCG a60 1.958 0.036 0.018 0.960
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Table 2. Parameters of the Freundlich and Langmuir isotherm models for
CV adsorption at an adsorbent dose of 1 mg mL"™!

Freundlich isotherm

Material Kr ((dm® mg 1) ') n " Rz
SCG_a60 53.483 2.734 2681.795 0.856
wSCG_a60 34.808 2.272 683.154 0.960

Langmuir isotherm

Ki(dm’mg")  gma(mggh) o R
SCG_a60 0.078 359.935 671.074 0.964
wSCG a60 0.034 373.634 20.699  0.999

CONCLUSION

Spent coffee grounds were successfully converted into carbon-based
adsorbents for the removal of CV from water. Both materials showed high
adsorption capacities, while sample wSCG a60 exhibited slightly better
performance, consistent with its higher specific surface area. These results
highlight spent coffee grounds as a promising, low-cost precursor for sustainable
adsorbents for the remediation of dye-contaminated water.
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ABSTRACT

The mineral composition of three avocado (Persea americana Mill.) cultivars
(Arad, Pinkerton, and Hass) was determined by inductively coupled plasma
optical emission spectrometry (ICP-OES), followed by a theoretical assessment
of their nutritional contribution based on the recommended daily intake of
essential minerals. Potassium was the predominant macroelement in all cultivars,
while zinc was the most abundant microelement. Arad showed the highest
concentrations of most essential elements, whereas Pinkerton was characterized
by the highest calcium content. The results demonstrated cultivar-dependent
differences in mineral composition and indicated that the investigated avocado
cultivars are good dietary sources of potassium and manganese, with additional
contributions of zinc and iron.

INTRODUCTION

Avocado (Persea americana Mill.) is a nutritionally important fruit whose
mineral composition depends on both cultivar and growing conditions. Essential
macro- and microelements present in avocado play important physiological roles
in human nutrition, while their concentrations may vary considerably among
cultivars, making their characterization important for evaluating fruit nutritional
quality [1].

The present study investigated the elemental composition of three
commercially important avocado cultivars (Arad, Pinkerton, and Hass). In
addition, a theoretical assessment of their nutritional value was performed based
on the content of essential macro- and microelements in order to evaluate their
contribution to the recommended dietary intake.
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EXPERIMENTAL

ICP-OES Analysis

A total of ten elements were analysed in avocado samples: calcium (Ca),
cadmium (Cd), iron (Fe), potassium (K), magnesium (Mg), manganese (Mn),
lead (Pb), phosphorus (P), sulphur (S) and zinc (Zn), using optical emission
spectrometry with inductively coupled plasma (ICP-OES) technique, according
to previously described procedures [2].

Dietary Intake of Nutritional Elements

Dietary intake (nutritional contribution) of essential elements (K, Ca, Mg, Fe,
Mn, and Zn) from 100 g of avocado was calculated based on the concentrations
of elements, compared with nutritional reference values (NRV) and expressed in
percentage. NRV values are established by the National Institutes of Health and
the Institute of Medicine [3].

RESULTS AND DISCUSSION

Content of the Major and Trace Elements

The presence and concentrations of ten elements were examined by ICP-OES
technique. Comparison was done based on the content of five macroelements (K,
Ca, Mg, P and S) and five microelements (Cd, Fe, Mn, Pb and Zn).

The concentrations of the major macroelements determined in the three
avocado varieties are presented in Table 1. Potassium was the predominant
macroelement in all three avocado varieties. This is in accordance with the
literature, showing potassium as the most abundant element in avocados [4].
Magnesium, phosphorus, sulfur, and calcium were also found in relatively large
quantities. Arad consistently exhibited the highest concentrations of potassium
(15,320.07 mg/kg), magnesium (248.30 mg/kg), phosphorus (130.39 mg/kg),
and sulfur (94.71 mg/kg), indicating a greater capacity for the accumulation of
these essential minerals. Potassium content in Arad was approximately 1.5-fold
higher than in Pinkerton and more than 2.5-fold higher than in Hass. In contrast,
Pinkerton was distinguished by its calcium concentration (130.37 mg/kg), which
was more than twice that of Arad (60.53 mg/kg) and almost twofold higher than
Hass (71.25 mg/kg).
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Among the microelements (Table 1), zinc was the most abundant, followed
by iron and manganese. Arad contained the highest concentrations of zinc (17.61
mg/kg) and manganese (5.52 mg/kg), while iron levels were comparable in Arad
(16.88 mg/kg) and Hass (16.98 mg/kg) but substantially lower in Pinkerton (6.67
mg/kg). Although cadmium was detected only at trace levels (up to 0.03 mg/kg),
differences were observed in lead accumulation, ranging from 0.32 mg/kg in
Pinkerton to 1.81 mg/kg in Arad.

Table 1. Content of macro- and microelements (mg/kg = SD) in the tested
avocado cultivars.

Element Arad Pinkerton Hass

K 15320 £ 190 10160 £ 167 5868 + 72
Mg 2483+ 1.8 182.8+0.6 163.0+2.8
Ca 60.53 +£0.03 1304 +£2.2 71.25 £0.05
P 130.4+0.2 111.8+0.7 78.46 + 0.04
S 9471 £0.14 77.47 £0.22 56.80 £ 1.77
Cd 0.02+0.01 <0.01 0.03+0.01
Fe 16.88 £1.78 6.67 +£0.20 16.98 £ 0.03
Mn 5.52+0.10 4.00+0.12 4.07+0.03
Pb 1.81 £0.01 0.32+0.01 1.24 £0.02
7n 17.61 +0.05 14.51 +0.07 13.32+0.03

Dietary Intake of Nutritional Elements
The estimated contribution of avocado consumption to the recommended daily
intake varied considerably among the analyzed minerals (Table 2).

Potassium provided the greatest nutritional contribution, supplying 17.3—
45.1% of the daily requirement for men and 22.6-58.9% for women per 100 g,
highlighting avocado as an excellent dietary source of this essential
macroelements. Manganese also contributed substantially, covering 17.4-24.0%
and 22.2-30.7% of the recommended intake for men and women, respectively.
Zinc provided a moderate contribution (12.1-22.0%), while iron supplied up to
21.2% of the recommended intake for men but only 3.7-9.4% for women because
of their higher physiological requirements. In contrast, magnesium contributed
modestly (3.9-7.8%), whereas phosphorus and calcium accounted for less than
2% of the recommended daily intake.
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CONCLUSION

The investigated avocado cultivars showed distinct differences in their mineral
composition. Arad contained the highest overall levels of essential macro- and
microelements, while Pinkerton was characterized by the highest calcium
content. The nutritional assessment indicated that all cultivars represent good
dietary sources of potassium and manganese, with additional contributions of
zinc and iron. These findings confirm the nutritional importance of avocado and
the influence of cultivar on its mineral composition.

Table 2. Daily intake estimations of selected macro- and microelements
through the consumption of 100 g of tested avocado cultivars.
RDA/AT* RDA/AT*

Element Dail}/lll(r)l(t)ake (F) (M) % Ir%take % Ilr\l/iake
(mg/100 g) (mg/day) (mg/day) (F) M)

Mg 16.30-24.83 320 420 5.1-7.8 3.9-5.9

P 7.85-13.04 700 700 1.1-1.9 1.1-1.9

K 586.84-1532.01 2600 3400 22.6-589 17.3-45.1
Ca 6.05-13.04 1000 1000 0.6-1.3 0.6-1.3

Mn 0.40-0.55 1.8 23 22.2-30.7 17.4-24.0
Fe 0.67-1.70 18 8 3.7-9.4 8.3-21.2
Zn 1.33-1.76 8 11 16.7-22.0 12.1-16.0

* Al Adequate Intake; RDA: Recommended Daily Allowance; M: male
31-50 years old; F: female 31-50 years old.

Acknowledgement

This research was supported by the Ministry of Science, Technological
Development and Innovation of the Republic of Serbia (Grant numbers: 451-03-
34/2026-03/ 200116 and 451-03-33/2026-03/200017).

REFERENCES

[1] A. Rojas-Garcia, E. Fuentes, M. L. Cadiz-Gurrea, L. Rodriguez, M. C.
Villegas-Aguilar, 1. Palomo, D. Arrdez-Romédn, A. Segura-Carretero,
Antioxidants, 2022, 11, 1049.

[2] United States Environmental Protection Agency, Method 6010D (SW-846):
Inductively Coupled Plasma-Atomic Emission Spectrometry, Revision 4,
Washington, DC, 2014.

[3] National Institutes of Health Office of Dietary Supplements, Nutrient
Recommendations and Databases.

[4] N. A. Ford, P. Spagnuolo, J. Kraft, E. Bauer, Foods, 2023, 12, 2516.

203



Research paper P 41

SAFETY EVALUATION AND ANTIVIRULENCE ACTIVITY
OF Symphytum officinale ETHANOL EXTRACT

S. Vuleti¢', J. Jockovié¢!, N. Borjan?, A. Ignjatijevié¢!, T. Andi¢! and S.
Spasovi¢!

TUniversity of Belgrade, Faculty of Biology,
Studentski trg 16, 11000 Belgrade, Serbia (stefana.d@bio.bg.ac.rs)
’Insitute of Meat Hygiene and Technology, Kacanskog 13, 11040 Belgrade,
Serbia

DOI: 10.68725/FDSQ_WORKSHOP.2026.9.52

ABSTRACT

The increased frequency of bacterial resistance nowadays leads to the necessity
for novel therapeutic strategies targeting bacterial virulence rather than its
viability. Among numerous pathogens, Staphylococcus aureus represents a
serious problem due to its resistance and numerous virulence factors. Thus, the
aim of the study was to chemically characterize Symphytum officinale extract and
investigate its antibacterial, antivirulence, and toxicity potential. LC-MS/MS
analysis identified rosmarinic acid as the predominant compound. Although the
extract showed no antibacterial activity against S. aureus, it inhibited
staphyloxanthin production up to 26.5 %. Moreover, the MTT assay on the MRC-
5 cell line demonstrated no cytotoxic effect at tested concentrations (0.03125 — 1
mg/mL). These findings suggest that S. officinale may represent a promising
source of natural antivirulence compounds, but further investigations are needed.

INTRODUCTION

Antibacterial resistance has become one of the most significant global public
health challenges that reduces the effectiveness of conventional antibiotics. This
problem emphasizes the urgent need for novel agents, targets, and alternative
strategies. Among these, antivirulence approaches have attracted considerable
attention since they attenuate bacterial pathogenicity rather than inhibit their
growth [1]. Staphylococcus aureus represents one of the most important
pathogens responsible for a wide range of community- and hospital-acquired
infections due to its resistance, ability to form biofilms, and multiple virulence
factors. One of its key virulence factors is staphyloxanthin, a golden carotenoid
pigment that protects bacterial cells from oxidative stress and host immune
responses [2]. Natural products, particularly medicinal plants, attract attention
since they are a valuable source of bioactive compounds and may potentially
provide plausible alternatives to antibiotics. Besides efficacy, the safety profile
of natural products is crucial for their potential pharmaceutical application,
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highlighting the importance of simultaneous evaluation of biological activity and
cytotoxicity [3]. Symphytum officinale L. (Boraginaceae), known as comfrey, is
traditionally used for the treatment of inflammatory conditions and wound
healing. It contains a wide variety of bioactive constituents including phenolics,
flavonoids, saponins, alkaloids, tannins, etc [4]. Hence, the aim of the study was
to chemically characterize the chemical profile of S. officinale extract and to
evaluate its antibacterial activity, effect on staphyloxanthin production, and
cytotoxicity.

EXPERIMENTAL

The extract of S. officinale root (Institute ,,Dr Josif Panci¢”, Belgrade) was
prepared using a 24-hour extraction method described by Ignjatijevié et al. [5],
with 70% ethanol as the solvent. The chemical profile of the ethanol extract was
analyzed by LC-MS/MS [6, 7]. Antibacterial activity of the extract (0.0156 — 2
mg/mL) was assessed by applying the microdilution assay, with resazurin used
to determine minimal inhibitory concentrations (MIC) [8]. The MIC assay was
conducted on S. aureus ATCC 29213 and S. aureus MRSA ATCC 43300 strains.
Inhibition of staphyloxanthin production was determined as described by Vuleti¢
et al. [9] using 250 pg/mL extract treatment. In order to investigate the
cytotoxicity of the extract, an MTT assay was performed on the MRC-5 cell line
(concentration range 0.0325 — 2 mg/mL) according to Ignjatijevié et al. [5].

RESULTS AND DISCUSSION
The obtained results of LC-MS/MS analysis are presented in Table 1. They
revealed that rosmarinic acid was the most abundant compound in S. officinale
extract, followed by caffeic acid, while other compounds were identified in
markedly low concentrations (coumaric and neochlorogenic acid, rutin,
quercitrin).

Table 1. Chemical analysis of S. officinale extract.

Compound pg/g dw
Caffeic acid 200
Chlorogenic acid 15.5
Rosmarinic acid 9955.7

Although no antibacterial activity was observed in the tested concentration range,
previous studies demonstrated antibacterial activity of S. officinale. Differences
in extraction procedures, solvent type, plant origin, and growth conditions may
influence its chemical composition and consequently its biological activity [8].
Furthermore, it was demonstrated that S. officinale extract inhibited
staphyloxanthin production of both tested strains at a concentration of 250 pg/mL
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(Figure 1). The production was inhibited by 26.5% for S. aureus ATCC 29213
(Figure 1a) and 25.6% for S. aureus MRSA ATCC 43300 (Figure 1b).

1.0+
— 1.0
]
0.3 — S0 s — s0
0.6
= 0.6
F- z
2 Z
© 0.4+ % inhibiti =265 .tn-l
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0.2 0.2
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Wavelength (nm) Wavelength (nm)

Figure 1. Absorption spectra of staphyloxanthin under the influence of S.
officinale extract in the S. aureus ATCC 29213 (A) and S. aureus ATCC 43300
MRSA (B) strains. C-control; SO — treatment with extract.

Considering the fact that inhibiting pigment synthesis could make cells more
sensitive to the effects of therapeutic agents, these results are important. To the
best of our knowledge, this is the first report demonstrating the effect of S.
officinale extract on staphyloxanthin production, supporting its previously
described antivirulence potential [4].

MTT assay revealed that the extract did not exhibit cytotoxicity toward the MRC-
5 cell line at the tested concentrations (Figure 2), supporting its favorable safety

profile.

1509

1004

% of survival

50

pg/mL
Figure 2. Cytotoxic potential of S. officinale extract on MRC-5 cell line.

Rosmarinic acid, identified as the dominant component of the extract, has
previously been reported to possess antimicrobial and antivirulence properties,
suggesting it may contribute to the observed antivirulence activity [10].
Nevertheless, the biological activity of S. officinale extract is likely the result of
the synergistic action of multiple phytochemicals. Taken together, these findings
indicate that although comfrey extract did not exhibit antibacterial activity, it
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reduced S. aureus virulence without affecting human cell viability, supporting its
potential as a safe source of natural antivirulence agents.

CONCLUSION

The obtained results revealed that the S. officinale extract is rich in phenolic
compounds, with rosmarinic acid being the most abundant constituent. Even
though no direct antibacterial activity was observed, the extract inhibited
staphyloxanthin production of both tested S. aureus strains and showed no
cytotoxicity toward the MRC-5 cell line. These findings highlight the potential
of S. officinale as a promising source of safe natural compounds and warrant
further investigation of its underlying mechanisms.
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ABSTRACT

Mercury is among the most hazardous heavy metals in aquatic systems due to its toxicity,
persistence, and bioaccumulation, posing significant risks to ecosystems and human
health. This study presents a sustainable, and low-cost approach for Hg*" detection based
on green-synthesized silver nanoparticles (AgNPs). AgNPs were prepared using an
ethanolic extract of Juglans regia as a natural reducing and stabilizing agent and
immobilized onto filter paper to fabricate a portable colorimetric sensor for Hg?**
detection. The sensing mechanism is based on the specific interaction between Hg** and
AgNPs, producing a distinct color change visible to the naked eye. The sensor exhibited
a linear detection range from 1x107 to 1x10® mol dm™, with a limit of detection of
1.065x10® mol dm>. The proposed platform offers eco-friendly synthesis, low
production cost, portability, and instrument-free operation, making it a promising
candidate for rapid on-site monitoring of Hg?>* contamination in water.

INTRODUCTION

Mercury is one of the most toxic and persistent heavy metals in aquatic
environments, posing serious risks to ecosystems and human health. Although
conventional techniques such as ICP-MS and AAS provide excellent sensitivity,
they require expensive instrumentation and laboratory facilities, limiting their
use for rapid on-site monitoring [1]. Silver nanoparticles (AgNPs) have emerged
as promising colorimetric probes due to their localized surface plasmon
resonance response toward Hg?". Immobilization of AgNPs onto cellulose filter
paper further enhances portability and ease of use, although many reported
sensors rely on chemically synthesized nanoparticles [2]. In this work, AgNPs
were green-synthesized using Juglans regia extract and immobilized onto filter
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paper to fabricate a portable colorimetric sensor for Hg?" detection. The proposed
platform combines sustainable nanoparticle synthesis with a simple paper-based
format, offering a sensitive, low-cost, and environmentally friendly approach for
rapid mercury monitoring in water.

EXPERIMENTAL

AgNPs were synthesized via a green route using an ethanolic extract of Juglans
regia as both reducing and stabilizing agent. The nanoparticles were
characterized by UV—Vis, FTIR, SEM-EDX, XRD, DLS, zeta potential, and
ICP-OES analyses. A paper-based sensing platform was fabricated by immersing
filter paper in the AgNP suspension, followed by air drying. Colorimetric
detection of Hg?" was evaluated by exposing the AgNP-coated paper to Hg?"
solutions of different concentrations. Sensor selectivity was investigated against
various potentially interfering metal ions and common inorganic anions. Color
changes were quantified from digital images using a custom Python/OpenCV
image-processing algorithm based on a yellow index derived from RGB values.
Analytical performance was assessed in terms of linear range, limit of detection,
limit of quantification, and recovery using Hg?*-spiked tap water samples.

RESULTS AND DISCUSSION

Green synthesis using Juglans regia extract successfully produced silver
nanoparticles, as confirmed by UV-Vis, FTIR, DLS, XRD, FESEM-EDX, ICP-
OES, and zeta potential analyses. UV-Vis spectroscopy showed the characteristic
LSPR band at 405 nm, while XRD confirmed the formation of crystalline face-
centered cubic silver. FESEM revealed predominantly spherical nanoparticles
with an average diameter of approximately 30 nm, and EDX verified Ag as the
major elemental component. FTIR spectra indicated that plant-derived
biomolecules acted as reducing and stabilizing agents, whereas DLS and zeta
potential measurements confirmed the formation of a moderately stable colloidal
suspension suitable for sensor fabrication.

The colloidal AgNPs responded to several metal ions, with Hg*" producing
the most pronounced color change. However, the colloidal system showed
limited visual selectivity, particularly at low concentrations. To improve
performance, AgNPs were immobilized onto filter paper (Figure 1), producing a
stable sensing platform.

The paper-based sensor exhibited a distinct color change only in the presence
of Hg?*, while no visible response was observed for other tested metal ions or
common inorganic anions, even at much higher concentrations, demonstrating
excellent selectivity.
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Figure 1. FESEM micrograph (150000 % magnification) and corresponding
EDX elemental mapping of AgNPs@FP

The AgNPs@FP sensor showed a clear concentration-dependent color
change over the Hg?* concentration range of 1 x 108 — 1 x 10~ mol dm (Figure
2). Image analysis based on the yellow index produced a linear calibration curve
with a LOD of 1.065 x 10® mol dm> and an LOQ of 3.263 x 10 mol dm?,
enabling reliable nanomolar detection without sophisticated instrumentation.

(a) (b)
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Equation y=a+b'x
Plot 8

Weight No Weighting
Intercept 164.51639 4 0.350
Slope -3.92138  0.06396
Residual Sum of Squar 169293
Pearson's r -0.99854
R-Square (COD) 099708

Adj. R-Square 0.99682

P 4+ AGNPs + Hg P+ AgNPs + HE FP+ AgNPs + Hg P+ AgNPs + Hg 190
FP + AgNPs. (1x10%) | (2010%) (1x07) | (2x207)

185 A

Yellow Index

— — | | — — —
P + AgNPs + Hg. P + AgNPs + Hg P+ AGNPs + H P+ AGNPs + Hg P+ AGNPs + HE
(1x10%) | (2x10%) | (0% | (2x10%) | (1xa0%) 180

| 175 T T T T T T 1
St | — | 8 7 6 5 4 3 2
Foy PPoARNPsoHE | FPAAGNProMg | FPeAGNPseMg | FPeACNPs+Hg
i '(mp‘;‘ i ‘(:’:n') | ®a0y | (1a07) | (2010") |Ochg

Figure 2. (a) Visual response of AgNPs@FP synthesized using Juglans regia
extract, after exposure to increasing concentrations of Hg?* (from 1x1078 to
2x107% mol dm™); (b) Calibration curve showing the linear dependence of
yellow index on the logarithm of Hg?* concentration.

The applicability of the sensor was evaluated using Hg**-spiked tap water.
Recoveries ranged from 96% to 102%, confirming excellent accuracy and
negligible matrix effects without any sample pretreatment. These results
demonstrate the suitability of the proposed paper-based sensor for rapid
environmental monitoring (Table 1).
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Table 1. Detection of Hg?" in spiked tap water samples using AgNPs@FP sensor.

Spiked concentration = Found concentration

Recovery (%)
(mol dm) (mol dm™)
1.0x10°3 (9.8 +£0.1)x10* 98 £1
1.0x10* (1.02 £ 0.04)x10* 102 +4
1.0x107 (9.9 £ 0.4)x10°¢ 99 +4
1.0x10°¢ (1.01 £0.03)x10® 101 £3
1.0x1077 (9.7 +£0.2)x10® 97 £2
1.0x108 (9.6 £ 0.5)x10” 96 +5
CONCLUSION

This study demonstrates that green-synthesized silver nanoparticles obtained
using Juglans regia extract can be successfully immobilized onto filter paper to
create a portable and highly sensitive colorimetric sensor for Hg** detection. The
developed platform enables nanomolar detection (LOD = 1.065 x 10 mol dm™)
over a broad linear range without requiring sophisticated instrumentation.
Combining plant-mediated synthesis with a simple paper-based format provides
a sustainable, low-cost, and user-friendly approach for rapid on-site monitoring
of mercury in water.
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ABSTRACT

Benzodiazepine (BZD) withdrawal is associated with neurochemical adaptations
that contribute to withdrawal symptoms; however, monoaminergic alterations
within the caudate-putamen (CPu) remain poorly understood. This study
investigated dopamine and serotonin concentrations in the CPu following early
alprazolam withdrawal in adult female Wistar rats. Animals received an
escalating alprazolam treatment regimen (3—9 mg/kg, 1.p.) followed by a 36 h
withdrawal period. Monoamine concentrations were determined using high-
performance liquid chromatography (HPLC). Compared with vehicle-treated
animals, the withdrawal group exhibited significantly reduced dopamine and
increased serotonin concentrations, suggesting that alprazolam withdrawal
disrupts dopaminergic-serotonergic balance within CPu.

INTRODUCTION

Benzodiazepines (BZDs) remain among the most frequently prescribed
medications for treating anxiety and fear related disorders and insomnia.
However, prolonged use may result in tolerance and physical dependence, while
abrupt discontinuation often precipitates a withdrawal syndrome characterized
by anxiety, irritability, autonomic disturbances, and cognitive impairment [1, 2].
Accumulating evidence suggests that, in addition to adaptive changes in
GABAergic neurotransmission, alterations in monoaminergic systems contribute
to withdrawal symptoms. Enhanced serotonergic activity has been associated
with withdrawal-induced anxiety, and both serotonergic and dopaminergic
pathways are important modulators of behavioral responses during withdrawal
[3,4].
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Although previous studies have primarily focused on limbic regions, the
involvement of the caudate-putamen (CPu) in BZD withdrawal remains poorly
understood. Therefore, the present study aimed to determine dopamine and
serotonin concentrations in the CPu during early withdrawal from alprazolam,
one of the most prescribed BZDs worldwide.

EXPERIMENTAL

All experimental procedures were approved by the Ethics Committee for the Use
of Laboratory Animals of the VINCA Institute of Nuclear Sciences and the
Veterinary Directorate of the Ministry of Agriculture, Forestry and Water
Management of the Republic of Serbia (Approval No. 003447280/2025, August
25, 2025).

Adult female Wistar rats were housed under controlled environmental
conditions (12 h light/dark cycle, constant temperature and humidity) with ad
libitum access to standard laboratory food and water. Animals were randomly
divided into two experimental groups: control (vehicle-treated, 0.5 % Tween 80
in saline, VEH) and 36 h alprazolam withdrawal group (36h ALP, n = 6 animals
per both groups). Alprazolam was administered intraperitoneally in escalating
doses (3, 5, 7, and 9 mg/kg; twice daily for two days each) over 8 days, followed
by abrupt cessation. Following the final administration, animals underwent a 36
h withdrawal period before tissue collection.

The animals were euthanized by rapid decapitation using a guillotine for small
laboratory animals (Harvard Apparatus, USA). Immediately after decapitation,
brains were rapidly removed and placed on an ice-cooled surface. The CPu was
carefully dissected bilaterally according to the rat brain atlas of Paxinos and
Watson [5], approximately corresponding to anteroposterior coordinates from
+2.28 to —0.12 mm relative to bregma.

Dopamine and serotonin concentrations were quantified using high-
performance liquid chromatography (HPLC). Tissue samples were homogenized
in deproteinization solution (1 mg tissue/10 pL), followed by sonication (3 % 10
s) and centrifugation (10 min, 13,500 rpm). Subsequently, 40 pL of the obtained
supernatant was injected into an UltiMate 3000 HPLC system (Thermo Fisher
Scientific, USA) equipped with a reversed-phase C18 analytical column.
Separation was achieved using a mobile phase consisting of 100 mM ammonium
formate buffer (pH 3.6) and methanol (98:2, v/v) delivered at a flow rate of 500
puL/min. Detection was performed electrochemically at an oxidation potential of
850 mV and a column temperature of 25 °C. Chromatographic data were
acquired and processed using Chromeleon 7 Chromatography Data System
(Thermo Fisher Scientific, USA). Dopamine and serotonin concentrations were
expressed as pg/mg of tissue.

Data are expressed as mean + SEM. Differences between the VEH and 36 h
ALP groups were analyzed using an unpaired Student's t-test, with p < 0.05
considered statistically significant.
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RESULTS AND DISCUSSION

Compared with the VEH group, animals subjected to 36 h ALP withdrawal
exhibited a significant reduction in dopamine concentration in the CPu (¢ =
2.788, p = 0.0192; Figure 1A). In contrast, serotonin concentration was
significantly increased in the 36 h ALP group relative to VEH group (t = 2.97, p
= 0.0141; Figure 1B), indicating a disruption of local monoaminergic
homeostasis during the discontinuation phase.
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Figure 1. HPLC analysis of dopamine and serotonin levels in the CPu. (A)
Dopamine concentration (Lg/mg of tissue); (B) Serotonin concentration (pug/mg
of tissue). Each dot represents an individual animal. The number of animals per

group is indicated within the bottom of each bar.

These findings complement our previous unpublished observations
demonstrating neurochemical alterations in the hippocampus, amygdala and
prefrontal cortex, as well as increased anxiety-like behavior and impaired stress-
coping strategy following 36 h alprazolam withdrawal. Previous studies have
primarily associated BZD withdrawal with serotonergic alterations in limbic
brain regions, particularly the amygdala and hippocampus [3, 4]. The present
findings extend these observations by identifying the CPu as an additional brain
region affected following alprazolam abrupt discontinuation, further supporting
the involvement of widespread monoaminergic neuroadaptations in the BZD
withdrawal syndrome.

The observed changes in dopamine and serotonin concentrations may reflect
an early neurochemical adaptation to abrupt alprazolam discontinuation. Future
studies combining behavioral assessment with neurochemical and molecular
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analyses will be important for clarifying the contribution of CPu monoaminergic
signaling to the development of BZD withdrawal syndrome.

CONCLUSION

Thirty-six hours of alprazolam withdrawal disrupts monoaminergic
neurotransmission within the CPu, as demonstrated by reduced dopamine and
elevated serotonin concentrations. These findings identify the CPu as a
previously underexplored target of BZD withdrawal-induced neuroadaptations
and provide a foundation for future investigations into the mechanisms
underlying withdrawal-related behavioral disturbances.
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ABSTRACT

Microplastic particles (MPs) smaller than 5 mm are ubiquitous environmental
pollutants, with concerning potential impacts on human health. This study
focused on early changes in renal function following a single oral dose (35
mg/kg) of mechanically generated irregular polyethylene terephthalate (PET)
MPs of two different sizes (~41 um and ~106 um) in male Wistar rats. Renal
function was evaluated 24 h post-exposure using serum biochemical parameters
and urinalysis. Serum urea and creatinine were measured as indicators of
glomerular filtration, while urinalysis assessed the presence of blood and
leukocytes. Exposure to MPs resulted in a significant elevation of serum urea and
creatinine levels compared with controls, but no blood or leukocytes were present
in urine. These findings indicate that acute exposure to MPs may induce early
functional changes in the kidney before overt signs of urinary tract injury and
inflammation become apparent, suggesting early physiological responses.

INTRODUCTION
Plastic materials have widespread industrial benefits, but have recently come to
light as a serious pollutant with potential risk to the ecosystem and human health.
The term microplastics is used to describe polymeric matrices or synthetic solid
particles of regular or irregular shape that can be categorized as either primary or
secondary microplastics [1]. Microplastic particles (MPs) range in size from 1
um to 5 mm, and are insoluble in water. They have been detected in a wide array
of shapes and polymeric structures, and their distribution is vast - from drinking
and marine water, agroecosystems and foods, to the atmosphere [1].
Consequently, human exposure to MPs is mainly through ingestion, inhalation
or dermal contact. Multiple studies have reported accumulation of MPs in
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different organs and tissues, as well as their cellular uptake, raising concerns
about possible adverse biological effects of these polymers [2-3].

Although the kidney represents a crucial organ for the elimination of
xenobiotics, information on its susceptibility to acute MPs exposure remains
limited [4]. Due to the valuable role of the kidneys in the maintenance of overall
physiological homeostasis, the need for assessment of renal function in the
context of MPs exposure is a crucial part of any toxicological and biomedical
research [5]. This is most commonly done using serum biomarkers such as urea
and creatinine, while urinalysis parameters including the presence of blood and
leukocytes can be additional indicators of structural damage and inflammation.

Accordingly, this study aimed to assess the effects of a single dose of MPs on
renal function in male Wistar rats using serum biomarkers and urinalysis 24 h
post - exposure.

EXPERIMENTAL
MPs were prepared from polyethylene terephthalate (PET) bottles that were
mechanically filed, as previously described [6].

The approved experiments (protocol authorization number 323-07-
03460/2021-05) were performed on young adult male Wistar rats (n = 12; body
weight 300 - 350 g) maintained under standard laboratory conditions. The
animals were randomly assigned into three experimental groups: the control
group (Q), which received 2.5 mL of Milli-Q water; and two groups treated with
different sizes of MPs dispersed in 2.5 mL of Milli-Q, in sizes of 41 pm (S) or
106 um (L), both at doses of 35 mg/kg. All treatments were administered as a
single dose by oral gavage. Urine samples were collected prior to sacrifice, 24 h
post - exposure. Analysis was performed using visual colorimetric comparison
with commercial reagent test strips (Insight Urinalysis Reagent Strips, Acon
Laboratories, USA). The parameters assessed included hematuria, the presence
of blood, and the presence of leukocytes, both monitored semi-quantitatively
according to the manufacturer’s colorimetric scale. Following trunk blood
collection and clotting at room temperature, the samples were centrifuged (3000
rpm for 15 min utilizing Heraeus Labofuge GL (Heraeus, Germany)) to obtain
serum, which was used for biochemical analysis. Renal function was evaluated
by measuring urea and creatinine levels using standard enzymatic colorimetric
assays, as indicators of glomerular filtration capacity.

Data, presented as mean = SEM relative to the control, were analyzed using
one-way ANOVA followed by appropriate post hoc tests for multiple
comparisons vs. the control group in GraphPad Prism software (version 8.02,
USA). Differences were considered statistically significant at p < 0.05. Urinary
blood and leukocyte presence was assessed semi - quantitatively and analyzed
descriptively.
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RESULTS AND DISCUSSION

To assess the potential effect on renal physiological functions, we measured the
serum levels of urea and creatinine. As shown in Figure 1., serum levels of urea
were significantly elevated in both MPs groups compared to control (p < 0.05 for
S and L vs. Q), suggesting that PET particles of both sizes similarly affect their
clearance and metabolic processes associated with kidney function. A significant
increase was also detected in creatinine levels compared to the control group (p
< 0.05 for S and L vs. Q), further supporting an alteration in renal filtration -
related processes. Together, these changes indicate an early functional response
of the kidney following acute PET MPs exposure.

Table 1. Effects of acute oral exposure to polyethylene terephthalate
microplastics on the presence of blood and leukocytes in urine of male
Wistar rats 24 h after treatment. Data are presented descriptively (—
indicates no blood or leukocytes detected).
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Figure 1. Effects of acute oral exposure to polyethylene terephthalate
microplastics on serum A) urea and B) creatinine levels in male Wistar rats 24
h after treatment. Data are presented as the mean = SEM relative to the control

(*p <0.05).

As shown in Table 1., neither hematuria nor leukocytes were present in the
urine of experimental groups. This absence indicates that acute PET MPs
exposure did not result in detectable urinary tract injury or inflammatory changes
within the investigated time frame.
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Taken together, the observed changes in serum renal biomarkers accompanied
by the absence of urinary abnormalities suggest that acute PET MPs exposure
primarily affects renal physiological processes during the early phase after
exposure. The combined assessment of serum and urinary parameters provides a
broader view of renal responses and indicates that functional alterations may
occur before detectable manifestations of renal injury.

CONCLUSION

Acute oral exposure to PET MPs results in early alterations of renal - related
parameters in male Wistar rats, highlighting the rapid physiological response of
the kidney following microplastic intake. These findings provide further insight
into the short - term effects of microplastic exposure and support the need for
continued investigation of their biological consequences.
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ABSTRACT

Steroidal semicarbazones and ethyl carbazates represent structurally diverse
derivatives with biological relevance, while their integrated ADMET profiles
remain insufficiently explored. This study evaluated the drug-likeness, ADMET
properties and DPPH radical scavenging activity of steroidal bis-semicarbazones
(SCs) and corresponding bis-ethyl carbazates (ECs). Drug-likeness and ADMET
parameters were predicted using Molinspiration, SwissADME, pkCSM and
ADMETIab 2.0, while antioxidant activity was assessed by the DPPH assay. SC
derivatives exhibited higher TPSA values, more hydrogen-bond donors, and
stronger predicted P-gp substrate propensity, whereas EC analogs generally
showed higher predicted BBB permeability. Most compounds displayed
favorable ADMET profiles. However, negligible DPPH radical scavenging
activity was observed. These findings provide insight into structure—property
relationships governing the physicochemical and ADMET characteristics of
steroidal SCs and ECs.

INTRODUCTION

Steroidal scaffolds represent privileged structures in medicinal chemistry due to
their structural diversity and wide range of biological activities. Structural
modification of steroidal scaffolds by introducing semicarbazone (SC) or ethyl
carbazate (EC) functionalities may alter their physicochemical properties and
consequently affect their pharmacokinetic behavior and biological activity [1,2].
Although the investigated steroidal SCs and ECs were previously synthesized
and evaluated for cytotoxic and antimicrobial activities [3], their radical
scavenging activity and integrated in silico ADMET characteristics remained
unexplored. Therefore, this study aimed to perform a comparative in silico and
in vitro evaluation of two series of androstane derivatives, focusing on drug-
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likeness, ADMET properties, and antioxidant activity assessed by the DPPH
assay.
EXPERIMENTAL
Drug-likeness properties were evaluated using the Molinspiration [4], whereas
ADMET parameters were predicted using SwissADME, pkCSM and
ADMETIab 2.0 web tools [5-7].

The antioxidative activity of steroidal bis-SCs and bis-ECs was determined
using the standard DPPH (2,2-diphenyl-1-picrylhydrazyl) assay [8].

RESULTS AND DISCUSSION
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Figure 1. Chemical structures and predicted drug-likeness radar charts of
steroidal bis-semicarbazones and bis-ethyl carbazates.
(log P — lipophilicity; TPSA — topological polar surface area (A?); rotB —
number of rotatable bonds; MW — molecular weight; HBA/HBD — number of
hydrogen bond acceptors/donors; Ref. — recommended ranges)

The chemical structures and predicted drug-likeness profiles of the
investigated steroidal derivatives are shown in Figure 1. SC derivatives displayed
higher TPSA values and a higher number of hydrogen-bond donors than EC
analogs, while EC derivatives were characterized by higher lipophilicity.

Table 1 summarizes the predicted ADMET profiles of steroidal SCs and ECs.
Most derivatives demonstrated favorable predicted Caco-2 permeability, while
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4-SC stood out with markedly reduced permeability, consistent with its low GI
absorption. This distinct behavior may be related to the physicochemical
characteristics of 4-SC, which exhibited the lowest lipophilicity, the highest
TPSA value, and the greatest hydrogen-bonding potential among the investigated
derivatives.

Table 1. Predicted ADMET parameters of steroidal SCs and ECs.
(Compd. — Compound; GI — gastrointestinal absorption; Caco-2 — Caco-2
permeability (logPapp, 10-° cm/s); BBB — blood—brain barrier permeability
(logBB); P-gp — P-glycoprotein substrate propensity; hERG — predicted hERG
inhibition probability; AMES — predicted Ames mutagenicity probability)
Compd. GI* Caco-2® BBB® P-gp¢ hERG® AMESS

1-SC High 0.81 -0.90 0.987 0.10 0.58
1-EC High 0.70 -0.56 0.005 33 0.67
2-SC High 0.80 -0.95 0.988 0.15 0.86
2-EC High 0.70 -0.55 0.003 0.44 0.87
3-SC High 0.71 -0.98 0.978 0.00 0.95
3-EC High 0.71 -0.57 0.004 0.04 0.95
4-SC Low -0.03 -1.05 0.991 0.07 0.86
4-EC High 0.63 -1.03 0.117 0.28 0.88

3SwissADME; °pkCSM; CADMETlab2.0

Higher BBB permeability was generally observed for EC derivatives compared
to the corresponding SC analogs, with the exception of the C11-hydroxylated
series. The stronger P-gp substrate propensity predicted for SC derivatives may
be associated with their higher polarity and greater hydrogen-bonding capacity
relative to the EC series. Both series showed moderate CYP inhibition potential
and low predicted clearance values (<5 mL/min/kg), with no pronounced inter-
series differences. Favorable cardiotoxicity profiles were predicted for most
derivatives, with only two EC analogs exhibiting moderate hERG-related risk.
Predicted mutagenicity profiles varied among the compounds, indicating the
need for further toxicological evaluation.

All investigated derivatives exhibited negligible DPPH radical scavenging
activity under the applied experimental conditions. These findings indicate that
neither the semicarbazone nor the ethyl carbazate functionality confers
appreciable direct radical scavenging activity within the investigated steroidal
series.

CONCLUSION

The present study demonstrated that structural variation between steroidal
semicarbazones and corresponding ethyl carbazates influences their predicted
ADMET profiles, particularly parameters related to membrane permeability and

222



P-gp substrate propensity. Despite generally favorable predicted drug-likeness
and safety profiles, neither series exhibited appreciable DPPH radical scavenging
activity. These findings contribute to a better understanding of the structure—
property relationships governing the physicochemical and ADMET
characteristics of steroidal semicarbazone- and ethyl carbazate-based derivatives.
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ABSTRACT

Steroidal hydantoins (HDTs) represent promising scaffolds for the development
of biologically active compounds, including potential antitumor agents. In this
study, the drug-likeness and ADMET properties of six structurally diverse
steroidal HDTs, including mono- and bis-hydantoin derivatives, were evaluated
in silico using Molinspiration, pkCSM, and ADMETIab 2.0. Most derivatives
satisfied the recommended drug-likeness criteria. Mono-HDTs exhibited higher
predicted permeability and intestinal absorption, whereas bis-derivatives showed
lower clearance, suggesting slower elimination. All compounds demonstrated
low predicted risks of mutagenicity and cardiotoxicity. Overall, the obtained
results highlight steroidal HDTs, particularly mono-functionalized derivatives,
as promising candidates for further synthesis and biological evaluation.

INTRODUCTION

Cancer is the second leading cause of noncommunicable disease-related death
worldwide [1], following cardiovascular diseases, highlighting the continuous
need for the development of novel antitumor agents. Steroidal scaffolds represent
privileged structures in medicinal chemistry due to their favorable membrane
permeability and broad potential for structural derivatization, which may yield
compounds with enhanced biological activity, including antitumor effects [2].
Numerous biologically active hydantoins have been reported to date [3];
however, steroidal hydantoins (HDTs) remain insufficiently explored. Therefore,
the aim of this study was to perform a preliminary in silico evaluation of the drug-
likeness and ADMET properties of structurally diverse steroidal hydantoins in
order to identify promising candidates for future synthesis and biological
evaluation.
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EXPERIMENTAL

Drug-likeness parameters were assessed using the Molinspiration calculator [4]
while ADMET parameters were calculated using the pkCSM and ADMETIlab
2.0 software [5-6].

RESULTS AND DISCUSSION

Six steroidal HDTs differing in the C-17 substitution pattern were evaluated in
silico (Fig. 1), including mono-hydantoin derivatives of androstenedione (A),
progesterone (P), testosterone (T), and cholestane (C), as well as bis-hydantoin
derivatives of the A and P scaffolds, since only these scaffolds possess two
carbonyl groups capable of hydantoin ring formation.
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Figure 1. Chemical structures of the evaluated steroidal mono- and bis-
hydantoins.

Drug-likeness parameters are presented in Table 1. Except for the highly
lipophilic C-HDT (log P = 7), which shows a single Lipinski violation, all
analyzed derivatives fall within ranges generally associated with favorable oral
bioavailability. Compared to mono-HDTs, bis-derivatives exhibit higher MW,
HBA/HBD counts, and TPSA values, suggesting increased hydrogen-bonding
capacity and reduced membrane permeability potential.
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Table 1. Predicted drug-likeness descriptors of steroidal hydantoins.
(Compd. — compound; log P — lipophilicity; MW — molecular weight;
HBA/HBD — number of hydrogen bond acceptors/donors; nviol — number of Ro5
violations; TPSA — topological polar surface area (A?); rotB — number of
rotatable bonds; Ref. — recommended reference ranges for drug-likeness)

Compd. log P MW HBA HBD Dyiol TPSA rotB
A-HDT 2.56 356 5 2 0 75 0
A-(HDT): 2.07 427 8 4 0 116 0
P-HDT 3.31 385 5 2 0 75 1
P-(HDT): 2.82 455 8 4 0 116 1
T-HDT 2.75 358 5 3 0 78 0
C-HDT 6.94 455 4 2 1 58 5
Ref. <5 <500 <10 <5 <1 <140 <10

To further evaluate the pharmacokinetic and safety profiles of HDTs, predicted
ADMET parameters were analyzed (Tab. 2).

Water solubility (Ws) ranged from 0.05 to 13.6 mg/L, with the lowest value
predicted for C-HDT and the highest for T-HDT. Mono-derivatives exhibited
higher predicted Caco-2 permeability (>0.9) and intestinal absorption (94-96%)
than bis-derivatives (~0.4 and 82%, respectively). Moderate VDss values were
predicted for A-HDT and T-HDT, while low Fu values (0.03—0.23) suggested
extensive plasma protein binding. BBB permeability indicated moderate brain
penetration, reduced for bis-derivatives.

Most compounds were predicted to undergo metabolism via CYP1A2,
CYP2C19, CYP2C9, and CYP3A4. Mono-HDTs showed moderate clearance
(7.4-14 mL/min/kg), whereas bis-derivatives exhibited lower clearance (1.2-3.1
mL/min/kg), suggesting slower elimination. All compounds demonstrated low
predicted risk of hERG inhibition (0.2-2.7%) and AMES mutagenicity (1.4—
10.0%), together with similar hepatotoxicity probabilities (~0.3). Overall, mono-
derivatives displayed more favorable absorption-related properties than bis-
HDTs, whose profiles were mainly influenced by increased molecular size and
polarity.
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Table 2. Predicted ADMET parameters of steroidal hydantoins.
(Compd. — compound; Caco-2 — Caco-2 permeability (logPapp, 107¢ cm/s); [A
— intestinal absorption (%); VDss — steady-state volume of distribution (log
L/kg); Fu — unbound plasma fraction; BBB — blood-brain barrier permeability
(logBB); CL — clearance (mL/min/kg); AMES — predicted Ames mutagenicity
probability; hERG — predicted hERG inhibition probability)

Compd. Caco-2 TA VDss Fu BBB CL AMES hERG

A-HDT 090 94 0.12 017 -0.02 9.6 6.6 0.5

A-(HDT): 045 82 -043 023 -0.63 1.2 10.0 0.4

P-HDT 1.10 96 -0.20 0.03 -0.01 14.0 1.4 0.6

P-(HDT): 0.41 82 -049 0.14 -047 3.1 2.6 0.2

T-HDT 094 94 -0.10 0.18 -0.40 95 3.0 1.0

C-HDT 120 94 -0.19 000 -032 74 2.0 2.7
CONCLUSION

Overall, the analyzed steroidal HDTs exhibited favorable drug-likeness
properties, with only the highly lipophilic C-HDT showing a single Lipinski
violation. Mono-derivatives displayed more favorable absorption- and clearance-
related ADMET properties than bis-derivatives, while all compounds
demonstrated low predicted risks of mutagenicity and cardiotoxicity. These
findings highlight steroidal hydantoins, particularly mono-functionalized
derivatives, as promising candidates for further synthesis and biological
evaluation as potential antitumor agents.
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