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Dear Colleagues, 

On behalf of the Organizing Committee, we are glad to present You the Book of Abstracts of the 20th 

International Symposium and Summer School on Bioanalysis. 

As the meeting is held annually it provides a unique opportunity to collaborate with colleagues from around 

Europe, share ideas and expertise, while enabling the development of science and skills within this research 

field. 

Bioanalysis is a developing area which has grown significantly in the last decades, especially due to the 

advances in modern biochemistry and new analytical tools. It provides a theoretical framework for analyzing, 

interpreting and understanding biological data acquired from biological experiments. Bioanalysis provides 

tools for solving real world problems. 

This book offers a front-row seat to the exciting developments in this field and puts forward the state-of-the-

art in this scientific area. 

We expect this conference to be beneficial in terms of knowledge, creativity and future collaborations. 

  

                                                                                                Organizing Committee 

 

  

  



 

Oral presentations  



 

L1 

QA BENCHMARKING OF BIOANALYTICAL BACHELOR PROGRAMS. WE HAVE 2 AND/OR 

WE NEED IT?  

Ede Bodoki, Bogdan Iacob, Radu Oprean  

Iuliu Hatieganu University of Medicine and Pharmacy Cluj-Napoca, Romania  

  

Study programs should be subjected to an internal and external evaluation process. ENQA sets out the main 

guidelines for the internal evaluation process. The purpose of this presentation is to compare the main ways 

of internal evaluation in the countries participating in the CEEPUS network. The main question that arises is: 

do we have to do an internal evaluation or do we need it? Discussions on this topic will shape the trend of 

partner universities in this network, especially for joint programs and microcredentials.  



 

L2 

BIODIESEL, A GREENER AND A GREENER FUEL 

Florin-Dan Irimie, Mihai Lacatus, Csaba Paizs, Monica Tosa 

Enzymology and Applied Biocatalysis Research Center, Babeș-Bolyai University, Faculty of Chemistry and 

Chemical Engineering, Arany János street 11, RO-400028, Cluj-Napoca, Romania 

  

Biodiesel is a green alternative to petrodiesel because it’s made from vegetal/algal oils or animal fats. It could 

be produced through enzymatic routes by alcoholysis, esterification or interesterification. Additionally, 

biodiesel additivation with natural substrates gets biodiesel closer to nature. A state of the art on these topics, 

supported by experimental results, will be presented. 

  



 

L3 

PERIODIC PHENOMENA AND PATTERN FORMATION IN CHEMICAL AND BIOLOGICAL 

SYSTEMS  

Gabriella Donáth-Nagy  

George Emil Palade University of Medicine, Pharmacy, Science, and Technology of Targu Mures, 

Department of Physical Chemistry  

 

Periodic phenomena can be often observed at all levels of matter organization, from molecular level to level 

of organisms, or a whole population. They also have very large time interval of period time: from milliseconds 

to years. These systems are still the focus of interest because of the wealth of spatio-temporal behavior these 

systems exhibit. This includes bistability, multistability, excitability, complex oscillations, chaos, and high 

sensitivity towards both physical and chemical perturbations, the formation of target and spiral patterns, or 

mosaic structures of transient appearance in a thin, unstirred layer. The pattern formation in biological systems 

can also be described using mathematical models.  

A special group of chemical oscillators shows periodic pH variation. The pH oscillators with suitable period 

time and amplitude can be used for designing periodic drug delivery devices. Another use of these systems is 

to obtain oscillations in concentrations of elements possessing only one stable oxidation state (ex. Ca
2+

, Al
3+

, 

F
-
). Besides the composition and temperature, there are other factors – the presence of perturbants, the stirring 

speed, the flow rate, etc. – that influence the oscillation parameters (period time, the length of induction period, 

amplitude, number and shape of oscillations).  

  

  

 



 

L4 

QUALITY EVALUATION OF BIOLOGICALS 

Dashnor Nebija1*, Attila Gáspár2, Blerta Pajaziti3, Melinda Andrási2, Blin A. Pajaziti1, Rumenka Petkovska3 

1Department of Pharmacy, Faculty of Medicine, University of Prishtina "Hasan Prishtina", Prishtina, 

Kosovo, Email: dashnor.nebija@uni-pr.edu. 
2Department of Inorganic and Analytical Chemistry, Medical and Health Science Centre, University of 

Debrecen, Hungary. 
3Faculty of Pharmacy, Ss. Cyril and Methodius University in Skopje, North Macedonia. 

*dashnor.nebija@uni-pr.edu 

 

In contrast to chemically synthesized drugs, biologics are produced using biological processes involving 

recombinant DNA technology and other cutting-edge technologies. Biologics are made using highly complex 

manufacturing processes that involve living cells and different process conditions can result in different 

product characteristics therefore for biologics production process defines the product [1,2]. Biological 

medicines precisely target molecular processes and have fundamentally revolutionized the treatment of many 

medical conditions for which no other treatment options are available [3]. Biologics demonstrate high degree 

of inherent heterogeneity and complexity and the combination of different techniques should be used for the 

extensive characterization of their quality attributes, including identity, structural integrity, purity and stability 

[4]. In this presentation the application of orthogonal analytical methodologies for the evaluation of quality of 

different classes of biopharmaceuticals is presented. 2-D gel electrophoresis complemented with MALDI-

TOF MS analysis, after tryptic digest, was used for the qualitative characterization and identification of 

therapeutic rmAbs trastuzumab and rituximab, and fusion protein, abatacept. In addition, the impact of post-

translational modifications of these glycoproteins on the electrophoresis behavior has been evaluated. 

Moreover, CZE and CGE were applied for the separation of human insulin, insulin analogues and their 

degradation products. In summary, peptide mass fingerprinting (PMF) analysis allowed rapid identity 

confirmation of rmAbs and fusion proteins, whereas CE-MS has been proven to be a suitable technique for 

the evaluation of the quality of insulins. These analytical strategies may represent an important strategy for 

the assessment of the quality of biologics in research and regulatory environment. 

[1] European Medicines Agency. Available online: http://www.ema.europa.eu/ema/ (accessed on 10 May 

2022). 

[2] U.S. Food and Drug Administration. Available online: http://www.fda.gov/ (accessed on 10 May 2022). 

[3] Gary Walsh. Pharmaceutical Biotechnology: Concepts and Applications. Wiley; 1st edition (April 25, 

2013). ISBN-13: 978-0-470-01244-4 

[4] Nebija D, Urban E, Stessl M, Noe CR, Lachmann B. 2-DE and MALDI-TOF-MS analysis of therapeutic 

fusion protein abatacept. Electrophoresis. 2011, 32(12):1438-43. 

 

  



 

L5 

A COMPARATIVE STUDY OF MALDI-TOF MS AND 16S RDNA IDENTIFICATION OF PGPR 

BACTERIA 

Gyöngyvér Mara
1
, Annamária Becze1,2, Éva-Boglárka Vincze1,2, Pál Attila Salamon1,2 

1 
Faculty of Economics, Socio-Human Sciences and Engineering, Sapientia Hungarian University of 

Transylvania, Department of Bioengineering, Miercurea Ciuc, 530104, Libertatii Sq. No 1, Romania 

2 
Faculty of Natural Sciences, Doctoral School of Chemistry, University of Pécs, Ifjúság útja 6, 7624 Pécs, 

Hungary 

  

Plant growth promoting rhizobacteria (PGPR) are free living soil bacteria that are able to promote plant growth 

and development. Due to the fact that they can be used in conservative and sustainable agricultural practice as 

biopreparates, many bacterial strains are isolated and characterized from the soil environment. Therefore, a 

rapid identification of these microorganisms that are accurate and cost effective is indispensable in applied 

microbiology. There have been several tools developed in the past few years for rapid microbial identification, 

using spectrophotometry (Biolog system), DNA sequencing, gas chromatography (GC-FAME) or matrix 

assisted laser desorption ionization-time of flight mass spectrometry (MALDI-TOF MS). 

In the present study, bacterial strains isolated from different natural soils were identified with Bruker MALDI 

Biotyper using intact cells. At the same time 16S rDNA sequencing was realized for the isolated 25 salt tolerant 

and 13 heavy metal tolerant rhizobacteria. The isolates were identified with MALDI-TOF MS as belonging to 

Bacillus sp, Pseudomonas sp., Lysinibacillus sp, Micrococcus sp., Variovorax sp., Serratia sp., Artrobacter 

sp., Variovoax sp and Microbacterium sp.. The same genera were identified through sequence analysis, 

differences were observed mainly at species level. Comparative analysis for the isolated strains indicated that 

the MALDI-TOF MS identification results correlates with 16S rDNA identification results. The misleading 

results or identification failure of MALDI-based identification was attributed to the lack of the organism data 

from databases rather than to the methodological error. 

  

  



 

L6 

GENERAL ASPECTS ON SARS-COV-2 DETECTION. A TWO YEAR SUMMARY. 

Emese-Éva Bálint1,2 , Szilvia Lászlo1, Gellért Tompos1, Pál Attila Salamon1,2 

1 Faculty of Economics, Socio-Human Sciences and Engineering, Sapientia Hungarian University of 

Transylvania, Department of Bioengineering, Miercurea Ciuc, 530104, Libertatii Sq. No 1, Romania 
2 Faculty of Natural Sciences, Doctoral School of Chemistry, University of Pécs, Ifjúság útja 6, 7624 Pécs, 

Hungary 

 

The rapid spread of the SARS-CoV-2, which causes severe acute respiratory syndrome, broke out a pandemic 

in 2019 that continues to this day. It has become important to efficiently identify those infected by molecular 

diagnostic methods, for which quantitative RT-PCR has proven to be the most reliable method. However, at 

the beginning of the outbreak, there was a limited worldwide availability of sample processing materials and 

equipment required for RNA extraction prior to qRT-PCR as well as for PCR itself. In addition, this process 

is time consuming and unfavorable for the processing of emergency samples. 

The aim of our research is to optimize the proposed RNA extraction and the RT-PCR method to diagnose 

hospital patients infected with the SARS – CoV-2 virus, during which the virus can be detected without RNA 

extraction. This will significantly reduce the time required for testing, lower costs, simplify the methodology, 

and reduce the environmental impact of the process. 

In the course of our work, we determined the appropriate parameters of the heat treatment in order to have a 

sufficient correlation between the two methods (with and without extraction). After evaluating the results, it 

can be concluded that the whole extraction procedure can be eliminated in the diagnosis of patients infected 

with SARS-CoV-2 virus by RT-PCR. By diluting the sample in the appropriate proportions and treating the 

samples at the optimum temperature, the RNA to be detected was obtained with the same efficiency as by 

extraction. Thus, it has been demonstrated that the presence of SARS-CoV 2 virus in a sample can be detected 

without isolation, only by heat treatment. 

 

  



 

L7 

ANALYSIS OF INTACT PROTEINS WITH CAPILLARY ZONE ELECTROPHORESIS 

COUPLED TO MASS SPECTROMETRY USING UNCOATED AND COATED CAPILLARIES 

Narmin Hamidli, Melinda Andrasi, Blerta Pajaziti, Cynthia Nagy, Attila Gaspar 

Department of Inorganic and Analytical Chemistry, University of Debrecen, Debrecen, Hungary 

 

Proteins are the actuators of many vital biological processes. Understanding the structural characterization, 

identification of macromolecules in their intact states entails the studies of cell biology, disease prevention 

and treatment [1]. Top-down mass spectrometric (MS) technique is sensitive to enable the studies for structural 

and dynamical identification of intact proteins when coupled with capillary zone electrophoresis (CZE) [2]. 

However, a serious concern is the analyte adsorption on the bare fused silica (BFS) capillary surface, which 

necessitates the application of extreme pH or the use of coatings to minimize the analyte-wall interactions [3]. 

Our study involves the use of BFS capillaries employing the background electrolytes with very low pH and 

compares the analytical performance with those coated with polybrene as a dynamic and linear polyacrylamide 

(LPA) as a static coating material. The work demonstrates the differences in the ideal operating conditions 

(optimal pH, proper capillary conditioning etc.) of each capillary. 

The results suggested that the analysis in BFS capillaries with BGE of very low pH (pH=1.8) resulted in good 

precision (0.56-0.78 RSD% and 1.7-6.5 RSD% for migration times and peak areas respectively) and efficiency 

values with minimum adsorption into the capillary surface. Coated capillaries showed higher resolving power 

for the separation of different forms (subunits of hemoglobin) of the protein. However, the separation 

performance in LPA coated capillary distinguished from others based on their stability, reproducibility over 

25 runs and shorter analysis time in less than 10 min. The applicability of the proposed methods was also 

supported by the analysis of protein rich samples (e.g., snake venom). Hereby, the application of BFS 

capillaries for the analysis of intact protein mixtures would be considered also an efficient choice compared 

to coated capillaries when ideal conditions are applied. 

[1] O. Skinner, N. Haverland, L. Fornelli: Top-down characterization of endogenous protein complexes with 

native proteomics, Nature Chem. Biol., 2018, 14, 36-41. 

[2] J.P. Williams, L.J. Morrinson, J.M. Brown, J.S. Beckman, V.G. Voinov, F. Lermyte:  Top-down 

characterisation of denatured proteins and native protein complexes using electron capture dissociation 

implemented within a modified ion mobility-mass spectrometer, Anal. Chem., 2020, 92, 3674-3681. 

[3] N. Hamidli, M. Andrasi, C. Nagy, A. Gaspar: Analysis of intact proteins with capillary zone 

electrophoresis coupled to mass spectrometry using uncoated and coated capillaries, J. Chromatogr. A., 

2021, 1654, 462448. 

  



 

L8 

DEVELOPMENT AND APPLICATION OF MICROFLUIDIC IMMOBILIZED 

ENZYMATIC REACTORS 

 Cynthia Nagy, Ruben Szabó, Róbert Huszánk, Attila Gáspár 

Department of Inorganic and Analytical Chemistry, University of Debrecen, Debrecen, Hungary 

  The field of microfluidics enables the manipulation of minute volumes of fluids in channel systems of 

micrometer range dimensions. Microfluidic devices have their inherent advantages of high surface area-to-

volume ratio, low reagent and sample consumption, reusability, which are exceptionally beneficial in cases 

when high-efficiency catalysis needs to be carried out. A typical area of application is for bottom-up proteomic 

studies as microfluidic immobilized enzymatic reactors (µ-IMER). 

The conventional approach for proteolysis utilizes in-solution digestion, however, enzymes can only be 

applied in a low concentration to minimize autolysis. Such low concentrations necessitate the use of prolonged 

incubation times (2-16 h), which is not compatible with the increasing demand for high throughput proteome 

analysis. The issue of enzyme autolysis can also be overcome by binding enzymes to solid supports, thereby 

restricting their access to one another. This results in the possibility to apply these enzymes is high (surface) 

concentration, which can decrease reaction times considerably. Recently, it was shown that the channel surface 

of a polydimethylsiloxane (PDMS) microchip readily adsorbs trypsin [1]. Our further goals were centered 

around enhancing the specific surface area of such PDMS microchips, for which an array of pillars was 

accommodated into the microchannels [2]. The successful formation of the pillar array structure required the 

thorough optimization of the soft lithographic method [3]. In addition to channels with increased specific 

surface area, channel patterns that induce passive mixing also proved efficient [4]. 

Apart from the off-line µ-IMER arrangements, it is possible to fully integrate the reactor into the analytical 

system, establishing an in-line platform [5]. Here, the reactor was formed only on a short, initial section of a 

capillary. The peptides were then separated in the same capillary using capillary zone electrophoresis (CZE) 

and detected by mass spectrometry (MS). The µ-IMER-CE-MS system allowed full automation. 

Real samples of high complexity (tear, saliva, venom) were used to test the applicability of the reactors. The 

CZE-MS/MS analysis of the peptides obtained confirmed the efficieny of all three µ-IMERs. 

  

[1]  A. Kecskemeti, J. Bako, I. Csarnovics, E. Csosz, A. Gaspar, Anal. Bioanal. Chem., 2017, 409, 3573-3585. 

[2]  C. Nagy, A. Kecskemeti, A. Gaspar, Anal. Chim. Acta, 2020, 1108, 70-78. 

[3]  D.C. Duffy, J.C. McDonald, O.J.A. Schueller, G.M. Whitesides, Anal. Chem., 1998, 70, 4974-4984. 

[4]  C. Nagy, R. Huszank, A. Gaspar, Anal. Bioanal. Chem., 2021, 413, 6321-6332. 

[5]  C. Nagy, R. Szabo, A. Gaspar, Molecules, 2021, 26, 5902. 
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In the past years, molecularly imprinted polymers (MIPs) have extended their biomedical applications to drug 

delivery, due to their ability to provide an extended release of a desired drug. MIPs have the ability to protect 

de active pharmaceutical ingredient from degradation, thus increasing its bioavailability [1,2]. Ruxolitinib 

(RUX), an inhibitor of the JAK/STAT-3 signaling pathway, has recently shown cytostatic activity in various 

types of cancer, including ovarian, pancreatic, colorectal, breast cancer, and glioblastoma [3,4]. 

We planned to overcome the current limitations of chemotherapy by developing a MIP-based drug delivery 

system for the sustained release of RUX, providing high biocompatibility with minimum toxic effects. Three 

different acrylic-based MIPs were developed and characterized, using acrylamide (AM) for MIP1, 

trifluoromethacrylic acid (TFMAA) for MIP2, and methacrylic acid (MAA) for MIP3 as functional monomers, 

trimethylolpropane trimethacrylate (TRIM) as the cross-linker and 2,2’-azobis(isobutyronitrile) as the initiator 

of the photopolymerization process. Isothermal titration calorimetry assay showed that TFMAA has the 

highest affinity towards RUX, followed by MAA and finally AM. However, MTT cell viability assay showed 

that TFMAA and TRIM have the highest cellular toxicity, followed by AM and MAA. 

MIPs were first characterized in terms of their particle size and zeta potential by dynamic light scattering. 

Smallest particle diameter was observed for MIP2 with 484 (±19.92) nm, followed by MIP1 with 1780 

(±44.29) nm, and MIP3 with 2677 (±37.07) nm. Moreover, particle morphology was observed by scanning 

electron microscopy. MIPs’ loading capacity, measured in μg RUX/mg polymer, varied from 38.01 (± 8.03) 

for MIP2, to 31.48 (±0.56) for MIP1 and 31.45 (±5.44) for MIP3. In vitro release studies were subsequently 

performed, showing that after 96 hours, MIP1 released 28.23 (±7.07) % of the loaded drug, whereas MIP2 

41.99 (±9.70) % and MIP3 31.50 (±11.61) %, respectively. Drug release kinetics was fitted with the 

Korsmeyer-Peppas model in all cases. 

To sum up, three different acrylic MIPs were developed and characterized within this study, with the purpose 

of RUX delivery in cancer treatment. Although MIP2 turned out to be superior in terms of loading capacity 

and drug release, its residual toxicity may imply safety concerns. Therefore, MIP1 and MIP3 showing similar 

drug release profiles and without notable toxicity issues, became more promising for further in vivo studies. 

[1] Bodoki AE, Iacob BC, Dinte E, Vostinaru O, Samoila O, Bodoki E. Perspectives of Molecularly 

Imprinted Polymer-Based Drug Delivery Systems in Ocular Therapy. Polymers. 2021 Nov 1;13(21). 

[2] He S, Zhang L, Bai S, Yang H, Cui Z, Zhang X, et al. Advances of molecularly imprinted polymers 

(MIP) and the application in drug delivery. Eur Polym J. 2021 Jan 15;143:110179. 



 

[3] Delen E, Doğanlar O. The dose dependent effects of ruxolitinib on the invasion and tumorigenesis in 

gliomas cells via inhibition of interferon gamma-depended JAK/STAT signaling pathway. J Korean 

Neurosurg Soc. 2020;63(4):444–54. 

[4] CHMP. Jakavi Product Characteristics. 
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Soils play an important role in the biogeochemical cycle of elements. They are responsible for the retention or 

mobilization of nutrients and hazardous substances. Platinum group elements (PGEs) is deposited along the 

roads and pollutes the environment [1]. Many soils require remediation, one of the methods seems to be 

enriching them with biochar [2]. Biochar (BioC) is a fine-grained, porous substance characterized by a high 

content of organic carbon and low susceptibility to degradation. Obtained from biomass in the pyrolysis 

process [3]. Preliminary data showed that biochar limits the mobility of the ionic forms of potentially toxic 

elements in the soil. Elements determined by ICP MS technique. 

 

Figure 1. Mass spectrometer used for the determination of metals using the ICP MS technique. 

There are plans to collect and test samples in high-traffic areas. Future research may prove the high application 

potential of BioC in controlling the transformation of nanoparticles of platinum group elements in soil. 

[1] J. Kowalska, E. Biaduń, K. Kińska, M. Gniadek, and B. Krasnodębska-Ostręga, ‘Tracking changes in 

rhodium nanoparticles in the environment, including their mobility and bioavailability in soil’, Sci. Total 

Environ., vol. 806, p. 151272, Feb. 2022, doi: 10.1016/j.scitotenv.2021.151272. 

[2] B. Tang et al., ‘Effect of biochar on immobilization remediation of Cd⁃contaminated soil and 

environmental quality’, Environ. Res., vol. 204, p. 111840, Mar. 2022, doi: 10.1016/j.envres.2021.111840. 

[3] B. Saletnik, G. Zaguła, M. Bajcar, M. Tarapatskyy, G. Bobula, and C. Puchalski, ‘Biochar as a 

Multifunctional Component of the Environment—A Review’, Appl. Sci., vol. 9, no. 6, p. 1139, Mar. 2019, 

doi: 10.3390/app9061139. 
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We recently proposed a novel antioxidant activity measuring method. The method employs a thin redox 

mediator film immobilized on glassy carbon electrode (GCE). In performing the measurement, first a short 

controlled potential step is employed where the film is brought to its oxidized state. Upon exposing the 

electrode to reducing samples, the redox potential changes. The initial slope of the electrode potential – time 

function is used for assessing the antioxidant activity[1]. Meldola Blue (MB)+(N,N dimetyl-7-amino-1,2-

benzophenoxazinium ion) mediator layer was used in the measurement as mediator.  

Different antioxidant species could be measured in different sample solution. Recently a model for 

understanding the response character and shape of calibration curves obtained with the method has been 

introduced. The details of the model and using it calculating the response traces and calibration curves will be 

discussed.Our recent experimental results obtained with the new method and calculated by the model 

equations will be presented and compared at the conference.   

 

 

 

 

 

 

 

 

Figure 1: 1 (A). The simulated calibration curves of chronopotentiometric measurement under conditions of 

simulated thin mediator layer (A) and simulated thick mediator layers (B). 2. The initial slope of antioxidant 

concentrations in PBS pH =7 measured using reagentless chronopotentiometric technique in thin layer 

compared to thick layer of Meldola blue mediator.  

[1] Muthuri L., Nagy L., and Nagy G., ,Electrochem. Commun., 122,(2021) 106907.  

This work has been supported by the visegrad fund, NKFIH Grant number K 125244, and academic 

sponsorship for L. Kinyua Muthuri through the Stipendium Hungaricum scholarship  
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Besides consummation of well known illicit drugs such as cocaine, heroine, MDMA and speed, recreational 

abuse of novel synthetic psychoactive drugs has become a challenging problem worldwide. Every year, dozens 

of new compounds enter the drug market and due to their similar substitution patterns, full characterization is 

difficult. At the end of 2020, the European Monitoring Centre for Drugs and Drug Addiction was monitoring 

around 830 new psychoactive substances, 46 of which were first reported in Europe in 2020. 

Many of these compounds, particularly stmulants, contain a stereogenic centre and therefore, pharmacological 

potency of the enantiomers might differ as known from various pharmaceutical drugs. Therefore, the 

development of analytical methods for chiral separation of new psychoactive substances is of big forensic 

interest. 

This work gives an overview of different methods for achiral and chiral separation of different drug compound 

classes including opioides, cathinones (“Bath salts”), amphetamines, benzofuries, thiophenes, phenidine and 

phenidate derivatives by high-performance separation techniques such as HPLC, GC, CE and CEC. Most of 

these analytes were either purchased at various Internet shops or seized by Austrian police, since they are 

hardly available at serious sources. Before serving as analytes, they underwent characterization by MS or 

NMR. 

For successful enantioseparation, either commercially available chiral columns for HPLC and GC or chiral 

selectors as chiral phase additives for capillary electrophoresis were used. More than 100 chiral new 

psychoactive compounds were resolved successfully. Obviously, all tested new psychoactive substances were 

traded as racemic mixtures. 
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Single nucleotide polymorphisms (SNPs) - the most abundant type of genetic variations in the human genome 

- have been associated with a variety of diseases, including cancer. Since SNPs are considered as potential 

diagnostic, prognostic, and/or predictive biomarkers, many methodologies have been developed for 

genotyping candidate SNPs. 

High resolution melting (HRM) analysis is a very cost-efficient approach. It is based on amplifying a DNA 

template containing the SNP of interest in the presence of a saturating intercalating dye, followed by subjecting 

the PCR products to an increasing temperature gradient. HRM analysis is very applicable for discriminating 

between homozygous and heterozygous variants. Several studies demonstrated that it even allows 

discriminating combinations of SNPs in one and the same amplicon, the discriminatory power is, however, 

limited. 

Thus, we aimed to investigate whether the discriminatory power can be increased by subjecting PCR products 

after HRM analysis directly to pyrosequencing (PSQ). PSQ is a sequencing-by-synthesis method in which the 

deoxynucleotides are added one after the other. In case the deoxynucleotide is incorporated, pyrophosphate is 

released and, via an enzyme cascade, a chemiluminescence signal is generated. 

We targeted three C>T SNPs in the promoter of the MGMT gene, located within a distance of 45 bp. The 

MGMT gene encodes a DNA repair protein preferentially repairing O6-methylguanine lesions. 

Direct coupling of HRM analysis with PSQ made it necessary to optimize the composition of the reaction 

mixes, because commercial PCR-HRM mixes are designed to obtain optimal HRM results, PCR-PSQ mixes 

to achieve high signals in PSQ. 

For investigating the discriminatory power of HRM analysis, PSQ, and HRM coupled to PSQ, we analyzed 

oligodeoxynucleotide controls representing the 36 possible variant combinations for diploid human cells. 22 

of the 36 variant combinations could be unambiguously genotyped by HRM analysis, 16 by PSQ. By coupling 

the two complementary methodologies, the discriminatory power could be drastically increased: 34 out of the 

36 variant combinations could be unambiguously genotyped. 

Our approach was successfully applied to commercial cancer cell lines of different origin, primary human 

tumor cell lines from glioma patients, and breast tissue samples. 

 

Zappe K; Pirker C; Miedl H; Schreiber M; Heffeter P; Pfeiler G; Hacker S; Haslik W; Spiegl-Kreinecker S; 

Cichna-Markl M. Int. J. Mol. Sci. 2021, 22, 12527 
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 Top-down proteomics is often applied for a pure protein component without any separation method, but when 

several proteins are measured, the fractionation of these proteins is inevitable. Capillary electrophoresis (CE) 

is well-known for its high resolving power, simple instrumentation, minimal sample consumption and short 

analysis time. Capillary zone electrophoresis (CZE) is the simplest CE separation mode based on the 

differences in the electrophoretic mobilities of the analytes (defined by the size, charge and the shape of the 

molecule). CZE is relatively easy to on-line hyphenate with ESI-MS, thereby providing molecular mass and 

fragmentation pattern information about the separated components [1]. 

One of the most significant issues in CZE analysis is the adsorption of proteins onto the capillary wall through 

electrostatic or other intermolecular (e.g., dipole-dipole or H-bond) interactions due to the forces acting 

between charged or neutral surfaces and the biomolecules of interest. In order to overcome this problem, 

several strategies have been applied, including the appropriate choice of pH, the use of different BGE additives 

or capillary coatings. With an uncoated capillary, the simplest way to reduce interactions is if very low or very 

high pH values are chosen for the BGE. In our work, human insulin and its several analogues were separated 

and determined using CZE-MS. Three different capillaries (bare fused silica (BFS), dynamic successive 

multiple ionic-polymer layer (SMIL) and static linear polyacrylamide (LPA) coated) were compared based on 

their separation performances in their optimal operating conditions [2]. 

The applicability of CZE for the separation of the deamidated forms of insulin has been also studied. 50 mM 

NH 4 Ac (pH = 9) with 20 % v/v isopropylalcohol was found optimal for efficient separation of insulin from 

its even 10 deamidated forms. The developed method was efficiently applied for monitoring the degradation 

rate of insulin and the formation of different deamidation isoforms. Two months after the acidification more 

than thirty peaks can be observed in the electropherogram, because degradation products other than 

deamidated components were formed as well. The recorded mass spectra enabled us to assign the exact mass 

of the components, and thus the identification of insulin isoforms could be accomplished [3]. 

 

[1]  C. Nagy, M. Andrasi, N. Hamidli, G. Gyemant, A. Gaspar: Top-down proteomic analysis of monoclonal 

antibodies by capillary zone electrophoresis - mass spectrometry, J. Chromatogr. O., 2022, 2, 100024. 

[2] N. Hamidli, M. Andrasi, C. Nagy, A. Gaspar: Analysis of intact proteins with capillary zone electrophoresis 

coupled to mass spectrometry using uncoated and coated capillaries, J. Chromatogr. A., 2021, 1654, 462448. 

[3] M. Andrasi, B. Pajaziti, B. Sipos, C. Nagy, N. Hamidli, A. Gaspar: Determination of deamidated isoforms 

of insulin using capillary electrophoresis, J. Chromatogr. A., 2020, 1626, 461344. 
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The number of different compounds (sugars, amino acids, proteins, vitamins, enzymes, flavonoids, minerals) 

in honey exceeds several hundred. A significant part (80-90%) is a mixture of fructose and glucose 

monosaccharides, but other mono-, di- and oligosaccharides are also present in smaller concentrations. The 

sugar composition influences the physical properties of honey and the relative proportion of monosaccharides 

is characteristic of honey. The determination of sugar composition can be used to characterize the quality of 

honey and also provide information about its authenticity. 

Sugars do not posses UV / Vis absorption and charge therefore their analysis by capillary electrophoresis (CE) 

is a challenging task. Usually their anionic complexes formed with the borate content of the background 

electrolyte are used for the separation using indirect UV detection. The determination of saccharides after 

derivatization is also possible by fluorescence detection [1]. Analysis of the sugar content of honey was 

performed by capillary zone electrophoresis (CZE) using LED-induced fluorescence detection. Derivatization 

was performed by reductive amination using a 8-aminopyrene-1,3,6-trisulfonate (APTS). The APTS-sugar 

conjugate has absorption maximum at 480 nm and an emission maximum at 520 nm. The LEDIF detection 

provided high sensitivity determination of sugars (LEDIF S / N = 81000, UV S / N = 30). The labeling reaction 

allowed the CZE separation of triple negative charge carbohydrates. Saccharides of honey samples were 

identified with the help of a standard maltooligosaccharide ladder. 

High separation efficiency was achieved using a buffer containing 0.3% polyethylene oxide (PEO) (25 mM 

ammonium acetate, pH 4.5) (theoretical plate number: 280,000 to 630,000 N / m). The standard deviation of 

the migration time of the labeled mono- and disaccharides was 0.49-2.53 RSD%, and that of the area was 2.48-

4.41 RSD%. The sugar content of honeys of different botanical origins and the relative proportions of each 

sugar component were different. 

[1] V.M. Rizelio, L. Tenfen, R. Silveira, L.V. Gonzaga, A.C.O. Costa, R. Fett, Talanta 93, 2012, 62. 
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Nowadays several industry fields use biocatalysts to produce optically active API’s, pharmaceutical 

intermediates, fragrances, pesticides or building blocks for organic synthesis. 

We will describe the development of a multienzymatic biocatalytic system based on the combined action of a 

ω-transaminase and a pyruvate decarboxylase providing valuable intermediates for organic synthesis. 

 
The monitoring of the progress of the reaction would not be possible without a proper analytical method that 

can determine simultaneously and with suitable precision the reaction products: benzylamine and the (R)-

acyloin formed in the carboligation side reaction catalyzed by ZmPDC used the shift the reaction equilibrium 

toward benzylamine formation. 

The determinations were made using a triple quadrupole LC-MS system, equipped with an ESI source set to 

positive polarity and scan type set to MRM mode. The calibration ranges were ~5÷640 ng/ml for both analytes. 

The developed method showed very good interday precision, the regression coefficients were >0.99 for all 

performed batches.  
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 The recent studies elucidating the mechanism of ferulic acid decarboxylase (FDC1) and mapping the active 

site of the enzyme, also established it to be an ideal candidate for substrate tailoring through rational design 

protein engineering. Herein we report the development of a collection comprising 24 single and double mutant 

variants which was tested against a substrate panel of various cinnamic acid derivatives. With one exception, 

we have identified, for each substrate, at least 3 variants with improved activity compared to the wild-type 

enzyme, including several cases where the native FDC1 provided no detectable conversion, yet certain mutants 

transformed up to 83% of the substrate. Furthermore, we describe a high-throughput solid-plate assay suitable 

for the qualitative assessment of a larger collection of decarboxylases. Our results are supported by docking 

calculations revealing more fitting substrate poses in the engineered active sites. 
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Food adulteration can impair both the quality and safety of food and is a punishable offense [1, 2]. It can 

involve the replacement of food plant species with material of cheaper plant species [3]. Toxic or allergenic 

adulterants can pose health risks [1]. Consequently, there is a need to detect certain plant species and to 

differentiate between plant species in processed foods, when morphological features are no longer 

recognizable. DNA barcoding is an amplicon sequencing method that is increasingly used for food 

authentication [1]. DNA barcodes are short distinctive standardized DNA-sequences that are utilized as genetic 

markers [4]. DNA metabarcoding is the analysis of DNA barcodes in samples containing DNA mixtures using 

next generation sequencing (NGS) [2, 4, 5]. This allows for multiplexing and sequencing of large numbers of 

DNA-fragments in a massively parallel manner. The application of universal polymerase chain reaction-(PCR-

) primers in DNA metabarcoding enables simultaneous detection of a wide range of species in a single 

sequencing experiment. This universality is an advantage over other DNA-based methods like real-time PCR 

[2, 5]. The aim of this study is to develop and validate barcode-marker systems for identifying a broad range 

of food plant species using DNA metabarcoding. The method should be applicable to processed foods and 

should be able to distinguish most plants important for food production, as well as plants that are often subject 

of adulteration. The barcode internal transcribed spacer 2 (ITS2), is frequently used for plants [6] and was 

chosen as first candidate barcode for this study. 

A prerequisite for the DNA metabarcoding procedure is the extraction of sample DNA. Prior to sequencing, a 

DNA-library is prepared: This involves an initial PCR during which the universal barcode-specific primers 

are applied. After that, an index-PCR and further library preparation steps are performed before loading the 

NGS-sequencing instrument. The obtained sequences are identified by comparison with a customized 

reference database [2]. Method validation involves species differentiation in DNA-mixtures containing DNA 

from multiple selected plant species and tests on commercial foods. Alignment studies on ITS2-sequences 

from over 400 plants were conducted to characterize primer-binding sites and to analyze the interspecific 

variation. Three ITS2-specific primer pairs, based on a previous study [6], were developed at the AGES and 

tested on a broad range of plants. During ITS2-amplicon sequencing of 163 single-species plant samples, 75-

78 % of samples were assigned to the correct genus while 43-69 % were assigned to the correct species. A 

minor part of samples showed suboptimal PCR-efficiency. These preliminary results indicate that the DNA 

metabarcoding method is suitable for authentication of most tested plants. Suboptimal PCR amplification was 

likely either due to mispriming or low DNA-extract quality. Further tests are necessary to verify these findings 

and to test the applicability on different processed foods before validation experiments can be conducted. It is 

planned to complement our ITS2-specific method with the application of a second barcoding marker, possibly 

the chloroplast barcode trnL [7]. 

  

[1]  Baraccia, G., Lucchin, M. & Cassandro, M. (2015). DNA Barcoding as a molecular tool to track down 

mislabeling and food piracy. Diversity, 8, 2. 

[2] Dobrovolny, S., Blaschitz, M., Weinmaier, T., Pechatschek, J., Cichna-Markl, M., Indra, A., Hufnagl, P., 

& Hochegger, R. (2019). Development of a DNA metabarcoding method for the identification of fifteen 

mammalian and six poultry species in food. Food Chemistry, 272, 354-361. 



 

[3] Ivanova, N. V., Kuzmina, M. L., Braukmann, T. W., Borisenko, A. V., & Zakharov, E. V. (2016). 

Authentication of herbal supplements using next-generation sequencing. PLOS ONE, 11, e0156426. 

[4] Staats, M., Arulandhu, A. J., Gravendeel, B., Holst-Jensen, A., Scholtens, I., Peelen, T., Prins, T. W., & 

Kok, E. (2016). Advances in DNA metabarcoding for food and wildlife forensic species identification. 

Analytical and bioanalytical chemistry, 408(17), 4615– 4630. 

[5] Arulandhu, A. J., Staats, M., Hagelaar, R., Voorhuijzen, M. M., Prins, T. W., Scholtens, I., Costessi, A., 

Duijsings, D., Rechenmann, F., Gaspar, F. B., Barreto Crespo, M. T., Holst-Jensen, A., Birck, M., Burns, M., 

Haynes, E., Hochegger, R., Klingl, A., Lundberg, L., Natale, C., Niekamp, H., Perri, E., Barbante, A., Rosec, 

J. P., Seyfarth, R., Sovov, T., Van Moorleghem, C., Van Ruth, S., Peelen, T., & Kok, E. (2017). Development 

and validation of a multi-locus DNA metabarcoding method to identify endangered species in complex 

samples. GigaScience, 6(10), 1–18. 

[6] Moorhouse-Gann, R. J., Dunn, J. C., de Vere, N., Goder, M., Cole, N., Hipperson, H., & Symondson, W. 

O. C. (2018). New universal ITS2 primers for high-resolution herbivory analyses using DNA metabarcoding 

in both tropical and temperate zones. Scientific Reports, 8, 8542. 
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Hexachlorocyclohexane (HCH) isomers are classified as persistent organic pollutants (POPs) and there 

are more than thirty HCH dumps in the world that cause contamination of all media and bring serious concern 

due to their harmful effects to ecosystems and human health. The usage and production of these chemicals is 

prohibited in most countries around the world, but because of their persistence and ability for long-range 

transport via the atmosphere they can be still found in the environment. Due to their low concentrations in 

ambient air (ranging from few pg·m-3 to ng·m-3) and the complex air composition, sampling is a crucial step 

in the accurate measurements of HCH and other semivolatile compounds in ambient air. 

In this study a low-volume active and passive air sampling on polyurethane foam adsorbent were used 

and compared in order to estimate the concentrations of HCH isomers in the air around the landfills at the 

former chemical plant OHIS (Organic Chemical Industry Skopje), which is the most critical environmental 

“hotspot” in Macedonia. Active sampling was performed using a low-volume air pump with flow rate 4 L/min 

equipped with polyurethane foam (PUF) plug that was operated for a certain time periods. The passive sampler 

consisted of a PUF disc adsorbent placed between two stainless steel domes that was exposed to ambient air 

for a whole month. Concentrations of four HCHs (α-HCH, β-HCH, γ-HCH, δ-HCH) and hexachlorobenzene 

(HCB) in air determined by the two different sampling approaches were compared at a time scale of one 

month. Good agreement of active and passive air sampling trends was observed for all HCH isomers (detected 

organochlorine pesticides). Besides these, other compounds from the classes of polychlorinated biphenyls, 

polycyclic aromatic hydrocarbons and volatile organic compounds were retained and detected on the passive 

samplers. 

These results confirm passive air sampling as a convenient and appropriate alternative for 

determination of long-term concentrations of HCH and other volatile and semivolatile compounds in air, and 

highlights the importance of continuous monitoring with suitable analytical methods. 
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Liposomes are small spherical vesicles formed by a closed lipid bilayer. Due tó their amphiphilic 

character, various substances with different properties can be incorporated into them, making them especially 

suitable as a model system for drug delivery throughout the organism. The composition makes them 

biocompatible, biodegradable, and non-toxic, and based on the lipids used when preparing them, they can 

mimic compositions of biological membranes can be prepared [1,2]. 

The aim of this work is to develop a set of capillary electrophoresis (CE) methods with UV/VIS and LIF 

detection for fast physico-chemical characterization of liposomes. These methods can be used as an alternative 

to commonly used ones and they can be later applied in early drug development. For example, the leakage 

during body circulation of liposome-based drugs can be studied in capillaries. The leakage, as well as the 

liposome behaviour in the body, depends on liposome size, composition, hydrating buffer, and the method of 

preparation. The amount of released drug during stability studies or after immediate degradation and removal 

of the membrane and thus the encapsulation efficiency can also be determined by CE [2-4]. The information 

regarding the transport of drugs and their behaviour in the biological environment can be obtained by the 

developed methods. 

Liposomes used as a model system were prepared by the lipid film hydration method [5] and were composed 

of distearoylphosphatidylcholine (DSPC), distearoylphosphatidyl-glycerol (DSPG), polyethylenglycolated 

(PGE) dimyristoyl glycerophosphoethanolamine (DMPE) and phosphatidylcholine labeled with 7-nitrobenz-

2-oxa-l,3-diazol-4-yl (NBD-PC). The liposome sample DSPC:DSPG:DMPE-2000PEG:NBDPC (molar ratio 

75:22:3:0.5) was prepared in 10 mM sodium phosphate buffer at pH 7. The PEGylated lipid was added to 

support the stability of liposome and NBD-PC for LIF detection. 

 

 

[1] Akbarzadeh A, Rezaei-Sadabady R, Davaran S, Joo SW, Zarghami N, Hanifehpour Y, 
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[2] Franzen U, 0stergaard J (2012) J Chromatogr A 1267:32-44 

[3] Franzen U, Nguyen TTTN, Vermehren C, Gammelgaard B, 0stergaard J (2011) J Pharm 

Biomed 55:16-22 

[4]   Wiedmer   SK,   Hautala   J,   Holopainen  JM,   Kinnunen  PKJ,   Riekkola  ML  (2001) 

Electrophoresis 22:1305-1313 
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Microchip electrophoresis (MCE) is a miniaturized analytical separation technique that offers high separation 

efficiency, high throughput, easy automation, low reagent consumption, reduced waste production and low 

running costs. Despite these attractive features, its applicability in bioanalysis is limited. The complexity of 

bioanalytical samples and the increasing requirements for high detection sensitivity often require sample 

pretreatment prior to the MCE and/or its hyphenation with sophisticated detection techniques. 

Methodological and instrumental aspects of the MCE, as well as its coupling with various detection 

techniques, are presented. Different electrophoresis techniques, e.g., zone electrophoresis, isotachophoresis 

and their online combinations are performed on a microchip with coupled channels and separations are 

monitored directly on the microchip using integrated conductivity sensors [1]. Spectrophotometry [2], surface 

enhanced Raman spectroscopy [3] and ion mobility spectrometry [4,5] are additional detection techniques 

used in coupling with MCE. 

The practical applicability of MCE in bioanalysis using different detection techniques are shown in this work, 

e.g., for trace determination of nitrite and nitrate, biomarkers of neurological diseases, in body fluids [1]; 

determination of carminic acid, a natural red food dye, in various food and pharmaceutical products [2]; 

identification and determination of synthetic food dyes in pharmaceuticals [3]; identification and 

determination of carboxylic acids in food, pharmaceutical and biological samples [5]. 

MCE performed on the microchip with coupled channels is a multifunctional tool that facilitates the 

online integration of sample pretreatment with two-dimensional separation and the use of various detection 

techniques. Fast, reproducible and sensitive analyses are achieved using single or combined electrophoretic 

techniques on the microchip. The coupling of MCE with special detection techniques is beneficial for 

increasing the sensitivity as well as the selectivity of bioanalytical methods. Moreover, the presented results 

show the great analytical potential of MCE to fulfill the requirements for a lab-on-a-chip concept. 
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 In the last twenty years berry fruits have been intensively studied for the presence of different classes of 

polyphenols (phenolic acids, anthocyanins and flavonoids), which occur in different concentrations depending 

on the berry type. These studies were motivated by their potential health benefits since many epidemiological 

studies suggested that regular consumption of fruits reduces the risk of chronic and degenerative human 

diseases. But, high prices of polyphenol rich fruits often lead to adulteration of their juices with synthetic 

substitutes and/or cheaper fruits. 

Therefore, the main focus of the study was to establish anthocyanin markers and use them to detect potential 

frauds in commercial fruit juices. The strategy was to establish the typical anthocyanin profile of various berry 

fruits, analyze the commercial samples and then compare the obtained profile with the declared composition. 

Differences in the presence and ratio of individual polyphenols can be an indicator that the fruit product has 

been adulterated. 

Methods based on high-performance liquid chromatography coupled to UV-Vis spectroscopy and mass 

spectrometry MS are essential for separation, identification and quantification of anthocyanins. This technique 

was used for qualitative and quantitative analysis of anthocyanins as a tool for authentication of commercial 

juices containing blueberries, aronia and pomegranates. 

The results showed that delphinidin 3,5-diglucoside, cyanidin 3,5-diglucoside and pelargonidin 3,5-

diglucoside can serve as markers for pomegranates, cyanidin 3-galactoside for aronia and the content of 

malvidin and delphinidin derivatives can distinguish blueberries from bilberries. Based on the established 

markers, the study has revealed that fifteen juice samples were authentic, since they contained the declared 

fruits, but six of them had lower total anthocyanin content than expected from the declared fruit content. For 

juices containing several different fruits it is difficult to distinguish the origin of anthocyanins and correlate to 

all fruits present, but still the total anthocyanin content can be used to estimate the fruit content and thus for 

quality control. 

  

  

 

Authors gratefully acknowledge the financial support provided within the bilateral Macedonian-Austrian 

project “Development of analytical methods for authentication of fruit products” (Grant 16-18773/2) that was 

initiated with the collaboration in the CEEPUS network “Teaching and Learning Bioanalysis”. 

  

  



 

L24 

PHTHALATES – HEALTH AND ENVIRONMENTAL CONCERNS 

Ewa Pobozy 

University of Warsaw, Faculty of Chemistry 

Pasteura 1, 02-093 Warsaw 

 Phthalates (diesters of phthalic acid) are widely used as plasticizers and additives in many consumer products 

including medical devices, food wrap, building materials, packaging, automotive parts, children’s toys, and 

childcare articles made of polyvinyl chloride. Consequently, phthalates are found in human residential and 

occupational environments in high concentrations, both in air and in dust. Phthalates are also food and 

environmental contaminants. An increasing number of studies sampling human urine reveal the ubiquitous 

phthalate exposure of consumers in industrialized countries. Excessive use of phthalate esters has raised 

numerous questions about their possible health effects or damage to the environment. 

Recent toxicological studies have demonstrated the potential of the most important phthalates to disturb the 

human hormonal system and human sexual development and reproduction. 

This presentation overviews of the interest in the control of phthalate esters concentration and the availability 

of analytical methodologies for areas such as environmental and food analyses. It discusses usefulness of 

chromatographic techniques and pre-treatment steps. 

  



 

L25 

CHEMICAL AND PHENOLIC PROFILE OF STANUŠINA RED WINES DETERMINED BY 

HPLC-DAD 

Violeta Ivanova-Petropulos1*, Sanja Durakova1, Arianna Ricci2, Giuseppina P. Parpinello2, Andrea Versari2 

1Faculty of Agriculture, University “Goce Delčev”, Štip, Republic of N. Macedonia 
2Department of Agricultural and Food Sciences, University of Bologna, Italy 

*e-mail: violeta.ivanova@ugd.edu.mk 

  

Stanušina is a red grape variety indigenous of the Republic of N. Macedonia and herein only cultivated, i.e. it 

is found nowhere else in the world. In this study Stanušina wine was studied for the first time, and the 

extraction of phenolic compounds during maceration was monitored with the time (3, 6 and 9 days). 

Spectrophotometric analyses were performed at the following wavelength: 280 nm (total phenols), 420 nm 

(browning degree), 520 nm and 620 nm (anthocyanins) and 515 nm (antioxidant activity) with a UV-VIS 

spectrophotometer. In order to determine the general chemical composition of wines, official methods of 

analysis of wines (OIV 2016) were used and the following parameters were determined: alcohol (OIVMA-

AS312-01 A), dry extract (OIV-MA-AS2-03B), specific density (OIV-MA-AS2-01 A), total acidity (OIV-

MAAS313–01), volatile acidity (OIV-MA-AS313–02), total SO2 and free SO2 [1]. In addition, a total of 19 

individual phenolic compounds belonging to the groups of anthocyanins, phenolic acids and flavan-3-ols were 

identified and quantified by HPLC-DAD [2]. On average, the content of total phenols of Stanušina wines was 

795 mg/L and the effect of skin maceration time was highest at day 9. The observed antioxidant activity of 

wines was 102, 100 and 105 mg/L TE for wines macerated for 3, 6 and 9 days, respectively, and as expected, 

the total phenols content was well correlated with the antioxidant activity. Among antocyanins, malvidin-3-

glucoside and its derivatives were the major compounds, while caftaric acid was the predominant cinnamic 

acid derivative, followed by catechin, the main flavan-3-ol. The concentration of hydroxycinnamic acids, 

anthocyanins and (+)-catechin ranged from 454 to 511 mg/L, 113 to 153 mg/L and 139 to 262 mg/L, 

respectively and peaked at 3rd, 6th and 9th day of maceration, respectively. In general, Stanušina wines 

presented relatively low levels of anthocyanins, due to the variety characteristics and high levels of 

hydroxycinnamic acids, such as caftaric and caffeic acids, and high antioxidant activity, confirming that this 

variety has a high potential for producing typical autochthonous Macedonian red wines. 
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The intensity of research activities in the field of glycoproteomics is constantly growing. Saccharide chains 

offer a vast number of combinations regarding the identity and order of monomer units, but also their linkage 

and possible branching. For these reasons, saccharide components of biomolecules play a crucial role in 

molecular signaling. Alteration of glycosylation pattern is related to several diseases and thus analysis of 

glycosylation can serve as a tool for early diagnosis of cancer and other diseases [1, 2]. Glycoproteomics is of 

imminent importance also in biopharmaceutical research and industry. The occurrence of proper glycosylation 

is vital for the effectiveness and immunogenicity of therapeutic monoclonal antibodies. Glycoproteomics is 

thus an indispensable tool in the field [3]. 

One of the glycoproteomic approaches is based on the release of glycans from glycoproteins using the peptide-

N-glycosidase F enzyme [4]. The released glycans can then be analyzed using different analytical methods, 

among them capillary electrophoresis. Due to the absence of changed and chromophoric groups, their 

separation and determination present a challenging task. One of the options how to deal with saccharides is 

their derivatization. By derivatization at the reducing end, chromo- and/or fluorophoric readily ionized 

moieties can be introduced into the analyte molecules [5], facilitating their electrophoretic migration as well 

as sensitive detection. The derivatization can be highly automatized by utilizing the on-capillary derivatization 

performed directly in the inlet part of the separation capillary [6]. 

In this work, saccharide representatives were derivatized by 7-amino-1,3-naphthalenedisulfonic acid 

(ANDSA). Zones of saccharides and ANDSA were injected separately and then mixed using the 

electrophoretic migration of ANDSA. Several experimental parameters were optimized to achieve the highest 

product yield possible, namely, duration of the mixing, composition of the reaction solution, and reaction time. 

The results obtained from the optimization step were compared with the results of simulations performed by 

the Simul software [7]. Representatives of various saccharide classes, namely, xylose (pentose), glucose 

(hexose), fucose (hexose), N-acetylglucosamine (aminosaccharide), and lactose (disaccharide) were 

successfully derivatized, separated and detected using direct UV detection. 
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Phosphorothioation of internucleotide linkages is one of the widely used modification of therapeutic 

oligonucleotides to increase their in-vivo stability against endo- and exo-nucleases degradation [1]. While the 

phosphorothioate (PS) modification increases in-vivo stability of oligonucleotides, it also makes their 

chromatographic analysis more challenging due to the formation of diastereomers. This is caused by the 

introduction of a chiral center into the phosphate group leading to the formation of 2x diastereomers, where x 

is the number of PS modifications. The presence of multiple potentially separable isomers may cause 

broadening of chromatographic peaks and complicate the oligonucleotides analysis [2]. For this reason, the 

suppression of diastereomeric separation can be beneficial for the resolution of the target peak from the shorter 

impurities. For this purpose, ion-pairing reversed-phase chromatography (IP RPLC) using IP alkylamines 

seems to be suitable method. 

In this work the effects of ion-pairing alkylamine nature (alkyl chain length, hydrophobicity) and 

concentration, and separation temperature on retention, resolution of the target peak (n mer) and its impurities 

(n-1, n-2 and n-3 mers), and suppression of diastereomeric separation of 21 mer phosphorothioate 

oligonucleotides were assessed using octadecyl stationary phase. 

The obtained results showed that to some extent increasing separation temperature and IP agents´ 

hydrophobicity and concentration lead to higher suppression of diastereomeric separation together with higher 

resolution of n mer and its shorter impurities. 
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Microchip electrophoresis (MCE) is a widely applied miniaturized separation technique characterized by fast 

analysis, low sample and reagent consumption, and waste production. However, due to the reduced dimensions 

of the separation path, it is necessary to implement a selective and/or sensitive detection technique in the MCE 

for the analysis of complex samples. Ion mobility spectrometry (IMS) is a separation and strong identification 

technique that is characterized by a fast response but limited separation capacity that can be improved by its 

coupling with separation techniques [1]. This work shows the development of the MCE-IMS coupling and its 

application to the analysis of complex liquid samples. Carboxylic acids from the homologous series C1-C6 

(formic acid, acetic acid, propionic acid, butyric acid, valeric acid and caproic acid) were analyzed in various 

liquid samples of environmental (wastewater), food (apple vinegar, wine, fish sauce), pharmaceutical (ear 

drops) and biological (saliva) origin. 

Both MCE and IMS techniques are based on the separation of ions with different mobility in an electric field. 

However, the analyzes are performed in different phases, i.e., MCE in the liquid phase, while IMS in the 

gaseous phase. Therefore, it is necessary to develop an interface between the MCE analyzer and the IMS 

analyzer suitable for transfer of the separated sample components with minimal impact on the achieved 

resolution in the MCE. 

Zone electrophoresis (ZE) and isotachophoresis (ITP) were used as the MCE techniques for coupling with the 

IMS in this work. MCE separations were performed on a poly(methyl methacrylate) microchip in a 

hydrodynamically closed separation system with suppressed electroosmotic flow. A thermal spray-based 

interface was used for online coupling of the MCE and IMS analyzers. An auxiliary liquid consisting of dilute 

electrolytes, which were used during the separations on the microchip, was used to transfer analytes from the 

MCE analyzer to the IMS analyzer. Reduced ion mobility of the analytes was used as an identification 

parameter in the IMS. Various analytical parameters, including sensitivity, linearity and precision, were 

evaluated for the developed ZE-IMS and ITP-IMS methods. 

The developed online two-dimensional MCE-IMS methods can be used for the separation and reliable 

determination of C1-C6 carboxylic acids present in complex samples of various origins. 
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Detection of pathogen bacteria represents a highly researched topic in the biomedical field given their critical 

implication in food borne and waterborne infections. Bacterial contamination is often the source of outbreaks 

posing major concern to human health and leads to large number of deaths every year. The alarming spread 

of nosocomial infections as well as antimicrobial resistance being among the top ten global health threats 

(according to the World Health Organization) [1] call for urgent interventions, which also include fast and 

reliable detection tools for the pathogen agent in order to prevent the severe risks and the economic burden on 

the healthcare systems. 

Electrochemical sensors have emerged as complementary methods to conventional analytical techniques, such 

as microbiological, molecular or immunological methods, that fall short on analysis speed, the need for pre-

enrichment steps, expensive equipment and specialized analysts. In recent years, advancements have been 

made in the field of electrochemical sensors with smart sensing technologies being developed, overcoming 

the drawbacks of conventional sensing techniques and allowing for increased analytical performances (high 

sensitivity and low limits of detection), real time response, rapid and selective, culture-free, in situ detection, 

with simplicity and minimum sample pretreatment [2]. Electrochemical sensors can be wearable, custom-

designed, inexpensive/cost-effective, portable with proven utility in remote settings, overcoming the 

drawbacks of conventional sensing techniques. 

The electrochemical individual detection of Pseudomonas aeruginosa via its markers, pyocyanin and/or 

pyoverdine, was achieved through different approaches: with the help of graphite based screen-printed 

electrodes modified with reduced graphene and gold nanoparticles, with thermosensitive hydrogel and Au/Ag 

nanoalloy and with wearable sensors printed on gloves [3, 4, 5]. These platforms were also employed for the 

individual detection of Escherichia coli via its siderophore, enterobactin (with a limit of detection of 1.66 μM 

and a sensitivity of 0.154 μA/μM). The simultaneous detection of previous mentioned pathogen bacteria was 

performed using the procedures optimized for their individual detection (with good recoveries for the two 

analytes). 

The results obtained show promise for further development of custom-designed wearable and portable sensors 

suitable for point-of-care testing in both environmental applications and clinical settings. 
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Bacterial infections caused by Pseudomonas aeruginosa are associated with a high mortality rate due to the 

ability of the bacteriumto develop multidrug resistance and form an adhesive biofilm that leads to treatment 

failure and systemic dissemination. With antibiotic resistance on the rise, it is crucial to develop new methods 

to identify P. aeruginosa infections. There are new detection methods that target representative structures, 

such as quorum sensing (QS) molecules. QS is a form of cell-to-cell communication between bacteria with 

the aid of substances called autoinducers, such as N-acyl derivatives of homoserine lactone (AHLs). QS plays 

a key role in determining virulence and biofilm formation, and the detection of these molecules in clinical 

samples is an important tool for diagnosing early-stage P. aeruginosa infections [1,2]. 

In recent years, biomimetic systems such as aptamers and molecularly imprinted polymers (MIPs) have 

attracted great interest due to their affinity for target molecules. Aptamers are short single-stranded 

oligonucleotides artificially synthesized to bind targets with high affinity. Due to their advantages (high 

specificity and stability, low cost, easy functionalization), aptamers have gained great interest as recognition 

elements in the development of electrochemical sensors [3]. MIPs represent another promising direction in the 

development of electrochemical sensors for the detection of QS molecules. These recognition elements also 

offer several advantages such as high selectivity, wide versatility, good resistance and low cost, and have 

proven to be very useful in the dosage of a wide variety of molecules. In situ electropolymerization of MIP 

using electropolymerizable monomers provides a simple one-step method to obtain thin layers directly on the 

electrode surface, allowing selective detection of the analyte of interest from the sample [4]. 

In this study, we developed two sensitive and specific electrochemical sensors based on an aptamer and MIP 

for the detection of QS molecules in P. aeruginosa. For the development of the aptasensor, the specific aptamer 

was selected based on information from the literature (3) and was functionalized with thiol groups. The 

electrode surface was modified with gold nanoparticles to facilitate the immobilization of the aptamers. Then, 

a deposition step was performed with 2-mercaptoethanol to eliminate non-specific interactions on the Au 

surface. For the development of the MIP-based sensor, the monomer exhibiting the strongest binding 

interactions with the molecule of interest was selected based on the results from the preliminary tests and 

methylene green was chosen as the monomer for our study. In both cases, all the steps in the development of 

the sensors were optimized to determine the optimum conditions for the detection of AHLs, and the modified 

electrodes were characterized using various electrochemical techniques. The developed sensors showed good 

results in detecting QS molecules in P. aeruginosa real samples. 

 

[1] Moradali MF., et al. Front Cell Infect Microbiol. 2017;7:39. 

[2] Bettenworth V, et al. J Mol Biol. 2019;431(23):4530–46. 

[3] Zhao Z.G., et al. Biotechnol Bioproc. 2013;18:406–12 

[4] Beluomini MA, et al. J Electroanal Chem. 2019;840(April):343–66 

This work was supported by a grant of the Romanian Ministry of Education and Research, CNCS – UEFISCDI, 

project number PN-III-P1-1.1-TE-2019-1360, within PNCDI III and an Iuliu Hațieganu UMF internal grant 

no. 882/13/12.01.2022.  
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Pyrrolizidine alkaloids (PAs) and related N-oxides (PANOs) are secondary plant metabolites produced by 

many common plant species and exhibiting hepatotoxic properties to humans. As a consequence, beehive 

products are prone to be contaminated with those compounds by bees foraging PA-producing plants. 

PAs/PANOs are transferred to honey by their presence in nectar, honeydew, and pollen, which are collected 

from the flora by bees. 

The structural diversity of more than 400 known PAs and the broad range of polarity, typically caused by the 

co-existence of free base PAs and their N-oxides (PANOs), represent a particular analytical challenge. Sample 

preparation is also crucial in analyzing PAs/PANOs in complex food matrices, and it can often be complicated. 

Therefore, it is of great importance to establish the simplest, yet successful extraction and clean-up strategy. 

The aim of this study was to make a comparison between the efficiency of several extraction mixtures as well 

as different sample purification methods. 

Systematic examination of the extraction efficiency of PAs and PANOs was carried out using 12 different 

solvent mixtures containing methanol or water combined with different acids (sulfuric, formic or hydrochloric 

acid). Considering the complexity of honey matrices, clean-up steps are required to make the extract adequate 

for LC-ESI-MS analysis. Three purification methods including solid phase extraction (SPE) using a strong 

cation exchange cation, reversed phase C18 SPE, and QuEChERS were evaluated. Due to its specificity and 

sensitivity, a fast and simple method was developed to determine pyrrolizidine alkaloids in honey using liquid 

chromatography tandem mass spectrometry (LC-MS/MS) with electrospray ionization (ESI) 

Extraction efficiency was studied by analysis of samples spiked with working standards containing 10 different 

PAs and 5 related N-oxides (PANOs) at concentration level of 100 µg/L. Evaluation of the results for contents 

of all compounds indicate that the type of solvent is an important parameter that influences the extraction. 

Using this data, combinations of the most compatible solvent with clean-up procedures can be made. Presence 

of acid in the solvent mixture seems to negatively affect the clean-up step by SPE using strong cation exchange. 

Comparing the clean-up techniques, SPE using C18 column shows biggest loss of analytes. 

Further research should include constant tracking of analytical data related to PA, in order to ensure the quality 

of food or prevent PA intoxications in humans, especially in products from the beehive. 

  

Authors gratefully acknowledge the financial support provided by the OPCW for the project titled: “Risk 

Analysis of Natural Toxic Pyrrolizidine Alkaloids in the Food Chain: Development, Validation, and 

Application of HPLC/MSn Methods”, Grant L/ICA/ICB/222477/20. 

 

  



 

L32 

ANALYSIS OF LEACHING OF CHROMIUM FROM LEATHER PRODUCTS – CHROMIUM 

SPECIATION 

Zuzanna Górska, Beata Krasnodębska-Ostręga 

Faculty of Chemistry, University of Warsaw, ul. Pasteura 1, 02-093 Warsaw 

e-mail: z.gorska4@student.uw.edu.pl  

  

The subject of my research will be natural hides used for leather products. Natural leather is a popular material 

for clothing or other items because of its viscoelasticity, pore size distribution, and breathability.  However, 

the protein structure of leather makes it sensitive to attack by microorganisms that cause stains and degradation 

of leather, which ultimately shortens the life of leather products. To obtain leather with antibacterial properties, 

leather surfaces are treated with metal nanoparticles [1]. 

During the research, I will pay particular attention to the optimization of a simple, cheap and repeatable method 

for the separation and determination of trace Cr content in extract samples using SPE columns and the HPLC 

technique combined with a UV-Vis detector. The total content of Cr in the tested samples will give little 

information because it is necessary to pay attention to the speciation of this chemical element, mainly Cr (VI), 

which is toxic. 

  

Chromium on the sixth oxidation state is attributed with carcinogenic properties - it penetrates biological 

membranes relatively easily, inside the cell it is reduced to chromium(III). Its adverse effect leads to lipid 

peroxidation, DNA damage, and as a result, often to cell death. 

  

  

[1] C.A. Alexe, C. Gaidau, M. Stanca, A. Radu, M. Stroe, M. Baibarac, G. Mateescu, A. Mateescu, I.R. 

Stanculescu, Multifunctional leather surfaces coated with nanocomposites through conventional and 

unconventional methods, 13 October 2021 
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Thiabendazole (TBZ) is a systemic fungicide and the lead molecule of the benzimidazole group. TBZ is 

increasingly used on seeds, leaves or for post-harvest treatment of fruits and vegetables [1]. The benzimidazole 

structured molecules are of high chemical stability and consequently, they remain persistent contaminants of 

food and the environment. Even though TBZ has a low acute toxicity, the US Environmental Protection 

Agency (EPA) classified it as likely carcinogenic if it reaches a high enough concentration to perturb the 

thyroid hormone balance [2]. The conventional techniques used for the detection and quantification of TBZ 

are usually high-performance liquid chromatography and gas chromatography, coupled with fluorescence, UV 

or mass spectrometric detection. However, these techniques require expensive equipment, extensive sample 

pre-treatment and long analysis times. Therefore, the development of rapid, sensitive and cost-effective 

detection techniques of TBZ is of great importance. Electrochemical sensors are explored in this regard, 

presenting also the advantage of miniaturization and potential enclosure in lab-on-a-chip systems that could 

be used on field [1].   

Direct electrochemical techniques can be rarely employed for the trace analysis of pesticides. However, a thin 

electrochemically-synthesized molecularly imprinted polymer (MIP) layer able to selectively preconcentrate 

the target molecule in the vicinity of the electrochemical transducer may represent a viable option [3].   

A MIP-based sensor on gold electrodes using indole-3-acetic acid as a functional monomer, and TBZ as a 

template molecule has been obtained by cyclic voltammetry. Both differential pulse voltammetry (DPV) and 

electrochemical impedance spectroscopy (EIS) in the presence of 1 mM ferro/ferricyanide as redox probe has 

been employed for the successful detection of TBZ in aqueous medium. The surface topology of the 

electrodeposited films has been investigated by SEM, whereas the analytical performances of the optimized 

electrochemical sensor were evaluated both by DPV and EIS. By EIS, upon a 10 minutes preconcentration, a 

linear response in the range of 0.01 – 1 µM TBZ has been achieved, with an estimated limit of detection of 5 

nM. Binding efficiency and selectivity have been comparatively assessed also on non-imprinted polymeric 

layers in the presence of various environmentally relevant interferents.  

Furthermore, the potential of an dual spectroelectrochemical (EC-SERS) detection of TBZ has also been 

studied.  

[1] Ribeiro FWP, de Oliveira RC, de Oliveira AG, Nascimento RF, Becker H, de Lima-Neto P, et al. 

Electrochemical sensing of thiabendazole in complex samples using boron-doped diamond electrode. J 

Electroanal Chem. 2020;866.   

[2] US EPA - Pesticides - Reregistration Eligibility Decision (RED) for Thiabendazole [Internet]. 2002 

[cited 2022 Apr 15]. Available from: 

https://www3.epa.gov/pesticides/chem_search/reg_actions/reregistration/red_PC-060101_1-May-02.pdf  

[3] Cui B, Liu P, Liu X, Liu S, Zhang Z. Molecularly imprinted polymers for electrochemical detection and 

analysis: progress and perspectives. Journal of Materials Research and Technology. 2020.   
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The discovery of surface enhanced Raman scattering (SERS) from an electrochemical (EC)-SERS experiment 

is known as a historic breakthrough [1]. Since then, great progress has been made in using this technique for 

various analytical purposes, Raman spectroelectrochemistry representing now a promising alternative to 

conventional analytical methods. 

By manipulating the surface charge through polarization, the physico-chemical interaction between the 

substrate and the target molecule can be controlled and facilitated. As a result, a higher enhancement of the 

Raman signal is observed. The EC modulation of substrate potentials during SERS analysis brings a series of 

other benefits, such as higher selectivity, possibility of preconcentration, reusability and improved 

reproducibility [2]. Furthermore, the electrochemical methods for "roughening" (activation) of the low-cost 

screen-printed electrodes offer a convenient, accessible, and ready-to-use alternative to commercially 

available SERS substrates that are expensive and sometimes irreproducible. 

In this work we report the first EC-SERS detection of thiabendazole, a systemic fungicide used in agriculture 

that can be found as a contaminant in various foods, including fruit juices. The EC-SERS measurements were 

performed using a portable Raman spectrometer and a potentiostat. Commercially available gold screen-

printed electrodes were used after an optimized electrochemical activation procedure. An applied potential to 

the substrate (-0.8V vs. Ag/AgCl) further increases the SERS signal of thiabendazole allowing its detection 

down to 0.06 ppm (0.3 μM), with a relatively wide linear range (0.5 - 10 μM) and good intermediate precision 

(RSD% < 10). As acidity of juice has a high variability, the pH-dependence of the SERS response was also 

investigated. The recovery of thiabendazole from unprocessed, spiked juice samples was found to be more 

than 80%. Furthermore, the possible integration of the developed EC-SERS sensor in a microfluidic chip was 

successfully demonstrated, suggesting a feasible implementation of miniaturized systems for real-time 

detection. 

[1]  M. Moskovits, B.D. Piorek, A brief history of surface-enhanced Raman spectroscopy and the localized 

surface plasmon Dedicated to the memory of Richard Van Duyne (1945–2019), J. Raman Spectrosc. 52 (2021) 

279–284. 

[2] R. Moldovan, E. Vereshchagina, K. Milenko, B.-C. Iacob, A.E. Bodoki, A. Falamas, N. Tosa, C.M. 

Muntean, C. Farcău, E. Bodoki, Review on combining surface-enhanced Raman spectroscopy and 

electrochemistry for analytical applications, Anal. Chim. Acta. (2021) 339250. 
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UEFISCDI, project number PN-III-P2-2.1-PED-2019-5473, within PNCDI III 
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Hydrophilic interaction liquid chromatography (HILIC) is an alternative separation technique for polar 

analytes which are insufficiently retained in reversed phase chromatography. It combines the three major 

chromatography methods as it uses polar stationary phase (similarity with normal phase chromatography), but 

the mobile phase is similar to those used in reversed phase chromatography. In addition, HILIC can be used 

for the separation of charged analytes (similarity with ion chromatography) [1]. The retention mechanism of 

polar analytes in HILIC is based on the combination of adsorption and partitioning processes. Moreover, in 

case of charged substances electrostatic interactions can be observed [2]. 

Glycosylation is a process by which glycans are attached to proteins or lipids via series of enzymatic reactions. 

Protein glycosylation is the most common and important post‒translation modification, over 50% of the 

plasma proteins are glycosylated. They play an important role in many biological processes, are used as disease 

biomarkers and biopharmaceuticals [3]. Due to the diverse character of glycoproteins, their separation prior to 

their identification by mass spectrometry is highly required. 

In this work, we show the potential of HILIC hyphenated to high resolution mass spectrometry in the 

separation of glycopeptides. As a model glycopeptide human immunoglobulin G was chosen. The separation 

was carried out on HILIC columns recently developed by Advanced Chromatography Technologies: HILIC‒

A (containing unfunctionalized silica), HILIC‒B (containing aminopropyl functionalized silica) and HILIC‒

N (containing polyhydroxy functionalized silica) and was compared with the separation on C18 BEH column. 

The fragmentation was achieved via collision−induced dissociation (CID) while collision energy was set at 70 

eV and the mass spectra were acquired simultaneously at lower and higher collision energies. In case of HILIC 

separation the glycopeptides with different glycan composition were successfully separated. Moreover, in case 

of HILIC‒A and HILIC‒B columns we observed mixed‒mode separation character of the charged substances. 

On the other hand, the C18 BEH column was not able to adequately resolve these glycoforms. We also show 

the ability some of the columns to partly separate the isobaric glycoforms, which only differ in the position of 

the attached glycan. 

 

[1] Buszewski, B, Noga, S (2011) Anal Bioanal Chem 402:231 

[2] Boersema, PJ, Mohammed, S, Heck, AJR (2008) Anal Bioanal Chem 391:151 

[3] Reily, C, Stewart, TJ, Renfrow, MB, Novak, J (2019) Nat Rev Nephrol 15:346 
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Polyphenols are large family of naturally occurring, structurally diverse, organic compounds abundant 

in plants. Phenolic compounds such as anthocyanins, flavonols and tannins are important constituents of red 

wine contributing to the taste, color, mouthfeel and quality. They are also associated with the health-promoting 

properties of red wine. The proportion of the different polyphenols in wine vary according to the type of 

grape,maturity and the type of vinification. In this study, phenolic profile of Vitis Vinifera red wines Vranec 

and Merlot (vintage 2021), produced in Republic of N. Macedonia, has been evaluated. Wines have been 

produced with three winemaking techniques, including classical fermentation, roto process and punchdown 

method in order to study and compare the effect of vinification on the individual phenolic compounds. The 

phenolic profile was determined using an UPLC technique coupled with DAD and MS detectors. ESI-IT-MS 

method with alternating ionization polarity was used for identification of the phenolic compounds [1]. In total, 

50 phenolic components were identified, divided into the following groups: phenolic acids and derivates, 

stilbens, flavonols, dihydroflavonols, flavan-3-ols and antocyanins. Individual standard solutions of 9 phenolic 

compounds (gallic acid, caffeic acid, 4-coumaric acid, ferulic acid, 2,4-dihidroxibenzoic acid, syringic acid,  

rutin, quercetin, and cis-resveratrol ) were prepared and used for construction of calibration curves as well as 

for quantification of the individual phenolics. Considering the influence of winemaking method, it was 

observed that wines from both varieties produced with roto process had highest content of phenolic 

compounds. Compared to the classical fermentation, the content of phenolic compounds was about 30% higher 

in the wines obtained by the roto method. 

[1] V. Ivanova- Petropulos, Ágnes Dörnyei, László Márk, Borimir Vojnoski, Trajće Stafilov. Polyphenolic 

content of Vranec wines produced by different vinification conditions. Food Chemistry 124 (2011) 316-325. 
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Praziquantel (PZQ) is according to a biopharmaceutical classification system (BCS) class II anthelmintic drug 

characterized by poor solubility and a bitter taste, both of which can be efficiently solved by inclusion 

complexation with cyclodextrins (CDs). Both natural and chemically modified CDs can improve the in vitro 

dissolution properties, provide efficient taste-masking and/or alternative ways of drug delivery through 

inclusion complexation.  

  
                                                                   
                                  b-cyclodextrin                                         praziquantel 

In this work [1], a comprehensive investigation of praziquantel/cyclodextrin (PZQ/CD) complexes was 

conducted by means of UV-Vis spectroscopy, spectrofluorimetry, NMR spectroscopy, LC-HRMS/MS and 

molecular modelling. Phase solubility studies revealed that among four CDs tested, the randomly methylated 

β-CD; RMβCD and the sulfobutylether sodium salt β-CD; SBEβCD resulted in the highest increase in PZQ 

solubility (approximately 16-fold). The formation of 1:1 inclusion complexes was confirmed by HRMS, NMR 

and molecular modelling. Both cyclohexane and the central pyrazino ring, as well as an aromatic part of PZQ 

are included into the CD central cavity through several different binding modes, which exist simultaneously. 

Furthermore, the influence of CDs on PZQ stability was investigated in solution (HCl, NaOH, H2O2) and in 

the solid state (accelerated degradation, photostability) by UPLC-DAD/MS. Complexes in the solid state were 

prepared by grinding and analyzed as described previously [2]. 

  

[1] T. Kezele Špehar, M. Pocrnić, D. Klarić, B. Bertoša, A. Čikoš, M. Jug, J. Padovan, S. Dragojević, N. Galić, 

Investigation of praziquantel/cyclodextrin inclusion complexation by NMR and LC-HRMS/MS: mechanism, 

solubility, chemical stability and degradation products, Mol. Pharm. 18 (2021) 4210. 

[2] M. Cugovčan, J. Jablan, J. Lovrić, D. Cinčić, N. Galić, M. Jug, Biopharmaceutical characterization of 

praziquantel cocrystals and cyclodextrin complexes prepared by grinding, J. Pharm. Biomed. Anal. 137 (2017) 

42–53.                          
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Background. The genus Solidago L. (family Asteraceae) is represented in the Republic of Moldova flora by 

two species: S. virgaurea L. – spontaneous and S. canadensis L. – cultivated, known as adventive one. They 

have been used since ancient times as medicinal plants with diuretic, anti-inflammatory and antioxidant 

properties. The multi-pharmacological effects of Solidago species are due to the presence of a broad spectrum 

of bioactive compounds: flavonoids, phenolic compounds, triterpene saponins, carotenoids and essential oils. 

Aim of the study. Comparative phytochemical study of flavonoids, saponosides, carotenoids, chlorophylls 

and hydroxycinnamic acids (THC) of Solidago species from the flora of the Republic of Moldova. 

Material and methods. European goldenrod S. virgaurea and Canadian goldenrod S. canadensis plants 

harvested in the flowering phase from the central area of the Republic of Moldova served as biological 

material. The dry extracts have been obtained through fractional maceration and concentrated using rotative 

evaporator Laborata 4011. Phytochemical analyzes were carried out by UV-VIS spectrophotometric methods. 

The measurement of the optical densities has been performed on the Metertech UV/VIS SP 8001 

spectrophotometer, at the corresponding wavelengths (412 nm – flavonoids, 540 – saponosides, 448 nm – 

carotenoids, 644 nm – chlorophyll b, 663 nm– chlorophyll a, 518 nm – THC). The results of the data have 

been statistically processed using the GraphPad Prism 7.0 program. 

Results. The experimental obtained data of flavonoids analysis denote that Canadian goldenrod flowers were 

characterized by a maximum content (%) of flavonoids (9.06), while the aerial parts of European goldenrod – 

by a minimum one (2.13). The results of the qualitative study of saponosides demonstrated the presence of 

triterpene saponosides and the lack of steroids ones in all analyzed vegetal products of both Solidago species. 

The comparative quantitative study of saponosides indicates that the dry extracts obtained from the vegetal 

products of S. canadensis plants have a higher saponoside content, as opposed to the same dry extracts of S. 

virgaurea plants. The same consecutive order between the saponoside content for the same type of dry extract 

is also maintained for both species. Thus, the highest content (mg/l) of saponosides is characteristic for leaves 

extracts (S. canadensis – 291.12, S. virgaurea – 244.87); in descending order are placed the extracts from the 

aerial parts (S. canadensis – 252.37, S. virgaurea – 228.62); followed by the flowers ones (S. canadensis – 

188.62, S. virgaurea – 143.62). The assay of total content of THC indicates the following data: the highest 

values (%) of THC were determined for the Canadian goldenrod vegetal products and on the forehead are 

situated the flowers (1.25), followed by the aerial parts (1.20) and leaves (0.94). The leaves of both species 

are highlighted by a maximum content (%) of carotenoids (S. canadensis – 54, S. virgaurea – 44) and 

chlorophyll (S. virgaurea – 27.63, S. canadensis – 26.90). 

Conclusions. This phytochemical study reveals that Solidago species from the Republic of Moldova flora 

could serve as source of raw materials rich in natural chemical compounds in order to use for phytotherapeutic 

purposes. Also, it has been shown that vegetal products of S. canadensis are characterized by a higher content 

of chemical compounds such as flavonoids, saponosides, carotenoids and THC than S. virgaurea. 
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Biomedical research is constantly oriented towards the development of new therapeutics based on peptides. 

Peptides have been widely investigated across the therapeutic spectrum and successfully developed as drugs, 

vaccines, cosmeceuticals, providing treatment for diabetes, endocrine disorders, cancer, Alzheimer’s disease, 

cardiovascular disease, and many more. 

Over the last decades the increase of generation of peptidomimetics, as well as the maturity of peptide 

synthesis technology managed to overcome the limitations of peptide drugs and highlight their attractive 

pharmacokinetics profile, including their remarkable potency, selectivity, and low toxicity. 

This lecture will present recent results from the design, synthesis and biological evaluation of some peptides, 

such as neuro, anticancer and antimicrobial peptides. 

In addition, our joint research on the analysis and characterization of these peptides, within our Net work will 

be presented. 

  

This work was supported by CEEPUS Network RO-0010-16-2122. 
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Pyrrolizidine alkaloids (PAs) are secondary plant metabolites and their 1,2-unsaturated derivatives that contain 

retronecine, heliotridine or otonecine type of necine base have raised concern due to their ability to form 

hepatotoxic intermediates and exhibit serious toxic effects. Over 660 PAs and their corresponding N-oxide 

derivatives have been identified in more than 6000 plant species in more than 12 plant families, in particular 

Boraginaceae, Asteraceae and Fabaceae 

In this work, liquid chromatography (LC) tandem mass spectrometry (MS) method utilizing electrospray 

ionization (ESI) for qualitative and quantitative analysis of 17 most common PA and PANOs in plant material 

was developed and validated. With the optimized LC-ESI-MS/MS method using ion trap, the distribution and 

diversity of PAs and PANOs in plant material (leaves, flowers and stems) from wild-grown Echium vulgare, 

Echium italicum, Symphytum officinale L., Cynoglossum creticum Mill. and Onosma heterophylla Griseb 

species from Macedonia was assessed. 

Characteristic fragment ions and their abundance in the mass spectra of different PAs were used to reveal 

typical fragmentation patterns for various classes of PAs that can be further employed to distinguish 

monoesters (retronecine, heliotridine type), open chain diesters and macrocyclic diesters and corresponding 

N-oxides. 

These widespread Boraginaceae species contain various PAs and PANOs and 25 of them were identified. 

Based on these qualitative and quantitative analyses, the profiles of 1,2-unsaturated PAs for each sample were 

obtained and their toxic potential was estimated. The toxic potential of O. heterophylla and C. creticum were 

assumed to be highest (containing up to 4753 mg/kg and 3507 mg/kg), followed by E. vulgare (up to 1340 

mg/kg), S. officinale L. (up to 479 mg/kg) and E. italicum (up to 16 mg/kg). This method can be used for 

monitoring the inclusion of these secondary metabolites in the food chain in order to contribute in their risk 

management. 

  

Authors gratefully acknowledge the financial support provided by the OPCW for the project titled: “Risk 

Analysis of Natural Toxic Pyrrolizidine Alkaloids in the Food Chain: Development, Validation, and 

Application of HPLC/MSn Methods”, Grant L/ICA/ICB/222477/20. 
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Studies of microbial communities - the microbiome - have become quite popular in recent years. These studies 

are powered by the high throughput sequencing and bioinformatics tools, which provide sequenced profiles 

of microbial communities from different sources and compared the data for elucidating the associated pattern 

of microbiota. 

The lecture will present the major challenges in microbiome research and the approaches to address them. 

Best practices in laboratory work and experimental design, important for microbiome analysis, and touch on 

computational and statistical methods will be discussed. Most examples will be from 16S rRNA marker gene 

sequencing and from ITS marker gene sequencing from fungi. Lastly, our research on the ecological diversity 

of soil microbiome in heavy metals contaminated soils will be present. 

  

This work was supported by the National Research Fund of the Bulgarian Ministry of Education and Science 

(Grant DN 11/4 – Dec. 2017) and CEEPUS Network RO-0010-16-2122. 
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Combining the nature inspired molecular recognition concept with the processability of manmade materials, 

molecularly imprinted polymers (MIPs) became well-established and robust receptor-like synthetic binding 

sites with widespread applications in analytical sciences. Moreover, the number of recent publications focused 

on the use of these functional polymers in electroanalysis demonstrates their increasing popularity and the 

rising interest in further development and exploitation to full potential. The tailored selectivity, long-term 

stability, ease of fabrication and cost effectiveness are just a few of the inherent advantages of these engineered 

biomimetic recognition elements which may be put to good use in affinity sensor development. The well 

controlled, in-situ electropolymerisation of imprinted thin films on the transducer’s surface further promotes 

the facile integration of these recognition elements into electrochemical sensors. The good mechanical 

adherence and easily tunable properties (charge transfer, capacitance) of the resulting (semi)conducting 

polymeric sensing layer offer various signal transducing strategies and enable the analysis of a plethora of 

both electroactive and inactive analytes, from low molecular weight molecules (pharmaceuticals, natural 

products, food contaminants, pollutants, metabolites, biomarkers, chiral molecules, etc.) to very complex 

biological structures (biomacromolecules – proteins, DNA & RNA sequences; microorganisms – bacteria, 

viruses). The considerable progress in their computational chemistry-assisted rational design and synthesis 

protocols, as well as the significant achievements of the last few years in the imprinting of macromolecules 

further consolidates the reliability and the amazing versatility of the molecular imprinting technology. 

Nevertheless, as their commercial development and exploitation is still lagging behind, there is still plenty of 

room for further research and innovation to better understand the intimate electrochemical processes occurring 

at the MIP-film coated electrodes (e.g. “gate effect” phenomenon), to find more clever ways in imprinting 

large molecules, to pursue the implementation of MIP-based multiplex assays and to further gain in sensitivity 

or selectivity by the integration of synergistic molecular recognition strategies (e.g. dual aptamer-MIP 

systems) and signal triggering (e.g. photoelectrochemistry) or instrumental hyphenation (e.g. 

spectroelectrochemistry). 

A brief overview addressing the most recent advances, current challenges and trends with respect to the 

application of molecularly imprinted polymers in electroanalysis will be presented. 

  

This work was supported by a grant of the Romanian Ministry of Education and Research, CCCDI - 

UEFISCDI, project number PN-III-P2-2.1-PED-2019-5473, within PNCDI III. 
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Introduction: 4-aminopyridine or fampridine (syn. dalfampridine) is a broad-spectrum potassium channel 

blocker, approved in 2010 for the treatment of multiple sclerosis-associated motor symptoms. Due to the 

hydrophilic nature of the molecule and its related substances, the chromatographic separation of these 

compounds is challenging and the use of special conditions, such as ion-pairing reagent in the mobile phase 

are needed.  The aim of the study was to improve the selectivity of the underperforming compendial 

chromatographic method for the determination of related substances of dalfampridine, using software-assisted 

retention modeling and experimental design-based principles. 

Materials and methods: The systematic experiments were realized in different multi-dimensional 

experimental frameworks, successively changing the method parameters, such as column temperature, 

gradient, pH of the aqueous part of the mobile phase and the ternary composition of the organic mobile phase, 

at different levels. The effect of the stationary phase was also studied by testing columns with different 

chemistries. The virtual retention model of the different separation systems, in silico robustness testing and 

method optimization were performed using DryLab modeling software. 

Results: The pentafluorphenyl-type stationary phase offers multiple mechanisms for orthogonal selectivity to 

traditional C18 phases. Indeed, this column showed higher selectivity and better peak performance 

characteristics, regarding theoretical plates and peak shape. Based on the obtained retention models the most 

critical method parameters were the pH of the mobile phase and the structure of the gradient. It was also 

observed that greater critical resolutions are achievable at higher column temperatures. The in silico robustness 

testing proposed safety confidence intervals for each studied chromatographic parameter to ensure the 

suitability of the method during its lifecycle. Based on the robustness study, the control strategy of the method 

was also established. 

Conclusion: The experimental design-based framework using mechanistic retention modeling is an efficient 

way of chromatographic method development and optimization. Furthermore, a better understanding of the 

separation process is achievable by exploring the individual and combined effect of method parameters on the 

critical method attributes. Using this approach, the fast identification of optimal and robust chromatographic 

conditions is possible, based only on a limited number of experiments. 
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Lipopolysaccharides cover about 70-75% of all Gram-negative bacterial surfaces. Their role goes beyond 

structural function, as our project demonstrates, thermosensitivity, biofilm-forming ability, and antibiotic 

susceptibility are all related to the proper biosynthesis of these molecules. Bacteria with lipopolysaccharide 

deficiencies often survive in standard laboratory conditions, making it difficult to analyze the impact of 

different mutations. 

Two-component regulatory systems play a key role in the regulation of many aspects of bacterial growth and 

virulence, reacting to the environment of cells. Bacteria use two-component regulatory systems to control 

and modulate the expression of many genes, such as lipopolysaccharide biosynthetic enzymes. 

With the help of two-component systems, bacteria synthesize different lipopolysaccharides according to the 

availability of different ions, different temperatures, and we see that intracellular pathogens create very 

special lipopolysaccharides to survive intracellularly. Bacteria need this flexibility to thrive in different 

niches. 

Novel approaches are sought in the development of new lipopolysaccharide targeting antimicrobial agents to 

combat Gram-negative bacterial infections. The studies of the connections between lipopolysaccharide 

biogenesis and known bacteria two-component system inhibitors have the potential to find new antibacterial 

targets.  
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Among other substance classes of New Psychoactive Substances (NPS), new amphetamine derivatives have 

led to fundamental changes in the global drug market during the last years. Also known as “legal highs”, they 

are sold under various names like "bath salts", "air fresheners" and so forth. To circumvent law, they were 

created by slight structure modification of classic illicit drugs such as amphetamine, methamphetamine and 

MDMA and samples are traded worldwide via various internet shops. Many of these new derivatives possess 

a chiral centre and the pharmacological differences of the two enantiomers are not yet investigated for many 

of them. This makes the continuous development of analytical methods for their chiral separation crucial. 

This study aimed to develop a simple HPLC-UV method for enantioseparation and to test this method on a set 

of 26 amphetamine derivatives, including latest products on the drug market. With the protein 

Cellobiohydrolase I as chiral selector, a Daicel Chiralpak® CBH 150 x 3.0 mm column (5 µm particle size) 

was used for all experiments. For method optimization the influence of various parameters, such as type of 

organic modifier and type, molarity and pH of the buffer on separation results was investigated. UV detection 

was performed at 210 and 254 nm and all measurements were conducted under isocratic conditions. With a 

mobile phase consisting of 5 mM sodium dihydrogen phosphate buffer (pH = 6.9) / methanol (85 : 15 v/v) all 

26 tested amphetamines were separated successfully into their enantiomers. The results showed that all 

analytes were traded as racemic mixtures. 

 

Figure 1:  Simultaneous enantioseparation of 2-FA, 3-FA and 4-FA 

Conditions: Column: Chiralpak® CBH 150 x 3.0 mm (5 µm), mobile phase: 5 mM sodium dihydrogen 

phosphate buffer (pH=6.9) / methanol = 85 : 15, 25±1°C, flow: 0.5 mL/min, UV: 210 nm, injection volume: 

1 µL  
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Capillary electrophoresis (CE) has been proven to be an effective technique for determination of the quality 

of biological medicines. The main advantages of this technique are simplicity, high speed, excellent resolving 

power, sensitivity, low sample size requirements, low solvent consumption, and ease of automation. Capillary 

zone electrophoresis (CZE) and capillary gel electrophoresis (CGE) were developed for the separation of 

charge and mass variants of human insulin and its analogs. CZE permitted the separation of molecules on the 

basis of their m/z ratios, making it a useful approach for the isolation of insulin deamidation products, whereas 

for the isolation of higher molecular weight transformation products, the CGE method was applied. The 

Design of Experiment (DoE) technique was employed to increase method performance, optimization, and 

development of CE methods for the determination of insulin and its analogs. This methodology provided 

information on the impact of key factors on method development as well as the interaction of significant 

components in terms of reducing analysis time. The effect of the main influential factors, such as background 

electrolyte pH and concentration, applied voltage, and temperature, was studied applying response surface 

methodology (RSM) design using Central Composite Face Centered (CCF) Design. In summary, capillary 

electrophoresis due to its sensitivity, selectivity is a very suitable method for the determination of quality of 

insulin formulations.  
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Pseudomonas aeruginosa is a ubiquitous nosocomial pathogen, one of the deadliest bacteria in hospitals. 

Moreover, this gram-negative bacterium has numerous intrinsic resistance mechanisms against the majority 

of antibiotics, leading to most antibiotics becoming useless. For these reasons, P. aeruginosa is ranked by the 

World Health Organization (WHO) as a priority number one pathogen for the research and development of 

new antibiotic strategies. One of the new directions in antibiotic strategy development involves membrane 

active agents that induces bacterial cell membrane destabilization leading to the loss of its integrity. For this 

purpose, it is necessary to know the detailed composition and structure of the bacterial cell wall constituents. 

The outer leaflet of the gram-negative outer membrane is mainly a highly ordered lipopolysaccharide 
(LPS) monolayer. LPS molecules (or often called endotoxins) are built up of three distinct structural 
regions: a polysaccharide called the O-antigen, the core oligosaccharide and the hydrophobic and 
endotoxic lipid-A portion. Lipid-As – as the membrane-integrated part of LPSs – generally consist of a 
β-(1′→6)-linked 2-amino-2-deoxy-D-glucose disaccharide backbone carrying phosphate groups at the 
C4′ and C1 positions, as well as amide and ester linked hydroxy fatty acids or O-acylated hydroxy fatty 
acids at the C2’/C2 and C3’/C3 positions, respectively. Naturally, lipid-A isolates are heterogeneous 
mixtures of various lipid-A molecules that differ in the number, the position and the type of acyl chains 
and phosphate groups. 

Herein, a non-aqueous capillary electrophoresis (NACE) method coupled to tandem mass spectrometry 

(MS/MS) in the positive and negative ionization modes with collision-induced dissociation (CID) activation 

technique was applied for the deep characterization of the lipid-A isolate of Pseudomonas aeruginosa as one 

of the critical priority targets for antibiotic research. This new and unique strategy has revealed hitherto 

unreported isomeric monophosphorylated lipid-A constituents in the naturally heterogeneous sample. The 

electrophoretic separation – orthogonal to the former chromatographic techniques – of P. aeruginosa lipid-A 

ions allowed for the observation and structural evaluation of both, acyl chain and phosphate positional isomers. 

CID of the separated monophosphorylated species using only the obvious negative ionization mode is 

insufficient to fully characterize lipid-A, as the phosphate positions remain unresolved. Our new strategy 

involved the parallel fragmentation of the ions in the complementary positive and negative ionization modes 

as well, facilitating the full structural assignment of this class of molecules. 

The research was supported by the grants ÚNKP-21-2 and ÚNKP-21-4 New National Excellence Program of 

the Ministry for Innovation and Technology from the National Research, Development and Innovation Fund, 

NKFIH FK-129038 and K-125275. The research was performed in collaboration with the Mass Spectrometry 

Core Facility at the Szentágothai Research Centre of the University of Pécs.  
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 In the last decade, pharmaceuticals have attracted increasing attention as emerging pollutants due to their 

presence in natural waters and their potential negative impact on the environment. It is well known that 

conventional wastewater treatment processes are not capable of completely removing them from wastewater. 

Therefore, new and more efficient methods need to be investigated, such as oxidation by highly reactive 

radicals generated photochemically or by ionizing radiation.[1,2] Several studies have shown that gamma 

irradiation is a successful and cost-effective method for the degradation of variety of pharmaceuticals.[1,3] 

Doxazosin (DOX) is a selective alpha blocker, used in the treatment of hypertension. Due to its widespread 

use, there is a possibility of its occurrence in aquatic environment. Therefore, development of a suitable 

degradation method is of great importance. The photolytic and photocatalytic degradation od doxazosin has 

already been studied, and the main degradation products have been characterized.[4] 

In this work, the degradation of DOX by gamma irradiation in the presence of air and N2O was studied. High-

resolution quadrupole time-of-flight (QTOF) mass spectrometry was used for detection and characterization 

of degradation products. The structures of degradation products were determined based on MS and MSMS 

spectra, and degradation pathways were proposed under different experimental conditions. 

[1] J. Rivera-Utrilla, M. Sánchez-polo, M. A. Ferro-García, G. Prados-Joya, R. Ocampo-Pérez, Chemosphere 

93 (2013) 1268 – 1287 

[2] A. G. Capodaglio, Appl. Sci. 10 (2020) 4549 

[3] R. O. Abdel Rahman, Y. T. Hung, Water 12 (2020) 19 

[4] I. Tartaro Bujak, M. Bavcon Kralj, D. S. Kosyakov, N. V. Ul’yanovskii, A. T. Lebedev, P. Trebše, Sci. 

Total Environ. 740 (2020) 140131 
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Affinity capillary electrophoresis occupies a key role among different non-separation and separation-based 

analytical methods for interaction studies. The interaction of two or several oligonucleotide strands modulate 

vital physiological phenomena. Moreover, the high affinity and/or selectivity of oligonucleotide-mediated 

binding offers a myriad of therapeutical and analytical applications, whose rational design implies an accurate 

knowledge of the involved molecular mechanisms, concurring equilibrium processes and key affinity 

parameters. Considering the general lack of studies involving ternary ssDNA interactions, a complementary 

analytical workflow involving capillary gel electrophoretic mobility shift assay and microcalorimetry has been 

deployed for the characterization of a series of free and surface-bound oligonucleotide interactions. As a proof 

of concept, the DNA analogue of miR21, a well-known oncogenic short miRNA sequence has been chosen as 

target molecule, simulating limiting-case scenarios involved in dual molecular recognition models exploited 

in affinity (bio)sensing. Oligomer-functionalized gold nanostructures are often tested as attractive analytical 

platforms for the development of fast, label-free optical or electrochemical biosensors. In our study the 

analytical perspectives of short ssDNA-modified gold nanorods (A2-GNRs) and their affinity towards DNA 

miR-21 mimic have been assessed. 

The CGE separations, with reversed polarity, were performed on a G1600 CE system (Agilent Technologies, 

Germany) using fused-silica capillaries filled with a buffered dextran-based gel (pH = 8.3) containing 190 mM 

TRIS, 190 mM boric acid and 0.1 mM EDTA (further referred TBE buffer). High pressure hydrodynamic 

sample injection (48s at 5 bars) and the default DAD-detection (260 nm) was employed. 

The salt conditions (100 mM NaCl, 10 mM MgCl2) potentially involved in conformational changes both 

during the hybridization and CGE separation process were studied. Even though the presence of inorganic 

cations are not significant variables in the interaction of DNA miR-21 sequence with the free complementary 

aptamers, it turns out to be detrimental in the specific binding with the oligomer-modified GNRs. Given the 

unique features of the separation-based methods, the hybridization stoichiometry (miR21:A1/A2-GNR = 3:1) 

of the binary and ternary DNA complexes were also conveniently established in the given experimental 

conditions. 

Considering the obtained results, the developed GCE method proved to be an efficient, straightforward and 

cost-effective investigational tool for the further development and optimization of affinity-based sensors 

exploiting various signal transduction strategies (i.e. electrochemical or surface-enhanced Raman 

spectroscopy) for the selective and sensitive detection of miR21 from various biological samples. 

This work was supported by European Social Found, Human Capital Operational Programme 2014-2020, 

project no. POCU/380/6/13/125171 and by the Romanian Ministry of Research and Innovation, CNCS -

UEFISCDI, project no. PN-III-P1-1.1-TE-2016-0628 within PNCDI III.
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Phenolic compounds are molecules having at least one hydroxylated aromatic rings. These compounds can be 

divided into several groups, such as simple phenols, phenolic acids, flavonoids, tannins, coumarins, etc. 

Phenolic compounds as phytochemicals can be found in most plant tissues. 

The antioxidant activity and the human health beneficial effects of phenolic compounds in plant foods, red 

wine, honey or tea is well-known and intensively studied [1]. 

The phenolic compounds are generally analyzed using GC or HPLC, however CE can be an alternative or 

complement method to chromatographic separations. The coupling of capillary electrophoresis with mass 

spectrometry via electrospray ionization combines the fast and efficient separation of CE with the selectivity 

and sensitivity of MS. Thus it counts an important tool in the characterization of phenolic compounds in 

samples including complex matrix materials. 

In our work 15 phenolic compounds were separated by capillary zone electrophoresis. As a simpliest choice 

and MS compatible electrolyte a 0.5 M NH4OH solution was applied as background electrolyte. At this high 

pH of the electrolyte (pH=11) all phenolic compounds were ionized and completely separated. The electrolyte 

of high pH also generated a strong electroosmotic flow, which resulted in fast separation. A further advantage 

of the highly basic running electrolyte was that it provided proper basic conditions (after its merging with 

isopropanol:water (1:1) sheath liquid) for the negative mode MS detection. The separation and the MS 

detection parameters were optimized and the analytical performance data were determined. The linear 

detection ranges for the analyses of the components were generally between 1-200 mg/mL. 

An optimized CZE-MS method was applied for the determination of several phenolic compounds in honey. 

The MS detection revealed several constitutional isomers of the studied phenolic compound, which could be 

separated from each others. 

 [1] K. Pyrzynska, M. Biesaga, Trends in Analytical Chemistry, 2009, 28, 893. 
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The von Willebrand factor (VWF) is a multimeric glycoprotein essential for anchoring platelets to the 

subendothelium or to other platelets. VWF is a sensor of forces induced by blood-flow variation which are the 

major stimuli for clotting. The lack of sufficiently long multimers or the excess of too long ones pose risks of 

bleeding or thrombotic events, respectively. The smallest unit or protomer of VWF is the dimer. A protomer 

consists of two large, terminal nodules and one small, central nodule which are connected by elastic rods. The 

overall length of the protomer is 80-120 nm. Considering that the protomer is a head-to-head dimer, the large 

and small nodules correspond to the N- and the C-terminal domains of the VWF monomer, respectively. Here 

we investigated the hierarchy of topological rearrangements of the protomer within multimeric VWF exposed 

to mechanical forces. Samples of plasma-derived VWF were dropped on mica and either incubated for 1 min 

or immediately extended by molecular combing. Tapping-mode AFM images were collected in air. 

Unstretched multimers displayed a relaxed random-coil conformation and appeared as flexible, beads-on-a-

string filaments. The protomer nodules were nearly touching each other, and the interconnecting elastic rods 

were rarely visible. VWF multimers exposed to molecular combing displayed axial orientation, chain 

straightening and extension. The contour length of the investigated stretched multimers ranged between 416-

3090 nm, which correlated with protomer lengths of 19-329 nm. Notably, the number of small nodules between 

the large, terminal ones increased from zero to three with increasing stretch, pointing at the presence of 

polymorphic structural intermediates. The topographical height of the nodules became progressively reduced 

with increasing stretch, indicating that the VWF protomer extends at the expense of gradual domain unfolding 

and uncoiling. 
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About 830 different New Psychoactive Substances (NPS) are currently observed on the European drug market 

according to the latest European Drug Report. Though there was a slight decrease in newly created substances 

during the last years, regulating synthesis and trade of designer drugs remains a difficult task for authorities, 

which leads to a particular interest in developing specialised analytical methods. 

A certain number of these NPS possess a stereogenic centre, especially substances derived from amphetamine. 

The two enantiomers of each NPS are supposed to have different effects or side effects, which is already 

known for the parent compound amphetamine, b b  ut until today there is little information available about the 

huge number of derivatives. Therefore, further investigation and development in the field of chiral analysis is 

of great importance. 

For chiral separations, proteins can be used as chiral selectors. Among them, cellulase from the fungus 

Trichoderma reesei turned out to be a potent selector and is already commercially available as a chiral 

stationary phase for HPLC. However, these chiral columns are cost intensive, considering this, capillary 

electrophoresis (CE) for enantioseparation can be considered as a cheaper alternative because of low 

consumption of chiral selector, electrolytes and analytes. 

According to literature, pH 3.9 represents the isoelectric point of cellulase. To keep the chiral protein zone 

pseudostationary in the capillary, this pH was chosen along with 10 mM disodium hydrogen phosphate buffer 

as background electrolyte (BGE) as well as for sample preparation (1 mg/ml) and solvent of the purchased 

solid cellulase. Preliminary experiments reveiled cellulase concentration of 500 mg/ml in electrolyte to be the 

optimal. Prior to measurements, this enantioselective zone was created in the capillary. To prevent undesired 

interactions between cellulase and silanol groups of the capillary inner wall as well as to suppress potential 

occurrence of electroosmotic flow, capillaries with a special coating was used. Among different variants which 

were pre-tested (unpublished results), a methacrylate-coated capillary was found to be advantageous for the 

enantioseparation experiment. 

To date, success of this novel approach was shown by means of amphetamines being abused as NPS, since 

several were separated or even baseline separated using this method. 
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A growing body of evidence suggests correlation between air pollution, especially particulate matter (PM) 

concentrations, and morbidity/mortality associated with cardio-respiratory diseases. However, available 

statistics reflect merely data from studies conducted in North America and Western Europe, while data from 

Eastern-Central Europe area are scarcely available even on a local scale. Several specific factors – 

demographic, genetic, meteorological and other local factors – can determine health effects of airborne 

particles. Air quality monitoring data suggest that people of Eastern-Central Europe inhabit an area with higher 

air pollution indexes compared to other European territories 

(http://airindex.eea.europa.eu/,http://berkeleyearth.org/air-quality-real-time-map/). 

Based on relevant literature data, PM particles activate pro-inflammatory cytokine response in the respiratory 

tract involving oxidative stress which causes trachea hyperactivity, increased mucus production and damage 

of alveolar cells (e.g. alveolar macrophages), which in turn, are responsible for decreased lung and local 

immunity functions. Moreover, PM exposure can affect the vascular endothelium, the sympathetic nervous 

system and by inducing general inflammatory responses, can increase especially ischemic cardio-vascular 

morbidity and mortality rate. Meta-analysis based data (23 mortality and 10 hospital admission databases) 

suggest correlation between short-term high PM10-2.5 concentration and morbidity as well as mortality rates, 

especially concerning respiratory, and at a lower rate, cardio-vascular pathologies. 

The closed basins of Harghita County represent areas with unique and specific microclimate, where 

temperature inversions can occur during the winter, with foggy episodes and high PM concentrations, while 

to our knowledge, there has been no complex investigation concerning physico-chemical parameters, 

microbiological load and dispersion modelling of air pollutants in fog and precipitation from a public health 

perspective in the region. 

Considering the above, the tackled research topic consists of analysis of fog and precipitation chemistry, PM 

long-range transport (HYSPLIT modelling approach) microbiome-scale diversity, determination of the 

occurring chemical processes and possible prediction of health-related effects of particulate pollutants of the 

specific closed basins of Harghita County. 

The aim of our project is to contribute to the development of open science strategies in Harghita County, by 

tackling a participatory approach to point out, refine and implement a pilot research study concerning possible 

public health aspects of air pollution. 

http://airindex.eea.europa.eu/,http:/berkeleyearth.org/air-quality-real-time-map/
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Introduction: A new scientific approach in chromatographic method development is the experimental design-

based retention modeling, supported by special modeling tools or pure statistical-based softwares. This 

concept is highly welcomed by the regulatory authorities, as outlined in the recently introduced ICH Q14 

guideline, which encourages the pharmaceutical industry to implement experimental design-based approaches 

and to facilitate the understanding of the separation process. The aim of this study was to investigate the impact 

of stationary phase chemistry on chromatographic method performance using the analytical quality by design 

approach for the separation of ezetimibe and its related substances. 

Materials and methods:  A tridimensional experimental design framework with 12 corner runs was realized 

by systematically changing critical method parameters such as temperature, gradient time, and the ternary 

composition of the mobile phase. The retention behavior of the molecules was investigated using the DryLab 

modeling software by establishing the virtual separation models for different stationary phases. The obtained 

design spaces were compared to reveal overlapped areas, where baseline separation of all peaks is achievable. 

Ultimately, in silico robustness testing was realized to identify critical method parameters with a high impact 

on the separation process. 

Results: In the preliminary phase nine different chromatographic columns were tested with different 

chemistries and all separation systems were optimized individually to obtain the highest critical resolutions. 

Afterwards, the design spaces were compared and from the common area a column independent working point 

was selected and tested experimentally for all nine stationary phases. This common working point was able to 

present higher than 2.0 critical resolution, achieving the baseline separation of the peaks on each of the 

columns tested. Based on the robustness testing the most critical method parameter is the structure of the 

gradient, independently of the stationary phase type. 

Conclusion: Using this experimental design-based approach and retention modeling it was proven that the 

separation of the model analytes can be achieved on multiplex stationary phases and column-independent 

working points can be identified, which will allow baseline separation of all analytes, regardless of the column 

employed. Our results underline that a deep understanding of the separation process is of utmost importance 

and that adequate selectivity is achievable in some cases independently of the chemistry of the stationary 

phase. 

This work was supported by the Collegium Talentum Programme of Hungary and funded by the Department 

of Medical and Pharmaceutical Sciences of the Transylvanian Museum Society and Semmelweis University, 

Faculty of Pharmacy, Hungary. 
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Bioanalysis is a sub-discipline of analytical chemistry, quantitative measurement of xenobiotics (drugs and 

their metabolites, and biological molecules in unnatural locations or concentrations) and biotics 

(macromolecules, proteins, DNA, large molecule drugs, metabolites) in biological systems.  

Biophysics is the study of physical phenomena and physical processes in living things, on scales spanning 

molecules, cells, tissues, and organisms. Biophysicists use the principles and methods of physics to 

understand biological systems. It is an interdisciplinary science, closely related to quantitative and systems 

biology.  

See below some presentations of CEEPUS Summer School 2022 completed with citations of recent 

publications which explore links between bioanalysis and biophysics.  

Anna Harsányi, Attila Kardos, Imre Varga; Preparation of advanced intelligent materials by chemical 

modification of carboxylic acid groups of pNIPAm copolymer microgels [1].   

Gyongyver Mara: A comparative study of MALDI-TOF MS and 16S rDNA identification of PGPR bacteria 

[2].  

Alexandra-Iulia Bărăian: Molecularly imprinted polymer-based drug delivery system for the sustained 

release of ruxolitinib in cancer therapy [3].  

Kamil Bortka: Biochar as the "green" tool in soil remediation [4].  

Nives Galić: Investigation of praziquantel/cyclodextrin inclusion complexation [5].   

I believe that common interests and possibilities in our Department (Semmelweis University, Budapest, 

Hungary; http://biofiz.semmelweis.hu/index.php?mid=1) elicit fruitful collaboration with the CEEPUS 

friends in the near future.  

[1] Sanzari I, Buratti E, Huang R, et al. Poly(N-isopropylacrylamide) based thin microgel films for use in 

cell culture applications. Scientific Reports. 2020;10:6126; 10.1038/s41598-020-63228-9.  

[2] Panichikkal J, Edayileveetil Krishnankutty R. Rhizobacterial biofilm and plant growth promoting trait 

enhancement by organic acids and sugars. Biofouling. 2020;36:990-999; 10.1080/08927014.2020.1832219.  

[3] Sroysee W, Chunta S, Amatatongchai M, Lieberzeit PA. Molecularly imprinted polymers to detect 

profenofos and carbofuran selectively with QCM sensors. Physics in Medicine. 2019;7:100016; 

https://doi.org/10.1016/j.phmed.2019.100016.  

[4] Wang X, Xu J, Sun T, Ali S. Synthesis of Cordyceps fumosorosea-Biochar Nanoparticles and Their 

Effects on Growth and Survival of Bemisia tabaci (Gennadius). Front Microbiol. 2021;12:630220; 

10.3389/fmicb.2021.630220.  

[5] Ke D, Chen W, Chen W, et al. Preparation and Characterization of Octenyl Succinate β-Cyclodextrin and 

Vitamin E Inclusion Complex and Its Application in Emulsion. Molecules. 2020;25:654;   

  

https://doi.org/10.1016/j.phmed.2019.100016
https://doi.org/10.1016/j.phmed.2019.100016
https://doi.org/10.1016/j.phmed.2019.100016
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Expanding usage of dietary supplements in today’s modern society arouses the question regarding their safety. 

International regulations corresponding to their content and safety controls have not been strictly established. 

Several risks can be related considering the weak control of these products; for instance, contamination of 

dietary supplements, amino acids overdose, or in the adverse case, the consumer can use an ineffective dose 

[1]. Enacting legislation for regular control of amino acids in dietary supplements would raise a new issue - 

demand for eluding the common problems associated with the conventionally utilized analytical methods. This 

report describes the development of new microchip electrophoresis (MCE) method to determine L-histidine 

and β-alanine in complex dietary supplement formulations. L-histidine and β-alanine containing dietary 

supplements are used by athletes since they improve endurance during intense exercise. Furthermore, L-

histidine is used in dietary supplement formulations to enhance the immune system. For quantification of L-

histidine and β-alanine, this study employed a contactless conductivity detector (C4D). The effect of various 

parameters was observed, aiming to achieve an appropriate detector response and optimal electrophoretic 

conditions. Established parameters were applied during the analysis of three different dietary supplement 

samples. All three samples contained one amino acid and different secondary active ingredients. Sample 

ingredients were baseline separated, and the calculated resolution was high without exception. The measured 

concentrations of amino acids were agreed with the labeled content. The separation was rapid; migration time 

for L-histidine was 38 (±0.2) s, and for β-alanine was 26 (±1) s. Detector response to both analytes showed 

high linearity in the tested range of 10 - 100 µmol / L. Detection limits were below 1 mg / L. The analytical 

characteristics of the proposed microfluidic method showed great potential for further analysis of different 

amino acids in these types of samples. Furthermore, the method is simple, fast, and cost-effective. It belongs 

to green analytical chemistry since negligible amounts of samples and reagents are required. 

[1] Smriga M, International Regulations on Amino Acid Use in Foods and Supplements and 

Recommendations to Control Their Safety Based on Purity and Quality 2020; 2602S–2605S 
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Cinnarizine (CIN) is a piperazine derivative with antihistaminic and calcium channel blocking activity which 

is widely used for the treatment of vertigo and prevention of motion sickness. Due to its extremely poor 

aqueous solubility, CIN is classified as a Class 2 drug substance according to The Biopharmaceutical 

Classification System [1]. β-Cyclodextrins (β-CDs) are cyclic oligosaccharides consisting of seven D-

glucopyranose units which are α-(1,4)-linked in a ring formation. It is already well known that β-CDs can 

interact with poorly soluble drugs by taking up lipophilic drug moieties into their central cavity hence forming 

inclusion complexes and thus enhancing drug aqueous solubility and bioavailability [2]. 

  

Figure 1. Cinnarizine and β-cyclodextrin 

  

Our study aimed to evaluate the influence of β-CD and its randomly methylated (RMβCD), sulfobutylether 

(SBEβCD), and hydroxypropyl (HPβCD) derivatives on intrinsic solubility of CIN in water through phase-

solubility studies according to existing Higuchi-Connors method [2]. To evaluate total drug solubility changes 

in the presence of increasing CD concentration phase-solubility diagrams were constructed. Quantitative 

determination of CIN was performed by developed and validated UV/Vis spectrophotometric and 

spectrofluorimetric methods. 

[1] S. Raghuvanshi, K. Pathak, J. Drug Delivery 2014, 2014, 479246. 

[2] P. Jansook, N. Ogawa, T. Loftsson, Int. J. Pharm. 2018, 535, 272–284. 
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Bacterial resistance is a subject of high importance these days, more and more common infections being treated 

with late generation antibiotics, that were used as the last resort for complicated infections in the past. 

Moxifloxacin is an antibiotic belonging to the fluoroquinolone pharmacological class, used to treat 

complicated urinary, respiratory and skin infections. Fluoroquinolone antibiotic class was registered on the 

pollutants watch list of the European Commission, and since late generation antibiotics are starting to be used 

in treating common infections, monitoring its levels in different environmental samples would be of great 

importance. 

Molecularly imprinted polymers (MIPs) constitute a class of biomimetic receptors designed for the specific 

recognition of a certain molecule or it’s structural class, by assembling around it during the polymerization 

step, and following template removal, tridimensional sites complementary to the template are left inside the 

polymer. The imprinted cavities are thus capable of selectively trapping the same molecule in the polymeric 

matrix. The advantages they offer over the biological counterparts, like antibodies and aptamers, is their 

reduced time and cost of synthesis, resistance to all kinds of harsh contidions like temperature, oxidation and 

number of uses. 

Electrochemical (EC) methods are exploited with the aid various of analytical devices and sensors, providing 

fast and accurate results, but with a limited level of selectivity in the absence of a proper recognition element. 

Raman spectrometry is a technique that provides structural and fingerprint-type molecular information, and 

even though on a limited range of concentrations, but filling the need also for quantification purposes. On the 

other hand, surface-enhanced Raman scattering (SERS) in the presence of metallic nanostructures (i.e. 

nanoparticles, nanorods, nanostars, etc.), like gold and silver as the detection substrate is able to offer a Raman 

signal amplification up to 10 orders of magnitude. Despite the prospects of combined advantages, such as the 

sensitivity brought by electrochemistry and the selectivity provided by molecular spectroscopy, analytical 

applications describing their simultaneous use is rather scarce in the current literature. 

As such, various means by which electrochemistry may assist the SERS detection of traces of moxifloxacin 

using MIPs as biomimetic molecular recognition elements has been investigated in the present study. The 

MIPs designed for moxifloxacin detection were synthesized using electro- and photopolymerization.  The thin 

layer of MIP resulting from the electrochemical polymerization of p-aminothiophenol: p-aminobenzoic = 1:3 

(molar ratio) demonstrates selectivity towards moxifloxacin, but its functionality needs careful adjustments 

along with the nanostructured SERS substrate for their fully functional integration for Raman 

spectroelectrochemical analysis. 

This work was supported by a grant of the Romanian Ministry of Education and Research, CCCDI - 

UEFISCDI, project number PN-III-P2-2.1-PED-2019-5473, within PNCDI III.", also the internal grant of 

Iuliu Hațieganu University by PCD grant no. 881/27/12 
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Introduction: The Fourier Transform Infrared (FT-IR) spectroscopy is one of the methods used in the drug-

excipient compatibility studies to detect the possible interactions between active pharmaceutical ingredient 

(API) and excipients. Definitely, not all drug-excipient  interactions are so bad, but the majority of them are 

life-threatening, therefore it represents an essential phase in the development stage (pre-formulation) of dosage 

forms. Potassium aspartate, magnesium aspartate, potassium orotate and spironolactone were used as APIs 

applied in treatment of hypopotassemia (the serum potassium level less than 3.6 mEq/L), because this fixed-

dose combination can ensure both the potassium supplementation and etiological treatment. Hypopotassemia 

is a common electrolyte disorder with symptoms: weakness and discomfort of muscles to the arrhythmias, or 

abnormal heart rhythms, muscle cramps (paralysis), respiratory failure, etc. Despite the FT-IR spectroscopy  

the Differential Scanning Calorimetry (DSC), High-Performance Liquid Chromatography (HPLC) are carried 

out to show drug-excipient compatibility. 

Object: The aim of this work was to study the compatibility between excipients and API (spironolactone) 

during the elaboration of the powder dosage form used in hypopotassemia. 

Material and methods: FT-IR measurements were carried out on spironolactone and excipients (dextrin, 

saccharin, D-mannitol and magnesium stearate) as well as on the physical mixture of both components (50:50) 

in the transmission mode. Spectra were recorded on a FT-IR Spectrometer Spectrum 100, Perkin Elmer in the 

range of 4000-650cm-1 at a resolution of 4cm-1. Then transmittances in terms of the peak frequency, peak 

intensity, peak width were compared and analyzed by absences or appearance of new peaks. 

Results: The FT-IR spectrum of spironolactone showed the following characteristic bands: C-H stretching 

vibration bond at 2949cm-1, a band for stretching vibration of carbonyl group of γ-lactone at 1764cm-1, a band 

for a stretching vibration of thioacetyl carbonyl group at 1689cm-1, stretching vibration of the carbonyl C=O 

bond of the ring at 1672cm-1, and stretching vibration of the C=C bond at 1617cm-1. These bands were 

considered as specific markers to recognize spironolactone. The FT-IR spectrum of each excipient has its own 

unique vibrational characteristics and therefore results in unique IR spectral signatures. Following the dates 

through FT-IR of mixture of both components (50:50), there is no change in functional group region of 

spironolactone when mixed with excipients. 

Conclusions: According to analysis of FT-IR spectra on spironolactone and excipients, as well as on the 

mixture of both components, it was shown the compatibility of these components in the future fixed-dose drug 

combination.  
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Gluten is the generic name for the proteins found in many types of cereals, including wheat, rye, barley and 

oats. This compound helps maintain the structural integrity of these foods, acting as a binding agent. Despite 

of its importance in this context, gluten is also an allergen, its presence in these foods being dangerous for 

people who are allergic or intolerant to this compound. Moreover, gluten can be found even in products where 

it is not expected, raising food safety concerns for allergic persons or celiac disease patients. Therefore, the 

detection of the presence of gluten in food is of particular and practical importance [1]. 

The main aim of the study was to design a nanostructured platform for the rapid, sensitive and selective 

detection of gluten in foods with prospects for applications in food industry. 

The first approach was related to the direct electrochemical detection of gluten on in-house printed carbon 

electrodes. Two different platforms were used: bare printed electrodes and printed electrodes functionalized 

with gold nanoparticles (AuNPs). An attempt was thus made to correlate the electrochemical signal obtained 

by the electrochemical oxidation of gluten with its concentration in the analyzed sample. The results obtained 

on real samples of wheat flour were promising, but the recovery rates for spiked samples were quite low, 

justifying the need for a more complex experimental approach, involving components that aim to increase the 

selectivity for the target analyte. 

The second approach refers to the development, optimization and testing of an aptasensor for the selective and 

sensitive detection of gluten. To do this, we started from the same printed platform functionalized with AuNPs 

on which a specific aptamer for Gliadin 4 (an important component of gluten) was immobilized through stable 

thiol-gold bonds. 

This aptasensor has been shown to be sensitive and selective for the target analyte, even in real samples of 

wheat flour, which recommends it for applications for food quality control, to prevent some serious health 

complications such as food allergies and celiac disease. 

[1] F. Malvano, D. Albanese, R. Pilloton, M. Di Matteo, A new label-free impedimetric aptasensor for gluten 

detection, Food Control, 2017, 79, 200-206. 

Acknowledgement: M. Tertis acknowledge UMF Internal Grant Nr. 35180/ 17.12.2021 
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Allium ursinum L. is widely used as a spice as well as a traditional medicine in Romania. The aim of this study 

was to optimize the extraction process of A. ursinum leaves. The experiments were carried out according to 

tree level, three variables D-optimal design, combined with response surface methodology (RSM). Solid to 

liquid ratio (SLR, from 1:5 to 1:15 (w/v)), ethanol concentration (from 30% to 70%) and extraction time (from 

5 to 30 min) were investigated as independent variables in order to obtain the optimal conditions for extraction 

and to maximize the total phenolic content of obtained extracts. Experimental results were fitted to a model 

where multiple regression and analysis of variance were used to determine the fitness of the model and optimal 

condition. The predicted values for the TPC (167.552 μg GAE/mL extract) were determined at the optimal 

conditions for ultrasound assisted extraction: 66% ethanol, for 5 min, with a SLR of 6 (w/v). The predicted 

results matched well with the experimental results obtained using optimal extraction conditions which 

validated the RSM model with a good correlation. These results suggest that the method can be used in order 

to produce extracts enriched in bioactive compounds, obtaining high extraction yields by applying optimal 

parameters. 

Acknowledgments: This work was supported by a Grant of the Romanian Ministry of Education and Research, 

CCCDI—UEFISCDI, project number PN-III-P2-2.1-PED-2019-5360, within PNCDI III. 



 

P20 

WORKFLOW FOR STRUCTURAL ELUCIDATION OF PROTONATED AND DISODIATED 

LIPID A MOLECULES USING LOW ENERGY CID TANDEM MASS SPECTROMETRY 

Ibrahim Aissa1*, Ágnes Dörnyei1, Viktor Sándor2, and Anikó Kilár2 

1 Department of Analytical and Environmental Chemistry, Faculty of Sciences, University of Pécs, Ifjúság 

útja 6, H‐7624 Pécs, Hungary 
2 Institute of Bioanalysis, Medical School and Szentágothai Research Centre, University of Pécs, Szigeti út 

12, H-7624 Pécs, Hungary 

*Corresponding author: aissa@gamma.ttk.pte.hu 

  

Lipid A, the inflammatory part of lipopolysaccharides (LPS, endotoxins), is the major component of the 

external membrane of Gram-negative bacteria. Its bioactivity in people and animals depends on its chemical 

structure. In the present study, the application of positive-ion electrospray ionization multistage mass 

spectrometry (ESI-MSn) in conjunction with tandem mass spectrometry (MS/MS), using low-energy collision-

induced dissociation (CID) for the analyses of the protonated form and disodium adduct of 

monophosphorylated lipid A derivatives is presented. Several synthetic and native lipid A samples were 

included in the study. We have seen a great similarity between the fragmentation pattern of lipid A as a 

disodium adduct [M  –  H  +  2Na]+ and a deprotonated molecule [M – H]– (usually detected with negative ion 

mode), both revealing the distribution of fatty acids, whereas the fragmentation pattern of lipid A as a 

protonated molecule [M + H]+ is unique for the determination of the phosphorylation site. In short, the 

complementary information obtained from the fragmentation of these two types of precursor ions enables 

complete structural characterization of a 4'-monophosphoryl lipid A species in a single ionization mode, even 

from complex mixtures. In addition, this study allows a better understanding of the overlap of MS signals 

often observed during the fragmentation of native lipid species A containing both, C-1 and C-4' 

phosphorylation isomers. 

  

 

  

The research was supported by the Technology from the National Research, Development and Innovation 
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Kynurenic acid (KA) is one of the active metabolites of tryptophan obtained through the kynurenine pathway 

[1] that plays a crucial role in several physiological and pathological processes due to its effects such as 

antioxidant, neuroprotective and anti-inflammatory function [2]. It has been observed that KA is present in 

various biological fluids and its levels change in some diseases. For example, its level decreases in 

schizophrenia and prostate cancer, but increases in type 2 diabetes and chronic kidney disease [2]. Sensitive 

and selective detection of KA in biological samples is therefore of major importance in clinical diagnosis, 

monitoring the evolution of chronic diseases and the response to drug treatment. Electrochemical methods 

represent a better approach for the analysis of biological samples due to their many advantages, such as high 

sensitivity and specificity, low cost, suitability for miniaturization and in situ analysis [1]. Among 

electrochemical sensors, wearable sensors present a real interest particularly for the detection and monitoring 

of biomarkers in less conventional biological samples like sweat and saliva. This interest arises from the 

possibility of monitoring a person’s health status in real-time, in an inexpensive and noninvasive way [3]. 

The main purpose of the study was to design a platform for the rapid, sensitive and selective electrochemical 

direct detection of KA in biological samples with prospects for biomedical applications in the diagnosis and 

monitoring of patients. 

To obtain integrated portable and wearable devices, respectively, to ensure reproducibility, the planar carbon 

electrodes were in-lab printed by using conductive and insulating inks. Firstly, the electrochemical behavior 

of KA was analyzed regarding the influence of electrode material, pH, electrolyte solution and scan rate. After 

this, the proper electrode material, electrolyte solution and scan rate were chosen and a differential pulse 

voltammetry (DPV) procedure was optimized for the detection. Finally, the analytical parameters such as 

dynamic range, detection limit, limit of quantification, and sensitivity for KA were also determined. The 

selectivity of the optimized sensor was tested in the presence of compounds that are usually found in biological 

fluids. Future applications of the elaborated sensor in sweat and saliva will be presented. 

 

 

[1] Marrugo-Ramírez J. et al. Biosensors 2021;11(1):20. 

[2] Wirthgen E. et al. Front Immunol. 2018;8:1957. 

[3] Kim J. et al. Adv Electron Mater. 2017;3(1):1600260. 

This work was supported by a grant of the Romanian Ministry of Education and Research, CNCS-UEFISCDI, 

project number PN–III–P1-1.1-TE-2021-1543, within PNCDI III. M-B. Irimeș thanks the Iuliu Hațieganu 
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 An important medical concern is represented by the failure of antibiotics to treat bacterial infections, which 

leads to high mortality rates. P. aeruginosa is among the most highly virulent and antibiotic-resistant bacteria, 

its virulence is owned to the ability to form an adherent biofilm on the affected surfaces that increases the 

resistance to disinfectants, UV light and antibiotics. The bacteria communicate through a system called 

quorum sensing (QS) by producing molecules like N-3-oxo-dodecanoyl L-homoserinelactone (3O-C12-HSL) 

and cyclic dimeric guanosine monophosphate (c-di-GMP). When a threshold of population density is 

achieved, it triggers the switch from planktonic form to biofilm and the production of virulence factors [1]. To 

increase the chances of survival of a P. aeruginosa infection, early diagnosis is required. 

In this study, new electrochemical biosensors were developed as a diagnosis tool for the selective and sensitive 

detection of molecules involved in QS (3O-C12-HSL) and biofilm formation (c-di-GMP). The support 

electrode used was a portable and easy to use carbon screen printed electrode (C-SPE) that was then modified 

with gold nanoparticles (AuNPs). Biomimetic elements represented by thiol functionalized aptamers, specific 

for each QS molecule, were integrated into the AuNPs-based sensing platform to increase the specificity of 

the method. A suitable redox probe was chosen and every modification step was optimized. The 

electrochemical characterization methods were represented by differential pulse voltammetry (DPV) and 

electrochemical impedance spectroscopy (EIS) using [Fe(CN)6]
3-/4- as a redox probe. The developed 

aptasensors were used to identify the analytes from biological and real culture samples with good recoveries. 

This method showed good sensibility and specificity and can act as a promising tool in detecting healthcare 

associated infections. 

[1] M.F. Moradali, S. Ghods, B.H.A. Rehm, Pseudomonas aeruginosa Lifestyle: A Paradigm for Adaptation, 

Survival, and Persistence. Front. Cell. Infect. Microbiol, 2017, 7, 39 
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Seafood is the second group of foodstuff that is considered to be mostlikely mislabelled especially in case that 

the original ingredients are no longer recognizeable [1].Additionally, seafood might cause severe allergic 

reactions, thus a reliable detection isalso a matter of food safety [2]. The term seafood includes crustaceans, 

bivalves (suchas oysters, mussels, scallops, clams, razor shells and sheath shells) and cephalopods aswell as 

frogs, turtles and sea cucumbers. Bivalves and cephalopods are taxonomicallyclassified as molluscs. Other 

molluscs that are included in the human diet and present analternative protein source to ’traditional’ meat are 

snails. 

For the identification of food fraud with regard to marine and non-marine molluscs aDNA metabarcoding 

method is developed. The method consists of different steps:first,an extraction of DNA from the sample is 

performed. Then a specific target region of theDNA is amplified by real-time polymerase chain reaction 

(PCR). A library is preparedthat contains all specifically labelled PCR products. These are sequenced with 

next generation sequencing (NGS) technology. The received sequences are then analyzed withthe application 

of a bioinformatic pipeline and compared to reference sequences whichallows the identification of the species 

in the sample [3]. In contrast to real-time PCR, the goal is not to design specific but universal primerswhich 

bind to the DNA of a variety of species from different classes of molluscs. Formetabarcoding analysis, 

mitochondrial DNA(mtDNA)is usually appliedas a marker sincemore copies of themtDNA are available than 

of genomic DNA. Due to its ring struture, the mtDNA is morerobust, too [4]. Both of these aspects are 

important since degradation of DNA often occursin processed foodstuffs due to harsh influences such as 

temperature [5]. For the identification of different seafoods, mitochondrial cytochrome oxidase subunit 1 

(COI)and cytochrome b (cytb)genes were frequently used astarget loci because they proved to have high 

intraspecies diversity [1]. Previous workshave shown the suitability of the 16S rDNA gene as the target locus 

because of its highconservation between classes. This makes it possible to design primers of higher 

universality for this gene [6]. DNA metabarcoding methods are already applied for the identification and 

determination of different foodstuffs like fish feed, milk and dairy products, rice, noodles, meatproducts and 

candies [5]. Meanwhile, not many metabarcoding methods are in placefor the analysis of molluscs from 

different classes or families [3]. While some of thesemethods used primers designed for the COI and cytb 

gene, other methods were developed with regard to the 16S rDNA gene (sometimes combined with the COI 

gene) forthe identification of species from the same family or class that are of interest to this work[3]. An in-

house method was alreadydeveloped for the identification of mussels (Mytilidae), oysters (Ostreidae) and 

scallops (Pectinidae). For each class, specific primerswere designed that bind to the 16S rDNA gene,resulting 

in an amplicon of 150 bp. DNA extraction was achieved by extraction with hexadecyltrimethylammonium 

bromide (CTAB) buffer and Proteinase K. Afterwards, DNAisolation was performed with the Maxwell®16 

FFS Nucleic Acid Extraction SystemCustom-Kit. The following conditions were applied during PCR: DNA 

input amount of12.5 ng,HotStarTaq Master Mix Kit, annealing temperature of 62 °C, 25cycles. Instruments 



 

fromIllumina were applied. The method was succesfully used for theidentification of pure samples and sample 

mixtures; even minor components were identified aswell as ingredients in highly processed foods [4]. The 

current aim of this workis to create a new primer system, so that processed food samples can be screened for 

thepresence of additional molluscs like snails and cephalopods in the longterm. 

[1] M. Á. Pardo, E. Jiménez, J. R. Viðarsson, K. Ólafsson, G. Ólafsdóttir, A. K. Daníelsdóttir, and B. Pérez-

Villareal. DNA barcoding revealing mislabeling of seafood ineuropean mass caterings. Food Control, 92:7–

16, oct 2018. 

[2] S. H. Sicherer. Epidemiology of food allergy. Journal of Allergy and Clinical Immunology, 127(3):594–

602, mar 2011. 

[3] T. J. R. Fernandes, J. S. Amaral, and I. Mafra. DNA barcode markers applied toseafood authentication: an 

updated review. Critical Reviews in Food Science andNutrition, 61(22):3904–3935, aug 2020. 

[4] K. Gense, V. Peterseil, A. Licina, M. Wagner, M. Cichna-Markl, S. Dobrovolny, andR. Hochegger. 

Development of a DNA metabarcoding method for the identificationof bivalve species in seafood products. 

Foods, 10(11):2618, oct 2021. 

[5] Y.-T. Lo and P.-C. Shaw. DNA-based techniques for authentication of processed foodand food 

supplements. Food Chemistry, 240:767–774, feb 2018. 

[6] A. Giusti, L. Tinacci, C. G. Sotelo, M. Marchetti, A. Guidi, W. Zheng, and A. Armani. Seafood 

identification in multispecies products: Assessment of 16S rRNA,cytb, and COI universal primers’ efficiency 

as a preliminary analytical step for setting up metabarcoding next-generation sequencing techniques. Journal 

of Agricultural andFood Chemistry, 65(13):2902–2912, mar 2017. 
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Enzyme-assisted extraction is a feasible, efficient alternative extraction method which is gaining consideration 

in food industry. A considerable part of bioactive compounds from plants are often bound in cell wall from 

carbohydrates, peptides and lipids, being difficult to be extracted by conventional extraction methods. 

Enzymes are used as a plant material pretreatment to facilitate extraction step, to increase the yield and to 

enrich the extract in bioactive compounds. 

Avocado (Persea americana Mill) is originated from Mexico, and its benefits have been lately recognized. 

The consumed part from avocado is the pulp while the skin and seeds are considered wastes. These residues 

contain a high amount of bioactive compounds, but are unexploited. 

The objective of this work is to assess the bioactive compounds extracts obtained by applying an enzymatic 

treatment on avocado seeds and to evaluate the potential incorporation of these extracts in cosmetic sun 

protection emulsions. 

Seven hydrolytic enzymatic preparates part from pectinase, lipase, amylase and protease classes were used for 

an enzymatic pretreatment of seeds material. Spectrophotometric methods were used to analyze the achieved 

extracts in terms of total polyphenolic content (TPC), flavonoid content, to determine the solar protection 

factor (SPF) and antioxidant activity. The amino acids content and fatty acids profile analysis were performed 

on GC-MS. There emulsions were prepared as water/oil formulations containing different concentration of the 

obtained extract. 

The effect of enzymatic treatment on avocado seeds was observed on all bioactive compounds analyzed. An 

increasing with 25% in content of polyphenols was found for the extract obtained after using pectolytic 

preparate pretreatment (commercial named Pectinex). A similar trend was observed for the flavonoid content 

and antioxidant activity. The highest SPF 26.52±0.08 and 24.39±1.43 resulted for the extracts achieved after 

using Pepsine and Lypozyme pretreatment, two enzymatic preparates with proteolytic and respectively 

lipolytic activity. In the case of free amino acids quantification, Pepsine showed an important effect. Regarding 

the fatty acids extraction, lypolitic preparates Lypozyme and CalB demonstrate a significant influence. 

Analyzing the solar protection factor of the obtained emulsions, by incorporating 2% of 100 mg/ml enzymatic 

avocado seed extract in the cosmetic emulsion, a 6.91±0.30 SPF was achieved. 

The high content of antioxidants, free amino acids and fatty acids found in avocado seeds extract, offers a new 

potential application in cosmetic formulation and food industry. The really high obtained SPF and antioxidant 

activity makes avocado seeds extract a natural sunscreen with beneficial effects for the skin health and a 

feasible substitute to traditional harmful chemicals. Enzyme-assisted extraction shows a real alternative in 

obtaining plants extracts with higher content in bioactive compounds. 

[1] Gómez, F.S., Peirósánchez, S., Iradi, M.G.G., Azman, N.A.M., Almajano, M.P., Antioxidants, 3 (2014), 

439–454. 

[2] Ge, Y., Si, X., Wu, B., Dong, X., Xu, Z., Ma, W. J. Agric. Sci. 10 (2018), 69. 

[3] Sharma H.P., Hiral Patel, Sugandha, Critical Reviews in Food Science and  Nutrition, 57(6) (2017) , 1215-

1227. 

[4] Rao, P., Food Research International, 108 (2018), 309-330. 

[5} Srija. D., Nadar, S.S., Rathod, V.K., International Journal of Biological Macromolecules 191 (2021): 899-

917. 
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Bacterial lipid A is a glycophospholipid moiety present in endotoxins (lipopolysaccharides) that build up the 

outer cell membrane of Gram-negative bacteria. Once lipid A enters into the blood circulatory system of the 

human body, it is capable of stimulating an immune response that (during a severe bacterial infection) may 

lead to endotoxic shock and sepsis. Not only the quantity, but also the fine structure of lipid A from different 

bacterial species determine the strength of the induced immune response. 

With the help of separation science, we directed our research to accurately understand the structure of lipid A 

and to explore the type of phosphorylation sites and fatty acyl chains attached to the basic sugar backbone. 

We succeeded in developing a pressure-assisted non-aqueous capillary electrophoresis (NACE) – tandem mass 

spectrometry (MS/MS) method for the baseline separation of both, phosphate and acyl chain positional 

isomers. We have studied both, the effect of the solvent composition and the electrolyte composition to 

separate the different lipid A species present in a single bacterial strain (Shigella sonnei). As a result, we could 

achieve for the first time separation and full structural identification of C1‐ and C4’‐monophosphorylated 

isomers, which are known to differently activate the innate immune system. Structural information specific to 

phosphorylation was provided by MS/MS mass spectra recorded in the positive ion mode (it should be noted 

here that most studies use the negative ionization mode MS/MS for the structural analysis of lipid A). Based 

on our results, diagnostic B2-type ions (used in sugar chemistry) identify the phosphorylation position, while 

B1-type ions allow the characterization of acylation isomers. The application of constant external pressure (3 

mbar) from the inlet was needed to overcome the cathodic mobility of the EOF as to ensure detection at the 

anodic end. 

The present method can complement the LC-MS/MS methods previously developed to probe bacterial 

endotoxin samples, moreover, it can be a good screening procedure of phosphate positional isomers in 

different lipid A‐based therapeutics. 
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Intelligent materials attracted significant interests due to their favorable and tunable physicochemical 

properties, which make them a promising candidate in many fields of applications (e.g., biosensors, advanced 

microreactors, responsive microcapsules etc.). 

One of the most popular intelligent materials is the temperature sensitive pNIPAm (poly(N-

isopropylacrylamide) microgels. pNIPAm microgels are synthesized with precipitation polymerization. The 

advantages of this technique are the monodisperse particle size distribution and the easy copolymerization of 

several kinds of comonomers. However, precipitation polymerization also imposes some limitations on the 

quantity and quality of the applied comonomers and imprinted materials, e.g., biomacromolecules. 

To overcome these difficulties our group has applied a simple, yet robust synthetic route for the preparation 

of advanced pNIPAm based materials. First, acrylic acid containing pNIPAm microgel particles with different 

radial comonomer distributions (homogenous and core-shell like structure) were synthesized. Then, the 

carboxylic acid groups of the microgels were functionalized, e.g., with one or two steps EDC/NHS coupling 

reaction. 

In one example, the shell of hierarchical pNIPAm-shell-pAAc core-shell microgel particles were modified in 

a single step EDC coupling with an amine-containing cationic polyelectrolyte (polyethylene imine - PEI) to 

obtain pNIPAm-shell-PAAc-PEI mixed shell nanocapsules. A series of experiments was conducted to 

examine the pH and synthesis time dependence of the reaction conditions on the composition of the 

nanocapsule. 

In another example, a simple approach was developed for the preparation of Bovine Serum Albumine (BSA) 

functionalized pNIPAM microgels and it was demonstrated that the microgel bound proteins can form red 

fluorescent complexes with Au(III) ions similarly to the free proteins. For the preparation of pNIPAm-co-

AAc/BSA/Au complex microgel a two-step EDC coupling was applied. This approach allowed not only the 

preparation of bright red fluorescent nanogel beads but by the functionalization of the external shell of the 

nanogel particles their targeting could also be achieved.  
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Introduction. During the development of new drug formulations one of the main objectives is to develop an 

effective and stable drug, starting from an active pharmaceutical ingredient (API) with optimal characteristics 

and ending with the production of a robust formulation. Ensuring of the bioavailability constant is a challenge 

for the drug combinations, due to the changes that may occur in the release (dissolution from dosage form) of 

APIs and their pharmacokinetic parameters. In the process of design selection, formulation technology 

requires control over the release and absorption to ensure the effective therapy. The use of the dissolution test  

in vitro, which would reflect gastrointestinal conditions in vivo, is a common practice for predicting the 

pharmacokinetic behavior of the future drug formulations. The dissolution test is the only test used to measure 

the in vitro drug release from pharmaceutical forms as a function of time. That is based on the evaluation of 

the dissolution profiles, or release, of APIs. Due to this, it allows to understand the processes occurring at the 

level of the gastrointestinal tract, in particular, the influence of critical composition or manufacturing process 

parameters on the dissolution and subsequent absorption. In the present study, combined capsule formulations 

containing nicergoline, piracetam and Hawthorn dry extract with application in neurosensory hearing loss 

medication were investigated. 

Aim of study. Application of the dissolution test in assessing of the pharmaceutical availability of combined 

capsules containing nicergoline, piracetam and Hawthorn dry extract. 

Material and methods. Agilent 8453 UV-VIS Spectrophotometer; Electrolab TDT8 Dissolution Tester; 4 

formulations of combined gelatin capsules (experimental laboratory series) with piracetam, nicergoline and 

Hawthorn dry extract; dissolution media: 0.1 M hydrochloric acid HCl (pH=1-2) and phosphate buffer 

(pH=6.8); sampling at 5, 10, 15, 20, 30, 45 and 60 min; sampling volume - 10 ml, dilution with methanolic 

solution of 0.1 M HCl to concentrations of 24 μg/ml for piracetam and 9  μg/ml for nicergoline. 

Results. Following the dissolution test in acid medium, the absorbance of samples taken at different time 

intervals was within 0.0006 – 0.8 for nicergoline and 0.1-1.3 for piracetam. After calculating the concentration 

of each substance, the optimal release of nicergoline from formulation F2 (78.71% for 45 min) and piracetam 

from formulations F1 and F2 (90.89% and 75.52% for 45 min., respectively) was found. Analysis of the 

dissolution profiles of nicergoline and piracetam from combined capsules in the phosphate buffer medium 

with pH=6.8 showed insufficient release for all four formulations with concentrations of samples taken at 45 

min. for nicergoline and piracetam ranging from 25-40% and 10-16%, respectively. 

Conclusions. Following the analysis of the dissolution profiles for nicergoline and piracetam from the tested 

formulations, it  was found that the release in the acid medium was better than in the phosphate buffer. Both 

substances were found in the dissolution medium at concentrations above 75% in 45 min., that suggests close 

pharmacokinetic profiles.  
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Since the discovery of penicillin many decades ago, multiple species of bacteria have responded to the use of 

antimicrobial agents with their ability to develop and transmit antimicrobial resistance, becoming a threat to 

human and animal health. Glycopeptides such as vancomycin or teicoplanin are among the most frequently 

used antibiotics for the treatment of severe infections like endocarditis, pneumonia and meningitis caused by 

antibiotic-resistant Gram-positive pathogens, particularly methicillin-resistant Staphylococcus aureus 

(MRSA) or enterococci. As bacterial resistance is a more and more potent global healthcare issue, antibiotic 

monitoring is highly required [1]. 

Aptamers are short nucleic acid strands capable of selectively interacting with the target molecule similarly to 

the antigen-antibody interaction but come with the advantages of having superior stability to antibodies and 

can be artificially selected in the laboratory through a process called systematic evolution of ligands by 

exponential enrichment (SELEX). In the recent years, with the continuous development of the SELEX 

technology, magnetic beads have become more and more used in the selection process. Having good 

dispersion properties, uniform particle size distribution and the ability to respond quickly to the applied 

magnetic field they make the separation process between target and sequences fast and effective. After the 

selection and characterization steps, the selected aptamer can be incorporated into different electrochemical 

sensors for fast and specific detection and monitoring of different analytes [2]. 

Our current progress in the selection of a vancomycin specific new aptamer via magnetic beads-based SELEX 

technology is presented in this poster. The selected aptamer will be further incorporated into an 

electrochemical sensor for the detection of vancomycin from different biological and environmental samples. 

[1] F. Lebreton, V. Cattoir, Resistance to Glycopeptide Antibiotics, in: Bact. Resist. to Antibiot. From Mol. to 

Man, John Wiley & Sons, Ltd, 2019: pp. 51–80. https://doi.org/10.1002/9781119593522.CH3. 

[2] G. Ștefan, O. Hosu, K. De Wael, M.J. Lobo-Castañón, C. Cristea, Aptamers in biomedicine: Selection 

strategies and recent advances, Electrochim. Acta. 376 (2021) 137994. 

https://doi.org/10.1016/j.electacta.2021.137994. 
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It is important to determinate perchlorate in food because as a contaminant, perchlorate can have significant 

impact on human health [1], because it hinders the production of hormones by thyroid simply by blocking the 

iodine uptake route [2]. Method US EPA (314.0) [3] have been set as reference method for determination of 

perchlorate, however, among routinely applied analytical techniques used for perchlorate determination are 

spectrophotometry, ion chromatography, mass spectrometry and capillary electrophoresis (CE) [4]. CE is an 

analytical separation technique with attributes such as low reagent consumption, high separation efficiency, 

easy automation and low running costs. Thanks to column coupling technology, combination of 

isotachophoresis (ITP) and zone electrophoresis (CZE) can be utilized for perchlorate determination. ITP’s 

large sample loading capacity, ability to eliminate interferents and its high concentrating power in combination 

with high efficiency and short analysis time of CZE make cITP-CZE suitable for analysis of complex samples 

in general [5]. 

The aim of this work was to develop fast and sensitive cITP-CZE method for the determination perchlorate in 

radish samples. Separations were performed in a fully automated separation system working in column 

coupling configuration which allows on-line combination of these two techniques. Perchlorate in radish 

samples was identified and quantified using standard addition method. Addition of polyvinylpyrrolidone into 

leading electrolyte in ITP step assured separation of perchlorate from other anions, especially anionic 

macroconstituents, while α-cyclodextrine was used to resolve perchlorate from anionic impurities originating 

from electrolytes and from thiocyanates naturally present in radishes. 

The linear range of the method was from 5 to 800 nmol/L (R2 value based on peak area equal to 0.9995). 

Optimized method showed very good repeatability of both migration times and peak areas, RSD calculated 

from results of eight times repeated analysis of radish sample at 3 concentration levels were less than 2%. The 

estimated limit of detection (LOD) for the presented method was less than 5 nmol/L with good repeatability 

of results. This method shows good selectivity and precision while maintaining high sensitivity and sample 

throughput around 100 samples per day. 

  

[1]        Smith, P. N., Theodorakis, C. W., Anderson, T. A., Kendall, R. J., Ecotoxicology 2001, 10, 305-313. 

[2]     McLanahan, E. D., Andersen, M. E., Campbell, J. L., Fisher, J. W., Environmental Health Perspectives 

2009, 117, 731-738. 

[3]     Wagner, H. P., Pepich, B. V., Pohl, C., Later, D., Joyce, R., Srinivasan, K., Thomas, D., Woodruff, A., 

DeBorba, B., Munch, D. J., J. Chromatogr. A 2006, 1118, 85-93. 

[4]     Urbansky, E. T., Critical Reviews in Analytical Chemistry 2000, 30, 311-343. 

[5]     Dankova, M., Kaniansky, D., Fanali, S., Ivanyi, F., J. Chromatogr. A 1999, 838, 31-43. 
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 Hepatocellular carcinoma (HCC) is the most common type of liver cancer and is ranked among the first five 

causes of cancer-related mortality worldwide. Sorafenib, the drug of choice for advanced-stage HCC has 

certain limitations that can be overcome by its encapsulation into nano-carriers for targeted drug delivery. To 

increase the selectivity of nano-carriers towards tumors, they can be functionalized with cancer cell-specific 

aptamers. 

In this work, two types of magnetic nano-carriers were used, namely: azelaic acid-functionalized magnetic 

nanoparticles (MNP) and poly tartaric acid-functionalized magnetic nanoclusters (MNC). The carboxyl groups 

on the surface of the magnetic nano-carriers were activated for one hour using NHS/EDC coupling and the 

activated nano-carriers were incubated with the amino-terminated HepG2 cell-specific aptamer, TLS11a. 

Aptamer functionalization was confirmed by spectroscopic and electrochemical techniques (UV-Vis 

spectrophotometry, Raman spectroscopy and electrochemical impedance spectroscopy). 

The aptamer-modified magnetic carriers were then loaded with sorafenib and this step was confirmed by UV-

Vis spectrophotometry and Raman spectroscopy. The amount of sorafenib released over time from the 

modified carries was also quantified by UV-Vis spectrophotometry. 

In order to develop a faster and simpler strategy for sorafenib quantification for loading and release studies, 

an electrochemical method for the detection of sorafenib was developed. The electrochemical behavior of 

sorafenib was analyzed using cyclic voltammetry on different types of electrodes and the best surface was 

chosen. Scan rate and pH influence were also studied to identify the optimal detection conditions. 

[1] F.H. Kong, Q.F. Ye, X.Y. Miao, X. Liu, S.Q. Huang, L. Xiong, Y. Wen, Z.J. Zhang. Current status of 

sorafenib nanoparticle delivery systems in the treatment of hepatocellular carcinoma. Theranostics, 11 (11) 

(2021) 5464–90. 
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Cytostatic compounds are pharmaceutics, which are designed to stop cell division or to kill cells. Due to their 

mechanism, they are often classified as mutagenic, carcinogenic and or toxic to reproductive systems. 

However, they effect all cells, not only cancer cells [1]. This may cause side effects at even low concentrations 

during prolonged exposure [2]. Therefore, several papers described determination of cytostatic compounds in 

environmental samples, mostly in aqueous samples. Some studies also suggest that cytostatic compounds may 

be adsorbed within sludge or sediment [3]. 

For this, the aim of our work was to develop an analytical methodology based on microwave assisted extraction 

coupled with ultra-high-performance chromatography with tandem spectrometry detection (MAE-UHPLC-

MS/MS). Microwave-assisted extraction was used for its capability of rapid extraction of micropollutants from 

solid matrix using small amounts of samples and solvent volume [4]. 

The optimization of extraction was performed through an experimental design using Minitab 17.1.0. All the 

assays were established by a randomized experimental design 25 (five parameters at two levels) and then 32 

(two parameters at three levels), which allowed study of contribution of each variable individually and relation 

among variables. The extraction efficiency was analyzed, and condition favoring the extraction of the greatest 

number of analytes were chosen [4]. 

Optimized method was used for analysis of real samples of sewage sludge acquired from main wastewater 

treatment plant and sediment obtained close to the marine outfalls from different wastewater treatment plants. 

These samples were acquired every three months for two years [4].      

[1] R. Kovács, Z. Csenki, K. Bakos, B. Urbányi, Á. Horváth, V. Garaj-Vrhovac, G. Gajski, M. Gerić, N. 

Negreira, M. L. de Alda, D. Barceló, E. Heath, T. Kosjek, B. Žegura, M. Novak, I. Zajc, Š. Baebler, A. Rotter, 

M. Filipič, Water Research 77 (2015) 201. 

[2] M. Borgatta, P. Waridel, L. A. Descosferd, T. Bruclin, N. Chevre, Science of the total environment 545 

(2016) 21. 

[3] J. P. Besse, J. F. Latour, J. Garric, Environmental International 39 (2012) 73. 

[4] S. Santana-Viera, J. Tuček, M. E. Torres-Padrón, Z. Sosa-Ferrera, J. J. Santana-Rodriguez, R. Halko, Anal. 

Bioanal. Chem. 412 (2020) 3639. 
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Microchip isotachophoresis (µITP) is an electrophoretic technique characterized by high separation capacity 

and concentration power. µITP is implemented by two electrolytes, the leading electrolyte and the terminating 

electrolyte, and the sample is introduced between them. After reaching an ITP steady-state, analytes with 

different effective mobilities will form discrete zones with sharp boundaries between them [1]. However, due 

to miniaturization, the separation capacity and detection sensitivity of microchip electrophoretic techniques 

are limited. Therefore, it is necessary to use a selective detection technique when analyzing complex samples. 

Ion mobility spectrometry (IMS) is based on a similar separation principle as electrophoretic techniques, but 

the biggest difference is type of the phase in which the separation is performed [2]. To perform the µITP-IMS 

analysis, it is necessary to transfer the separated components from the first dimension (µITP, liquid phase) to 

the second dimension (IMS, gaseous phase), which is done by implementing an auxiliary liquid to the 

microchip using an external syringe pump. To ensure minimal dispersion during the transfer of the separated 

components between the two dimensions, the auxiliary liquid was introduced in the opposite direction to the 

electrophoretic movement of the separated components on the microchip. An evaporation unit was used as an 

interface between the µITP analyzer and the IMS analyzer. 

The potential of the developed µITP-IMS method was shown in the analysis of carboxylic acids from the 

homologous series C1-C6 (formic, acetic, propionic, butyric, valeric and caproic acid). For each of the 

carboxylic acids studied, several analytical parameters of the µITP-IMS method were evaluated, including 

sensitivity, linearity, accuracy, and precision. The practical applicability of the µITP-IMS method was 

demonstrated in the analysis of food (apple vinegar, fish sauce, wine), biological (saliva) and pharmaceutical 

(ear drops) samples. Based on the values of reduced ion mobility (K0), used as a qualitative parameter, the 

presence of acetic acid was confirmed in all analyzed samples, while propionic acid was also identified in the 

saliva sample. Due to the potential matrix effects, the presence of carboxylic acids in the analyzed samples 

was also verified using a standard addition method. The K0 values in the real samples did not significantly 

differ from those measured in the model sample. Hyphenation of µITP with IMS into a two-dimensional 

system contributes to improving the identification potential of µITP and the resolving power of IMS. 

This work was supported by the Slovak Research and Development Agency (APVV-17-0318), the Slovak Grant 

Agency for Science (VEGA 1/0116/22) and Grant of Comenius University (UK/66/2022). 
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Vinegar production has ancient roots, including several substrates as raw materials, numerous manufacturing 

methods, and an end product with innumerable beneficial properties. Two well-known processes are used for 

biotechnological production. Using the traditional method, the acetic acid bacteria (AAB) grow and develop 

on the surface of the liquid. Still, the result is a complex and high-quality product. In the case of the submerged 

vinegar production, the AAB are cultured in the medium with constant oxygen addition, which gives relatively 

fast fermentation (24-48h). 

We used wild apple vinegar as inoculum in submerged fermentation in our experiment. The fermentation was 

conducted using apple wine as substrate in a bioreactor set-up with continuous oxygen addition. The 

temperature was set to 30°C, and continuous stirring was applied with 0,3-0,5 L/min flow to reach a 1-3 ppm 

dissolved oxygen rate. 

The acetic acid bacteria of the traditional inoculants used were isolated and phenotyped. The most abundant 

strains were identified using Maldi-TOF and metabolic changes during fermentation were monitored using 

HPLC techniques. 
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Polycyclic aromatic hydrocarbons (PAHs) –a large group of different organic compounds-can be extremely 

hazardous to human health due to their carcinogenicity and toxicity. PAHs are present in the environment as 

products of incomplete combustion processes of organic compounds. The general population is exposed to 

PAHs through diet, air inhalation and/or dermal contacts (1). Following mothers’ exposure, a part of PAHs 

might be transferred into breast milk and PAH exposure may results in adverse effects in breastfeeding infants 

(2).The aim of this study was to determine PAH content in 28 breast milk samples obtained from Hungarian 

volunteering mothers using high-performance liquid chromatography with fluorescence detection 

(HPLC/FLD). 

The sample preparation includes liquid-liquid extraction of 5 ml mother milk with of 65:35 acetonitrile/water 

ratio followed by clean up and concentration step with solid phase extraction (SPE). 14 US EPA PAHs (United 

States, Environmental Protection Agency) were determined by HPLC/FLD. The method was validated using 

parameters such as linearity, limit of detection (LOD), limit of quantification (LOQ), accuracy and 

reproducibility.The concentration of total PAHs was calculated on each breast milk sample, and toxicity was 

assessed using toxic equivalent quantity (TEQ). All 28 breast milk samples were positive for at least 6 PAHs. 

Benzo (a) Anthracene were the most frequently detected PAHs in the samples, followed by Phenanthreneand 

Fluorene. Benzo[a]pyrene and Chrysene were the least detected. Dibenzo (a,h) anthracene and Benzo(g,h,i) 

perylene were not detected in the analyzed samples. 

The developed method provides a fast and sensitive tool to detect PAHs in human breast milk. 

[3] Acharya N, Gautam B, Subbiah S, Rogge M, Anderson T, Gao W: Polycyclic aromatic hydrocarbons in 

breastmilk of obese vs normal women: Infant exposure and risk assessment. Science of the Total 

Environment.2019; 668: 658-667. 

[4] Arzayus K, Dickhut R, Canuel E: Fate of atmospherically deposited polycyclic aromatic 

hydrocarbons(PAHs) in Chesapeake Bay. Environ. Sci. Technol. 2001; 35: 2178-2183. 

[5] EFSA2008 Polycyclic aromatic hydrocarbons in food. Scientific opinion of the panel on contaminants in 

the food EFSA J.2008; 724: 1-114. 
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Nowadays, consumers are increasingly looking for alternatives to cow’s milk. The 

development of functional and specialty beverage products is gaining ground around the world, driven by 

cow's milk allergies, lactose intolerance, calorie concerns, high cholesterol levels and the need to follow a 

vegan diet. 

Thus, the application and further development of low-sampling, rapid, efficient and automated analytical 

methods is essential for the qualitative and quantitative analysis of proteincomponents in plant-based milk 

replacer beverages. 

In our study, we used one of the state-of-the-art separation techniques, the microchip gel electrophoresis with 

High Sensitivity Protein 250 kit, to analyze the protein profile and total protein content of a big range of plant-

based milk beverages (22 rice, 20 oat, 15 soy, 15 almond, 13 coconut, 4 cashew, 4 spelt, 1 quinoa, 1 buckwheat, 

1 Brasil nut, 1 chickpea, 1 millet, 1 brown rice, 1 peanut and 1 hemp). We compared not only the same plant-

based drinks from different manufacturers, but different expiry dates from the same manufacturer, too. We 

compared the obtained total protein concentration with the nominal concentration values. The analyses and 

statistical evaluation showed that the protein content of the same vegetable beverages from different 

manufacturers did not differ significantly. In contrast, the protein profiles of different plant-based drinks of 

different origins differ significantly. 

Greater emphasis should be placed on the composition of plant-based beverages consumed as a substitute for 

cow's milk, not only in terms of protein but also in other macro- and micronutrients, to meet the requirements 

of a quality, health-conscious diet. 
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