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Physically crosslinked calcium phosphates containing
hydrogels
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The design of multifunctional hydrogels based on bioactive hyaluronic acid (HA) and antibacterial
e-poly-L-lysine (e-PL) is a promising tool for treating bone infections like osteomyelitis.
Electrostatic interactions between the negatively charged carboxyl groups of HA and the
positively charged amino groups of e-PL result in physically crosslinked injectable hydrogels,
eliminating the need for toxic crosslinking agents [[1],2].

In the current research, HA/e-PL hydrogels were modified with calcium phosphates -
hydroxyapatite (HAp, Ca/P molar ratio of 1.67) and calcium deficient hydroxyapatite (CDHAp,
Ca/P molar ratio of 1.5) to mimic the composition of the natural bone. Multiple compositions
were prepared (CaP:(HA/ e-PL) ratios 50:50, 60:40, 70:30) and characterized for their physico-
chemical, mechanical, rheological, and antimicrobial properties.

Obtained results showed that the lowest gel fraction value (indicating the degree of crosslinking)
was found for 50:50 CaP:(HA/e-PL) composite hydrogels (~86% for both HAp and CDHAp), while
60:40 CaP: (HA/ e-PL) exhibited the best mechanical properties, cross-linking and stability in cell
culture media. The 70:30 CaP:(HA/e-PL) composite hydrogels did not show antimicrobial
efficacy, whereas 60:40 CaP: (HA/ €-PL) had the best antimicrobial activity.

To determine the best hydrogel composition for future biomedical applications, further
exploration of their influence on cellular behaviour and tissue regeneration is needed.
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The Impact of ILIB rs1143634 and DEFBI rs11362
variants on Periodontitis Risk in Phenylketonuria and
Type 1 Diabetes Mellitus Patients in a Latvian Population
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Obijectives: Periodontitis is a multifactorial disease that affects approximately 11% of the global
population. The objective of this study was to examine whether, among individuals with
phenylketonuria and type 1 diabetes mellitus, those with the IL1B rs1143634 and/or DEFB1
rs11362 genetic variants exhibit a higher periodontitis risk compared to healthy controls.
Materials and methods: 43 phenylketonuria patients (aged 12-53), 28 type 1 diabetes mellitus
patients (aged 11-40), and 63 healthy controls (aged 12-53) were included. The evaluation of
periodontitis risk was conducted using the Silness-Loe plaque index, the Greene-Vermillion
index, and an assessment for the necessity of calculus removal. Genetic variants rs 71743634 and
rs11362 were genotyped from salivary samples using restriction length polymorphism analysis.
Results: The DEFB1 rs11362 variant was associated with higher Silness-Lée and Greene-
Vermillion index scores in phenylketonuria patients (p = 0.011 and p = 0.043, respectively). The
IL1B rs1143634 variant was associated with lower calculus removal necessity in type 1 diabetes
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mellitus patients (p = 0.030). Clinical examination showed the worst oral hygiene index scores for
PKU patients. PKU patients also reported the least consistent tooth brushing and flossing habits.
Conclusions: Genetic associations between DEFB1 rs11362 and IL1B rs1143634 variants and
oral hygiene indices were observed in the PKU and T1DM groups, suggesting that genetic factors
may contribute to periodontal health differences in these populations. Further research with a
larger sample size is needed to confirm these findings and develop targeted oral health
interventions.
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Evaluation of calcium phosphate biomaterials: Enhancing
the reliability of in vitro cytotoxicity analysis
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As highly effective and reliable materials, calcium phosphates have been heavily utilized and
investigated in the field of regenerative medicine. However, despite being highly biocompatible
and osteogenic they still exhibit inconsistencies in basic cytotoxicity evaluations. The generalized
approach, typically starting with cytocompatibility evaluation using the ISO 10993-5 standard as
areference (cell metabolic activity should exceed 70 % in extract tests) may not accurately reflect
the material's behaviour when in direct contact with cells.

To evaluate cytocompatibility dependence on various experimental setups and material-cell
interactions, amorphous calcium phosphate, a-tricalcium phosphate, hydroxyapatite, and
octacalcium phosphate were tested (0.1 mg/mL to 5 mg/mL) with core cell lines of bone
microenvironment: mesenchymal stem cells, osteoblast-like, and endothelial cells [1].
Physicochemical properties were analyzed both before and after contact with cells. Post-assay,
materials identified as ‘cytotoxic’ underwent further investigation using a modified Annexin-V
apoptosis assay to accurately determine cell death.

The obtained results showed that indirect cell-material contact following ISO standards had
satisfactory cell metabolic activities, but direct contact tests at physiological concentrations
revealed decreased metabolic activity and viability.

Obtained findings offer valuable guidelines for handling powder biomaterials, to better assess
their biological effectiveness and avoid false negatives generally linked with traditional ISO
standard approach.
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Genus Vaccinium Fruit Extracts as a source of
antioxidants: Quantitative Comparison Against Common
Polyphenols
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Bilberry extracts are highly valued for their health benefits, particularly their anti-inflammatory
and antioxidative properties, as well as their positive effects on vascular health and glucose
regulation. " They contain a range of phytochemicals, including phenolic acids, anthocyanins,
and flavanols.””? However, it is crucial to evaluate whether these beneficial properties are
consistent across all Vaccinium genus fruit extracts, including highbush blueberries. This study
aimed to compare the antioxidative properties of extracts from highbush blueberries and
bilberries, analyze their polyphenolic composition, and compare their antioxidant properties to
common polyphenol standards. The antioxidative activity was evaluated using the DPPH radical
scavenging assay, with IC50 values calculated for both extracts. The IC50 values for highbush
blueberry extracts ranged from 2.19 to 4.44 mg/mL, while bilberry extracts demonstrated lower
values of 0.52 to 0.84 mg/mL, indicating that bilberry extracts possess stronger antioxidative
activity. UHPLC-MS/MS analysis identified several phenolic acids, such as chlorogenic acid,
caffeic acid and more. Although the IC50 values for both highbush blueberry and bilberry extracts
were relatively higher than the polyphenol standards, which ranged from 11.2 to 88.9 pg/mL,
these fruits could serve as valuable sources of polyphenols for optimizing the use of natural
antioxidants in drug delivery.
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Development of doxorubicin/octacalcium phosphate drug
delivery systems
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Octacalcium phosphate (OCP) is an osteoconductive material that promotes bone regeneration
[1]. Its structure of interconnected apatite and water layers make it a promising candidate for drug
delivery (DDS). Doxorubicin (DOX), a common chemotherapy drug, is effective but heavily
associated with systemic toxicity. Doxorubicin/octacalcium phosphate (DOX-OCP) DDS could
offer an alternative option for osteosarcoma treatment.

In this study, a-tricalcium phosphate and 1-20 theoretical DOX wt% were synthesized in situ to
obtain DOX-OCP. DOX-OCPs physico-chemical properties were characterized by X-Ray
Diffraction (XRD) and Fourier Transform Infrared Spectroscopy (FTIR). To confirm whether DOX
was incorporated into the OCP during in situ synthesis or simply adsorbed onto the surface, OCP
was added to a DOX solution and stirred for 24 hours. Determination of DOX release kinetics from
both systems was performed with Ultraviolet-visible spectroscopy (UV-VIS).

The obtained results showed that >10 theoretical DOX wt% inhibited the formation of OCP phase.
The incorporation of DOX into OCP structure was evident from physico-chemical
characterization: XRD maxima at 4.7, 9.4, and 9.7 20° shifted to lower angles and FTIR
absorbance bands at 1111 and 464 cm™' became more pronounced. Moreover, the release
kinetics between the in situ synthesized DOX-OCPs and the adsorbed DOX-OCPs differed
substantially.
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A method for quantification of hormones and vitamins
using LC-MS.
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Hormones and vitamins are essential for organisms to function, so it is crucial in medical assays
to acquire their precise concentrations, usually from plasma, serum, and blood. Dried blood
spots (DBS) has emerged as a simple and minimally invasive method for blood collection. [1]
Liquid chromatography coupled with mass spectrometry is analytical method that is widely used
for quantitative and qualitative hormone and vitamin measurements. However, due to the
different chemical structures and properties of hormones and vitamins, it is challenging to
measure them using a single LC-MS analysis method. [2]

In this study, the goal was to develop a multi-analyte LC-MS/MS method for absolute
quantification of 20 crucial hormones and vitamins in DBS samples. The analysis was performed
on Agilent 1290 Infinity Il Liquid UHPLC system coupled to SCIEX 7500 Triple Quadrupole Mass
spectrometer. The separation was carried using ACQUITY UPLC HSS T3 (2.1x100 mm, 1.8 um)
column. The mobile phase consisted of A - water with 0.2 mM NH4 fluoride and B - MeOH with
0.2 mM NH4 fluoride, gradient elution was applied with the total analysis time of 10 min. The
developed LC-MS/MS method provides a fast and reliable analysis for 20 compounds in DBS
samples.
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Effect of PEGylation of IGF-1-containing Liposomes on
Gingival Mesenchymal Stem Cell Differentiation
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Liposomes have been used for drug delivery for many years, with membranes composed of
phospholipid bilayers surrounding an internal aqueous core [1]. Insulin-like growth factor-1 (IGF-
1) can be encapsulated into the aqueous core of liposomes, enabling sustained release.

Gingival mesenchymal stem cells (GMSCs) are non-hematopoietic adult stem cells capable of
osteogenic, chondrogenic, and adipogenic differentiation, making them ideal for treating various
pathologies [2]. This study aims to investigate how PEGylation of IGF-1-containing liposomes
affects GMSC differentiation for potential use in regenerative therapies, such as repairing small
bone defects.

To minimize liposome aggregation, PEGylation was performed using 1,2-distearoyl-sn-glycero-
3-PE/polyethylene glycol (DSPE-PEG) to modify the liposome surface [3]. Liposomes composed
of DSPC and DSPC with DSPE-PEG were synthesized via thin-film hydration, with IGF-1 added in
phosphate buffered saline (PBS) solution during the hydration process.

Dynamic light scattering (DLS) analysis revealed that DSPE-PEG had minimalimpact on liposome
size without IGF-1 (DSPC: 660 + 70 nm, PEGylated: 640 £ 120 nm). However, PEGylation
significantly reduced the size of IGF-1-loaded liposomes (DSPC: 1430 * 210 nm, PEGylated: 310
+20 nm).

Future experiments will assess the effect of PEGylation on IGF-1 release kinetics and GMSC
differentiation to optimize therapeutic potential.
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Alginate-based inks for 3D bioprinting
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Three-dimensional (3D) bioprinting is a promising approach in biomaterial technology. The 3D
building blocks are often hydrogel-based inks, which need to be printed into structures with high
resolution. Alginate is frequently used as a biocompatible hydrogel [1], but the low viscosity
makes it unsuitable for obtaining stable 3D structures. In this study, we observed how variations
in biopolymer concentration, additives, and printing parameters influenced the final product.

The printing precision was characterised using the spreading ratio and the deposition accuracy
of the inks. Three parallel lines were printed each time and the data for the calculations was
obtained with ImageJ software. All compositions contained alginate, gelatine and glycerin. The
printing tips used were conical and needle type, both 22G.

Obtained results showed that the optimal ink composition contained at least 3 w/v% alginate, in
combination with 10 w/w% gelatine and at least 25 w/w% glycerin. If the alginate concentration
was <10 w/v%, the print precision was higher with the needle tip, but if the concentration was =210
w/v%, the conical tip performed better. Optimal printing speed was 30-35 mm/s.

Evaluation of the compositional parameters laid the foundation for further research on addition
of other bioactive additives and cellular components.
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Sulfoxides at the Forefront: Enhancing Chemical
Processes and Biomedical Innovation
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Sulfoxides are increasingly recognized for their versatility across a wide range of scientific
applications due to their unique chemical and physical properties [1,2]. Sulfoxide derivatives
have demonstrated utility in asymmetric synthesis and catalysis, providing efficient routes for
producing chiral compounds in chemical processes [3]. The versatility of the sulfoxide group also
extends to environmental applications, including the design of new solvents and reagents with
reduced toxicity [4]. The polar nature of the sulfoxide group, coupled with its ability to form
hydrogen bonds, allows for enhanced solubility, stability, and biocompatibility and making them
ideal for constructing delivery systems that efficiently transport therapeutic nucleic acids, such
as DNA or RNA, into target cells [5]. Their ability to stabilize active compounds and modify
pharmacokinetics makes them valuable in the development of pharmaceuticals and prodrugs.
Sulfoxide-based materials can be engineered into polymers or nanoparticles, which offer
protective environments for nucleic acids, preventing degradation by nucleases and enhancing
cellular uptake [6]. The expanding influence of sulfoxides in gene therapy highlights their potential
to transform therapeutic delivery, paving the way for better clinical results in various biomedical
domains.
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Ultra-High Molecular Weight PEG-Based Polymers for
Enhanced Cancer Nanotherapy
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The application of nanomedicine in cancer therapy via the Enhanced Permeability and Retention
(EPR) effect has been widely explored for its potential drug delivery. However, significant
variability in the EPR effect across different cancer types and among individuals has limited its
therapeutic success. Bottleneck brush PEG-based polymers have demonstrated potential in
cancer therapy, but synthesizing Ultra-high Molecular Weight (UHMW) PEG-based polymers is
challenging, and controlling a defined molecular weight adds further complexity.[1, 2] To address
this, we synthesized a series of UHMW bottleneck brush PEG-based polymers, achieving
number-average molecular weights exceeding 1 million. Our synthetic approach ensures precise
control over molecular weight distribution, facilitating reproducible and uniform nanoparticle
formation. These polymers self-assemble into highly stable nanoparticles, exhibiting robust
resistance to opsonization and prolonged systemic circulation. Nanoparticles of different sizes
displayed considerable differences in tumor accumulation and retention. This study
demonstrates the crucial role of bottleneck brush PEG-based polymers in advancing EPR-based
cancer therapies by offering enhanced control over nanoparticle properties and improving the
predictability of therapeutic outcomes.
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