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Projects

Innovative two-dimensional nanomaterials
for photo-thermal therapy of melanoma
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Figure 1.1 Overview of project research concept
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Novel copper-loaded wound healing patches with advanced
regeneration capacity and antibacterial effect

Implementation of 2D bi-layered nano-membranes for guided
tissue regeneration in endo-perio lesions and periimplantitis
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Research facilities and methods
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Fundamental biocompatibility
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Fundamental biocompatibility

2 100

z’. 80

1000 nm £ o

'g 40—

Z_J‘; 20

0_.

Fr180 Fr600 Fr1000 Fr3000
Bo [be625 @H25 W50 upg/mi
600 nm
3000 nm

180 nm

UNIVERSITY
OF LATVIA
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Photo-thermal therapy
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Targeted PTT
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Targeted PTT
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Ta I‘geted PTT CEACAM/1-positive cells
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Targeted PTT

CEACAMI1-negative cells CEACAM1-positive cells
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Antibacterial applications of MXenes
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Antibacterial applications of MXenes
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Antibacterial applications of MXenes
NIR laser ablation

HDF Viability Assay E.coli Viability Assay
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Electroconductive Scaffolds for Cardiac Tissue Engineering

Solution
reservoir

High voltage ~—Emitter

Collector /

Dip coating
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Electroconductive Scaffolds for Cardiac Tissue Engineering
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Electroconductive Scaffolds for Cardiac Tissue Engineering

Measured resistance

PCL-MX3-PL+ . PCL-MX3-PL- °
PCL-MX2-PL A PCL-MX2-PL- —e—
PCL-MX1-PL PCL-MX1-PL- —
PCL-MX3{ +—e— PCL-MX3 —e—i
POLE PCL-MX2- .
it PCL-MX1- —e—i
40 0 10 20 30 40 50

-200 0 200 400 600 800

Roslgtanes [ka] Conductivity [mS/m]

Fibers orientation

Randomly oriented Aligned

Conduction velocities for different parts of the heart:

1.
2.
3.
4.
5.

Sinoatrial (SA) Node: Around 0.05 - 0.1 mS/m.

Atria: Approximately 0.3 - 1 mS/m.

Atrioventricular (AV) Node: Around 0.02 - 0.05 mS/m.
Bundle of His: Approximately 1 - 1.5 mS/m.

Purkinje Fibers: Roughly 2 - 4 mS/m

>

PCL13_5 AL D63 20 um PCL13_9 AL D63 20 um

L5 UNIVERSITY
' 4y OF LATVIA




Electroconductive Scaffolds for Cardiac Tissue Engineering

Perspectives

Implantable antennas

Resazurin reduction, %
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AgNPs properties

Resistance profiles of isolated microorganisms

Strain Profile of strains sensetivity to antibiotics
Amo  Imi Van Gat Cep Cet Ami Azi

E.faecium R R S S R S S R
S.aureus R R R S R R R R
K. pneumoniae R S - R R R S R
A.baumannii R R - S R R S R
P.aeruginosa R S - R R R R S
Enterobacter spp. R R - - R S S R

R- resistant, S — sensitive, Amo — amoxicillin, Imi — imipenem, Van — vancomycin, Gat- gatifloxacin,
Cep - cefepime, Cet — cefotaximum, Ami — amikacin, Azi — azithromycin.

Minimum inhibitory concentration of AgNPs The anti-adhesion activity of AgNPs
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AgNPs properties

The influence of
AgNPs on the
structure of
mature biofilms
formed by
ESKAPE
pathogens
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CuNPs applications

30 umy”

PLA/Ch

Scanning elecrone microscopy of as-spun PLA and PLA/Ch fibers
(A) and after CuNPs deposition (B) with SEM images and EDX of

CuNPs

E.coli

Dynamic of bacterial growth after the incubation of different
electrospun membranes

PLA-CuNPs 4

PLA/Ch-CuNPs

C) S. aureus
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1234567 9111315171921
Day of the experiment

a = < i —
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Dinamic of wound size in the laboratory animals with different treatments from day 1
to day 21 of the experiment

E.coli B) P. aeruginosa C) S. aureus
10 10 10
8 8
o 8 5 -+ PLA-nanofiber
6 = 6 = 6 + PLA/Ch-nanofiber
=5 S5 * PLA/Ch-CuNPs
N & ” ‘u). 4 = PLA-CuNPs
2 2 2
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Day of the experiment Day of the experiment Day of the experiment

Microbiological composition of the wound at different time points of the experiment
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CuNPs applications

H&E and immunohistochemical staining of the skin samples from the experimental group in 3, 14 and 21 days after
treatment
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Plans for 2025
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