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Main research results, 2024



Fundamental biocompatibility

B16F10 mouse melanoma cells loaded with Ti3C2Tx MXene 

Сells biocompatibility after MXene exposure (24 h)
Agarose gel 
electrophoresis of the 
chromosomal DNA 



Fundamental biocompatibility

3000 nm

1000 nm

600 nm
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Fundamental biocompatibility



Photo-thermal therapy



Targeted PTT



Targeted PTT

(a) TEM images, 
(b) EDX mapping 
analysis, (c) AFM 
image, (d) SEM 
images and EDX  

(a) XPS C core-level 
spectra, (b) Raman 
spectroscopy 
analysis, (c) 
Absorbance UV-Vis 
spectroscopy 



Targeted PTT

Biocompatibility

Specificity and 
cross-reactivity

CEACAM1-positive cells

CEACAM1-negative cells



Targeted PTT
CEACAM1-negative cells CEACAM1-positive cells



Antibacterial applications of MXenes

Average temperature after laser exposure 

at different time points



Antibacterial applications of MXenes

3D as-spun matrix Electospun matrix 
loaded with MXenes

Ti3C2 MXene in solution 



Antibacterial applications of MXenes
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Electroconductive Scaffolds for Cardiac Tissue Engineering



SEM with pore and fiber diameter distribution EDS mapping

EDS crossection (Ti distribution) 3D reconstruction of surface morphology

Electroconductive Scaffolds for Cardiac Tissue Engineering



Conduction velocities for different parts of the heart:

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

2. Atria: Approximately 0.3 - 1 mS/m.

3. Atrioventricular (AV) Node: Around 0.02 - 0.05 mS/m.

4. Bundle of His: Approximately 1 - 1.5 mS/m.

5. Purkinje Fibers: Roughly 2 - 4 mS/m

Measured resistance

Randomly oriented Aligned

Fibers orientation

Electroconductive Scaffolds for Cardiac Tissue Engineering



Electroconductive Scaffolds for Cardiac Tissue Engineering

Perspectives



AgNPs properties

Resistance profiles of isolated microorganisms 

E.
fa
ec
iu
m

S.
au
re
us

K.
pn
eu
m
on
iae

A
.ba
um
an
ni
i

P.
ae
ru
gi
no
sa

En
te
ro
ba
ct
er

 sp
p.

0

10

20

30

M
in

im
u

m
 i

n
h

ib
it

o
ry

 c
o

n
ce

n
tr

at
io

n
 (
μ

g
/m

L
)

Ag NPs-1

Ag NPs-2
≤0.0001 ≤0.0001

≤0.0001 ≤0.0001 ≤0.0001

≤0.0001

E.
fa
ec
iu
m

S.
au
re
us

K.
pn
eu
m
on
ia
e

A
.b
au
m
an
ni
i

P.
ae
ru
gi
no
sa

En
te
ro
ba
ct
er

 sp
p.

0

50

100

150

R
em

a
in

in
g

 b
io

fi
lm

 m
a
ss

 (
%

)

Ag NPs-1

Ag NPs-2

0.0217

ns

<0.0001

<0.0001
ns

ns

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



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

AgNPs properties



CuNPs applications

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

Dynamic of bacterial growth after the incubation of different 
electrospun membranes 

Dinamic of wound size in the laboratory animals with different treatments from day 1 
to day 21 of the experiment 

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



CuNPs applications

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



Plans for 2025

• IPSc culturing
• Microfluidic in cell culture 

and bacteriology
• Organ-on-chip technology
• Cell-based bioprinting
• New analytical methods 

for cell culture
• Advanced electrospinning

• BioPhot project

• M-Era.Net

• Horizon Europe (ERC Synergy, 
Twinning, etc.)

• LZP

• Etc.

Dissemination 
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