
ABSTRACT.  
According to the latest world statistics, only every third woman between the age of 15 and 45 
has a chance to survive the period of five years as she is diagnosed with metastatic breast 
cancer. In addition, statistics show that the incidence of breast cancer increases steadily. 
Despite continuous research and constant progress in understanding the mechanisms of 
neoplastic processes, this not solely female problem is still a serious diagnostic and 
therapeutic challenge.  
For many years, systematic research has been conducted aimed at improving the efficiency 
and therefore the effectiveness of the treatment used. Huge therapeutic difficulties are 
caused due to the fact that often the neoplastic cells constituting the tumor structure are not 
completely passive to attempts to inhibit their life processes. Chemoresistance, processes of 
vascular development or the tendency to increased cell proliferation is a common response 
to treatment regimens. It is clear that, among many clinical problems, improving the ability to 
efficiently deliver a drug through the membrane into the cell interior is an action that meets 
the present needs.  
The idea of a therapy based on the controlled destruction of nanobubbles containing 
therapeutic preparations in the environment of neoplastic cells has its source in an in-depth 
analysis of biophysical processes resulting from the propagation of the ultrasound wave. The 
main element here is the phenomenon of cavitation with the accompanying formation and 
cracking with great force of gas microbubbles in the area of tissue fluids. The result of these 
sudden events are microfluidic flows occurring within the tissue affected by the wave. It has 
been shown that the effects of these processes lead to damage at the level of the cell 
membrane, i.e. the so-called sonoporation and damage to the vascular endothelium. These 
effects have enormous therapeutic potential on the structure of the tissue formed by cancer 
cells.  
Originally, experiments aimed at improving the delivery of various substances to inhibit the 
development of neoplastic disease were carried out using only the mentioned attributes of 
the ultrasound wave. On the other hand, the observations on the behavior of the contrast 
medium, which appeared as an additional tool for a more precise assessment of the flow of 
body fluids in the ultrasound examination, were the basis for the commencement of work on 
the subject of enhancing the effect of sonodynamic therapy. Initial attempts to directly use 
contrast agents in the presence of drugs and ultrasound evolved over time to the level of 
nanobubbles with embedded particles of medicinal preparations. Because of the 
encouraging literature reports, based on the latest biotechnological solutions, we have 
created functional spherical structures cooperating with the ultrasonic wave. Taking into 
account the limited penetration capacity of contrast agents with their average diameters in 
the range of 2–11 μm, resulting from a slightly different reason for their use, we tried to 
obtain structures with the smallest diameter as compared to microbubbles used in 
ultrasound.  
In the process of synthesis nanobubbles were formed with a diameter of 6 - 8 nm, which 
were filled with chemotherapeutic agent. At the level of the formation of micelles - structures 
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gemcitabine was introduced in three different therapeutic concentrations (5, 10 and 15 mg). 
The basis for the production of bubbles were the polymer systems contained in the Pluronic 
P-105 preparation. The final material prepared in the form of nano-bubbles containing 
gemcitabine was used in studies on the T47D breast cancer cell lines and MCF-10A non-
cancerous breast cells in the presence of an ultrasound wave with a frequency of 1 MHz, 
power 0.4 W / cm2 and DF factor equal to 50%.  
The results were assessed by analyzing the in vitro survival of T47D cancer cells and MCF-
10A non-cancerous breast cells. Additionally, for both cell lines by means of the ELISA 
sandwich test, the level of growth factors EGF, VEGFA, VEGFC and their receptors EGFR 
and VEGFR2 were analyzed.  
The applied scheme of enhancing the therapeutic effect brought measurable benefits in the 
form of a significant reduction in the level of cancer cell survival both compared to the control 
group and to the gemcitabine group. MCF-10A non-neoplastic cells showed a limited 
cytotoxicity effect in relation to neoplastic cells.  
The positive direction of changes was also characterized by the results of the level of growth 
factors and their receptors. The interaction of the tested therapeutic configurations showed a 
positive or neutral effect for MCF-10A non-cancer cells. However, in the case of neoplastic 
cells, a significant decrease in the level of EGF, VEGFA, VEGFC and EGFR was noted. 
Analyzing in detail the values of the markers observed in the study, attention is drawn to the 
high selectivity of the harmful effect of the analyzes carried out in terms of the type of cells. 
Increases in the level of most of the studied proteins and their receptors in MCF-10A cells 
with a simultaneous absolute decrease in their level in neoplastic cells should be considered 
a very positive prognosis. This general trend is only disturbed by the reported increase in the 
vascular endothelial growth factor receptor VEGFR2.  
The decrease in VEGF activity with the simultaneous increase in the level of the VEGFR2 
receptor may not be so important for the initiation of neovascularization processes. In similar 
human studies carried out by other authors, weakening of tumor perfusion, reduction of its 
dimensions and prolonged survival were observed.  

The obtained results indicate the great potential of this type of research, while at the same time 

outlining their further directions, possibly leading to clinical application. 

 


