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Materials and Methods
The experimental work was carried out at the Department of Information Technology,
Mathematics and Physics of Moscow State Academy of Veterinary Medicine and
Biotechnology. The purpose of our research was to examine the possibility of a combined
effect of cytostatic drugs and physiotherapy on living proliferating cells. As the test objects
the representatives of unicellular organisms, photobacteria, were selected,
i. m. – the culture of marine luminescent halotolerant bacteria Aliivibrio fischeri 6.
All samples were sonicated under identical conditions (oscillator square, cooling fluid,
circulative rate). The blood sonication was carried out in a temperature-controlled cuvette.
Its walls were made of US conductive plastic. A coolant, distilled water, circulated
continuously (so-called "flow-through cooling").
As inoculum it was used cell cultures grown to stationary phase of growth in optimal
conditions at 20°C in the same medium in flasks on a shaker. The intensity of crop growth
was assessed by optical density slurries using a calorimeter KFK–2MP at 590 nm or 555 nm
when FEKM.

A.fischeri culture
medium
composition
(g/l): peptone – 10, yeast
extract – 1, NaCl – 30,
Na2HPO4 – 5.3, KH2PO4 –
2.1, (NH4)2SO4 – 0.5,
MgSO4 × 7H2O – 0.1,
glycerin – 3 ml; pH 7.4.

Methods of sonication
Cells were exposed for 3–5 min to
ultrasound (US) intensity ISATA
from 0.05 to 1.5 W/cm2 with
carrier frequency 0.88 MHz using
the US therapeutic apparatus
UST–5.
The aim of the work was to reveal
the specific influence on the cell
cultures of continuous ultrasonic
waves of low therapeutic
intensities combined with the
xenobiotics.

US effects on cells (control and after the US
exposure) were observed under a light
microscope (immersion, transmitted light
microscope «LOMO», optical objective–
100x/1.25; ocular lens– 10x/18).
Bioluminescence of the cells was measured
in special cuvettes at room temperature and
a fixed exposure time of 10 min (the
temperature of the incubation mixture was
22°C) by the luminometer consisting from a
photomultiplier
FEU-85
and
a
microvoltmeter B2- 15.

RESULTS
It was found that the intensity of bioluminescence in growing control
cells depends on the population density. The maximum intensity of
luminescence is characterized by state of the population of growing
A. fischeri cells, called «quorum sensing». The emission was absent at
low concentrations of cells (optical density = 0.2–0.3), and sharply
increased and reached a maximum after 20 hours when the
population reached its critical density (OD = 2). Cell synthesized
autoinductor of luminescence (acyl-derivate of L-homoserine, N-3oksogeksanoillakton) diffused freely across cell membranes. It was
involved in cell communication via the «quorum sensing» system and
it was the main factor affecting the expression of the A. fischeri luxgenes.

We obtained detailed characteristics and analyzed the separate and combined effects of
cytostatic doxorubicin and physical factor on the culture of marine luminescent bacteria
Aliivibrio fischeri 6. The experimental results showed that low-intensity ultrasound (0.05–
0.1 W/cm2, the exposure time of 1–3 minutes), did not effect on the growth and
development of the bacterial culture, but lowered the intensity of the sonicated cells’
luminescence. Probably it has not been reached the state of “quorum sensing”. However,
the emission intensity quickly restored after the ultrasonic termination. The intensity
increase from 0.1 to 0.2 W/cm2 caused the intensification of luminescence which gradually
reached the reference value. Exposure to US intensity of 0.4 W/cm2 stimulated the
bioluminescence and the growth rate of A. fischeri. In the range between 0.4 and
0.6 W/cm2 visible bacterial luminescence changes weren’t observed. It is obvious that
under these intensities suppression and stimulation of bioluminescence effects are equal.
US intensities, greater than 0.6 W/cm2, irreversible inhibition of bioluminescence was
observed. The number of viable cells progressively reduced. The US intensity when
bioluminescence suppression starts, coincides with the thresholds of cavitation in the
slurry, which was confirmed by experiments on the generation of ultrasonic cavitation
emission in free from bacterial cells media under intensities greater than 0.6 W/cm2

The dependence of the luminescence
intensity (I, r.u.) on the intensity of the US

Doxorubicin, as we expected, suppressed the development and function of luminescence of
bacterial cells. The optimal concentration of the drug was determined experimentally and
was amounted to 0.8 mg per 1 ml of medium. The change in optical density during the period
of cell growth of A. fischeri cell culture after combined and separate application of ultrasound
intensity of 0.4 W/cm2 and doxorubicin is shown in the figure.

Change in the intensity of bioluminescence of A. fischeri culture cells during the period of cell
growth after combined and separate application of ultrasound intensity of 0.4 W/cm2 and
doxorubicin at an optimal concentration of 0.8 mg/ml.

During the 28 hour-incubation with doxorubicin the cytostatic
effect on photobacteria (which have the diaxic type of growth) was
registrated in the lag- and exponential phases. That is, in the phase
of preferential and most accelerated synthesis of ribonucleic acid
(the initial phase) and at a stage when the size of cells and the
protein content in them remained constant (logarithmic phase). In
addition, after processing the culture with xenobiotic alone, and
also combined with ultrasound, no diaxia — the presence of two
initial phases — was recorded in the growth curves. That indirectly
indicates a decrease or incomplete consumption of the substrate,
as well as a predominance of catabolism over anabolism.

Conclusion
In brief, we can point out some terms.
1. The combined use of US and doxorubicin irreversibly suppressed cell division and cell
emission activity.
2. Ultrasound enhances the suppressor effect of the antibacterial drug on the cell; slows its
growth, causes a sharp reduction in the number of viable cells, a decrease in the intensity of
luminescence.
3. Ultrasound allows us to reduce the dose of the introduced drug substance strengthening the
effect causing inhibition of metabolic processes and cell division.
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