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Aim. To evaluate the effect of low-intensity broadband ultrasound (UMUS) and low-intensity
pulsed ultrasound (LIPUS) on B16 melanoma cells in vitro.

Methods. The research was conducted on B16 melanoma cells under two modes of low-intensity
ultrasonic sounding of cells, for which an SDG 2082 X Siglent generator (USA) with an ultrasonic
emitter diameter of 20 mm was used with a frequency for UMUS of 1-7 MHz, intensity of
30 mW /cm, pulse duration of 50 ps, and for LIPUS with a frequency of 1.5 MHz, intensity of
30 mW /cm, pulse duration of 200 pus. Both modes of cell sounding were carried out with threefold
irradiation, once a day after which the distribution of cells by cycle phases, the level of apoptosis and
proliferative activity was determined by the method of ductal cytofluorimetry.

Results. Under the influence of UMUS ultrasonic sounding, the inhibition of the proliferation of
melanoma cells by 1.6 times (P < 0.05), a 2-fold decrease in the content of aneuploid cells, compared
to the control, was found. However, cytostatic and proapoptotic effects were not recorded. Under the
influence of LIPUS sounding, an anti-proliferative effect, an increase in the content of dead and
apoptotic cells and a decrease in the DI-index compared to the corresponding control were found.

Conclusions. Under the action of low-intensity broadband ultrasound (UMUS) and low-intensity
pulsed ultrasound (LIPUS), a cytotoxic/cytostatic and pro-apoptotic effect and a decrease in the con-
tent of the aneuploid cell population were revealed.

Key words: low-intensity broadband ultrasound (UMUS), low-intensity pulsed ultrasound
(LIPUS), cytotoxic/cytostatic and pro-apoptotic effect, B16 melanoma cells.

Interest in the wuse of low-intensity tissue healing, stimulating angiogenesis and

ultrasound on biological objects has increased
significantly in recent years[1]. This treatment
is a promising therapeutic option because it
is non-invasive, there is no risk of infection
or tissue damage, and there are no adverse
reactions. Low-intensity ultrasound (LIPUS)
has many benefits, including promoting
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tissue regeneration, inhibiting inflammation
and relieving pain, and stimulating -cell
proliferation and differentiation [2, 3]. The
data available in the literature on the effect
of LIPUS on tumor cells are scarce [5], and in
relation to low-intensity broadband ultrasound
(UMUS) they are isolated [4]. However,
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the biological mechanisms of low-intensity
ultrasound remain to be fully elucidated, and
the side effects of using these methods for
wound healing can be a stimulating effect
on some forms of neoplasms, in particular
melanoma, which is an aggressive tumor
with a pronounced metastatic potential that
originates from skin melanocytes, and may
be sufficiently sensitive to the therapeutic
effects associated with ultrasound irradiation.
That is why, the purpose of this study was
to comparatively study the effect of UMUS
and LIPUS on the survival and proliferative
parameters of B16 melanoma in vitro.

Materials and Methods

The study used cultured cells of the B16
line (transplantable melanoma of outbred
white mice) [6, 7], obtained from the cell bank
of the R.E. Kavetsky Institute of Experimental
Pathology, Oncology and Radiobiology, NASU.
Cells were planted at a concentration of
15 thousand/well of a 24-well plate (Sardstedt,
Germany) in RPMI-1640 medium (Sigma, USA)
with 10% FBS (Sigma, USA) and 40 pg/ml
gentamicin (Ukraine) under conditions of 5%
CO,4, 37 °C and 100% humidity were cultivated
during an 18-hour adaptation period, the
medium was replaced with a fresh one and
3-fold irradiation was carried out once a day in
two modes (UMUS and LIPUS).

Methods of ultrasonic sounding

Exposure to ultrasonic waves was carried
out through the bottom of the tablets using
ultrasound gel Aqua Ultra Basic UBQ 5000
Ultragel (Hungary) as a contact medium in all
groups. Physical characteristics of ultrasonic
exposure by groups: group 1 — low-intensity
broadband ultrasound (UMUS), frequency 1-7
MHz, intensity — 30 MW, pulse duration —
50 ps, group 2 — low-intensity pulsed
ultrasound (LIPUS), frequency 1.5 MHz,
intensity — 30 MW, pulse duration — 200 ps.
Group 3 served as a control (without exposure
to cells). To excite the ultrasonic transducer,
an SDG 2082 X generator from Siglent was
used as a source of electrical signals. Ultra-
wideband conversion of generator signals
into ultrasonic vibrations in the frequency
range 1-7 a 15-mode piezoceramic transducer
with vibration mode overlap and polarization
normal to the radiating surface carried
out MHz. The transducer diameter is 20
mm with a maximum thickness of 3 mm.
After 3 days of irradiation, the cells were
removed mechanically from 5 parallel wells,

3 groups from each exposure option and the
corresponding control were combined, live and
dead cells were counted and cells were analyzed
by routine counting of the ratio of live and
dead cells and cytofluorimetric analysis.

Determination of cell concentration and
viability by counting cells in the Goryaev
chamber

Cells selected after cultivation were
thoroughly mixed, aliquots of 20 ul were taken
and 20 ul of 0.4% trypan blue dye solution
was added. After staining for 5 min, the cells
were thoroughly mixed and introduced with
an automatic pipette into a glass coverslipped
Goryaev chamber. Excess solution was
removed with filter paper. Cells were counted
under a x10 objective. The concentration of
live and dead cells was calculated according to
the following formula:

X = (ax4000xc)/b,
3

where X is the number of cells in 1 mm?; a —
the sum of cells counted in a certain volume of
the chamber; b — the number of small squares
counted; ¢ — dilution of the cell suspension.

Determination of the cell cycle and
apoptosis of cultured B16 melanoma cells

On the 5th day after the planting of
cells and 3-fold irradiation with two modes
(UMUS and LIPUS) of exposure to the
cells, cell-biological studies were carried
out. To determine the distribution of cells
by cycle phases, the level of apoptosis and
proliferative activity, the method of ductal
cytofluorimetry was used [8, 9]. At least
5x10° cells were used to prepare one sample.
Cells were pelleted by centrifugation at 1000 g
for 5 min. The supernatant was collected and
the cells were washed with physiological or
phosphate-buffered saline (PBS, pH 7.2).
Cells were resuspended in 200 ul of PBS,
300 ul of citrate buffer (pH 6.8) containing
0.1% Triton X-100 was added. After 1
minute, 10 pl of ribonuclease and 10 pl of
propidium iodide (Sigma, USA) were added
to stain DNA. Incubate for 10 min at 37 °C
in the dark and 30 min at room temperature.
It was centrifuged at 1000 g for 10 min and
the supernatant was removed. After that,
the cells were fixed by adding 400 nul of PBS
with 0.4% formalin and the DNA content in
the samples was analyzed. To determine the
number of cells in different phases of the cell
cycle, cytofluorimetric analysis was perfor-
med using a flow cytofluorimeter (Becton
Dickinson, USA) equipped with an argon laser
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(xexcitation = 488 nm, 7“emission = 585/40 nm)-
Samples were analyzed using the Mod Fit LT
3.0 program (BDIS, USA). The method of
determining the level of apoptosis is based
on the well-known fact that cells lose a part
of deoxyribonucleic acid (DNA) due to its
internucleosomal fragmentation in the process
of programmed cell death. At the same time,
with the help of flow cytometry, the percentage
of cells contained in the hypodiploid zone of
the histogram is determined (it appears in the
form of a fraction located to the left of the
main peak, which corresponds to diploid cells),
in which cells that lose DNA, that is, those that
have entered apoptosis.

Statistical analysis of the obtained
research results was performed using Python
3.9.3 software (including the Scipy = 1.13.1
package) and Microsoft Excel. The Student’s
t-test was used to assess the reliability of the
detected changes, the reliability of the values
was accepted at P < 0.05. The obtained results
are presented as M = m (mean value + standard
error of the mean) (Supplementary material _
stats_ vl Kysvmenko)

Results and Discussion

Ultrasonic sonication of B16 melanoma
cells was performed in two modes under strictly
controlled conditions with the sonication
source placed under the bottom of the wells of
a 24-well closed plate under laminar flow to
maintain the sterility of cultured cells during
the period of exposure to the cells. To maintain
identical control conditions, the cells were also
kept outside the CO, incubator for the duration
of sounding in the experimental samples. The
study of the biological characteristics of the
cells was carried out on the 5th day of the
general incubation of the cells and 3-fold once
a day sounding of the cells.

Survival of B16 melanoma cells of regimes
UMUS and LIPUS of “instrumental exposure”

According to the routine calculation of
the ratio of live and dead cells after the end of
the irradiation, the following was recorded:
under mode UMUS, a cytostatic effect on
melanoma cells was detected, which consisted
in inhibiting cell proliferation by 1.6 times
(P < 0.05), compared to the control (Fig. 1).
The LIPUS regimen had a somewhat lower
effect compared to the control, by 1.4 times
(P < 0.05), compared to the control, however,
the percentage of dead cells under this regimen
was 38.3% against the control, 24.3% for
the incubation period, which was 1.5 times
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greater than in the control (Fig. 2). As for the
UMUS regimen, a tendency to increase the
content of dead cells was noted, but due to the
large deviation in parallel measurements, no
significant difference was found against the
control.

That is, when using both modes of sounding
B16 melanoma cells, a somewhat higher
cytotoxic and commensurate antiproliferative
effect with UMUS was recorded for the LIPUS
mode. A pro-apoptotic effect was also revealed
for this regimen compared to the control
(Fig. 3).
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Fig. 1. The content of living cells (thousands) of
B16 melanoma under the influence of modes
UMUS and LIPUS of irradiation
* __ P <0.05, vs control

50+ *

The content of dead cells , %

Control UMUS LIPUS

Fig. 2. The percentage of dead B16 melanoma cells
under the effects of modes UMUS and LIPUS of
irradiation
* — P <0.05, vs control
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Fig. 3. The level of apoptotic B16 melanoma cells
under the influence of modes UMUS and LIPUS
of irradiation
* — P <0.05, vs control
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Fig. 4. The content of diploid and aneuploidy B16
melanoma cells the influence of modes UMUS and
LIPUS of irradiation
* — P <0.05, vs control

Table 1. The content of diploid and aneuploidy cells in the phases of the cell cycle

pop(ljl(lejtltion Diploid cells Aneuploidy cells

Cell cycle G0/G1 G2/M s G0/G1 G2/M S
phases
Control 80.9+16.8 4.5+4.5 14.6+12.3 51.9+2.6 17.4+1.4 30.7+1.3
UMUS 35.6+15.4%* 12.9+6.2 51.5+16.2% 37.3 £9.6%* 9.2+5.0 53.5+13.6%
LIPUS 54.8+23.1 27.9+14.6% 17.3+13.8 36.3+23.4 27.7+10.5 36.1+13.0

* — P <0.05, vs control.

It is known that B16 melanoma cells have
two subpopulations of cells — diploid and
aneuploid. Recently, great importance has
been attributed to aneuploidy as a cause of
genetic instability of neoplasia [10].

When cytofluorometric analyzing the ratio
of aneuploid and diploid cells in the control,
it was found to be approximately 3:1 (73.8%
and 26.2%, respectively), while under both
irradiation regimes an increase in the content
of diploid cells was found: a reliable increase
in the content of diploid cells under modes
UMUS — up to 52.3 % and unreliable in modes
LIPUS due to high deviation of 51.3+23.3%
(Fig. 4, Tabl. 1).

The distribution by phases of the cell cycle
for these subpopulations of cells, he following
was recorded: the content of both aneuploidy

and diploid cells in GO/G1l, compared to
the control, as well as in the phase of DNA
synthesis — S (Table 1) changes during mode
UMUS irradiation. Under mode LIPUS, the
content of diploid cells in G2/M increases
compared to the control.

Differences from the control mode LIPUS
were also recorded by the DNA index (DI) - the
ratio of the G1 aneuploid peak to the G1 diploid
peak (Fig. 5, 6).

DNA ploidy, which reflects the content of
DNA in the cell, is a well-known prognostic
marker and also forms a part of the WHO
2008 classification as a separate clinical and
prognostically distinct entity [11-14]. DNA
index (DI), which is associated with DNA
ploidy, is a reflection of the average amount
of DNA in the tumor cells. DI is calculated by
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Fig. 5. Typical histograms of the cell cycle and the level
of apoptotic cells of melanoma B16 under the influence of modes UMUS
and LIPUS of irradiation
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Fig. 6. DI index (ratio of G1 aneuploid peak to G1
diploid peak) cells of melanoma B16 under
the influence of modes UMUS and LIPUS

of irradiation
* — P <0.05, vs control.
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dividing the channel number of the G1 peak
of the tumor cell by the channel number of the
normal (diploid control) G1 peak. If the tumor
cells are diploid, the DI is 1, and if the cells are
aneuploid, the DI is greater or less than 1. For
example, tetraploid cells have a DI of 2 because
they contain twice as much DNA as normal
diploid cells. cells, and hypodiploid tumor cells
have DI < 1.

A decrease in DI in the two modes of
ultrasound sounding was found only in the
LIPUS mode compared to the control (Fig. 6).

A possible mechanism for the observed
changes in the state of B16 melanoma
cells under the influence of low-intensity
ultrasound may be mechanotransduction.
Mechanotransduction is a technique in which
cells respond to mechanical stimuli within
millisecond intervals necessary to propagate
signals into the nucleus [15], where they
are converted into autocrine, paracrine or
endocrine signals, which in turn trigger
local or endocrine signals, which maintain
homeostasis or control cell fate transfor-
mation [16].
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Conclusions

Thus, as a result of the study conducted
on cultured B16 melanoma cells under two
modes of cell irradiation, no stimulation
of cell growth was recorded, but on the
contrary, a cytotoxic/cytostatic and pro-
apoptotic effect and a decrease in the content
of the population of aneuploid cells, as the
main indicator of the progression of B16
melanoma cells, were revealed.
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Mema. OMiHUTH BIJINWB HU3BKO iHTEHCHUBHOTO IMUPOKOCMYyroBoro yiabTpasByKy (UMUS) Ta HU3BKO
iHTeHCUBHOrO iMIyabcHOTO yabTpa3ByKy (LIPUS) Ha KiitTuau menanomu B16 in vitro.

Mamepiaau ma memodu. [locaigxeHHA MPOBeAEHO HA KIiTMHAX MesaHoMu B16 mpu aBOX pesxmmax
HU3bKOIHTEHCUBHOTO YJIBTPAa3BYKOBOI'0 O3ByUYyBaHH KJIITHH, IJId YOTO BUKOPUCTOBYBaau reaeparop SDG
2082 X Siglent (CIITA) 3 miameTpoM yJabTpasByKoBOro BuipominioBaua 20 mm 3 uyacrtorowo gasa UMUS
1-7 MT'n, inrencuBnictio 30 MBt/cM, TpuBaiictio imoyascy 50 us, a gua LIPUS 3 gactotoio 1,5 MTI',
inTencuBHicTio 30 MBT/cM, TpuBadicTio iMmnyabcy 200 ps. O6uaBa pesKuMU 03BYUYBAHHA KJIITHUH IIPOBOAIN
TPUPAZOBUM OITPOMiHEHHAM, OJVH pa3 Ha 100y, IIicJIsa Yoro BU3HAYAJIM POSIIONLI KJIITHH 3a (hazaMu ITUKJITY,
piBHeM amonTody Ta IpoaiepaTUBHOI aKTUBHOCTL METOLOM IIPOTOKOBOI IUTOMIyOpPUMETPii.

Pesyavmamu. 3a BumuBy UMUS yibTpa3ByKOBOTO O3ByYYBaHHA BUABJIEHO IPUTHIUEeHHA mIposideparril
KJiTuH meaanomu B 1,6 pasu (P < 0,05), 1BopasoBe 3MeHIIIEHHA BMiCTY aHEYIJIOINHUX KJIITHUH, TOPiBHAHO
3 KoHTpoJsieM. OTHAK IIUTOCTATHYHOIO Ta IPOAIIOIITOTUYHOTO e(peKTiB He 3adikcoBano. 3a BuauBy LIPUS-
03BYY€HHSA BUABJIEHO aHTUNPOJIi(epaTuBHUHN eheKT, 30iabIIIeHHI BMIiCTY MEPTBUX Ta alONTUYHUX KJIITUH
Ta 3MeHIIeHHA DI-iHeKcy TOPiBHAHO 3 BiIOBiTHNM KOHTPOJIEM.

Buchosru. 3a nii Hu3bKO iHTEHCHUBHOTO IMHPoKocMyroBoro yabTpadByKy (UMUS), Ta HU3LKOiHTEH-
cuBHOTrO imMnyabcHOTO yabTPadByKy (LIPUS) BuABIEHO MUTOTOKCUYHUI/IIUTOCTATUYHUN i IPOATIOITO-
TUYHUN e(PeKT Ta 3HUKEHHS BMiCcTy HOnyaAIil aHeymJIoiqHUX KJIiTUH.

Knwou4oéi cnroéa: MmpoKOCMYTOBUH yIBTPa3BYK HU3bKoI inTencuBHocTi (UMUS), iMmnyascuuit yabTpa-

3ByK HU3bKOI iHTeHCcmBHOCTI (LIPUS), IUTOTOKCHUYHUI/IUTOCTATUYHUNA i TPOATONTOTUUYHUN e(deKT,
KJiTuHU Menanomu B16.
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