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In vitro effects of low-intensity ultrasound on the growth,
proliferation and differentiation of rat bone-marrow derived

mesenchymal stem cell into osteoblast

Abstract:

Mechanical perturbation serves as extra cellular signals to a variety of
cells. Low-intensity ultrasound produces significant multifunctional
affects that are directly relevant to bone formation and resorption.
Ultrasound stimulation has been shown to accelerate bone-defect healing
and bone and much type of cells viability and proliferation. In this study,
we use an in vitro mesenchymal stem cell culture model to investigate the
effect of low-intensity ultrasound (US) on their proliferation and
differentiation.

Ultrasound instrument with 3MHz frequency was calibrated by
Radiation Force Method. The intensity ratio (Ipg/I = 3.651 W.cm™) was
calculated and corrected nominal intensity of R*=0.9987 with peak
intensity of 355mW.cm™ was chosen (5 min. exposure and continues
mode). This intensity/time was selected because the temperature did not
exceed 1 °C above cultured cell environment during sonication.

The rat mesenchymal stem cell prepared from rat's Tibia and Femur
central canal were cultured in medium complemented with FBS. The
mesenchymal stem cells were cultured for 1 day prior to sonication to
facilitate their attachment. Ultrasound exposure (frequency=3MHz, Peak
intensity%SSmW‘cm'z, continues mode) for 7 days was applied until the
end of cxperiment for three subculture (passage 1, 2, 3). For
Differentiation assay, passaged-3 cells were treatment by US and in 1%,
3rd, 5th, 7th, 9th, 11" 14" days evaluated for differentiation in three

different media.



For three successive passages during which viability, growth,
proliferation and differentiation of cells were evaluated by MTT,
calculation of Population Doubling Number (PDN), daily examination of
the cell growth for drawing growth curve.

Alkaline phosphatase activity assay and Semi quantitative RT-PCR for
Alkaline phosphatase, Osteocalcin and Osteopontin was performed. Each
experiment was performed ten times and the mean values were
statistically compared. In this study, passaged-3 cells were evaluated in
terms of their bone and adipocyte differentiation potential. According to
growth curve, the cells affected with ultrasound (f = 3MHz and
Ip=355mW.cm'2), except 1*' passage, have short lag phase and their log
phase was sharper and shorter than control group (without ultrasound
treatment). MTT test indicated that cells in US group significantly more
absorption value than or control group, that referred to they would be
more viable US than control groups.

Furthermore, in US group, In 2™ and 3" passages more population
doubling number occurred (p<0.004); but in 1* passage it was lower than
Control group but non significant differences (p<0.11). Total PD in US
group was 17.3924+5.79 versus control group 14.087+4.69 (p<0.005).
Passaged-3 cells were readily differentiated among bone and adipocyte
lineages confirming their mesenchymal stem cell nature.

The result of US on tMSCs differentiation Shown that US could stimulate
significantly osteoblast differentiation (in mRNA level) in various
medium and can increase ALpase activity.

Taken together, the US could significantly improve the proliferation,

viability and differentiation potential of rat MSCs in vitro.

Key words: Ultrasound (US), rat mesenchymal stem cell (rMSC),

proliferation, Osteogenic Differentiation
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