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Abstract Boron, a vital micronutrient for plant metabolism,
is not fully elucidated for embryonic and adult body develop-
ment, and tissue regeneration. Although optimized amount of
boron supplement has been shown to be essential for normal
gestational development in zebrafish and frog and beneficial
for bone regeneration in higher animals, effects of boron on
myogenesis and myo-regeneration remains to be solved. In
the current study, we investigated dose-dependent activity of
boric acid on myogenic differentiation of human adipose-
derived stem cells (hADSCs) using immunocytochemical,
gene, and protein expression analysis. The results revealed
that while low- (81.9 μM) and high-dose (819.6 μM) boron
treatment increased myogenic gene expression levels such as
myosin heavy chain (MYH),MyoD, myogenin, and desmin at
day 4 of differentiation, high-dose treatment decreased
myogenic-related gene and protein levels at day 21 of differ-
entiation, confirmed by immunocytochemical analysis. The
findings of the study present not only an understanding of
boron’s effect on myogenic differentiation but also an oppor-
tunity for the development of scaffolds to be used in skeletal
tissue engineering and supplements for embryonic muscle
growth. However, fine dose tuning and treatment period ar-
ranging are highly warranted as boron treatment over required
concentrations and time might result in detrimental outcomes
to myogenesis and myo-regeneration.
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Introduction

Boron, a widely distributed semi-metal in nature, has been
known to be essential for plants since 1925, but its biological
roles in plants have recently been defined. Apart from plants,
boron has also been claimed to be a beneficial element for
animals and quite likely humans for bone regeneration, while
the exact molecular mechanisms remain to be solved. Awide
array of physiological and metabolic systems (lipid, mineral,
bone, energy metabolism, and endocrine function) of the
mammalian body are significantly affected by boron depriva-
tion [1–6]. Furthermore, boron is involved in bone growth and
maintenance, brain function, and reduces arthritis risk, regu-
lates some steroid hormones, and coordinates immune re-
sponse [7].

Besides all positive attributes, elevated levels of boron have
occasionally deleterious outcomes. Recent studies reported
that high amount of dietary boron intake may result in repro-
ductive (26 mg boron/kg) and developmental (248 mg boric
acid/kg) failure [8, 9]. Moreover, as it has been given in high
doses (1000 mg boric acid/kg), accumulation of boron in var-
ious organs and tissues, including the muscle, bone, brain,
liver, kidney, hypothalamus, blood, lymph node, prostate,
and adrenal tissue has led to detrimental consequences such
as edema, inflammation, unhealthy weight gain, irregular cal-
cium metabolism, poor quality sperm production, defective
ovarian development, and alopecia [10]. At the molecular lev-
el, significant reduction in glucose, lactic acid, glycogen, and
ATP concentrations has been reported due to high-dose boron
exposure and subsequent structural failure of mitochondrion
in pectoral fiber has been observed. Although lack of boron in
embryonic development has resulted in high mortality and
malformations in embryos of frogs and zebrafish [7], exces-
sive boron exposure has also come up with severe defects in
early embryonic development and increased fetus mortality.
However, these in vivo studies have not revealed the
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molecular mechanism of boron’s contribution and toxicity for
the developmental stage yet.

The ability to harvest stem cells with multilineage differ-
entiation capacity from embryo and adult body offers new
possibilities to study different regulators and molecular mech-
anisms involved in embryonic development and tissue repair
in in vitro conditions. Along with understanding molecular
pathway, emergence of this unique era allows scientist to de-
velop new drugs and supplements for tissue regeneration and
fetal development rapidly and effectively. In this line, the most
prominent and well-observed effect of boron on bone and
teeth growth has been elucidated using in vitro approaches
in which adult progenitor and mesenchymal stem cells has
been differentiated into osteogenic cell lineage in the presence
of boron [11–13]. Discovering positive contributions of such
additives in in vitro would direct scientist to develop biocom-
patible and bioinductive scaffold system to be used in regen-
erative medicine. However, boron derivatives (even boric ac-
id) have not been studied for myogenic stem cell differentia-
tion to address possible roles and effects of boron in muscle
regeneration and development. In the current study, we
showed the effects of different concentrations of boric acid
on myogenic cell transformation of human adipose-derived
stem cells (hADSCs) using protein and gene expression
analysis.

Materials and Methods

Isolation and Characterization

Human adipose tissue was obtained from a lipoaspirate of a
45-year-old female patient under local anesthesia. Ethical ap-
proval was obtained from the Ethics Committee, University of
Acıbadem (decision no. 2013–529), and informed consent
was received from the patient. Stromal vascular fraction
(SVF) was separated from the raw lipoaspirate tissue accord-
ing to the previously described protocol with slight modifica-
tions [14]. Briefly, adipose tissue was washed with phosphate-
buffered saline (Invitrogen, UK) and minced with a scalpel
into small pieces followed by a 40-min incubation at 37 °C
in 0.2 % collagenase type II solution. Enzyme activity was
stopped by adding equal volume of Dulbecco’s modified Ea-
gle’s medium (DMEM) (Invitrogen, Carlsbad, CA) containing
10 % fetal bovine serum (FBS) and 1 % penicillin, streptomy-
cin, and amphotericin (PSA) and the mixture was centrifuged
at 300 g for 10 min. SVF pellet was resuspended in red blood
cell (RBC) lysis buffer for 5 min and centrifuged again at
300 g for 10 min. Cell pellet was plated into cell culture plates
(TPP, Switzerland) and incubated in a humidified incubator at
37 °C and 5 % CO2 atmosphere. The next day, nonadherent
red blood cells were removed by subsequent phosphate-
buffered saline (PBS) wash. After enough confluence was

reached (80 %), human adipose-derived stem cell (hADSC)
characterization was conducted as described previously [15].
Ce l l s we re r emoved f rom f l a sks wi th t ryps in -
ethylenediaminetraacetic acid (Invitrogen, Paisley, UK) and
incubated with primary antibodies diluted in PBS for 1 h.
Primary antibodies against CD14 (ab82434), CD29
(ab27314), CD34 (ab18227), CD45 (ab134202), CD90
(ab95700), CD105 (ab53321) and CD73 (ab157335) (Abcam,
UK), and CD166 (sc-53551, Santa Cruz Biotechnology Inc,
CA) were used. CD29, CD73, CD90, CD105, and CD 166
were used as positive cell surface markers, and CD14, CD34,
and CD45 were used as negative cell surface markers. The
flow cytometry analysis of cells was completed using a
Becton Dickinson FACS Calibur (Becton Dickinson, San
Jose, CA) flow cytometry system. Characterized cells were
then differentiated into adipo-, chondro-, and osteogenic line-
ages to confirm mesenchymal stem cell (MSC) properties as
described previously [16]. Briefly, cells were seeded on six
well plates at a cell density of 5×104 cells/well. Cells were
cultured with differentiation media specific to adipo-
chondro-, and osteogenic transformation for 10 days in a hu-
midified incubator at 37 °C and 5 % CO2 atmosphere. Differ-
entiation media contents are shown in Table 1. All experi-
ments were repeated three times.

Staining Assays

Cells were stained with von Kossa, Alcian Blue, and oil red to
visualize osteo-, chondro-, and adipogenic characteristics of
hADSCs, respectively. Cells were fixed with 2 % (w/v) para-
formaldehyde for 30min. Calcium depositions were identified
by using von Kossa kit (Polysciences, Inc., Germany)

Table 1 Differentiation media contents used for characterization
analysis

Differentiation Content

Adipogenic medium 100 nM Dexamethasone

5 µg/mL Insulin

0.5 mM 3-Isobutyl-1-methylxanthine
(IBMX)

60 μM Indomethacin

Chondrogenic
medium

1x Insulin-transferrin-selenium
G (ITS-G)

100 nM Dexamethasone

100 ng/mL Transforming growth factor (TGF)-β

14 µg/mL Ascorbic acid

1 mg/mL Bovine seum albumin (BSA)

Osteogenic medium 100 nM Dexamethasone

10 mM β-Glycerophosphate

0.2 mM Ascorbic acid
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according to the manufacturer’s recommendations. After
chondrogenic differentiation, cells were stained with Alcian
Blue staining solution for 30 min. To detect lipid droplets,
adipogenically differentiated cells were treated with oil red
O for 10min. Prepared samples were observed under an invert
light microscope (Zeiss Primo Vert, Göttingen, Germany).

Preparation of Boric Acid Solution

Boric acid was purchased from Biobasic Inc. (10043-35-3).
Main stock solution was prepared in the culture medium
(DMEM containing 10 % FBS and 1 % PSA) at a concentra-
tion of 10 mg/ml (163.9 mM). The stock solution was filtered
through a 0.22-μm filter (Sartorius AG, Göttingen, Germany)
and subsequently diluted to lower concentrations in culture
medium for further analysis.

Cytotoxicity Assay

Eleven separate concentrations between 5 and 2000 μg/ml
(5, 10, 20, 50, 100, 200, 250, 500, 700, 1000, 2000 μg/ml)
of boric acid were prepared in culture medium. Culture me-
dium was used as negative control (NC) for standard growth
conditions and 20 % dimethyl sulfoxide (DMSO, Fisher
Scientific, NJ) prepared in DMEM was used as positive
control (PC). hADSCs (passage 3) were seeded onto 96-
well plates (Corning Glasswork, Corning, NY) at a cell den-
sity of 3×103 cells/well. Cell viability was measured by the
3-(4,5-di-methyl-thiazol-2-yl)-5-(3-carboxy-methoxy-phe-
nyl)-2-(4-sulfo-phenyl)-2H-tetrazolium (MTS)-assay
(CellTiter96 AqueousOne Solution; Promega, Southampton,
UK) according to the manufacturer’s instructions. Briefly,
following the incubation periods of 24, 48, and 72 h,
10 μL of MTS reagent in 100 μL of growth medium was
added to each well, and the plate was incubated for 2 h at
37 °C. Absorbance at 490 nm was detected using ELISA
plate reader (Biotek, Winooski, VT).

Myogenic Differentiation of hADSCs

hADSCs were induced to differentiate into myogenic-like
cells in the presence of boric acid as described previously
[17]. Cells were seeded onto six well plates at a cell density
of 5×104 cells/well. After 24 h, 5 (81.9 μM) and 50 μg/ml
(819.6 μM) boric acid-containing differentiation media were
added to respective wells and the media were changed every
3 days for 21 days. Differentiation media without boric acid
supplement was used as negative control in all myogenic
differentiation experiments for 21 days. Experiments were
terminated at different time intervals (4–7 and 14–21 days)
to observe the possible effects of boric acid in a time-
dependent manner.

Immunocytochemistry Analysis

Immunocytochemistry assay was performed according to the
protocol described previously [18]. Briefly, fixed cells were
incubated with the primary antibodies against MyoD (sc-760),
myosin heavy chain (MYH) (sc-20641), and α-smooth mus-
cle actin (α-SMA) (ab5694) overnight at 4 °C. After labeling,
cells were washed with PBS to remove unbound primary an-
tibodies and subsequently incubated with AlexaFluor-488
goat anti-rabbit immunoglobulin G (Invitrogen, Carlsbad,
USA) secondary antibody for 1 h at 4 °C. Cell nuclei were
stained with diluted (1:1000) 4′,6-di-amidino-2-phenyl-indole
(DAPI) (Applichem, Darmstadt, Germany). Stained cells
were observed under a confocal microscope (LSM 700, Zeiss,
Heidelberg, Germany). Fatty acid binding protein 4 (FABP4,
#2120, Cell Signaling), collagen type II (Col II, sc-59772),
and Osteocalcin (sc-30044) primary antibodies were used
for characterization of hADSCs after osteo-, chondro-, and
adipogenic differentiation of cells.

Real-Time PCR Analysis

Total RNAs from myogenically differentiated samples were
isolated using High Pure RNA-isolation kit (Ambion, USA)
according to the manufacturer’s suggestions. cDNAwas syn-
thesized by using High Fidelity cDNA Synthesis Kit (Roche,
USA). Real-time (RT)-PCR using SYBR Green was utilized
to quantify mRNA levels of targeted genes. cDNAs were
mixed with primers and SYBR Premix (Applied Biosystem,
UK) in a final volume of 20 μl. Sequences of primer used for
RT-PCR analyses were shown in Table 2. The β-actin gene
was used for normalization of data. All RT-PCR experiments
were performed using iCycler RT-PCR system (Bio-Rad,
CFX Real Time System, Singapore).

Table 2 The list of primers used in RT-PCR experiments

MyoD 5’-CAC GTC GAG CAATCC AAA CC-3’

5’-AGG CCC TCG ATATAG CGG AT-3’

Myogenin 5’-GAT CAT CTG CTC ACG GCT GA-3’

5’-TCC ACT GTG ATG CTG TCC AC-3’

MYH 5’-AAG CTG TCA AGG GTC TAC GC-3’

5’-GCT TGC AGT TTG TCC ACC AG-3’

Desmin 5’-CCT GAA GGG CAC TAA CGATT-3’

5’-CGG AAG TTG AGG GCA GAG T-3’

Dystrophin 5’-TTC TCA GCT TATAGG ACT GCC-3’

5’-GGA GTG CAATAT TCC ACC AT-3’

Vimentin 5’-GGA CCA GCTAAC CAA CGA CA-3’

5’-AAG GTC AAG ACG TGC CAG AG-3’

α-SMA 5’-CTG TTC CAG CCATCC TTC AT-3’

5’-CCG TGATCT CCT TCT GCATT-3’

MYH myosin heavy chain, α-SMA alpha-smooth muscle actin
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Western Blot Analysis

Total protein was isolated from myogenically differentiated
cells using RIPA Buffer (Santa Cruz, USA). BCA protein
assay (Thermo Scientific, USA)was used to determine protein
concentration. Protein samples were loaded to the 10 % sodi-
um dodecylsulfate-polyacrylamide gel at 30 μg/lane and
transferred to polyvinylidene fluoride membranes. Mem-
branes were then incubated with primary antibodies (dilution
1:1000) at 4 °C. After washing with tris-buffered saline and
Tween 20 (TBST), membranes were incubated with second-
ary antibodies (HRP-conjugated) prepared in TBST for 1 h.β-
actin antibody (#8884, dilution 1:1000, Cell Signaling Tech-
nology, MA) was used as control for normalization of results
and images were taken by using the luminometer system (Bio-
Rad). Band intensity was quantified by densitometric analysis
using the image analysis system Image J (NIH, Bethesda,
USA). Results were represented as fold change of control.

Statistical Analysis

The data were statistically analyzed using one-way analysis of
variance by using Graph-PadPrism5 (GraphPad, LaJolla, CA)
software. Differences were considered to be significantly dif-
ferent at P<0.05.

Results

Isolation and Characterization of hADSCs

hADSCswhich were successfully isolated and expanded from
lipoaspirate tissues showed fibroblast-like cell morphology
(Fig. 1a). Isolated cells at passage 3 were characterized for
their mesenchymal stem cell (MSC) surface markers using
flow cytometry analysis. Flow cytometry results revealed that
hADSCs were positive for MSCs surface antigens (CD29,
CD73, CD90, CD105, and CD166) and negative for hemato-
poietic markers (CD34, CD45, and CD14) (Fig. 1b). Differ-
entiation assays confirmed that hADSCs could effectively dif-
ferentiate into osteo-, adipo-, and chondrogenic cell types.
Cells were positively immunostained with osteocalcin and
calcium depositions were showed with von Kossa after oste-
ogenic differentiation. Chondrogenic transformation was con-
firmed by Alcian Blue staining and Col II immunostaining.
Lipid droplets were positively stained with oil red and FABP4,
indicating the adipogenic transformation (Fig. 1c).

Cell Viability Analysis

The impact of various boric acid concentrations on hADSCs
viability was tested for 3 days (24, 48, and 72 h). No

Fig. 1 Characterization of human adipose-derived stem cells (hADSCs).
a Fibroblast-like cell morphology of hADSCs, scale bar 400 μm. b
hADSCs were found to be positive for mesenchymal stem cell surface
markers (CD29, CD73, CD90, CD105, and CD 166), and negative for
hematopoietic stem cell surface markers (CD14, CD34, and CD45). c von
Kossa (scale bar 200 μm), Alcian Blue (scale bar 50 μm), and oil red

(scale bar 200 μm) stainings proved differentiation capacity of hADSCs
to mesenchymal cell lineages. In addition, osteo-, chondro- and
adipogenic differentiation potential of hADSCs were confirmed by
immunocytochemistrical analysis for osteocalcin, collagen type II and
FABP4, respectively, scale bar 50 μm
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cytotoxicity was observed for any boric acid concentrations
(Supplementary Figure 1). Five and 50 μg/ml boric acid con-
centrations were chosen for myogenic differentiation experi-
ments to show effects of low and high dose of boron on
hADSCs during differentiation procedure. Cell viability anal-
ysis for 21 days by using these two concentrations was com-
pleted to showwhether they have toxic effect onmyogenically
differentiated cells (Fig. 2a). The results revealed that 5 and
50 μg/ml of boric acid significantly increased cell viability
and did not exert any cytotoxicity.

Differentiation and Immunocytochemistry Analysis

Adherent hADSCs differentiated into myogenic cells, grew
larger, and gained muscle like fibrillar morphology after
21 days in all groups (Fig. 2b). In order to confirm myogen-
ic differentiation of hADSCs treated with 5 and 50 μg/ml
boric acid, immunocytochemical analysis for MyoD, MYH,
and α-SMA monoclonal antibodies were conducted.
Figure 2c shows the positive MyoD, MYH, and α-SMA
staining of transformed cells; 50 μg/ml boric acid applica-
tion exhibited slight decrease in protein expression for
MyoD and α-SMA compared to the control and 5 μg/ml
boric acid-treated groups.

RT-PCR analysis

Myogenic differentiation of hADSCs was analyzed by
RT-PCR analysis in samples collected at different time
intervals (4–21 days). While boric acid treatment (both
low and high concentrations) increased myocyte-specific
mRNA expression levels in the early stage of differentia-
tion process; longer incubation times result in sharp de-
crease in mRNA levels especially for 50 μg/ml boric acid-
treated cells. Boric acid application (5 μg/ml) significant-
ly increased the MYH, MyoD, myogenin (MYOG), des-
min, and α-SMA gene expression levels at day 4. How-
ever, mRNA levels of genes (except MYH) in 5 μg/ml
boric acid-treated cells were not significantly different
from those of control cells at day 21. Although downreg-
ulation of MYH, MyoD, and desmin genes was observed
at day 21 in 50 μg/ml boric acid-treated cells, MYOG and
α-SMA gene levels were not significantly different
among the experimental groups (Fig.3).

Western Blot Analysis

To confirm the effects of boric acid application on myogenic-
related protein expression, MYH, MyoD, and α-SMA protein
expression levels were detected. MYH and MyoD protein

Fig. 2 a Cytotoxicity of boric acid treatment on human adipose-derived
stem cells (hADSCs) during myogenic differentiation at day 4, 7, 14, and
21, *P<0.05. bMorphologies of myogenically differentiated hADSCs in
the presence and absence of boric acid, scale bar 50 μm. c
Immunocytochemistrical analysis for MYH, MyoD, and α-SMA at day

4 and 21. Control only differentiated medium-treated cells, 5 μg/ml and
50 μg/ml indicated boron concentrations containing differentiation
medium-treated cells, MYH myosin heavy chain, α-SMA alpha-smooth
muscle actin
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expression were significantly reduced in boric acid-treated
groups regardless of the concentration at the end of 3 weeks
differentiation period. Although 5 μg/ml boric acid adminis-
tration did not change the α-SMA level compared to the con-
trol group, 50 μg/ml boric acid significantly reduced the α-
SMA protein expression (Fig. 4).

Discussion

Skeletal myogenesis as a vital embryonic development pro-
cess proceeds during the adult organogenesis to maintain bone
and muscle tissue integrity. This myogenic switch may be
interrupted due to various reasons including aging, diseases,

Fig. 3 mRNA levels of myogenic marker genes in boric acid-treated
human adipose-derived stem cells at day 4 and 21, *P<0.05. Control
only differentiated medium-treated cells, 5 μg/ml and 50 μg/ml

indicated boron concentrations containing differentiation medium-
treated cells, MYH myosin heavy chain, MYOG myogenin, α-SMA
alpha-smooth muscle actin

Fig. 4 Western blot analysis for
MYH, MyoD, and α-SMA of
boric acid-treated human adipose-
derived stem cells at day 21,
*P<0.05. C only differentiated
medium-treated cells, 5 μg/ml and
50 μg/ml indicated boron
concentrations containing
differentiation medium-treated
cells, MYH myosin heavy chain,
α-SMA alpha-smooth muscle
actin
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or physical conditions, which leads subsequently to severe
bone and muscle tissue losses [19].

Implantation of appropriate scaffold systems to induce cell
differentiation and tissue formation that can replace the defec-
tive tissue by degrading over time is a promising approach for
bone and muscle tissue engineering. Many aspects including
biocompatibility, mechanical resistant, antimicrobiality, po-
rosity, shape, cost along with being biocompatible and
bioinductive are required for the design of these complex sys-
tems [20]. Exogenous vitamin and mineral supplementation
can increase the regeneration and slow down the tissue atro-
phy, supporting the idea that nutritional elements as modifi-
able factors might contribute to the bone healing or muscle
recovery [21, 22]. In this line, incorporation of boron into such
scaffolds to provide a favorable environment for cell prolifer-
ation and differentiation could be a new option for regenera-
tive medicine. Boron as a readily available dietary supplement
affects a great number of metabolic parameters and accumu-
lates in bone tissue, providing fracture healing by regulating
magnesium, calcium, and vitamin D turnover [23, 24]. Al-
though the effect and possible mechanism of boron deriva-
tives and their dietary products on bone growth has been re-
ported in several studies [7], boron’s role in muscle develop-
ment and regeneration remains unclear.

To investigate the potential role of boron in muscle tissue
homeostasis and to improve nutritional strategies for muscu-
loskeletal recovery, additional in vitro and in vivo analysis are
highly required. Therefore, here we showed the effect of boric
acid on myogenic differentiation of hADSCs in the current
study. As one of the important multipotent MSC type, adipose
tissue-derived stem cells (ADSCs) have been shown to differ-
entiate into myo- [25], neuro- [26], osteo- [27], chondro- [28],
and angiogenic [29] cell lineages. hADSCs were used in the
current study because ADSCs has been reported to present
better myogenic differentiation property than other MSCs
due to having high proliferation capacity and notable stem cell
marker expression [30]. Two doses (5 and 50 μg/ml) of boric
acid were preferred as inductive concentrations for cell prolif-
eration and did not impair myocyte transformation morpho-
logically. However, 50 μg/ml boric acid reduced MYH,
MyoD, and α-SMA at the protein level which was confirmed
with immunocytochemical and Western blot analysis. Myo-
genic differentiation marker genes such as MYH, MYOG,
MyoD, and desmin exerted a high expression pattern for 5
and 50 μg/ml at early stage of myogenic differentiation; how-
ever, significant downregulation was noted for 50 μg/ml boric
acid at the end of 21 days, indicating dose- and exposure time-
dependent activity of boron. Although the results proposed
that low-dose boron could be used in muscle regeneration
applications, a fine tuning in dose and time of exposure ar-
rangement is strictly required.

The role of boron on organ development has been found to
be strictly dependent on dose and duration of exposure. While

dietary low-dose boron intake has improved organ indexes
and tissue structure in rats, elevated levels of boron treatment
(640 mg boric acid/L) has resulted in low organ weight and
abnormal tissue structure [31]. Similarly, the results of the
current study revealed that both low- and high-dose boron
treatments increased myogenic lineage-specific gene expres-
sion in early stage of differentiation; high-dose boron treat-
ment significantly decreased the myogenic differentiation po-
tential of hADSCs. High boric acid concentration administra-
tion (4.5 mmol boron/kg) has resulted in reduced levels of
important metabolites including glycogen, glucose, lactate,
and ATP in chick muscles in both dose- and time-dependent
manners [32]. Consistently, low glucose levels, necrotic and
fragmented muscle fibers in excessive boron-fed broilers have
been reported in a different study [10]. As restricted glucose
levels and subsequent low intercellular ATP concentration in-
hibit skeletal myogenic differentiation of progenitor cells [33],
one possible explanation for the adverse effect of boron on
myogenic transformation might be inadequate levels of glu-
cose and ATP in hADSCs. From a different point of view,
boron has been proven to decrease calcium release by two
independent in vitro studies [34, 35]. Several reports have
underlined the importance of calcium signaling and homeo-
stasis in myogenic transcription factors activation and
myogenesis [36–38]. Therefore, interrupted calcium signaling
due to high-dose boron treatment might have decreased the
myogenic differentiation capacity of hADSCs. However, fur-
ther studies are highly warranted to explore exact molecular
mechanisms of effects of boron on myogenic differentiation.
The findings of the study present not only an understanding of
boron’s effect on myogenic differentiation but also an oppor-
tunity for the development of scaffolds to be used in skeletal
tissue engineering and supplements for embryonic muscle
growth. However, fine dose tuning and treatment period ar-
ranging are strictly necessary as boron treatment over required
concentrations and time might result in detrimental outcomes
to myogenesis and myo-regeneration.
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