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Abstract

Osteoporosis and resulting fractures affect a significant group of people in the world. It has been shown in many studies that
selenium has positive effects on bone metabolism. Based on this information, the aim of this study is to investigate whether
bone differentiation will start in a shorter time by applying selenomethionine (SeMet) to hFOB cells.

First, hFOB 1.19 cells were cultured. Safe doses of SeMet were determined by MTT and LDH tests. Ossification levels were
determined by alizarin red staining and measurement of alkaline phosphatase enzyme levels. The results were analyzed with
statistical tests.

It was observed that SeMet increased cell viability at concentrations of 10, 25, 50, 100, and 200 uM in 24 h. At these con-
centrations, cell viability increased above the control, the viabilities were as follows: 109.4%, 104.9%, 104.3%, 103.15%,
and 100.27%. High doses of SeMet significantly reduce cell viability. According to Alizarin red staining, SeMet increases
the amount of calcium deposits in hFOB cells in a dose-dependent manner. In the experimental groups, the highest ALP
enzyme was determined in the 7-day SeMet application. The most effective dose was measured as 15 uM.

It was determined that SeMet, which is found as a trace element in living things in nature, increases the viability of hFOB
cells, which are osteoblast cell precursors, and increases osteoblastic differentiation and osteoblastic activity in these cells.
Our results are at a level that sheds light on an important problem in public health.
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Introduction

Selenium is an important trace element that takes part in
many biological reactions in the body. Selenomethionine
(SeMet) is one of the main forms of selenium found in living
organisms. Selenium participates in the structure of 25 pro-
teins in humans [1]. It is very important in body defense as
it participates in the structure of antioxidant proteins. Defi-
ciency in selenium intake causes a decrease in the synthesis
of these proteins and therefore their biological activities [2].
On the other hand, too much selenium in the diet causes
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toxic effects and can lead to selenium poisoning [3]. Consid-
ering the amount of selenium that should be taken per day, it
is recommended that adults take 55 pg/day in the USA and
75 pg/day in the UK. To ensure adequate selenium intake,
it is important to include foods such as grains, vegetables,
meat, milk, seafood, and nuts in our meals [4]. The positive
effect of selenium on many organs makes researchers think
about its effects on ossification.

Bones, a special type of tissue, are the main component of
the protection, support, and movement system in humans. It is
responsible for the production of cellular elements of the blood
with the bone marrow in its medulla. Bone tissue stores almost
all the calcium in the body and the daily calcium requirement
is met from here. In normal physiology, bone formation and
destruction are in balance. Two types of ossification occur in
our embryonal and adult life, endochondral ossification and
intramembranous ossification [5]. In our daily lives, disruption
of bone integrity for any reason is referred to as bone fracture.
The rate of bone healing can be increased with various surgical
procedures [6]. Accelerating fracture healing is a very important
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point. After skeletal muscles, selenium is found mostly in bones.
Many studies in the literature have shown that selenium levels
in the body increase bone mineral density and have a positive
effect on bone by reducing the risk of osteoporotic fractures [7].
In two very important reviews compiled from many clinical and
preclinical studies, it is stated that selenium and selenoproteins
are very important beneficial trace elements for bone health [8,
9]. Although there are many studies in the literature on the bone
metabolism of selenium and selenoproteins, the effects of sele-
nium on bone metabolism are controversial. For example, in the
clinical trial conducted by Walsh et al. on 120 postmenopausal
women over the age of 55, it was observed that the musculo-
skeletal health parameters of postmenopausal women who took
200 and 50 pg selenite once a day did not change [10]. In order
to clarify the relationship between selenium and bone metabo-
lism, more in vitro and in vivo studies are needed in this area.
Finding new treatment approaches and auxiliary molecules that
will increase the speed of bone healing will be of great benefit
to healthcare providers.

The aim of this study is to investigate the effects of sele-
nomethionine on the osteoblastic properties of hFOB cells,
which are osteoblast cells.

Material and Method
Cell Culture

hFOB 1.19 cells were cultured in 75 cm? flasks in phenol
red-free DMEM:Ham’s F12 (1:1) medium containing 10%
fetal bovine serum, 0.3 mg/ml geneticin (Gibco, G418),
2.5 mM L-glutamine (5% CO, and 34 °C). When the cells
in the flasks reached 70% density, they were taken into the
experiment.

Preparation of SeMet Doses

Stock solution was prepared by dissolving SeMet (Sigma) in
phosphate buffer (PBS). Concentrations of 10-25-50-100-
200-400-800-1000 and 2000 uM were prepared from the
main stock by diluting with PBS. Since SeMet is dissolved
in PBS, PBS was used as a negative control. SeMet’s stock
solution was stored at —20 °C.

Effects of SeMet on hFOB Cells (Viability Assays)

The effects of SeMet on cell viability were determined by the
[3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide]
(MTT) test. SeMet concentrations applied in MTT experiments
were as follows: 10, 25, 50, 100, 200, 400, 800, 1000, and
2000 uM. Cells were allowed to proliferate in incubators with
95% air, 5% CO,, and 34 °C. After the cells covered 70% of the
flask surface, they were removed from the bottom of the flask

with trypsin—EDTA to obtain a cell solution. To determine the
number of cells, cells were counted 3 times with the help of a
Thoma slide. Five thousand cells were planted in each well of
the 96-well cell culture plates. It was waited 24 h for the cells to
stick to the ground. After 24 h of incubation, the media on the
adherent cells was removed by inverting the plates. Cells were
kept in different concentrations of SeMet for 24 and 48 h. At
the end of the period, SeMet media were removed. A 0.5 mg/
ml MTT solution was added to the wells and left in the incuba-
tor for 2 h. At the end of the period, MTT was removed and
0.1 ml DMSO was added to the wells. The optical density of the
wells was read on an ELISA reader at 570 nm. The cell viability
rate of the control group, which was not treated with the test
substance, was accepted as 100%, and the viability rates of the
experimental cells were expressed as percentages. To minimize
variability within the experiment, each dose of selenomethionine
was administered to 8 separate wells in a 96-well plate. Then,
the results from these 8 wells were evaluated for each dose. The
MTT assays were repeated three times to increase the reliability
of the results.

Cytotoxicity Experiments (Lactic Dehydrogenase
(LDH) Released Assay)

LDH Cytotoxicity Detection Kit (Roche, Germany, Cat. No.
04744926001) was used to perform the lactate-dehydrogenase
(LDH) assay. Five thousand cells were planted in each well of
the 96-well cell culture plates. It was waited 24 h for the cells to
stick to the ground. After 24 h of incubation, the media on the
adherent cells was removed by inverting the plates. Cells were
kept in different concentrations of SeMet for 24 and 48 h. The
supernatant was collected after treatment with concentrations
of SeMet, and the assay was completed in accordance with the
precise instructions included in the kit. To determine the LDH
enzyme released, the OD values of the plates were measured at
a wavelength of 492 nm using a microplate reader.

Stimulation of Osteogenic Differentiation in hFOBs

To differentiate cultured cells, cells were cultured in the
presence of osteogenic differentiation cocktail (OD(+)) con-
taining phenol red-free DMEM:Ham’s F12 (1:1) medium
containing 10% fetal bovine serum, 0.3 mg/ml geneticin
(Gibco, G418), 2.5 mM L-glutamine, 1078 M dexametha-
sone, 0.05 mM ascorbic acid 2-phosphate, and 10 mM
fB-glycerophosphate. The OD(+) medium was renewed every
3—4 days. At the end of the 7th, 14th, and 28th days, the
samples were frozen for subsequent biochemical analyses
or fixed for staining. The content of the medium that did
not contain the osteogenic differentiation cocktail (OD(—))
was as follows: phenol red-free DMEM:Ham’s F12 (1:1)
medium containing 10% fetal bovine serum, 0.3 mg/ml
geneticin (Gibco, G418), and 2.5 mM L-glutamine.
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Demonstration of Osteogenic Differentiation With
Alizarin Red Dye

The differentiation of hFOB cells and calcium accumulation
metabolism were detected microscopically by the alizarin red
(AR) staining method. SeMet concentrations applied in AR
experiments were as follows: 5, 10, 15, and 25 uM. The medium
on the cells planted in a 24-well plate and stimulated to differen-
tiate was carefully removed at the end of the 28th day, and the
plates were incubated with 70% cold ethanol at room tempera-
ture for 1 h. At the end of the period, the alcohol was carefully
removed and washed twice with distilled water for 5 min. Then,
water was removed and 0.1% AR was added and incubated for
30 min. Then, the AR was removed, washed 4 times with dis-
tilled water, examined under a microscope, and pictures were
taken. The experiments were repeated 3 times.

Image Processing and Analysis

Images taken through the microscope were saved as JPEG.
The Imagel] program was used to analyze the images.
Firstly, the image to be analyzed was opened in the Image]
program. Images were converted to 8 bits by selecting
“image > type > 8-bit” from the menu in the software.
“Area” and “Area fraction” options, which are the param-
eters we used in the calculations, were selected by going to
“analyze > Set Measurements ” in the software menu. In the
other stage of the analysis, threshold values in the images
were determined via “image > Adjust > Threshold.” Results
were obtained for each image from the “Analyze > Measure”
tab and transferred to Excel for further statistical analysis.

Demonstration of Osteogenic Differentiation With
Alkaline Phosphatase Enzyme

Alkaline phosphatase (ALP) enzyme quantification was per-
formed for biochemical measurement of osteogenic differen-
tiation in cultured cells. SeMet concentrations applied in ALP
experiments were as follows: 5, 10, 15, 25, and 50 uM. Cells
were seeded in 24-well plates at 4 X 10* cells/well with OD(+)
and OD(—) media. On the 7th and 14th days, the media was
removed from the incubated cells and washed once with PBS
solution, and then the cells were placed in the —80 °C freezer.
Cells were removed from the freezer and left to thaw on ice for
20 min. After the lysis solution (PBS solution containing 1%
Triton-X-100) was added to each well, the plates were placed
in a sonicator containing ice and left in the sonication bath for
approximately 50 min. The lysates were then collected into the
tube by pipetting. Then, 20 ul of cell lysate was added to 96-well
plates for each sample and 100 pl of ALP substrate solution
(20 ml of ALP substrate buffer [(0.1 M diethanolamine, 1%
triton-X-100, 1 mM MgCl,, pH 9.8). After adding 1 p-nitro-
phenylphosphate tablet dissolved in it, it was shaken quickly and
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waited for 30 min at 37 °C for the ALP enzyme to convert pNpp
into paranitrophenol. Experiments were repeated 3 times using
at least two wells for the measurement of each sample. After
30 min, the reaction was stopped by adding 80 pl 1N NaOH,
and after shaking briefly, the measurement was carried out on
the ELISA device at a wavelength of 405 nm.

Statistical Analysis

All experiments were repeated three times. To calculate
the data, a statistical package software was used. p <0.05 is
considered significant. The Shapiro—Wilk test was used to
test whether the data were normally distributed. One-way
ANOVA followed by Tukey’s multiple comparison test was
used for normally distributed data.

Results
MTT Results

The 24- and 48-h effects of SeMet on hFOB cells were
investigated. It was observed that SeMet increased cell via-
bility at 10, 25, 50, and 100 uM concentrations (p <0.05)
and viability was similar to the control group at 200 pM in
24 h. At these concentrations, cell viability increased above
the control, the viabilities were as follows: 109.4%, 104.9%,
104.3%, 103.15%, and 100.27%. When exposed to high
doses of SeMet concentrations such as 400 uM, 800 pM,
1000 uM, and 2000 uM for 24 h, the average viability of
cells was observed to decrease compared to the control
cells (86.2%, 79.8%, 87.14%, and 79.5%, respectively).
It was determined that cell viability decreased gradually
within 48 h of application. After 400 uM (400, 800, 1000,
and 2000 uM) viability decreased significantly (p <0.05;
viabilities, 69.2%, 68.7%, 65.9%, and 56.3%) (Fig. 1).

LDH Release Results

In parallel with the MTT tests, it was determined that SeMet
doses increased cell damage in 48-h applications and that
short-term (24 h) application was safer. It was observed that
there was no cell damage at doses below 400 uM (Fig. 2).

Determination of the Effects of SeMet on Osteogenic
Differentiation Using Alizarin Red Dye and Image
Analysis

Two types of experimental setups were created, SeMet
(5, 10, 15, and 25 uM) + with osteogenic differentiation
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Fig.1 MTT results. SeMet has been shown to positively affect cell
viability in short-term applications at low doses (at 10, 25, 50, and
100 pM concentrations, p<0.05). *Significantly different from
untreated cells (control group) (p <0.05)
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Fig.2 LDH release results. It was determined that SeMet doses
increased cell damage in 48-h applications and short-term (24 h)
application was safer. No cell damage was observed at doses below
400 pM. *Significantly different from untreated cells (control group)
(p<0.05)

cocktail (OD +) and SeMet (5, 10, 15, and 25 uM) + with-
out osteogenic differentiation cocktail (OD —). At the
end of the 28th day, both models were stained with
alizarin red, and calcium deposits were examined. It
was observed that calcium deposits increased in a dose-
dependent manner in both the OD(+) and OD( —) groups
in which SeMet was applied (Fig. 3).

When alizarin red stainings were analyzed with the
ImagelJ program, it was determined that SeMet increased
the amount of calcium deposits in a concentration-
dependent manner in both experimental setups (SeMet
concentrations + OD(+) or OD(—)), and in 5-10-15 and
25 uM SeMet + OD( +) administrations, each concentra-
tion was significant compared to the control (p < 0.05).
In 5-10-15 and 25 uM SeMet + OD( —) administrations,
the last two SeMet concentrations (15-25 uM) were
determined to be significant compared to the control
(p <0.05) (Fig. 3).

Determination of the Effects of SeMet on Osteogenic
Differentiation With ALP Enzyme

7- and 14-day experimental groups were set up for OD(+)
and OD(—) groups. The highest ALP enzyme amounts in
both OD(+) and OD(—) groups were determined in the
7-day SeMet application. The amount of ALP was meas-
ured higher in the OD( —) group, where low doses of SeMet
(5-25 uM) were applied, than in the OD(+) group (p <0.05)
(Fig. 4). It was observed that the most effective dose to
increase the amount of ALP in this group was 15 uM SeMet.

Discussion

In this study, the effects of selenomethionine (SeMet), a nat-
ural compound, on hFOB cells, which are osteoblastic cells,
were investigated. As a result, it was shown that a low dose
of SeMet increased the osteoblastic activities of hFOB cells.

SeMet is one of the main natural forms of selenium. This
compound is found in many foods, including nuts, whole grains,
meat, eggs, and dairy products. In addition to its beneficial effects
on health, SeMet has toxic effects when taken excessively. With
the discovery of the glutathione peroxidase enzyme, the number
of articles investigating the effects of SeMet on health began to
increase. Its effects have been investigated in many experimental
models such as metabolic diseases and cancer and positive results
have been obtained [11]. It has been shown in previous studies that
the microstructure of bones changes and bone fractures increase
in selenium deficiency [12—14]. Although there are many studies
in the literature examining the relationship between selenium and
bone tissue [12, 15, 16], it seems that molecular studies in this
field will produce important results and support existing studies.
Based on this reality, we designed this study. When we look at
our experimental results, SeMet increases the osteogenic func-
tions of hFOB cells at low doses. Doses of 15 uM and below
were effective doses. This dose study serves as the basis for many
future studies. Biomaterials can be used to fix the bone in bone
fractures. The materials used in such prostheses are improving
day by day with the joint work of biomedical and basic sciences.
Coating these biomaterials with various molecules with high oste-
ogenic differentiation capacity will make a great contribution to
bone treatments. Tran et al. showed that the osteogenic activity of
human normal osteoblasts increased when they coated titanium,
a biomaterial extensively used in bone fractures and treatments,
with sodium selenite [15]. We think that using SeMet, another
form of selenium, as a coating material in future studies will yield
important results in bone treatment. Our study significantly sup-
ports this proposition. While SeMet can be considered an implant
coating material in studies, it can also increase bone healing when
taken systemically. At this point, drug studies that will increase
bone healing, focusing on SeMet, need to be planned. Saos-2
cells are an osteoblastic cell line frequently used in in vitro bone
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Fig.3 Calcium deposit results (alizarin red staining). It was observed
that calcium deposits increased in a concentration-dependent manner
in both the OD(+) and OD(—) groups in which SeMet was applied.
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Fig.4 ALP enzyme results. It was determined that SeMet increased
the amount of ALP in both OD(-) and OD(+) groups. SeMet
increased the ALP enzyme amount the most in the OD(—) experi-

hypothesis studies. Yazici et al., in their study based on Saos-2 and
selenium, found that 1 pM selenium showed therapeutic proper-
ties in 24-h experiments against the negative effects of zoledronic
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The significant concentrations in the OD(+) group were as follows:
5-10-15 and 25 uM. The significant concentrations in the OD(-)
group were 15 and 25 pM (p <0.05). All scale bars are 200 um

OD (-)
150
4 Hl 7.Day
= 14.Day

—~ 100+

ALP (%

mental setup. Seven days of application was determined as the most
appropriate period for the amount of ALP enzyme. *Significantly dif-
ferent from untreated cells (control group) (p < 0.05)

acid, bevacizumab, and dexamethasone, which are widely used
in the treatment of bone diseases and bone cancer but cause oste-
onecrosis as a side effect [17]. The fact that similar studies have
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yielded similar results by different experimental teams provides
reassuring foundations for future and clinical studies. The daily
amount of selenium required for adults is 55 mg [18]. In our study,
SeMet was found to be effective at low doses, which is impor-
tant in terms of the maximum values that should be taken daily.
The fact that we found SeMet effective at low doses supports that
SeMet or drugs derived from it can be used systemically.

Conclusion

As a result, in this study, it was determined that the meta-
bolic activity of hFOB cells showing osteoblastic activity was
increased by SeMet. We all know what a huge burden bone
diseases are for the individual, society, and country’s economy.
Integrating molecules such as SeMet, which has a positive
effect on many metabolic processes, into the treatment of dis-
eases will provide great benefits for humanity. Based on this
and similar studies in the literature, very cost-effective drugs
can be developed. This study can be considered a dose reference
study for future in vivo, in vitro, and clinical studies that will be
designed in more detail.
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