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Abstract

Background and Aim: Mesenchymal stem cells (MSCs) are characterized by self-renewal capacity and
multilineage differentiation potential. Human placental extract, rich in growth factors and amino acids, has
garnered increasing attention in regenerative medicine. This study aimed to evaluate the effect of human placental
extract on the osteogenic differentiation of MSCs.

Methods: In this experimental study, the cytotoxicity and proliferative effects of placental extract on MSCs
were assessed using the MTT assay. Osteogenic differentiation was evaluated through biochemical and molecular
analyses, including alkaline phosphatase (ALP) activity, calcium deposition measurement, and real-time PCR-
based gene expression analysis. All experiments were performed in triplicate. Data were expressed as mean +
standard deviation (SD) and analyzed using one-way ANOVA. Real-time PCR data were processed with
LinRegPCR and REST-RGXL software, with statistical significance set at P<0.05.

Results: The MTT assay revealed that placental extract was non-toxic and significantly enhanced cell viability
and proliferation. Moreover, osteogenic differentiation was markedly improved in treated groups. After 14 days
of culture, ALP activity and calcium deposition progressively increased compared to the control group.
Osteocalcin gene expression also showed a significant upregulation at higher concentrations of the extract
(P<0.05), confirming the osteoinductive effect.

Conclusion: Findings of the present study demonstrate that human placental extract effectively enhances and
accelerates the osteogenic differentiation of MSCs. The significant increases in ALP activity, calcium deposition,
and osteocalcin expression support its potential as a promising biological supplement for bone tissue engineering
and regenerative therapeutic strategies.
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Extended Abstract

Background and Objective
Mesenchymal stem cells (MSCs) have
attracted  significant attention in
regenerative medicine because of their
ability to self-renew and differentiate into
various cell types, including osteoblasts,
chondrocytes, and adipocytes. Among
these characteristics, osteogenic
differentiation is particularly important for
bone regeneration and tissue engineering
applications. The development of safe and
effective biological compounds that can
enhance osteogenic differentiation remains
an important objective in regenerative
medicine. Human placental extract is a
natural biological product rich in growth
factors, cytokines, peptides, amino acids,
vitamins, and antioxidants. Due to its
regenerative properties, placental extract
has been investigated in various therapeutic
fields, including wound healing, tissue
repair, and cellular regeneration. However,
its effect on the osteogenic differentiation
of mesenchymal stem cells has not been
fully clarified. Therefore, this study was
conducted to evaluate the influence of
human placental extract on cell viability,
proliferation, and osteogenic differentiation
of mesenchymal stem cells under in vitro
conditions.

Methods

This experimental study was performed
using cultured mesenchymal stem cells.
Cells were maintained under standard
laboratory conditions and treated with
different concentrations of human placental
extract. The biological effects of the extract
were  evaluated  through  cellular,
biochemical, and molecular analyses. To
assess cytotoxicity and cell proliferation,
the MTT assay was performed. This
method is widely used to determine cell
viability and metabolic activity. Osteogenic
differentiation was investigated using
several established markers. Alkaline
phosphatase (ALP) activity was measured
as an early indicator of osteoblast
differentiation. Calcium deposition was

evaluated as a marker of extracellular
matrix mineralization and bone formation.
In addition, osteocalcin gene expression
was analyzed using real-time polymerase
chain reaction (Real-Time PCR), since
osteocalcin is considered a specific marker
of mature osteoblasts. The collected data
were analyzed statistically, and P<0.05 was
considered statistically significant.

Results

The results of the MTT assay demonstrated
that human placental extract did not exert
any cytotoxic effects on mesenchymal stem
cells. In contrast, treatment with placental
extract improved cell wviability and
proliferation compared with untreated
control cells. These findings indicate that
the extract provides a favorable
environment for cellular growth and
survival.  Evaluation of  osteogenic

differentiation revealed significant
enhancement in treated groups. Alkaline
phosphatase activity increased

considerably  following exposure to
placental extract, suggesting stimulation of
early osteogenic differentiation pathways.
Furthermore, calcium deposition analysis
showed progressive mineral accumulation
in treated cultures. After 14 days of
treatment, calcium content was
significantly higher than that observed in
the control group, indicating enhanced
matrix mineralization and bone-forming
potential. Gene expression analysis also
supported these observations. Osteocalcin
expression was significantly upregulated in
cells treated with placental extract,
particularly at higher concentrations. Since
osteocalcin is a marker of mature osteoblast
differentiation, its increased expression
suggests that placental extract promotes not
only early differentiation but also later
stages of osteogenic maturation. Overall, all
evaluated parameters demonstrated a
positive effect of human placental extract
on osteogenic  differentiation, and
statistically significant differences were
observed between treated and control
groups (P<0.05).
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Conclusion

The findings of the present study
demonstrate that human placental extract
can enhance both proliferation and
osteogenic differentiation of mesenchymal
stem cells. These effects may be attributed
to the complex composition of placental
extract, which contains numerous bioactive
molecules involved in cell signaling,
growth regulation, and tissue regeneration.

The observed increase in ALP activity
indicates activation of early osteogenic
pathways, while enhanced calcium
deposition reflects successful extracellular
matrix mineralization. Furthermore, the
upregulation of osteocalcin expression
confirms progression toward mature
osteoblast formation. Together, these
findings suggest that placental extract
influences multiple stages of the osteogenic
differentiation process. Previous studies
have reported beneficial effects of
placental-derived products on tissue repair
and regeneration. Growth factors present in
placental extract may activate signaling
pathways associated with bone formation
and cellular differentiation. Therefore, the
current results are consistent with existing

evidence regarding the regenerative
potential of placental-derived biological
materials. The ability of placental extract to
stimulate both cell proliferation and
differentiation is particularly important in
bone tissue engineering, where successful
regeneration depends on sufficient cell
expansion followed by efficient osteogenic
maturation. Consequently, placental extract
may represent a valuable supplement for
stem cell-based therapeutic strategies. This
study demonstrated that human placental
extract promotes osteogenic differentiation
of mesenchymal stem cells and enhances
their proliferative capacity. Increased
alkaline phosphatase activity, calcium
deposition, and osteocalcin gene expression
confirmed the positive influence of
placental extract on  bone-forming
processes. These findings suggest that
human placental extract may serve as a
promising biological agent for bone tissue
engineering and regenerative medicine
applications. Further in vivo and clinical
studies are recommended to Dbetter
understand its mechanisms of action and
therapeutic potential.
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