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ABSTRACT
LG BE MO J[EHiEE The present study aimed to determine the effect of

curcumin and chlorogenic acid (CGA) on the survival rate of bone marrow mesenchymal
stem cells.

Twenty-four male mice were randomly divided into four groups
of six: Control, Curcumin, CGA, and Dimethyl sulfoxide (DMSO). Around 10 pmol/L
Curcumin was added to the culture medium, and the cells were exposed to curcumin
dissolved in DMSO for 48 h. In addition, in the CGA group, this substance was added to the
culture medium with a dose of 10 mmol (for 24 h). After isolation, culture, and passage of
bone marrow mesenchymal stem cells (BMSCs), the cells were trypsinized, and then
centrifuged. For cell counting, after mixing 10 pl of culture medium with cells and 10 pl of
toluidine blue, the number of live and dead cells was counted.

Exposure of stem cells to curcumin for 48 h at a dose of 10 umol resulted in a
significant increase in cell viability compared to the control group. Furthermore, the
presence of mesenchymal stem cells with 10 mmol of CGA for 24 h significantly
increased cell survival. Statistical analysis revealed a significant difference between the
groups of curcumin and CGA in cell survival, and the effect of curcumin was more
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Accepted: 19 Jul 2023 &)yl [VEf[o]g) Comparison of the protective effect of curcumin on mesenchymal stem cells
Available Online: 22 Jul 2023 based on statistical analysis showed that the effect of curcumin is much greater than CGA,

and a significant difference between these two treatment groups indicates that curcumin
is more effective in protecting against death and increasing the live/dead cell ratio.
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Introduction

esenchymal stem cells (MSCs) are undifferentiated

cells that can be isolated from different tissues.

Bone marrow contains two types of stem cells: 1-

Hematopoietic Stem Cells (HSCs) and 2- Bone

Marrow Mesenchymal Stem Cells (BMSCs). The
BMSCs are promising candidates for cell therapy, gene therapy,
and treatment of other diseases due to their pluripotency,
immunomodulatory effects, easy access, non-immunogenicity,
and ethical advantages. Recently, combined strategies, such as
genetic induction and biological and antioxidant substances, are
used to increase the viability and effectiveness of mesenchymal
stem cell therapy. Turmeric is among the most important and
widely used spices with strong antioxidant properties, and its
active ingredient is called Curcumin. Many studies showed its
anti-inflammatory, antimicrobial, anti-cancer, anti-hypertensive,
and anti-artherosclerosis properties. Our previous study showed
that BMSCs after exposure to curcumin in ischemic heart reduced
ischemic size, number of apoptotic cells, serum heart damage
factors, and fibrosis [16].

Chlorogenic acid (CGA) is a polyphenol compound that effects
through anti-oxidative and anti-inflammatory intracellular
pathways. The antioxidant and free radical scavenging properties of
(CGA) are well known. The CGA has been known as an effective
factor in reducing the risk of chronic diseases, increasing ability,
stimulating easy weight loss, and helping the health of the heart,
liver, and spleen due to its strong antioxidant properties. Based on
all available knowledge, there is no information on the effect of
these two natural antioxidants on the survival of BMSCs. The
present study aimed to ivestigate the effect of curcumin and CGA
on the survival rate of bone marrow mesenchymal stem cells.

Methods

This study was conducted experimentally on 24 adult male mice
(weight range 250-300 g). Twenty-four male mice were randomly
divided into four groups of six; Control, Curcumin, CGA, and Dimethy|
sulfoxide (DMSO). Around 10 pmol/L Curcumin was added to the
culture medium, and the cells were exposed to curcumin dissolved in
DMSO for 48 h. In addition, in the CGA group, this substance was added
to the culture medium with a dose of 10 mmol (for 24 h).

After isolation, culture and passage of bone marrow mesenchymal
stem cells (BMSCs), the cells were trypsinized, and then centrifuged. For
cell counting, after 48 h for curcumin and 24 hfor CGA, 10 pl of culture
medium with cells and 10 pl of toluidine blue were mixed, and the
number of live and dead cells was counted. Dead cells were colored deep
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blue by absorbing toluidine blue dye, while intact cells prevented the
colored solution from entering the cell and were seen colorless. The
number of live and dead cells in the respective spaces was counted, and
theiraverage was calculated separately. Then, the percentage of live cells
in one milliliter was calculated according to the following formula:

100 x mean live cells/mean dead cells

Total number of cells

After data collection, the results were analyzed using SPSS
software (version 16). Comparison between groups was done using
one-way ANOVA and Tukey post-test, and the results were
expressed as mean + standard deviation.

Results

Exposure of stem cells to curcumin for 48 h at a dose of 10 pmol
resulted in a significant increase in cell viability compared to the
control group. In addition, the presence of mesenchymal stem cells
with 10 mmol of CGA for 24 h significantly increased cell survival.
Statistical analysis showed a significant difference between the
groups of curcumin and CGA in cell survival, and the effect of
curcumin in this field was more prominent than CGA.

Figure 1. Effect of curcumin and CGA on the survival of mesenchymal stem
cells. (A) Mesenchymal stem cells of the control group characterized by long
polyhedral processes and spindle-shaped trunks. MSCs (B) 48 h after
exposure to DMSO, (C) 24 h after exposure to 10 mM CGA, (D) 48 h after
exposure to 10 pmol curcumin. Cont: Control, CGA: Chlorogenic acid, Cur:
Curcumin

.
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Figure 2. Effect of curcumin and chlorogenic acid on the survival of mesenchymal stem cells in the studied groups with trypan blue staining: A) mesenchymal stem
cells of the control group, dead cells are marked with blue, and living cells are seen as colorless. B) Mesenchymal stem cells 48 h after exposure to olive oil. C)
Mesenchymal stem cells 24 h after exposure to 10 mM CGA. D) Mesenchymal stem cells 48 h after exposure to 10 umol curcumin. In the high-magnification image
(E), the red arrow shows the dead cell, and the yellow arrow shows the live cell. Cont: control, CGA: chlorogenic acid, Cur: curcumin
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Chart 1. Mean of live cells (A), dead cells (B), and the live/dead cell ratio (C) in the studied groups. The results are reported based on mean + standard error

(Mean = SEM).

* Indicates a significant difference in the number of living cells compared to the control group.

# Indicates a significant difference compared to the curcumin group.
Cont: Control, CGA: Chlorogenic acid, Cur: Curcumin

Conclusion

In this research, the effect of two natural antioxidants, curcumin
and CGA, on increasing the survival of BMSCs has been
investigated. Treatment of MSCs to 10 umol/L curcumin for 48 h
increased cell viability, decreased dead cells, and significantly
increased the live/dead cell ratio. The previous reports investigated
that a low dose of curcumin for 24 h increased the proliferation of
adipose progenitor cells and decreased intracellular ROS and
oxidative cell damage (that is the couse of cell aging). The study of
the effect of curcumin nanoparticles on MSCs derived from human
adipose tissue showed its proliferative, antioxidant, and
immunomodulatory properties based on flow molecular methods,
and cytokine activity analysis. In addition, they demonstrated that
this nanoparticle causes the secretion of transforming growth factor-
beta: TGF -b and Interleukin-2: IL2, which play an essential role in
cell proliferation.

Furthermore, in the current study, investigating the effect of
the proximity of 10 mmol/L CGA (CGA) for 24 h also led to a
significant increase in the survival of BMSCs compared to the
control group. An in vivo study showed that combined treatment
of necrosis using MSCs derived from human fat + 20mg/kg
CGA for four weeks increased stem cell mineralization and
decreased incidence of apoptosis in bone tissue. The comparison
of the protective effect of this natural antioxidant on
mesenchymal stem cells based on statistical analysis shows that
the effect of curcumin is far greater than that of the CGA, and
the significant difference between these two treatment groups
indicates that curcumin is more effective in protecting against
death and increasing the live/dead cell ratio.
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