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ABSTRACT
Article Info: . [ERPIMEEREIN Proliferate potential differentiate into different cell lineages and high self-renewal of
31 Oct 2020 Mesenchymal Stem Cells (MSCs); thus, they are ideal tools for regenerative medicine. However, a lead-
09 Jan 2021 : ing problem is an oxidative stress in the target tissue and the apoptosis of transplanted stem cells before
oljun2021 .  tissue repair. The pretreatment of stem cells with antioxidants may make them resistant to oxidative

stress. Ginger is the main medicinal plant with antioxidant properties. This study explored the antioxi-
dant effects of ginger extract on bioavailability and oxidative stress-induced apoptosis in human adipose
tissue-derived mesenchymal stem cells and rat bone marrow examined.
In this study, human adipose tissue-derived mesenchymal stem cells and rat
bone marrow were cultured in a DMEM medium with 20% FBS. The explored cells were incubated
for 4 and 6 hours for pretreatment with different concentrations of ginger extract (50, 100, 200, &
400 mg/mL); then, they were treated with 200 uM H,0, for 2 hours. Bioavailability was analyzed
by ELISA reader using an MTS kit and apoptosis was analyzed by flow cytometry using an Annexin
V-FITC/PI kit into the manufacturer’s protocol at both times. The obtained data were analyzed by
Analysis of Variance (ANOVA) using SPSS.
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Ginger extract, Oxida- IS The MTS results indicated a dose- and time-dependent manner increase in the bioavailability of
tive stress, Antioxi- human adipose tissue-derived mesenchymal treated stem cells. Ginger extract treatment also dose- and
dant, Mesenchymal © time-dependently decreased the rate of apoptosis in rat bone marrow mesenchymal stem cells.

stem cells, Apoptosis, Ginger extract, by reducing the oxidative stress in mesenchymal stem cells, elevates their
Cytotoxicity : lifespan in the target tissue, and increases the efficiency of these cells in tissue regeneration.

hope for the repair of damaged tissues [3, 4]. Concern-
ing origin, these cells are divided into two main categories

1. Introduction of embryonic stem cells and adult stem cells [5]. Due to

some limitations in the production and use of embryonic

ell therapy is a subset of restorative medi- stem cells, in recent years, a new wave of research on adult

cine. Moreover, stem cells are the first stem cells has begun, i.e., extensively performed [6]. Mes-
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Figure 1. The frequency of viable cells in human adipose tissue-derived MSCs treated with different concentrations of ginger ex-

tract for 4 and 6 hours

*P<0.05 compared with the positive control group (cells exposed to culture medium), “P<0.05 compared with the negative control

group (cells exposed to H,0,).

enchymal Stem Cells (MSCs), as major adult stem cells,
can differentiate into cells that are not mesenchymal deriva-
tives [7]. However, due to the unfavorable conditions of the
transplant recipient, including hypoxia and the presence of
oxygen-free radicals that activate and increase aging factors
by causing stress in the cell, eventually leading to apoptosis
and cell death, most of the transplanted mesenchymal stem
cells are lost in the early days; which in turn, this condi-
tion reduces their efficiency [12, 13]. Studies attempted to
identify and use factors that prevent oxidative stress in these
cells. One of these characteristics included antioxidants
[14]. Ginger, with the scientific name of Zingiber offici-
nale, is a medicinal plant with pharmacological properties,
such as antioxidant, anti-apoptotic, and anti-inflammatory
effects [18]. Therefore, the present study aimed to explore
the antioxidant effect of ginger extract on cytotoxicity and
the induction of apoptosis due to oxidative stress in human
adipose tissue-derived MSCs and rat bone marrow.

2. Materials and Methods

In this study, human Adipose Tissue Mesenchymal Stem
Cells (AD-MSCs) were obtained from the National Center
for Genetic and Biological Resources of Iran and rat bone
marrow mesenchymal stem cells were extracted from the
tibia and femur of rats. Cells in Dulbecco’s Modified Eagle
Medium (DMEM) culture medium (Gibco, USA) contain-
ing 20% Foetal Bovine Serum (FBS) (Gibco, USA) and
1% Penicillin-Streptomycin (Penstrep) (Gibco, USA) in an
incubator (Memmert, Germany) were cultured in flask 75
with 5% CO, gas pressure, 90% humidity, and at 37°C. The
culture medium was changed three times a week and tryp-
sin/EDTA solution was used to harvest the cells. To prepare

the ginger extract, 500 gr of the dried ginger plant was pre-
pared and after grinding, the resulting powder was placed
in 96% alcohol for 10 days to dissolve its active ingredients
in alcohol. The contents of the filter paper and the solution
obtained by the rotary apparatus were then concentrated at
50°C and 60 rpm. H,0, was prepared in liquid form. The
assay of human adipose tissue-derived MSCs was evaluat-
ed using MTS colorimetric method. The status of apoptosis
in rat bone marrow-derived MSCs were also explored by
Annexin V-FITC/PI test.

3. Results

The effects of ginger extract on cytotoxicity induced by
oxidative stress in human adipose tissue-derived MSCs.
Oxidative stress-induced cytotoxicity in human adipose
tissue-derived MSCs treated with different concentrations
of ginger extract (50, 100, 200 & 400 mg/mL), after incuba-
tion periods (4 & 6 hours with ginger extract & 2 hours with
H,0,) were evaluated using MTS test. The obtained results
indicated that ginger extract could increase the bioavailabil-
ity of human adipose tissue-derived MSCs in a dose- and
time-dependent manner (P<0.022*) (Figure 1).

The effects of ginger extract on the induction of oxidative
stress-induced apoptosis in rat bone marrow-derived MSCs

Annexin V-FITS test was applied to evaluate the induc-
tion of apoptosis. The relevant results suggested a dose- and
time-dependent reduction in the frequency of death in bone
marrow-derived MSCs in the treated experimental groups.

Dehghani S, et al. Effects of Ginger Extract on Bioavailability and Oxidative Stress-induced Apoptosis in Mesenchymal Stem Cells. JAMS. 2021; 24(2):216-229.
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Figure 2. The frequency of viable cells, primary apoptosis, and late apoptosis in bone marrow-derived MSCs of the rats treated with

different concentrations of ginger extract for 4 hours

*P<0.05 compared to the positive control group (cells exposed to culture medium), “P<0.05 compared to the negative control group

(cells exposed to H,0,).

As illustrated in Figure 2, in the 4-hour treatment, the fre-
quency of cells in the early stages of apoptosis increased
from 37.60% at 50 mg/mL to 29.48% at 400. Such a de-
crease in the frequency of apoptosis in all concentrations
was significantly different from that of the negative con-
trol group. Furthermore, the frequency of cells in the late
stages of apoptosis decreased with the increasing dose of
ginger extract, from 13.42% at a concentration of 50 mg/
mL to 12.18% at a concentration of 400 mg/mL, i.e., also a
significant decrease in all concentrations, compared to the
negative control group (P<0.030) (Figure 2).

Furthermore, in the 6-hour treatment, the frequency of
cells in the early stages of apoptosis increased from 23.67%
at a concentration of 50 mg/mL to 21.59% at a concentra-
tion of 400 mg/mL. This decrease in the frequency of apop-
tosis in all concentrations significantly differed from that
of the negative control group. In addition, the frequency

of cells in the late stages of apoptosis decreased with in-
creasing dose and treatment time with ginger extract, from
12.98% at a concentration of 50 mg/mL to 15.9% to 400
mg/mL, i.e., a significant decrease in the frequency of apop-
tosis in all concentrations, compared to the negative control
group (P<0.016) (Figure 3).

4. Discussion and Conclusion

During the normal functioning of the cells used in cell
therapy, reactive oxygen species are produced that have
high reactivity with DNA, proteins, carbohydrates, and
lipids; they cause irreparable damage to these macromol-
ecules to enter. Ginger is an essential medicinal plant that
has long been used to treat various diseases [ 19]. The anti-
oxidant effects of ginger have been studied for years. This
study explored the antioxidant effects of ginger extract on
cytotoxicity and the induction of oxidative stress-induced
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Figure 3. The frequency of viable cells, primary apoptosis, and terminal apoptosis in bone marrow-derived MSCs of rats treated

with different concentrations of ginger extract for 6 hours

*P<0.05 compared to the positive control group (cells exposed to culture medium), “P<0.05 compared to the negative control group

(cells exposed to H,0,).

apoptosis in human adipose tissue-derived MSCs and rat
bone marrow. The obtained results indicated that ginger ex-
tract reduced the frequency of human adipose tissue-derived
MSCs and rat bone marrow by acting as an antioxidant,
which further increased the success of using mesenchymal
stem cells in the cell treatment.
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