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Abstract Low survival rate of grafted mesenchymal
stem cells (MSC) in injured tissue is one of the major
limitations of stem cell therapy. One of the most
important factors that limits the MSCs survival rate
and retention is ischemic stress, which can lead to
damage to all components of the cell. In particular, it
can damage mitochondria, that play an important role
in apoptosis with releasing apoptotic factors. There-
fore, we investigated the protective effects of Acetyl-
L-carnitine (ALCAR) against serum and glucose
deprivation (SGD) in adipose-derived mesenchymal
stem cells (AD-MSCs). We measured cell viability,
proliferation, and apoptosis in cells experiencing SGD
stress for 8 h with exposure to varying concentrations
of ALCAR. Results showed that ALCAR protects
cells against SGD stress by reducing apoptosis. Its
protective effects are associated with reductions in
cleaved caspase-3 and attenuation of apoptosis. Result
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showed that ALCAR exhibits protective effects
against SGD-induced damage to AD-MSCs by
enhancing the expression of survival signals and by
decreasing the expression of death signals.
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Abbreviations

MSC Mesenchymal stem cells

ALCAR Acetyl-L-carnitine

SGD Serum and glucose deprivation

AD- Adipose-derived mesenchymal stem
MSCs cells

ROS Reactive oxygen species

PBS Phosphate buffered saline

FBS Fetal bovine serum

SVF Stromal-vascular fraction

DMSO Dimethyl sulfoxide

TdT Terminal deoxynucleotidyl transferase
TUNEL dUTP-biotin nick end labeling

PI Propidium iodide

SEM Standard error of mean

HGF Hepatocyte growth factor

NGF Nerve growth factor
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Introduction

Mesenchymal stem cell (MSC) therapy has provided a
potentially effective treatment of wide range of
disorders such as traumatic injuries, ischemic strokes,
degenerative and autoimmune diseases (Brodhun et al.
2004; Kassem and Abdallah 2008). MSCs can be
separated from diverse sources, like bone marrow,
adipose tissue and umbilical cord and will be extended
easily in vitro (Deng et al. 2006; Kern et al. 2006;
Kingham et al. 2007). MSCs have multipotent differ-
entiation capacity and transplanted MSCs can reduce
inflammation, apoptosis and fibrosis. Also, they have
immunomodulatory properties and may alleviate
immune disorders by regulating immune responses
(Kingham et al. 2007). Such characteristics of MSCs
make them more attractive for regenerative medicine
and tissue engineering. (Ghayour et al. 2015; Gimble
et al. 2007). Nevertheless, their therapeutic potential is
constrained by the poor survival rate and retention of
transplanted MSCs (Potier et al. 2007). Most trans-
planted MSCs have been shown to be lost due to the
harmful microenvironment of damaged tissues, such
as oxidative stress, energy loss, lack of growth factor,
inflammatory response and eventual apoptosis (Potier
et al. 2007; Toma et al. 2002). Apoptosis is a
programmed cell death cycle characterized by mor-
phological alterations such as shrinkage, membrane
blebbing, nuclear fragmentation and chromosomal
nuclear DNA fragmentation (Hollville and Martin
2016). Therefore, methods to enhance survival rate
and retention capacity of MSCs are desirable to
improve the efficacy of their clinical application.
Stress conditions including serum deprivation and
oxidative stress induced apoptosis mainly through a
mitochondrial apoptotic pathway (Green and Reed
1998; Martinou and Youle 2011). Also, Mitochondria
are well known as the source of reactive oxygen
species (ROS) production (Fleury et al. 2002). There-
fore, it seems that mitochondrial protection may be a
good approach for enhancing MSCs survival and
retention. Mitochondrial protective agents can be a
treatment to influence MSCs behavior. In this regard,
Acetyl-L-carnitine (ALCAR) is an acetylated carnitine
derivative that interacts with the mitochondrial mem-
brane and plays a significant role in the mitochondrial
oxidation of fatty acids and cellular energy production
(Rebouche 2004). Some studies suggest the anti-
apoptotic and antioxidant properties of ALCAR
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(Ferreira and McKenna 2017). It would appear that
ALCAR decreased cytochrome-C cytosolic levels and
eventual caspase-3 activation. However, little infor-
mation is available about the effects of ALCAR on
MSCs function and viability. Therefore, we investi-
gated the protective effects of ALCAR on rat adipose-
derived mesenchymal stem cells (AD-MSCs) survival
and proliferation under stressful conditions. AD-
MSCs were selected because of their ease of isolation,
high harvesting yield, easy culture and fast growth rate
(Kingham et al. 2007).

Materials and methods
Ethics statement

All experiments were carried out in accordance with
the Helsinki Declaration and the guidelines of the
Ethics Committee of the Ferdowsi University of
Mashhad (Iran).

Isolation, culture and identification of AD-MSCs

As previously described, AD-MSCs were extracted
from the abdominal adipose tissue of adult male
Wistar rats (Kingham et al. 2007). Briefly, the adipose
tissue was digested enzymatically with 0.15% (w/v)
type I collagenase (Invitrogen, UK) at 37 °C for 1 h.
Afterwards, by adding phosphate buffered saline
(PBS) combined with 1% (v/v) fetal bovine serum
(FBS), enzyme activity was neutralized. Then, the
stromal-vascular fraction (SVF) was gathered by
centrifugation at 800 g for 5 min. SVF was subse-
quently re-suspended in low glucose DMEM supple-
mented with 10% (v/v) FBS (Gibco, USA), 100 unit/
mL of penicillin and 100 pg/ml of streptomycin then,
cells were cultured in 75 cm? flasks (SPL) at a density
of 1 x 104/cm>. Then, cultured in a humidified
atmosphere with 5% CO, at 37 °C. For our experi-
ments passage 3 cells were used. To validate multi-
potency capacity, according to the manufacturer’s
protocol, AD-MSCs were cultivated in adipogenesis
and osteogenesis differentiating media (Invitrogen,
USA) at passage 3. The media was changed every 2
days. AD-MSCs had been exposed to Oil Red O
staining for adipogenesis after 3 weeks of culture.
Also, for evaluating the mineralisation of the matrix,
osteogenesis has been stained with Alizarin Red. The
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phenotype of cultured AD-MSCs at passage 3 was
analyzed by flow cytometry and surface expression of
the CD11b, CD29, CD31, CD45 and CD90 markers
was determined using a cytofluorometer (BD Bio-
sciences, USA). Cells stained with FITC-conjugated
IgGlx, IgA and IgM were used as isotype controls.
Flow cytometry was performed by BD FACSCalibur
flow cytometer (BD Biosciences) and analysis was
carried out using FlowJo v 10 (TreeStar) software
(Ghayour et al. 2019).

In vitro model of AD-MSCs apoptosis
and ALCAR treatment

Serum and glucose deprivation (SGD) was used to
simulate ischemia and subsequent apoptosis of cells
(Bialik et al. 1999; Liu et al. 2003; Zhu et al. 20006).
Briefly, AD-MSCs were cultured in 96 well plates at a
density of 1 x 10* cells/well in DMEM supplemented
with 10% FBS for 24 h. Then, AD-MSCs were washed
with serum-free DMEM and incubated in serum-free
and no glucose DMEM at 37 °C with 5% CO, for a
period of 8 h. After this time, the viability assay and
apoptosis assay were performed. For the ALCAR
protection experiments, AD-MSCs were incubated in
fresh DMEM supplemented with 10% FBS and
ALCAR (0.1, 1 and 10 mM) 12 h before the SGD.
Also, for evaluating the effects of ALCAR on AD-
MSC:s viability and proliferation under normal culture
condition, AD-MSCs were seeded in 96-wells plate
and incubated in complete DMEM and ALCAR at
concentration of 0.1, 1 and 10 mM for 24, 48, 72 and
96 h. After treatment, cells viability was evaluated.

MTT assay

The MTT assay was performed to evaluate AD-
MSCs viability and proliferation by measurement of
metabolic activity, under normal and stress culture
conditions. After being subjected to the experimen-
tal treatments, the cells were incubated with 20 pl
MTT reagent (5 mg/ml; St. Louis, MO, USA) in the
dark at 37 °C for 4 h. After aspiration of the medium,
the resulting formazan crystals were dissolved in
200 pl of dimethyl sulfoxide (DMSO) for 1 h. The
absorbance of solubilized formazan crystals was
measured at 570 nm by an ELISA reader (model
550; Bio-Rad Laboratories, Hercules, CA, USA).
Absorbance levels are related to the number of alive

cells. Polystyrene tissue culture (TPS) and untreated
ANA were also used as controls. In each group the
mean OD of 10 wells was used to measure the
percentage of cell viability. The tests were carried
out in triplicate.

In situ detection of apoptotic cells

The terminal deoxynucleotidyl transferase (TdT)
dUTP-biotin nick end labeling (TUNEL) assay was
used to detect in situ apoptotic DNA fragmentation
according to the manufacturer’s protocol (In-situ cell
death detection kit, Roche). Briefly, AD-MSCs were
seeded onto sterilized glass coverslips and cultured in
complete medium. After induction of apoptosis, AD-
MSCs were fixed in 4% (v/v) paraformaldehyde in
PBS (pH 7.4) for 1 h at room temperature. Then,
endogenous peroxidase blocked by exposing the cells
to methanol containing 0.3% H,0, at room temper-
ature for 10 min. The cells were incubated in the
permeabilization solution containing 0.1% Triton-X
100 and 0.1% sodium citrate for 2 min on ice. Then,
the cells were washed and incubated with 50 pL of
TdT reaction buffer at 37 °C for 1 h in the dark.
Finally, cells were washed with cold PBS for 1 h. For
counterstaining, AD-MSCs were exposed to DAPI in
the dark for 5 min. The immunostained cells were
observed by a fluorescence microscope (Nikon Eclipse
TE 2000U). DAPI stain observed with UV excitation
(emitting a blue color) and TUNEL signal with blue
light excitation (460—490 nm) (emitting a green color).
An apoptotic score index (%) was expressed as the
ratio of TUNEL-positive cells to total cells. Fifty
DAPI positive cells from 10 independent fields per
slide counted randomly and determined the percentage
of these cells that had green fluorescence (apoptosis).
Experiments were done in duplicate for three times,
and the percentage of TUNEL-positive cells was
determined (Calderén et al. 2020).

Annexin-V/propidine iodide staining

The number of apoptotic AD-MSCs was determined
by FITC Annexin V Apoptosis Detection Kit I (BD
Bioscience, USA) according to the manufacturer’s
protocol. The externalization of phosphatidylserine,
which is normally restricted to the inner surface of the
plasma membrane is a marker of early-stage apoptosis
and can be detected by the annexin V protein
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conjugated to FITC. Also, membrane damage due to
necrosis was detected by the binding of PI to nuclear
DNA. Briefly, treated cells were collected and resus-
pended in 1X binding buffer at a concentration of
1 x 10° cells/ml. Then, 100 pl of solution (1 x 10°
cells) transferred to a 5 ml culture tube. Subsequently,
the cells were incubated with 5 pl of Annexin V stock
solution and 5 pl of propidium iodide (PI) at room
temperature for 15 min in the dark. Then, 400 pl of 1X
binding buffer added to each tube and immediately
analyzed by a BD FACSCalibur flow cytometer and
analyzed using CELLQuest software. For each sam-
ple, approximately 2 x 10* cells were analyzed were
analyzed in each of the samples. Early apoptotic
(Annexin V1, PI7), necrotic (Annexin V™, PIT), late
apoptotic or secondarily necrotic (Annexin V*, PIT)
and healthy (Annexin V™, PI7) cells were expressed as
percentages of the 20,000 cells.

Caspase-3 activity assay

The activity of caspase-3 was measured by the
corresponding colorimetric assay kit (abcam, USA)
according to the manufacturer’s protocol. Briefly,
2 x 10° treated cells were collected and incubated in
50 pl cell lysis buffer for 10 min on ice. The cells were
then centrifuged at 10,000 g for 1 min and supernatant
was collected. Protein concentrations were measured
using the Bradford method and adjust to 100 pg
protein per 50 pL Cell Lysis Buffer for each assay.
Then, samples were incubated with 2 x reaction buffer
containing 10 mM DTT and 4 mM labeled substrate
(caspase-3:DEVD-p-NA) at 37 °C for 2 h. Finally,
absorbance was measured at 405 nm in a microtiter
plate reader. The assay was repeated 3 times.

Statistical analysis

All data are reported as the mean + standard error of
mean (SEM). Differences between groups were ver-
ified by one-way ANOVA and comparisons between
groups were evaluated using Tukey’s test. P-values
less than 0.05 were considered statistically significant.
All statistical analyses were performed by SPSS
version 19.0 software (IBM Corp., Armonk, NY,
USA).
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Results
Identification of AD-MSCs

AD-MSCs were identified by morphological obser-
vation, flow cytometry and mesodermal differenti-
ation capacity. The phenotype of cultured AD-
MSCs at passages 3 had a spindle-like morphology
under inverted phase microscopy (Fig. 1b). FACS
analysis of surface marker expression was con-
ducted for evaluating the phenotypic characteriza-
tion of cultured AD-MSCs at passage 3. Results
revealed that AD-MSCs expressed a high degree of
CD29 (98.6 £ 2.1%) and CD90 (98.4 £ 0.89%),
but were negative for endothelial marker CD31
(0.44 £ 0.11%) as well as was negative for markers
of the hematopoietic lineage CD45 (1.86 &= 0.1%)
and CD11b (1.94 + 0.3%) (Fig. 1a). These findings
coincided with previous studies. Following culti-
vation of the AD-MSCs in osteogenic medium
calcium mineralization was observed by Alizarin
Red S staining (Fig. 1c). The accumulation of
intracellular lipid vacuole was also observed by the
Oil Red O staining after adipogenic differentiation
(Fig. 1d).

Effects of ALCAR on AD-MSCs proliferation
in normal condition

To evaluate the effect of ALCAR itself on AD-MSCs
viability, cells were treated with three different
concentrations of ALCAR (0.1, 1 and 10 mM) for
96 h under normal conditions. After culturing for 96
h, the colorimetric result of the MTT assay showed
that cell viability and proliferation did not differ
significantly between ALCAR (0.1, 1 and 10 mM)
treated AD-MSCs groups and non- treated AD-MSCs
at 24, 48 and 72 h. However, with increasing
cultivation time, cell viability and proliferation rate
of ALCAR (1 and 10 mM) treated AD-MSCs groups
was significantly higher compared with the control
group at 96 h. These findings showed that ALCAR
did not have any toxic effect on cultured AD-MSCs
under normal conditions, after culturing for 96 h
(p < 0.05; Fig. 2).
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Fig. 1 Flow cytometry characterization and multipotency
confirmation of AD-MSCs obtained from adult male Wistar
rats. a Flow cytometry results demonstrated that AD-MSCs at
passage 3 were uniformly negative for CD11b, CD31 and CD45

Cytoprotective effects of ALCAR in SGD
condition

To evaluate the protective effect of ALCAR against
stress induced cell death, the AD-MSCs were incu-
bated under SGD culture conditions in the absence or
presence of ALCAR (0.1, 1 and 10 mM) for 8 h. As
shown in Fig. 3, MTT assay result showed that under
the SGD condition, AD-MSCs viability and prolifer-
ation was decreased significantly when compared with
the control. The results showed that untreated AD-
MSCs survival rate reduced to approximately 56%
compared with control after 8 h. On the other hand,
ALCAR treatment showed significant protective
effects against stress induced cells death and increased
AD-MSCs survival rate to 66 and 83% in the

and positive for CD29 and CD90 expression. b Isolated AD-
MSCs showed fibroblast-like shapes (b), and exhibited multi-
differentiation capacity osteogenic and adipogenic differentia-
tion respectively (¢ and d)

concentration of 1 and 10 mM, respectively
(p < 0.05; Fig. 3). Nonetheless, there was no signif-
icant difference between the control group and 0.1
mM ALCAR treated AD-MSCs group. The data are
shown as ratio of the OD of the treated groups to that
of the control group.

Effects of ALCAR on stress-induced DNA
fragmentation

TUNEL staining was performed to determine the
apoptotic rate of AD-MSCs by detection of DNA
fragmentation. TUNEL-positive cells were used to
quantify the apoptosis. The results showed that under
SGD condition, the TUNEL-positive rate of AD-
MSCs was significantly increased to 40.8 & 6.5% in
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Fig. 2 Effect of ALCAR on cell viability under normal
condition. The viability and proliferation of AD-MSCs that
treated with ALCAR was compared with non-treated AD-MSCs
were cultured in 96 well plates using MTT assay. MTT assay
show that ALCAR has no toxic effect on cell viability and

comparison with control group (3.4 £ 0.9%). In
respect to SGD group, ALCAR treatment at a
concentrations of 1 and 10 mM decreased the
percentage of TUNEL positive cells to 33.1 &+ 4.4%
and 14.6 £ 5.3%, respectively in a significant manner
(p < 0.05; Fig. 4). However, similar to MTT results,
ALCAR treatment at concentration of 0.1 mM has no
significant effect on percentage of TUNEL positive
cells in comparison with SGD group.

Analysis of cell apoptosis by flow cytometry

During ischemia, stress conditions such as deprivation
of nutrients and growth factors contribute to cellular
death. Therefore, for evaluating the protective effect
of ALCAR against stress condition AD-MSCs were
exposed to SGD in the presence or absence of acetyl L-
carnitine (0.1, 1 and 10 mM) and death was measured
by Annexin V/PI staining. Annexin V/PI staining can
be used to differentiate the apoptotic and necrotic
cells. The apoptotic rate of AD-MSCs was quantified
by calculating the percentage of the cells that exhibit
the annexin V*/PI~ and annexin V'/PI* phenotype.
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proliferation under normal culture condition. Data were
expressed as mean £ SD (n = 10). *p < 0.05 versus untreated
AD-MSCs group at the same time point. The experiments were
performed in triplicate

According to result, the apoptotic ratio was signif-
icantly increased in the cells subjected to SGD
condition in comparison with control group
(p < 0.05; Fig. 5). However, in accordance with
MTT assay results ALCAR treatment at concentration
of 1 and 10 uM decreased the number of early and late
apoptotic cell, significantly (p < 0.05; Fig. 5). This
finding suggesting that ALCAR attenuate the apop-
totic effects of SGD condition. It is worth mentioning
that ALCAR treatment at concentration of 0.1 mM has
no significant effect on apoptotic rate of SGD treated
AD-MSCs.

Caspase-3 activity

Caspase-3 activity was assessed, because caspase-3
activation is an essential step during the apoptosis
process. The results were expressed as the fold
changes of caspase-3 activity compared with corre-
sponding control cells. According to results, under
SGD conditions the activity of caspase-3 was signif-
icantly increased in comparison with control
(p < 0.05; Fig. 6). However, findings indicated that
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Fig. 3 Effect of ALCAR treatment on AD-MSCs death
associated with SGD culture condition. AD-MSCs were
exposed to SGD for 8 h in the presence or absence of ALCAR
(0.1, 1 and 10 mM). The viability and proliferation of AD-MSCs
that treated with ALCAR was compared with non-treated AD-
MSCs were cultured in 96 well plates using MTT assay. MTT

cleavage and subsequent activity of caspase-3 was
attenuated by ALCAR treatment at concentration of 1
and 10 mM, significantly (p < 0.05; Fig. 6).

Discussion

Despite several advantages, the poor rate of survival
and retention of transplanted MSCs decreases their
therapeutic potential (Chavakis et al. 2008; Potier
et al. 2007). The majority of the transplanted MSCs
have been shown to be lost due to the harmful
microenvironment of damaged tissues (Shi and Li
2008; Toma et al. 2002). Transplanted MSCs undergo
an ischemic microenvironment of hypoxia and serum
deficiency (Potier et al. 2007). Metabolic stress is also
another cause of limiting the viability and lifespan of

60 -
40 -
20 -
0 -

ALCAR 0.1 mM

ALCAR 1 mM ALCAR 10 mM

assay show that ALCAR at concentration of 1 and 10 pM has
protective effect on cell viability and proliferation under SGD
culture condition. Data were expressed as mean £ SD (n = 10).
*p < 0.05 and ***p < 0.001 versus SGD group at the same time
point. The experiments were performed in triplicate

transplanted MSCs which limits their therapeutic
effectiveness (Chavakis et al. 2008). Therefore, the
efficacy of MSC therapy will depend on the possibility
of delivering a large number of viable functional cells
into injured tissue. In this regards, it is important to
enhance MSCs viability and improve their retention.
Since stress conditions such as serum and glucose
deprivation mainly activate mitochondrial apoptotic
pathway (Bialik et al. 1999; Zhu et al. 2006), we
hypothesized that mitochondrial protection may be a
way to increase AD-MSCs survival under stressful
conditions. Therefore, we investigated the pro-sur-
vival and anti-apoptotic effect of mitochondrial pro-
tective agent, ALCAR on AD-MSCs cultured under
SGD conditions. ALCAR, a short chain ester of
carnitine l-isomer, plays a crucial role in the long chain
transport of fatty acids through the mitochondrial
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Fig. 4 Apoptosis detected by TUNEL staining. The cells with
green fluorescence (positive reaction) were correlated with
DNA fragmentation. Data were expressed as percentages of

membrane for [-oxidation and ATP synthesis.
ALCAR can also protect cells from lipid peroxidation
and mitochondrial membrane destruction by its
antioxidative function under cell stressful conditions
(Giilgin 2006; Zhang et al. 2012). Since the ischemic
condition of damaged tissues leads to growth factor
withdrawal and nutrient restriction, we cultured AD-
MSCs under SGD. SGD condition triggers apoptosis
due to lack of trophic factors which are essential for
cell survival and metabolism disruption (Kulkarni and
McCulloch 1994; Pardo et al. 2002). In this study, the
result of MTT assays showed that SGD decreased the
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ALCARO.1mM ALCAR1I mM ALCAR10mM

TUNEL positive-cells to the total cells. The data are shown as
mean £ SD. **p < 0.01 and ***p < 0.001 versus SGD group
at the same time point. (Color figure online)

viability and proliferation of untreated AD-MSCs.
However, our results showed that ALCAR treatment
increases survival rate of AD-MSCs at concentration
of 1 and 10 mM. Also, annexin V/PI assay and
TUNEL staining results indicated that majority of
observed mortalities were due to apoptosis. The
fragmentation of nuclear DNA is an initial indication
of apoptosis and TUNEL assay was performed to
detect apoptosis-related DNA-strand breakage. Under
our experimental stressful conditions the number of
the TUNEL-positive cells significantly increased
while ALCAR treatment (1 and 10 mM) significantly
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Fig. 5 Anti-apoptotic effects of ALCAR on AD-MSCs under
SGD culture condition. AD-MSCs were exposed to SGD for 8 h
in the presence or absence of ALCAR (0.1, 1 and 10 mM) and
the apoptotic ratio was quantified by Annexin V/PI assay. The
Annexin V*/PI™ and Annexin V*/PI™ cells represent early and

decreased TUNEL-positive cell rate. Also, our results
indicated that ALCAR treatment significantly
decrease the apoptotic ratio (the number of Annexin
V*/PI” and Annexin V/PI™ in a dose-dependent
manner. In agreement with these finding, in vitro
studies showed that ALCAR has been able to reduce
the neuronal mortality rates (Manfridi et al. 1992).
Also, some research suggested a protective effect of
ALCAR against oxidative stress and apoptosis
induced by hypoxia (Barhwal et al. 2007). In another
study, Pillich and coworkers showed that ALCAR
treatment could attenuate the apoptosis of cultured
mouse fibroblast (Pillich et al. 2005). They demon-
strated that ALCAR can protect cells from apoptosis
by improving the metabolism of the mitochondrion.
Furthermore, Fujisawa and colleague reported that L-
carnitine suppresses doxorubicin mediated apoptosis
in MSCs of the bone marrow. Consistent with these

late apoptosis, respectively, whereas necrotic cells show the
Annexin V/PI*. Data were expressed as percentages of stained
cells to the total cells. The data are shown as mean + SD.
**p < 0.01 and ***p < 0.001 versus SGD group at the same
time point

findings, our results revealed that Caspase-3 activity
decreased with ALCAR treatment in AD-MSCs
cultured under SGD conditions. It seems that, SGD
induced apoptosis mainly proceed through the intrin-
sic or mitochondrial pathway. Growth factors defi-
ciency can disrupt signal transduction and activate
intrinsic apoptotic pathway (Li et al. 2014). In the
intrinsic pathway, mitochondria release pro-apoptotic
factors such as cytochrome c¢ which activate the
caspases cascade (Elmore 2007). This pathway leads
to activation of caspase-3, a key regulator of apoptosis
which involved in apoptotic changes including DNA
degradation, chromatin condensation and nuclear
fragmentation (Sahara et al. 1999). Some studies
showed that ALCAR was able to stimulate the activity
of some growth factors such as hepatocyte growth
factor (HGF) and nerve growth factor (NGF) (Re-
voltella et al. 1994; Taglialatela et al. 1991). Previous
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Fig. 6 Effect of ALCAR treatment in SGD induced caspase-3
activity. AD-MSCs were cultured under SGD condition for 8 h
in the presence or absence of ALCAR at concentration of 0.1, 1
and 10 mM. Then, caspae-3 activity was determined by

findings demonstrated that ALCAR treatment
improves NGF sensitivity by enhancing neurotrophin
receptor expression and affinity to NGF (Manfridi
et al. 1992). Growth factors as survival factors can
inhibit apoptosis by regulation of signal transduction
and gene expression pathways (Collins et al. 1994;
Palmerini et al. 2017). Taken together, we concluded
that ALCAR may be an important cytoprotective
factor, which is able to protect AD-MSCs against SGD
condition by probably preservation mitochondrial
function and inhibitory effects on intrinsic apoptosis
pathway. Nevertheless, the exact mechanism by that
ALCAR enhanced the survival of the cells remains to
be determined.

Conclusions

In conclusion ALCAR has cytoprotective effects on
AD-MSCs against SGD stress. The antiapoptotic
effect of ALCAR is probably due to its stabilizing
action on mitochondria. Enhance survival and reten-
tion capacity of AD-MSCs is important in stem cell
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colorimetric assay. Data were expressed as fold-changes relative
to SGD group. The data are shown as mean + SD. **p < 0.01
and ***p < 0.001 versus SGD group at the same time point

therapy and regenerative medicine. Our results may
provide an experimental basis for clinical application
of ALCAR to increase stem cell therapy efficacy.

Limitations

1  We would like to check the neuroprotective
effects of rosuvastatin in animal model which
will be investigated in future studies of our lab.

2 We would like to check the role of ALCAR on
marker genes that involve in apoptosis in future
studies.
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