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Abstract: Introduction: Transient cerebral ischemia is
a pandemic neurological disorder and the main aim of
medical intervention is to reduce complications. Human
umbilical cord mesenchymal cells (hUCMs) are capable of
differentiating into neural-like cells (NLC) in vitro, therefore
we investigated the neuroprotective potential of these cells
in comparison to aspirin and in combination (NLC-Aspirin)
on spatial memory and neural morphologic changes in
male rats submitted to transient cerebral ischemia.

Methods: Ten days after the intervention, the
improvement in learning and memory were assessed in
the animals by Morris Water Maze. Thence, the animals
were examined for the presence of PKH? labeled cells in
the ischemic area of the brain, the infarct volume and
neural changes in the brain tissue.

Results: Significant spatial memory deficits in the
ischemic animals were detected compared with the control
animals. The learning and memory were significantly
improved (p < 0.05) in the aspirin and NLC groups
compared with the ischemic animals. Co-treatment of
aspirin and NLCs did not improve the outcome. Moreover,
infarction volume and neural changes were significantly
altered when aspirin or NLCs were administered.

Conclusions: Our data suggest the significant
neuroprotective potential of aspirin and neural-like cells
derived from hUCM cells in the treatment of brain ischemic
stroke. Further studies are required to evaluate possible
underlying mechanisms, and to evaluate the possible
interactions between aspirin and stem cells in a joint
treatment aimed at the recovery of cognitive impairments
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Introduction

Brain ischemic stroke (BIS) is a mainspring of disability and
death in our industrial world. A large number of affected
people suffer from BIS in their life (20). BIS is the leading
cause of nearly 80% of all strokes and most oftenis generated
in the middle cerebral artery (MCA) or its branches due to a
thrombotic or embolic occlusion (14, 25, 36). The first step
in an effective therapy is to prevent the development of
complications (14). At high risk for cerebrovascular disease,
aspirin is commonly administered for the prevention of
platelet aggregation through inhibition of cyclooxygenase
(COX) enzyme for cerebrovascular impairments including
BIS (44, 5). High dose aspirin administration has proven
useful effects and also to has increased survival rate when
given within 14 days of stroke onset (47). We have previously
shown in an experimental study that high dose of aspirin
could reduce infarct size when it was administered 30 min
after the stroke onset (4).

In addition to anti-inflammatory drug administration
forthe prevention and treatment of BIS, the neuroprotective
potential of different stem cells has come into account
(18). Mesenchymal stem cells (MSC) derived from human
umbilical cord matrix can differentiate into cells of the
adipogenic, chondrogenic, osteogenic, cardiogenic and
even neurogenic lineages under suitable conditions (17,
38). More recent reports have described the use of hUCM
cell transplantation for the repair of damaged brain tissue
and have improved neurobehavioral functions following
ischemic stroke (8, 34, 26, 12). Whether the administration
of differentiated stem cells in combination with the anti-
inflammatory drugs is a safe and effective procedure in
the BIS patients is not well documented. In our previous
study, we have evaluated the effects of co-administration
of undifferentiated hUCMs and aspirin on the cerebral
ischemia and did not find an improvement in the outcome

@ Open Access. © 2018 Ali Shamsara et al., published by De Gruyter. This work is licensed under the Creative Commons

Attribution-NonCommercial-NoDerivatives 4.0 License.



156 —— A.Shamsara et al: Neural like cells and aspirin alter transient middle cerebral artery occlusion damages

compared with aspirin and hUCM cells alone (40).
However, treatment of BIS patients with NLCs might reduce
the risk of brain injury complications. In addition, neural
factors that are naturally secreted by NLCs may alleviate
destructive phenomenon caused by BIS (16, 24). We have in
the present study assessed the effects of aspirin; a known
neuroprotective NSAID, and NLC derived from hUCMs in
the repair of BIS generated in a rat experimental model by
transient occlusion of the middle cerebral artery (tMCAO); a
method of choice in experimental BIS (42, 19). Additionally,
we assessed possible positive effects of co-administration
of aspirin and NLC in the recovery of spatial memory
and structural changes of the stroked brain. Ten days
after tMCAO, we determined the recovery of learning and
memory in the rats by Morris water maze (MWM), the extent
of infarction area by 2, 3, 5-triphenyltetrazolium chloride
(TTC) staining and histological changes by hematoxyline
and eosin (H & E) staining.

Materials and Methods

Animal housing and surgical procedures

The Ethics Committee at Kerman University of Medical
Science, Kerman, Iran approved all experimental protocols
(Ethics Code: EC/KNRC/89-47). Male Sprague—Dawley rats
weighing 240 —280 g were used in this study and kept
under controlled conditions; (24 + 2°C), 12/12 light/dark
and free access to regular chew and drinking water.

For tMCAO induction, the animals underwent
anesthesia by i.p. injection of 400 mg/kg chloral hydrate
solution. A skin incision was made at the midline of the
neck, the right common carotid artery (CCA) was exposed
and temporary ligated along with the clamping of the
internal carotid artery (ICA) by a microsurgery clamp. The
surgery was completed according to Tamura et al. (42).
Briefly, a 20 mm long 3—-0 monofilament nylon suture (with
one end sealed by flame and coated with poly-d-lysine)
was inserted through CCA to the clamped right ICA. The
clamp was then removed and the right middle cerebral
artery (MCA) was occluded by the introduction of a nylon
suture into the entrance of the MCA. The nylon suture was
pulled off after 20 min to allow reperfusion. The animals
were returned back to their cages after suturing the fascia
and skin. During the operation, body temperature was
kept at 372C using a heating lamp. The animals were
examined for neurological signs after 24 h and those with
a positive contralateral rotation and forelimb positive test
were selected for further examination.
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Experimental design: Rats were divided into five
experimental groups (n= 6); the Control (Cont) group
which did not receive any intervention, the Ischemic
(Isch) group which underwent tMCAOQ, the Aspirin (ASA)
group received 30 mg/kg aspirin via intraperitoneal (i.p.)
route 30 min after the onset of ischemia, the NLC group
received 1x10° neural-like cells via tail vein 24 h after the
onset of ischemia, and the aspirin-NLC (ASA-NLC) group
received 30 mg/kg aspirin and 1x10° NLC.

Isolation and phenotype analysis of hUCMs

All the chemicals were purchased from Sigma Company
(Sigma- Aldrich, Mo, USA) unless stated otherwise.
Isolation of mesenchymal cells from umbilical cord have
been described previously (2). Briefly, umbilical cords were
obtained from healthy mothers delivering term infants by
Cesarean section after written consent had been obtained.
Umbilical cords were transferred to the laboratory in Hank's
balanced salt solution. The Wharton’s jelly was cut into
small pieces and was cultured onto the special dishes. Plates
were maintained in Dulbecco’s modified Eagle’s medium
(DMEM-F12) supplemented with 10% FBS, penicillin (100
units/ml), streptomycin (60 pg/ml), and amphoteripcin-B
(2.5 pg/ml) at 37 °C humidified environment with 5% CO2 in
the air. After the cells migrated from the fragments borders
and reached 80% confluence in two weeks. They were
either used for further experiments or were cryopreserved
as described elsewhere (32).

Mesenchymal marker expression and
differentiation

Cells at passage two were harvested by trypsin/EDTA and
a suspension of 1 x 10° cells/ml in DMEM was prepared.
CD34, 45, 73 and 90 expressions were analyzed according
to Seyedi et al. (39). In addition, ability of hUCM cells
to differentiate into osteogenic and adipogenic lineage were
assessed, according to a previously reported method (37).

Neuronal cells differentiation of hUCM cells

Characterized hUCMs, were expanded in the laboratory
and exposed to neural induction medium consisted of
low-glucose DMEM, FBS, Penicillin and Streptomycin,
1um Retinol acetate (RA; Sigma- Aldrich, USA), bFGF (10
ng/ml) and EGF (10 ng/ml) (15). The cells were maintained
in neural induction medium for 6 days (3*/3*), followed
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by culturing in DMEM/F, for another 6 days (3/3).
Induced cells were fixed by 4% paraformaldehyde (PF)
for immunocytochemistry (ICC) evaluations. Presence
of Nestin, glial fibrillary acidic protein (GFAP) and
neurofilament (NF) was assessed in the differentiated cells.

Immunocytochemistry

To confirm the differentiation of hUCM cells into neural-
like cells, the slides were fixed by 4% paraformaldehyde in
0.1 M phosphate buffer. The cells were treated by 10% H,0,
to prevent non-specific antibody-antigen binding sites.
The cells were then treated with the following primary
antibodies at 4°C, overnight: mouse anti-nestin monoclonal
antibody (1:100, Chemicon), mouse anti-NF monoclonal
antibody (1:100, Chemicon), and mouse anti-GFAP antibody
(1:200, Chemicon), washed with 0.1 M PBS, reacted with
secondary antibodies (Envision HRP labeled; Dako); at
room temperature for 1 hour, washed again with 0.1 M PBS
and finally developed with diaminobenzidine (DAB). The
slides were then counterstained with hematoxylin. In the
control slides, all steps were processed, except the primary
antibodies were omitted.

RT-PCR (Reverse Transcription Polymerase
Chain Reaction) analysis

Total mRNA was extracted and reverse transcription
was performed on 20 pl of reactions using 1 pg of RNA
per reaction heated at 65°¢ cDNA with 1 pg of oligo-
dT for 2 min. Samples were mixed with RNase reverse
transcriptase (Invitrogen), dNTPs (Bioscience, Sweden)
and RNAseout (Invitrogen). PCR reactions were made
in a reaction using Taq DNA Polymerase (Fermentas,
Canada) using an identical amount of cDNA per reaction
with forward (F) and reverse (R) primers, respectively.
GAPDH was used as the housekeeping gene. Primers
used were Nestin (F- ATGCTCCTCTCTCTCTGCTCCA,
R- CTAGTGTCTCATGGCTCTGGTTTTC) and
B-tubulin Il (F- GAGCGGATCAGCGTCTACTA, R-
GTCGCAGTTTTCACACTCCT).

Tracking transplanted cells in the brain

NLC implantation was performed 24 h after the induction
of tMCAO under sterile conditions. The cells were
labeled with PKH* fluorescent dye and slowly infused
via the tail vein (1x10° cells in 50pl PBS). After recovery,
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the animals were caged and immunosuppressed by i.p.
administration of 10 mg/kg cyclosporine A (Novartis
Sandoz, Sweden). Immunosuppression was initiated 24 h
prior to transplantation and continued daily till sacrifice
at day 10 post-injury (12). To prepare animal brains for
histologic studies, the rats were perfused transcardially
using normal saline solution (150 ml) and followed by
fixation fluid (4% paraformaldehyde, pH 7.4). Ten pm
thick frozen sections were prepared from rat brains (29)
and stained with Hoechst solution to visualize cell nuclei.

Spatial learning and memory

We examined spatial learning and memory of the
rats by using a spatial version of the MWM test
on day 10 of the experiments (35). Training took
place over five consecutive days. In each training period,
the rats received four trials, where the invisible platform
was placed in a constant location. Each trial was started
from a different location and when they found the
platform, they should stay on that for 30 s. Rats which
were unable to find the platform within 60 s were guided
by the examiner. In order to assess spatial learning, the
mean distance and velocity to find the invisible platform
was measured for each animal. To assess long-term
memory, the platform was removed from the maze 24 h
after the final trial and the examinations carried out.

Histopathology
Triphenyltetrazolium chloride (TTC) staining

Fifteen days after the induction of tMCAO, the animals
in the different groups were deeply anesthetized with
chloral hydrate (400 mg/kg I.P.) and sacrificed. The brains
were removed carefully from the skull, immediately
immersed in cold saline with 30% sucrose for 10 min
and sectioned by a brain matrix apparatus into 2 mm-
thick sections. The sections were incubated in 2%, 2, 3,
5-triphenyltetrazolium chloride (TTC, Sigma) solution for
1 h. With the TTC method, the ischemic area appeared
colourless while healthy areas appeared red due to the
absorption of TTC dye. The region of infarction (colorless
tissue) was measured using a digital scanner and an image
tool program (UTHSCSA, Image Tool 3.00, San Antonio,
TX, USA). The following formula was used to calculate
the volume of cerebral infarction: (Infract volume - right
hemisphere Volume) - left hemisphere Volume = corrected
infract Volume (21, 27).
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Hematoxyline and eosin (H&E)

Samples were fixed in 10% formalin solution, paraffin
embedded, and sectioned into 7um slices. Sections were
stained by hematoxylin and eosin method to diagnose the
normal and pyknotic cells. Four randomly selected fields
per slide were counted at a magnification of 400x.

Data analysis

Statistical analysis was carried out on the distance spent
to find the hidden platform in the learning period, using
one-way analysis of variance (ANOVA) along with repeated
measures to determine the differences of the learning
rates of the groups.

Five trials were averaged per day; therefore, the
day was the only within-subject variable and group
was the between-subject variable. We evaluated the
data for homogeneity by Levene test; as the data were
homogeneous, a univariate repeated-measure analysis
of variance (RMANOVA) was used for intragroup
comparison of performances of each group from days
1 to 4. By this analysis, the effect of the day for each
group was assessed. For the significant values, we used
pair sample t-tests. In between-group comparisons, we
assessed data for homogeneity by Levene test; as the
data were homogeneous, we used one-way analysis of
variance (ANOVA) followed by Tukey’s post hoc test for
comparison of groups for the data of MWM. All collected
data were analyzed by a one-way analysis of variance
(ANOVA) from memory phase (probe trials), swim speed
and histopathology data. The data were displayed as
means + S.E.M. and a p value of less than or equal to 0.05
was considered a significant difference. Calculations were
performed using the SPSS statistical package (SPSS 16,
SPSS Inc., Chicago, IL, USA) for Windows.

Results

Morris water maze (MWM) performance
The distance traveled to hidden platform

Analysis of day-to-day distance was performed for each
group. Day-to-day intragroup comparisons of MWM training
of the rats were relatively improved by day 4 when compared
with day 1 performance in all groups. Pairwise comparisons of
day 1- 4 performances of each group were as follows: control
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group (p = 0.004); ischemic group (p = 0.049); ASA group (p
= 0.023); NLC group (p = 0.011); ASA- NLC group (p = 0.041).
These data show that all rats had a prominent increase in
learning over the 4-day test period (p < 0.05, Table 1).
Repeated measures ANOVA was used for the
comparison of spatial learning distance traveled between
groups (Fig. 1). The distance travelled by the treatment and
control groups were not significantly different on day 1 (p
< 0/05), but a significant difference between ischemic and
control groups (p = 0.018) was detected at day 2. Distance
traveled in the ASA and NLC groups significantly decreased
when compared with that in the ischemic group (p = 0.032
and p = 0.049, respectively) at day 3. On day 4, spatial
learning was significantly improved in the ASA and NLC
groups compared with the ischemic group (p = 0.002 and
p = 0.039, respectively). A decrease in the distance - spent
parameter in the learning phase was not significantly
reduced when compared with the ischemic animals.

Distance spent in the target quadrant

The distance spent in the target quadrant (probe trial:
the 5% day) by the ischemic animals significantly reduced
compared with the control group (p = 0.001). Animals in
the ASA and NLC groups significantly spent more distance
in the target quadrant compared with the ischemic group
(p = 0.008 and p = 0.031 respectively, Fig. 2). However,
although the animals in ASA-NLC group spent more
distance in the target quadrant, it did not reach the level of
significance compared with animals in the control group.

Frequency in the entrance into the target quadrant

Ischemia significantly (p = 0.003, Fig. 3) reduced the
frequency of the entrance of the ischemic animals into target
quadrant compared with the control animals. However,
compared with the ischemic group, animals in the ASA
and NLC groups moved significantly more frequently into
the target zone (p = 0.009 and p = 0.015, respectively). It
also decreased in ASA- NLC group, though not significant
compared with the ischemic group (p = 0.55).

Swim speed (velocity)

Swim speed significantly differed between the control
and ischemic group (p = 0.009) at the first day of trial.
However, it did not significantly differ among the groups
in the consecutive days (Fig. 4 A and B).
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Table 1: The distance spent to locate the hidden platform for intragroup comparisons in each groups (cm).

day1 day2 day3 day4
Control 74114 + 3.62 617.98 £+ 1.75 569.03+7.93 382.2 % 4.61
Ischemic 1187.81£ 8.67 1113.13 £ 2.61 1213.94 £ 8.78 951.66 + 0.87 "
ASA 852.89+6.29 749.58 +3.34 704.88 £ 2.69 562.93+2.28"
NLC 1059.01£1.98 842.35+5.69 745.61+3.78 631.18 +7.01"
ASA- NLC 955.78 + 8.85 945.17 +3.09 865.65 +9.36 749.3+2.10"

Spatial learning performance in different groups: “*” designates a significant difference at day 4 performance in either group (p < 0.05).
“Repeated measures ANOVA” was used for day-to-day intragroup comparisons that showed significantly improved learning by Day 4 as
compared to Day 1in all groups. All of the rats showed progressively enhanced learning over the 4-day test period.
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Figure 1: Spatial learning performance in the different groups: The distance traveled to locate the hidden platform.“*”indicates a significant
difference when compared with the ischemic group. Day-to-day comparison between groups were analyzed using the “Repeated measures
ANOVA”. Distance traveled in the ischemic group was significantly higher than the control group. This parameter was significantly reduced
in ASA and NLC groups in comparison to the ischemic group. Co- administration of aspirin and neural-like cells did not significantly improve
the results compared with the ischemic group. *, p < 0.05; **, p < 0.01; ***, p < 0.001

Histopathological finding 564 + 35.33 and 790 + 41.33 mm’ in Ischemic, ASA, NLC and
ASA-NLC groups, respectively (Fig 5 and 6). Implantation
Brain infarct volume of neural like cells after ischemia significantly reduced

the infarct volume (p = 0.018) when compared with the
TTC staining was employed to determine the infarct ischemic group. Infarct volume in the ASA- NLC group
volume of the brain. It was absent in the control group, was smaller than the ischemic group but did not reach
confirmed by a deep red color, but present in the other significance (p = 0.139).
groups. The infarct volume was 1336 + 53.9, 479.61 + 99.44,



160 —— A.Shamsara et al: Neural like cells and aspirin alter transient middle cerebral artery occlusion damages DE GRUYTER

ko
3
BO 3=
4
o
g 7O A
®
N
g o0 [l x
o ¥ ::‘...‘* *
fan}] el
ST e o
© e o T
—-— o .u'; pu
[ A
j— 40 - s
== T
(] d -*—.ﬁ--
o e TET
o 30 7]
o gt
_F_.U ey
oo P
—_— 20 A T R
= A
d..-l-"\
10 41 [
ot
AN
[l
D - T T T T T
Control lechermmic ASS MLC A58~ MNLC

Figure 2: In the ischemic group, the percentage distance spent at target quadrant, was significantly less than that of the control group.
Animals in ASA and NLC groups spent significantly more time in target quadrant compared with the ischemic group. Data are expressed as
mean = SEM. *, p < 0.05; **, p < 0.01; ***, p < 0.001.
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Figure 3: Ischemic animals significantly reduced the frequency of entrance to the target quadrant compared with the control animals. It was
higher in the ASA and NLC groups compared with the ischemic animals. The frequency of entrance at target zone also decreased in ASA- NLC
group. *, p < 0.05; **, p < 0.01.
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Figure 4: (A, B) Effects of aspirin and neural- like cell administration on swim speed (velocity) in learning and memory phase. Velocity learn-
ing and memory in either of the groups remained significantly unchanged in consecutive days except for the ischemic group on the 1st day

in learning phase. Data were expressed as mean + S.E.M.

Figure 5: TTC staining displayed ischemic area (pale area) in all groups except the control group. Administration of ASA and neural-like cells
resulted in a decrease of corrected infarct volume compared with the ischemic group.

Hematoxyline & Eosin findings

Slices of hippocampus area were evaluated after H&E
staining. No degenerating pyramidal neurons in the CA1l
area of the control group were detected. In contrast,
pancellular necrosis with foamy cytoplasm, shrunken
neurons and neuronal degeneration were observed in the
ischemic group (Fig. 7). In the other groups, neuronal cell
injury was also observed in the brain sections. The

changes in ASA and NLC groups were less obvious than in
the ischemic and ASA- NLC groups and few degenerated
neural cells were observed in the same sections. The
mean cell counts and the ratio of pancellular necrosis
from CA1 hippocampus in all the groups indicated that
the average number of degenerated cells had increased
in the ischemic group compared with the other groups
(Table 2 and Fig. 8). Aspirin and NLCs significantly
decreased the proportion of degenerated cells compared
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Figure 6: Corrected infarct volume decreased in all treatment groups compared with the Ischemic group. A statistically significant decrease
was detected in ASA and NLC groups compared with the Ischemic group. *, p < 0.05; **, p < 0.01.

Table 2: Mean of all neurons (All), degenerative neural cells (Dc) and pancellular necrosis (Dc/All) in four fields from each section of the CA1

hippocampus.

Mean of all cells (All) Mean of degenerated cells (DC) Ration of Pan cellular % Pan cellular Necrosis
Necrosis(DC/All) (DC/AW) *100
Control 320+0.25 25.25+0.25 0.07+0.10 7.86+0.57
Ischemic 317+3.24 266.3+1.2 0.84+0.12 8411.66
ASA 318.3+3.01 77+0.57 0.24%0.21 24.19+0.75
NLC 311.5+0.47 93+0.65 0.29+0.13 29.851.11
ASA-NLC 320.8+0.92 140.3+0.48 0.43+0.12 43.73+1.40

The numbers indicated to mean of the all cells, degenerated, pancellular and the percent of pan cellular necrosis in each group.

with the Ischemic group (77 + 0.57 and 93 + 0.65 cells vs
266.3 + 1.2 cells, respectively). The number of degenerated
cells in the ASA- NLC groups (140.3 + 0.48 cells) were
higher than ASA and NLC groups.

Mesenchymal cell markers expression and
differentiation

The majority of the cultured cells showed spindle and
spherical appearance with short and long processes
(Fig. 9A, B). Flow analysis of the hUCM cells revealed
that mesenchymal markers CD73 and CD90 were highly
expressed in these cells, while CD34 and CD45 were not
considerably expressed (Fig. 9D). Additionally, the red

color of the cells represented the extracellular matrix after
alizarin red staining, indicating the production of calcium
phosphate crystals by the osteogenic induced cells (Fig.
9C). According to oil red staining results, hUCMs cells
differentiated well into adipogenic cells. Lipid droplets
appeared from the fourth and fifth day of the onset of
adipogenic differentiation, grew gradually towards the
end of the induction period and the red droplets were
observed after staining (Fig. 9C).

In vitro neuronal differentiation of hUCMs

hUCMs were cultured in neuronal differentiation media for
6 days (6*, 6'). Many cells displayed neural-like outgrowth
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Figure 7: Slices of brain tissue stained by H&E. In the ischemic group, necrosis, foamy cytoplasm, shrunken neurons, and neuronal

degeneration was observed. Magnification, x200.
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Figure 8: Pancellular Necrosis from the CA1 hippocampus in the different groups. A statistically significant decrease was detected in the
proportion of pancellular necrosis in all treatment groups compared with the ischemic group. *, p < 0.05, **, p < 0.01; ***, p < 0.001.

12 days after the induction. The induced cells stained well
for neuron-specific markers like nestin, neurofilament
(NF) and GFAP (Fig. 10 A). Nestin is mainly located
around nuclei of differentiated hUCMs. The induced and
control cells were positively and negatively stained for
nestin at day 12, respectively. Neurofilament marker (NF)
was positively expressed in the induced cells. These data
suggest that 6 days incubation of hUCMs in the presence
of RA was sufficient for differentiation into NLCs. In
addition, induced hUCMs were reactive for the astrocyte

marker; GFAP, which highly expressed in the NLC group
but not in the control group.

Neuronal gene expression in the NLCs
Expression of neural markers were determined by RT-PCR.

NLCs expressed significantly higher levels of Nestin and
B-tubulin Il in contrast to the hUCMs (Fig. 10 B).
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Figure 9: (A, B) hUCMs cells appeared with a fibroblast like morphology when in culture, showing short and long processes. (C) Osteogenic
and adipogenic differentiation of hUCMs. Their adipocytic phenotypes were signaled by the appearance of tiny intracytoplasmic lipid droplets
with Oil red. Calcium deposition and osteoid formation as shown by Alizarin red. Negative control showed no evidence of staining. (D) Flow
cytometry results. The blue histograms are the isotype control-stained cells; the white histograms are the antibody-stained cells. hUCM cells
were negative for hematopoietic markers; CD34 and CD45. These cells were positive for mesenchymal cell markers; CD73 and CD90.

Cells migration

On the 10" day of intravenous injection of PKH** cells,
brain slices were obtained and PKH?** cells were assessed
within the brain tissue (Fig. 11). On the sixteenth day after
ischemic induction, we found few labeled cells in the
brain sections.

Discussion

This study was designed to determine the effect of co-
administration of neural like cells (NLC) and acetyl-
salicylic acid on brain stroke induced by transient middle
cerebral artery occlusion. Our findings indicated that

MCA occlusion induced severe neural impairment, brain
damage and learning and spatial memory defects in male
rats.

From a behavioral perspective, stroked animals that
underwent treatment by aspirin or NLCs improved their
performance in MWM task compared with the ischemic
animals. They also had a good memory as demonstrated in
the probe test (the 5™ day). Learning and cognitive memory
experiments on the ASA treated animals compared with
the NLC treated ones showed no significant difference,
considering distance travel or frequency in target quadrant
during MWM training. On the other hand, treatment of
stroked animals with ASA or NLCs displayed relatively
higher improvement in cognitive memory compared with
the co-administration of ASA with NLC.
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Figure 10: (A) Images represent an expression of specific neural and glial markers by immunocytochemistry. Expression of nestin, NF and
GFAP in differentiated hUCMs. Also, immunocytochemical staining of hUCMs were shown as a negative control. (In all images, original
magnification ¥ 400) (B) RT- PCR show expression of nestin and 3-tubulin Ill in differentiated hUCMs. In addition, RT- PCR of hUCMs was
applied as negative control.
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Figure 11: PKH?¢ was used to determine stem cell migration into the brain. The sections were obtained 150 days after intravenous injection
(Original magnification A: x 20. B, C, D: x 40).
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It is generally accepted that learning and memory
deficits are common to all cerebral ischemia, so the
assay of these defects is an essential part of the overall
understanding. For this reason, we determined three
main parameters of Morris water maze to valuate spatial
learning and memory deficits. Studies conducted thus far
have reported the neuroprotective effects of some drugs
on cognitive performance (41, 23). However, the effect of
acetylsalicylic acid and stem cells in memory impairments
has not been investigated in the animal models of brain
ischemia, with special attention to aspirin administration
in combination with mesenchymal cells. Our results on
the effect of aspirin in learning and cognitive memory
following brain ischemia are comparable with those
reported by Jeremy Smith (41) and Kara (23). Aspirin
administration has been reported to improve cognitive
state and antioxidative status in serum (23) but the
mechanism of action is still unclear.

Cytokines and trophic factors produced by
mesenchymal cells may limit the extent of ischemic area
and improve the recovery of the brain function after stroke
(8, 46). De Paula et al., reported that functional recovery
was not significantly altered following implantation of
human umbilical cord blood cells in the brain of ischemic
animals (9). Our results showed that administration of
NLC 24 h after the induction of stroke improved cognitive
condition significantly. Intravenous application of NLCs
and migration of these cells towards the injured tissue
might have provided trophic factors responsible in the
recovery of the ischemic animals.

Cerebral ischemia leads to disadvantageous changes
in NMDA (3, 33) and AMPA receptors (11) and the reason for
the negative effects of ischemia on learning and memory.
Ma et al., showed that the transplanted cells significantly
improved the learning and memory deficits 3-weeks
post transplantation, by injecting mice embryonic stem
cells directly into the lesion site (30). Both intracerebral
and iv. injection of stem cells resulted in behavioral
improvement in ischemic rats, although the percentage of
graft survival was small (9). Borlongan et al., (6) showed
that in contrast with intracerebral transplantation, iv.
delivery of bone marrow stem cells produced only limited
functional recoveries in the stroked rats. This may be true
in our study, where low functional recovery in distance
memory of NLC treated animals could be related to the
small number of PKH? positive cells in the brain tissue.

Since the swim speeds were not significantly different
between groups on the fourth day, we believe that the
improvement in learning was not due to the increasing
motoric activity or limb flexibility especially since most of
the motor cortex lies in the area supplied by the MCA (11).
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NLCs were present in the ischemic area 2472 h after
the induction of ischemia. High expression of chemokines
from the injured brain has been reported recently (13).
Cerebral ischemia occurs following reduction of blood
flow in the middle cerebral artery, which is the main
feeding artery of the brain (1). Complex disorders occur
in related areas including oxidative stress, damage to
small blood vessels, blood brain barrier dysfunction and
inflammation which mediate neural, glial and endothelial
cell death (31, 19, 28).

TTC and H&E staining confirmed histopathological
changes and the neuroprotective effects of aspirin and
NLCs in the different groups. Cortical infarct area was
observed in ischemic as well as other treatment groups
compared with the control group. Animals in the ASA
and NLC groups had significantly less infarct volume
than the ischemic group. Co-administration of aspirin
and NLCs (ASA- NLC group) increased the ischemic region
and infarct volume compared with the other treatment
groups. The pale infarct area and the penumbra transition
zone (zone between the pale-ischemic core and red-
colored healthy tissue) represent the best response to the
treatment (21, 31, 27). The pale area is generated following
reduction in blood supply which alters microcirculation
of the brain and causes a decrease in glucose and oxygen,
accumulation of lactate, acidosis and increasing free
radical formation, intermediation with intracellular
protein synthesis and cell swelling, more lipases and
proteases function and finally cell death (1, 20). Results
from light microscopy showed the apoptotic and necrotic
changes of CA1 hippocampal neurons following transient
MCAO including formation of apoptotic bodies and loss of
inflammatory cells. Our histological data indicates that
ASA and NLCs could protect the normal histology of CA1
pyramidal cells after transient ischemia. This event was
significantly observed in the ASA-NLC group as well.

Morphologic analysis showed that brain ischemia
resulted in extensively degenerated cells and i.v. injection
of NLC were able to significantly reduce the mean number
of affected cells, so NLCs could have histopathologically
protected the brain tissue against transient global
ischemia.

In vitro exposure of mesenchymal cells to ASA have
been reported to decrease MSCs activity. ASA could inhibit
Wnt / 3-catenin signaling and activate the mitochondrial
apoptotic pathway (10). ASA also suppresses
cyclooxygenase (COX) enzyme activity (44). Anincrease in
the ischemic area following ASA- NLC treatment in tMCAO
animals may be related to the inhibition of COX enzyme
activity or the Wnt/ 3-catenin pathway impairment which
requires further experiments.


http://www.sciencedirect.com/science/article/pii/S009130570100675X
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NLCs were transplanted through tail vein in stroked
animals. Numbers of transplanted cells have been reported
toinfiltrate in the liver and lungs and small number of cells
have been detected in the brain (8, 7, 45, 9). We sacrificed
the animals after 15 days of treatment and assessed the
brain tissue for labeled-NLCs. Whether altering parameters
e.g. higher number of injected cells, delayed sacrifice of
the treated animals or different injection methods such as
intracerebral and intra-arterial route, could improve the
outcome requires further consideration.

In this study, we used RA in combination with growth
factors for differentiation of hUCMs towards NLCs. After six
days of treatment with RA, we could successfully observe
neural cell morphology in the culture. It was confirmed
by the expression of neural markers by ICC and RT-PCR.
Differentiated hUCMs expressed Nestin, 8-tubulin IlI,
NF and GFAP. These markers have been expressed in the
differentiated MSCs (22, 43) but not in undifferentiated
cells.

In conclusion, aspirin and NLC could efficiently
alter brain ischemic progress in male rats, by improving
learning and memory conditions and by reduction of the
infarcted area. Co- administration of ASA and NLC can
also reduce the ischemic injury deficits but the outcome
is poorer than with ASA or NLC alone. The underlying
mechanisms involved in the reduced improvement
following co-administration of ASA and NLC needs further
investigation We therefore suggest if the stroked patients
are to be given the chance of NLC treatment, simultaneous
ASA should be administered with precaution.
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