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Introduction: Stem cells isolated from the amniotic membrane can produce and release 
substances that can regenerate damaged tissues and contain proteins and other factors that via 
numerous major and minor mechanisms lead to increasing angiogenesis and tissue survival. 
This research was conducted to prove the defensive characteristics of the secretome in the face 
of temporary focal cerebral ischemia in mouse stroke models.

Methods: Cerebral ischemia protocol in a specific area was implemented in rats with middle 
cerebral artery occlusion for 60 minutes and then reperfusion was given for 6, 20, and 30 
minutes. Within 30 minutes after the start of reperfusion, conditioned medium derived from the 
human amniotic membrane (AMSC-CM) was poured into the right ventricle (ICV) at a dose 
of 0.5 µL. Finally, the volume of the injury, cerebral tissue water, sensorimotor activity, and 
the strength of the blood-brain barrier integrity were evaluated 24 hours after drug injection.

Results: ICV injection of conditioned medium at the start of reperfusion phase considerably 
decreased the volume of the injury 6, 20, and 30 hours after reperfusion compared to the 
MCAO-operated group (P<0.01). Cerebral tissue water in the treatment group decreased 
considerably after the intervention in comparison with the MCAO group in the core and 
penumbral area not in the subcortical area (P<0.05). Also, the amount of Evans blue infiltration 
at all times in the core and half-foot area in the AMSC-CM group was significantly reduced in 
parallel with the MCAO group (P<0.05). 

Conclusion: Treatment with AMSC-CM during 6-30 h after ischemia-reperfusion insult 
exerts some beneficial effects against ischemia-reperfusion injury. These findings provide an 
important vision for more complementary research and treatment of stroke.
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1. Introduction 

troke is a common disease in countries 
and is the second leading cause of death 
and leaves the country with a wide range 
of disabilities (Faezi et al., 2018). Previous 
studies have shown that in 2016, 5.5 million 
deaths worldwide were caused by stroke, of 
which 2.7 million were ischemic strokes 

and 2.8 million were hemorrhagic strokes (Saini et al., 
2021). There are two forms of stroke, ischemic and hem-
orrhagic; in the ischemic type, the vessels are blocked 
and the blood flow to an area of the brain is stopped, and 
it is associated with learning and memory disorders in 
these people (Adams et al., 1993). During the process 
of ischemia, the brain undergoes a series of pathological 
events, including mitochondrial disruption (Azedi et al., 
2022), Amplification of reactive oxygen species (ROS) 
generation, and caspase activation (Azedi et al., 2022), 
subsequently starting necrosis and apoptosis (Mehrjerdi 
et al., 2015). Ischemic stroke can affect the strength of 
the blood-brain barrier (BBB) and increase its perme-
ability through changes in tight junctions and connex-
in-43 hemichannels. As a result, it increases the penetra-
tion of molecules from the blood to the brain and causes 
edema, increases the volume of brain tissue, and finally 
brain damage (Krueger et al., 2017). Despite the signifi-
cant advances in medical science in the treatment of dis-
eases, only a very limited number of drugs are available 
for the treatment of stroke. For example, currently, tissue 
plasminogen activator (tPA) is accepted by the Food and 
Drug Administration (FDA) for ischemic stroke, which 
is looking for other ways to treat this disorder due to its 
adverse effects and short effectiveness (Schwamm et al., 

2013). Recently, the use of stem cells has shown favor-
able effects in the treatment of stroke and has attracted 
the attention of the scientific community (Bang, 2016). 
Mesenchymal stem cells (MSCs) have unique proper-
ties, such as easy access, anti-inflammatory effects, and 
weak immune response (Shin et al., 2016). The multi-
potent mesenchymal cells can improve the symptoms 
of cerebral ischemia due to disadvantages, such as cell 
number, the type of cell used, the possibility of cell mi-
gration, and the creation of ectopic tissue or turning into 
undesirable cells (Faezi et al., 2018).

During the process of extraction, culture, passage, and 
transplantation into the recipient tissue, MSCs may be 
affected by various conditions in terms of temperature 
stress, nutrition, possible contamination, and hypoxia, 
which all can increase harmful inflammatory factors in 
the recipient tissue (Hao et al., 2017). Previous studies 
have shown that only a limited number of MSCs trans-
planted to the target tissue survive. Also, Toma et al. pre-
sented that only 1% of the MSCs survived 24 hours after 
transplantation into an organ like a failing heart (Toma et 
al., 2002); thus, it seems that the useful therapeutic prop-
erties observed from pluripotent cells are due to their 
paracrine effects (Abbasi-Malati et al., 2018).

There is a general view, in which the substances that are 
secreted by MSCs into their culture medium, are named 
the scrotum, and their culture medium is called condi-
tioned medium (CM) (Alijani-Ghazyani et al., 2021). 
The observed therapeutic effects and abilities of MSCs 
in regenerative medicine can be related to the ability of 
these cells to secrete growth factors, cytokines, and nu-
tritional factors (Abbasi-Malati et al., 2018). 

Highlights 

• During ischemia, the brain undergoes a series of harmful pathological events.

• Mesenchymal stem cells culture medium is called condition medium (CM).

• CM contains substances that have neuroprotective properties.

• The use of CM reduces the damage caused by cerebral ischemia.

Plain Language Summary 

The stem cell culture medium is called condition medium (CM). CM contains substances that have neuroprotective 
properties. This study aims to investigate the effect of CM on injuries caused by stroke. After causing a stroke in rats 
by closing the artery, the CM was injected into the injury site. The results showed that CM reduced the severity of the 
injury.
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Many side effects of cell therapy, including the activa-
tion of the host immune response or tumorigenesis, are 
not expected from CM; thus, it seems that CM can be 
used as a reliable alternative to cell therapy (Joyce et al., 
2010). The beneficial therapeutic effects of MSC-CM 
have been observed in various diseases, such as stroke, 
spinal cord damage, and neurological disorders (Pawi-
tan, 2014).

As mentioned, paracrine factors secreted from MSCs 
have been used to improve pathological conditions of 
cerebral ischemia. Secreted paracrine factors include 
cytokines, angiogenic and anti-apoptotic factors, such 
as insulin-like growth factor 1 (IGF-1), hepatocyte 
growth factor (HGF), vascular endothelial growth fac-
tor (VEGF), and interleukin 6 (IL-6) (Hung et al., 2007). 
These agents can be effective in treating neurodegenera-
tive disorders and modulating cell signaling pathways 
(Pazoki-Toroudi et al., 2016). 

Based on the mentioned studies, we investigated the 
beneficial effects of MSC-CM on neuronal injury in fo-
cal cerebral ischemia, and particularly, we investigated 
whether the MSC-CM will maintain the blood vessel in-
tegrity and ameliorate the brain edema and infarct size. 
Additionally, we investigated how the MSC-CM acts in 
subacute, acute, and chronic phases and when the best 
response to medium conditioning occurs in the ischemic 
brain tissue.

2. Materials and Methods 

Preparation and isolation of human amniotic 
membrane stem cells (hAMSCs)

hAMSCs were derived from our previous research 
(Tousi et al., 2017). The membrane was carefully sep-
arated from the target organ, rinsed several times with 
phosphate-buffered saline (PBS) to remove blood ves-
sels and blood clots, and turned into small pieces by cut-
ting methods. The tissue pieces were mixed by a homog-
enizer and placed in a centrifuge (5 minutes/speed 1250 
rpm). Next, the supernatant was removed and 30 mL of 
collagenase was added to the contents of the pellet. The 
pellet was kept at a temperature of 37°C in an incuba-
tor with a wetness of 5% CO2 for 60 minutes. Next, the 
tissue pieces were centrifuged at 1250 rpm for 5 min-
utes, the supernatant was discarded, and trypsin (0.25% 
containing 1 mL of ethylenediaminetetraacetic acid) was 
poured into the pellets. Then, the samples were incubat-
ed for 30 minutes, washed several times, and exposed to 
tris-ammonium chloride for 10 minutes to eliminate red 
blood cells. Finally, the pellet containing MSCs in the 

right volume was placed in Dulbecco’s modified Eagle 
medium (DMEM) with 10% fetal bovine serum (FBS) 
to obtain the desired cell number.

Preparation of CM derived from hAMSC

MSCs were placed in the correct amount of α-MEM 
with 10% FBS, 100 μg/mL streptomycin, 2 mM L-glu-
tamine, and 100 U/mL penicillin overnight. In the sec-
ond quarter, the cells were rinsed with PBS (twice) and 
placed in the α-MEM medium without serum to provide 
a CM. To extract the CM, the cells were placed in a nor-
moxic incubator (94% N2, 5% CO2, and 1% O2) for 48 
hours. To eliminate the existing cells, the cultured MSC 
supernatant was extracted and centrifuged at 1200 rpm 
for 10 minutes. Then, the CM was filtered (0.22 μm). 
As a result, the ventilated environment was combined, 
dried, and stored at -80°C for further study. CM was ob-
tained from 2×106 amniotic MSCs (Faezi et al., 2018) 

Animals

A total of 105 adult male Wistar rats weighing 250 to 
300 g were achieved from the Animal Breeding Center 
of Gilan University of Medical Sciences. Animals were 
housed in a temperature-controlled room with a tempera-
ture of 22-24°C and 55% humidity, with a light schedule 
of 12 hours of dark and 12 hours of light, and sufficient 
food and water. Three categories were considered for the 
study: Sham (n=15), middle cerebral artery occlusion 
(MCAO) (n=45), and MCAO+MSC-CM (n=45) (Fig-
ure 1). Intraventricular injection of MSC-CM was done 
30 minutes after reperfusion.

Animals

Rats were randomly placed into three groups: Damage 
volume, brain water volume, and BBB strength. Ani-
mals in each group were divided into three subgroups: 
Sham n=5, MCAO n=15, and treatment n=15. The sham 
group was just under surgical stress and the vehicle and 
treatment groups were under focal cerebral ischemia for 
60 minutes. Intraventricular injection of CM was done 
for up to 30 minutes after ischemia, and 6, 20, and 30 
hours after reperfusion, infarct volume (IV) and behav-
ioral testing were examined in the corresponding group, 
and using the same way, BBB and brain water content 
(BWC) were assessed in other groups.
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Generation of ischemic rat models and stereotaxic 
injection of MSC-CM

Rats were anesthetized with an appropriate dose of ket-
amine hydrochloride (100 mg/kg) along with xylazine (8 
mg/kg) intraperitoneally (IP) according to their weight. 
MCAO was done according to the protocol by Longa et 
al. (1989).

Briefly, first, the common and external carotid arteries 
were completely occluded, and then the internal carotid 
artery was temporarily occluded by a clamp, a small hole 
was prepared on the common carotid artery by ophthal-
mic scissors, and a silicone rubber sheath with an oval 
tip was used to occlude the vein. It was directed to the 
internal carotid artery up to 20-22 mm above the loca-
tion of the two branches. This conduction was continued 
until a slight resistance was felt, which means that the 
filament entered the anterior cerebral artery and blocked 
it. After 60 minutes of ischemia and removing the block-
ing filaments, the blood flow started again in the vein. 
Rectal temperature (Citizen-513w) was checked and 
maintained at 37.0°C during surgery. Immediately after 

MCAO, stereotactic injection of CM was performed. 
The animal was fixed in the stereotaxic device (Stoelt-
ing, USA) by ear and mouth, and then a hole 2 mm in 
diameter was made on the skull 1 mm posterior and 1.5 
mm lateral to the bregma on the right side with a den-
tal drill. For the brain injections, three subgroups were 
considered (n=5): 1) Sham, 2) MCAO and 3) AMSC-
CM. Animals were anesthetized again with a lower dose 
of ketamine hydrochloride (100 mg/kg) along with xy-
lazine (8 mg/kg). By a Hamilton syringe (2 μL Hamil-
ton, Switzerland) connected to the device, all injections 
performed in these three subgroups were performed ac-
cording to the coordinates of the Paxinus atlas (anterior/
posterior [AP]=1 mm, dorsal/ventral [DV]=3.5 mm, and 
lateral [L]=1.5 mm) (Teixeira et al., 2015). The volume 
of injection into the right cerebral ventricle (ICV) was 
0.5 μL with an injection rate of 0.25 μL/min. After the 
end of each injection, two minutes were allowed to pre-
vent any return to the needle channel. In the end, the 
needle was removed and the animals were sutured.

Figure 1. The scheme of the experimental design 

Abbreviation: EB: Evans blue; MCAO: Middle cerebral artery occlusion; AMSC-CM: Amniotic mesenchymal stem cells-con-
ditioned medium.
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Local cerebral blood flow (LCBF) measurement

Before the surgery, the temporal bone in the right 
hemisphere of the anesthetized animal was considered 
for the placement of the laser Doppler flowmeter (LDF) 
probe. Baseline regional blood flow during MCAO and 
reperfusion was recorded by the probe. Cerebral blood 
flow was noted constantly every 5 min until 10 min af-
ter reperfusion. Local blood flow was recorded at certain 
times in the ischemic area (15 minutes before MCAO, 
45 minutes during MCAO, and 15 minutes after reperfu-
sion) (Bigdeli et al., 2007).

Neurologic deficit score 

After 6, 20, and 30 hours of reperfusion (after remov-
ing the blocker, animals were returned to their cages), 
the neurological behavior of the animals was assessed. 
The neurological injury was scored using a six-point 
protocol (Longa et al., 1989) as follows: Correct neuro-
logical activity=0, forelimb flexion=1, turning the body 
to the opposite side of the lesion=2, absence of reflex on 
the right side of the body=3, lack of locomotor activity 
and hypokinesia=4, and death=5. In case of death, the 
animals were removed from the study. Reasons, such as 
asphyxia, pulmonary failure, or subarachnoid hemor-
rhage.

IV analysis 

A high dose of chloral hydrate (800 mg/kg) (Merck, 
Germany) was used for deep anesthesia equivalent to 
the death of the animals. The heads of the animals were 
cut and the brains were quickly detached and placed in 
saline for 15 minutes in a refrigerator at 4°C. Then, the 
brain was placed in Manrix (Brain Matrix, Iran) and 
divided into eight sections with 2 mm thick slices. The 
slices were floated in a 2% solution of 2, 3, 5-triphenyl 
tetrazolium chloride (Merck, Germany) and placed in an 
oven at 37°C for 15 minutes. Then, the slices were photo-
graphed and the unstained and white areas were defined 
as infarcts, and the volume of the damaged area was dig-
nified using image analysis software (Image J, version 
1.48, US National Institutes of Health, Bethesda, MD, 
USA). The size of the lesion was measured by calculat-
ing the stained parts in each part and multiplying it by the 
thickness of that slice (2 mm) and then summing the data 
of all eight parts (Swanson et al., 1990) (Equation 1):

1. Corrected IV=Left hemisphere volume-(Right hemi-
sphere volume-IV)

BWC analysis

After removing the brain and separating the cerebel-
lum and olfactory bulb, wet weight (WW) was measured 
(Bigdeli et al., 2007). Then, the sections were located in 
the oven for 6, 20, and 30 hours at 120°C, and the dry 
weight (DW) was also recorded. Then, the Equation 2 
was used to determine the water content in the brain:

2. [(WW-DW)/WW]×100 

Analysis of BBB strength

Briefly, 30 minutes after MCAO, 4 mL/kg of 2% Ev-
ans blue (EB, Sigma Chemicals) solution in saline was 
inserted through the tail vein. Then, 6, 20, and 30 hours 
after recirculation, the animal’s chest was ruptured un-
der deep anesthesia. The animal’s vessels were flushed 
through the left ventricle with 250 mL of saline to com-
pletely clear the EB from the vessels, and this procedure 
continued until the white fluid was removed from the 
right atrium. In the next step, the brains were taken out 
and the brain hemispheres were weighed separately for 
WW analysis. To measure the presence of EB in the tis-
sue of the right hemispheres, they were homogenized in 
2.5 mL of PBS, and 2.5 mL of 60% trichloroacetic acid 
(TTC) was poured into it to precipitate the protein, and 
they were vortexed for 5 minutes. Next, the sections were 
located at 4°C for 30 minutes and centrifuged at 1000 ×g 
for 30 minutes. Then, the supernatant was extracted and 
the amount of EB in it was recorded at a wavelength of 
610 nm using a spectrophotometer (Perkin-Elmer, U.S.). 
EB levels were expressed as μg/g of brain tissue against 
a standard curve (Bigdeli et al., 2007b).

Statistical analysis

IV, edema, and BBB health value were shown as 
Mean±SEM and compared using one-way ANOVA 
(SPSS software, version 16; post hoc LSD test). Normal-
ized standard deviation (NDS) was expressed as median 
(range) and analyzed using the Mann–Whitney U test. A 
P>0.05 was considered significant.

3. Results 

Regional cerebral blood flow

Assessment of CBF using laser Doppler flowmetry 
(LDF) in both the MCAO and MCAO+hAMSC-CM 
groups showed that cerebral blood flow decreased less 
than 20% from baseline after MCA occlusion (Figure 2). 
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This was continued throughout the 60 min of MCAO. 
There was no significant difference between the MCAO 
and MCAO+hAMSC-CM groups during 60 minutes of 
MCAO and 30 minutes of reperfusion.

Effects of AMSC-CM on lesion size 

As illustrated in Figures 3A, 3B, 3C & 3D, no infarcts 
occurred in the sham group. However, significant in-
farct expansion was detected after MCAO. Ischemic 
damage occurred in the core, subcortex, and penumbra 
at different times of reperfusion, and the ischemic dam-
age increased with increasing reperfusion time, and the 
maximum damage was observed 30 minutes after reper-
fusion. 

The therapeutic effect of AMSC-CM was observed in 
the penumbra area more than in the core area. In the core, 
subcortex, and penumbra areas, a significant difference 
was seen between the following groups: MCAO (6, 20, 
and 30 hours) and sham, sham and treatment (except for 
the 6-hour group in the penumbra and subcortex areas), 
and ischemia and treatment. 

Effects of AMSC-CM on sensory and practical be-
havior

Sensorimotor performance was significantly improved 
after treatment with AMSC-CM. For the neurological 
deficit score, the MCAO group showed extensive neu-
rological damage 24 hours after recirculation. Among 

the groups, the group that was reperfused for 30 hours 
showed more movement injuries. Intraventricular injec-
tion of CM changed neurologic scores compared to the 
MCAO group. Neurological deficit scores were reduced 
in the treatment group compared to the MCAO group 
(Figure 4). 

Effects of AMSC-CM on BWC 

BWC was increased in the MCAO group at all times of 
reperfusion and increased by treatment with AMSC-CM 
(Figure 5). In the right hemisphere, a significant differ-
ence was seen between the opposite groups: MCAO (6, 
20, and 30 hours) and sham, sham and treatment, and 
ischemia and treatment (only at 6 and 20 hours). 

Effects of AMSC-CM on the health of the BBB 

The identification factor of BBB disruption was con-
sidered based on the amount of EB penetration in the 
tissue (Figures 6A, 6B and 6C). The amount of EB entry 
in ischemic areas in the MCAO group (30 h) was strik-
ingly greater than the sham group and treatment (6, 20, 
and 30 h) in the core, subcortex, and penumbra areas sig-
nificantly reduced the entry of EB to the ischemic areas.

4. Discussion 

In this study, we investigated the neuroprotective ef-
fects of AMSC-CM against focal ischemia injury and re-
circulation after 6, 20, and 30 hours, which was done for 
the first time in the scientific community. The important 

Figure 2. Assessment of cerebral blood flow (% from baseline) by laser LDF 

MCAO: Middle cerebral artery occlusion; hAMSC-CM: Human amniotic mesenchymal stem cells-conditioned medium.

Note: Measurements were performed 30 minutes before, during 60 minutes of middle cerebral artery occlusion, and 30 min-
utes of reperfusion in MCAO and MCAO+hAMSC-CM groups. 
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Figure 3. Effect of AMSC-CM on lesion size (A, B, C & D) (data are shown as Mean±SD)

MCAO: Middle cerebral artery occlusion; AMSC-CM: Amniotic mesenchymal stem cells- conditioned medium.

*Sham group vs MCAO group; $Sham group vs MCAO+hAMSC-CM group; #MCAO group vs MCAO+hAMSC-CM group; 
A) ***P<0.001 vs sham group, ###P<0.001 vs MCAO group, and $$$P<0.001 vs sham group; B) ***P<0.001 vs sham group, ###P<0.001 
vs MCAO group, #P<0.05 vs MCAO group, $$$P<0.001 vs sham group, and $$P<0.01 vs sham group; C) ***P<0.001 vs sham 
group, ###P<0.001 vs MCAO group, ##P<0.01 vs MCAO group, $$$P<0.001 vs sham group, and $$P<0.01 vs sham group; D) 
Infarcted regions appeared pale while non-infarcted areas appeared red.
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finding of this study was the neuroprotective effect of 
AMSC-CM time-dependently against ischemic injuries 
due to MCAO. The results of our experiments support 
the fact that AMSC-CM in the initial moments of reper-
fusion in an animal model may ameliorate the amount 
of damage to neurons and reduce the process of destruc-
tion of the BBB. In addition, the results of this research 

showed that AMSC-CM can improve nerve function at 
6, 20, and 30 h after reperfusion.

Cerebral ischemia leads to a decrease in oxygen and 
glucose in the brain tissue, and the combination of 
these factors causes irreparable neurological deficits in 
the ischemic core in the first minutes after the onset of 
ischemia (Zhang et al., 2016). In the absence of oxy-

Figure 5. The effects of AMSC-CM on the brain water content in the right hemisphere (data are shown as Mean±SD)

MCAO: Middle cerebral artery occlusion; AMSC-CM: Amniotic mesenchymal stem cells- conditioned medium.

***P<0.001 vs sham group, ##P<0.01 vs MCAO group, #P<0.05 vs MCAO group, $$$P<0.001 vs sham group, $$P<0.01 vs sham 
group; *Sham group vs MCAO group, $Sham group vs MCAO+hAMSC-CM group, #MCAO group vs MCAO+hAMSC-CM 
group.

BWC was increased in the MCAO group at all times of reperfusion and increased by treatment 

with AMSC-CM (Figure 5). In the right hemisphere, a significant difference was seen between the 

opposite groups: MCAO (6, 20, and 30 hours) and sham, sham and treatment, and ischemia and 

treatment (only at 6 and 20 hours).  

 

 Figure 5. The effects of AMSC-CM on the brain water content in the right hemisphere. 
***P<0.001 vs. sham group, ##P<0.01 vs. MCAO group, #P<0.05 vs. MCAO group, $$$P<0.001 vs. sham group, 
$$P<0.01 vs. sham group.  
(*; sham group vs. MCAO group, $; sham group vs. MCAO+hAMSC-CM group, #; MCAO group vs. 
MCAO+hAMSC-CM group) 
MCAO: middle cerebral artery occlusion; AMSC-CM: amniotic mesenchymal stem cells- conditioned medium. 
Data are shown as mean ± SD. 
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Figure 6. The effect of AMSC-CM on blood-brain barrier integrity (data are shown as Mean±SD)

MCAO: Middle cerebral artery occlusion; AMSC-CM: Amniotic mesenchymal stem cells- conditioned medium.

*Sham group vs MCAO group, $Sham group vs MCAO+hAMSC-CM group, #MCAO group vs MCAO+hAMSC-CM group; 
A) ***P<0.001 vs sham group, *P<0.05 vs sham group, ##P<0.01 vs MCAO group, #P<0.05 vs MCAO group, $P<0.05 vs sham 
group; B) *P<0.05 vs sham group, $P<0.05 vs sham group; C) **P<0.01 vs sham group, *P<0.05 vs sham group, $$P<0.01 vs sham 
group, $P<0.05 vs sham group.
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gen, certain areas of the brain turn into a pathological 
environment where the recirculation of blood leads to 
the initiation of inflammatory and oxidative pathways 
and the imbalance of prooxidants and endogenous an-
tioxidants. The excessive production of radicals, toxic 
free radicals, and ROS, increases the abnormal amount 
of malondialdehyde (MDA), which is a key index of 
lipid peroxidation and indicates a degree of membrane 
damage under oxidative stress conditions (Park et al., 
2015). In addition, glutathione (GSH) and superoxide 
dismutase (SOD) are both harmful free radical absorbers 
and are seen in brain tissue with ischemia. Ultimately, a 
pathological environment resulting from ischemia leads 
to learning and memory impairment as well as loss of 
structure and function of neurons (Park et al., 2015). 

As mentioned, the interruption of blood flow in the 
vessels leads to a lack of oxygen and then causes the cre-
ation of anaerobic infarction areas with a lack of energy 
in the brain tissues, which finally leads to the necrosis of 
the brain tissues (Nai et al., 2018). 

The loss of neuronal function caused by ischemia be-
gins with the discharge of excitatory neurotransmitters, 
which leads to membrane depolarization, increased in-
tracellular calcium, and the construction of nitric oxide 
(NO) and ROS, i.e. radicals. Superoxide anion, hydro-
gen peroxide, and hydroxyl radical are greatly cytotoxic 
byproducts (Lee et al., 2010). Oxidative stress plays 
a central role in the pathogenesis of the acute stage of 
stroke. The creation of local temporary cerebral isch-
emia increases the production of free radicals and nitric 
oxide and decreases the activity of antioxidant enzymes, 
such as SOD, GSH, and catalase (Zhang et al., 2014). 
Increasing the levels of free radicals through the direct 
effect and destruction of cell proteins and lipids, as well 
as DNA damage, leads to the activation of apoptosis. 
Also, through an indirect effect, they disrupt the signal-
ing pathway and gene regulation of the cell and finally 
cell death (Dirnagl et al., 1999).

Many studies have previously attracted the attention of 
scientists regarding the use of MSCs for the treatment 
of ischemic stroke. Among different sources of MSCs in 
the body, such as bone marrow, fat tissue, placenta, and 
other tissues, AMSCs have unique characteristics that 
make them have an exceptional place in medicine. Some 
of these features include an easy and accessible resource 
after each delivery. There is no legal problem regarding 
their use (Tousi et al., 2017). Unlike other MSCs that are 
extracted from other sources in the body, amniotic cells 
do not express classes 1 and 2, or their expression is very 
little. Thus, they have high immune tolerance compared 

to other MSCs (Tsuji et al., 2010). Also, due to their em-
bryonic properties, they have a high proliferation and 
differentiation power compared to other MSCs (Alviano 
et al., 2007; Boltze et al., 2014).

It has been well established that MSCs can treat isch-
emia damage through mechanisms, such as angiogen-
esis, neurogenesis, and immune response regulation 
(Eckert et al., 2013).

Despite these advantages, arterial injection of MSCs 
has been reported to be associated with concerns, such 
as reduced cerebral blood flow as a result of cellular co-
agulation and microemboli due to cellular aggregation, 
which are modulated by dose, rate, and volume of injec-
tion (Cui et al., 2015).

At first, the researchers believed that the way MSCs 
work in tissue healing and renewal is due to their re-
placement with desired tissue cells, but with more stud-
ies and research, the focus shifted to their paracrine ac-
tions (Drago et al., 2013). MSCs can release paracrine 
factors that have immunomodulatory and neuroprotec-
tive properties and can help repair and regenerate dam-
aged tissues (Cunningham et al., 2018). The medium 
prepared from the culture site of MSCs contains sub-
stances that have different anti-apoptotic and angiogenic 
effects, such as exosomes, VEGF, IGF-1, angiogenin, 
IL-6, IL-8, and hepatocyte growth factor (HGF), which 
can promote cell proliferation, differentiation, and vas-
cularization. They also affect the generation and survival 
of cells under oxidative stress (Di Santo et al., 2009; 
Timmers et al., 2008).

As mentioned, some studies have shown that MSCs 
can release several paracrine factors. They exert their ef-
fects by increasing the expression of materials, such as 
HGF (Li et al., 2008). In previous studies, it has been 
shown that HGF exhibits angiogenic and antiapoptotic 
effects (Guo et al., 2008). In our previous studies, the 
potency of AMSC-CM in the face of focal cerebral isch-
emia and the hypothesized mechanisms, by which it re-
duced brain damage, were also investigated. Also, our 
results in previous studies showed that treatment with 
AMSC-CM can exert neuroprotective effects to reduce 
apoptosis, via decreasing the level of caspase-3 and Bex 
and increasing the level of Bcl-2 (Faezi et al., 2018).

AMSC-CM exerts its effect through the triggering of 
BDNF/ERK signaling pathways (Wang et al., 2017). 
Furthermore, our data demonstrated that the neuropro-
tective effects of AMSC-CM were thoroughly related 
to the reduction of injury volume. It has been well es-
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tablished that ERK1/2 and the MAPKs family modulate 
neuronal viability and cellular apoptosis. The stimulation 
of this compound leads to the phosphorylation of many 
cytoplasmic and membrane proteins. Also, the transfer 
of ERK1/2 from the cytosol to the cell nucleus causes the 
phosphorylation of various transcription factors, such as 
CREB protein (Zhao et al., 2017).

In our earlier research, it was shown that intraventricu-
lar administration of AMSC-CM at the beginning of re-
circulation increases the phosphorylation of ERK1/2 and 
decreases the expression of BDNF protein in the cortical 
region of infarcted rats, and the results were reversed by 
AMSC-CM (Faezi et al., 2018).

According to our findings, AMSC-CM can inhibit 
apoptosis and ultimately cell survival in hypoxic condi-
tions by activating the PI3K-Akt pathway (Hung et al., 
2007). 

With a slight reduction in cerebral blood flow, brain tis-
sue survives for a relatively long time, while brain dam-
age becomes irreversible when blood flow is completely 
cut off. In other words, the sooner the blood flow starts 
again, the more effective it can be in the treatment. In 
the same study, it was reported that the volume of the 
penumbra area decreases with the increase of the reper-
fusion time (Lansberg & Dabus, 2013).

Our experiment showed that by increasing the reperfu-
sion time for 30 hours, the amount of damage and the 
destruction of the BBB decreases.

During cerebral ischemia, increased expression of 
aquaporin-4, a type of protein water channel, occurs 
in the end feet of astrocytes, which causes the lack of 
strength and increased permeability of the BBB and the 
formation of cerebral edema (Fu et al., 2007).

Edema in the brain is one of the factors determining 
the patient’s survival rate in the early hours after a stroke 
(Dirnagl et al., 1999). Clinical and laboratory studies 
show that the development of edema following acute 
localized cerebral ischemia can aggravate the primary 
ischemic lesion (Shaw et al., 1959). It is said that by 
creating cerebral edema, the pressure inside the skull in-
creases and by compressing the cerebral vessels, blood 
flow to the penumbra region is severely reduced and the 
death of neurons in this region is accelerated (Dirnagl 
et al., 1999). Rupture of the BBB is the most important 
cause of cerebral edema (Nishida & Gotoh, 1993). ROS, 
such as superoxide and hydroxyl radicals play an impor-
tant role in the development of brain edema and brain 

lesions (Satoh et al., 2011). The exact mechanisms, by 
which superoxide anion and hydroxyl radicals partici-
pate in edema formation remain unknown. The forma-
tion of free radicals, especially super-oxidants and pro-
teases, following cerebral ischemia causes alterations in 
the BBB and the formation of edema and cell death. 

The outcomes of this study indicated that the blockage 
of the middle cerebral artery caused severe breaking of 
the BBB and the creation of cerebral edema.

This study showed that the production of free radicals 
increases cerebral edema in focal cerebral ischemia and 
the reduction of these free radicals leads to the reduc-
tion of cerebral edema. In a study, it was shown that the 
administration of MSC after cerebral ischemia by in-
hibiting the expression of aquaporin-4 can increase the 
strength of the BBB (Baez-Jurado et al., 2019; Tang et 
al., 2014).

In this paper, we investigated whether the paracrine 
effects caused by MSCs can increase the strength and 
integrity of the BBB. Our data demonstrated that MCAO 
can destroy the BBB, and with increasing reperfusion 
time, there is an increase in the destruction and permea-
bility of the BBB and subsequent edema creation, which 
is reversed by AMSC-CM administration. 

Also, BM-MSC-CM can recover neuron function af-
ter ischemic stroke (Tsai et al., 2014). Consistent with 
this result, our research showed that post-treatment with 
AMSC-CM can improve motor performance and neu-
rological deficits 6, 20, and 30 hours after reperfusion.

Among the limitations of the present study was that the 
drug had to be stored and used under certain temperature 
conditions, and any delay in intraventricular injection or 
non-observance of temperature balance with the dena-
turation of functional proteins would cause the inactiva-
tion of the drug intervention. In this research, western 
blot and PCR techniques were not used due to the high 
division of the protocol and study groups and the need 
to focus on the tissue process. For this reason, the use 
of molecular techniques in future studies is suggested to 
identify proteins and investigate mechanisms at the mo-
lecular level.

It is also suggested that in the future, other complemen-
tary movement tests, such as the balance test and corner 
test will be used to more accurately evaluate functional 
disorders and increase the power of research by examin-
ing several inflammatory factors.
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5. Conclusion 

The use of AMSC-CM reduces lesion volume, cere-
brospinal fluid accumulation, and BBB breakdown in 
three subacute, acute, and chronic phases of focal cere-
bral ischemia. AMSC-CM may be a hopeful therapeutic 
case for stroke, but further study is needed to consider 
the therapeutic nature of AMSC-CM. Finally, the results 
of this research open several paths that can be studied to 
investigate the protective effects of the treatment used in 
this research. 
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