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 Abstract: Background: Mesenchymal stem cell-derived conditioned medium (MSC-
CM) contains bioactive factors that provide neuroprotection in cases of cerebral 
ischemia-reperfusion (IR) injury. This study aimed to compare the therapeutic potential 
of rat adipose-derived MSC-CM (rAD-MSC-CM) and chicken embryo liver-derived 
MSC-CM (cLD-MSC-CM) following global cerebral IR injury in male rats.  
Material and Methods: We harvested rAD-MSC-CM from the adipose tissue 
surrounding the epididymis of Wistar rats and cLD-MSC-CM from the liver tissue of 10-
day-old chicken embryos. To induce global cerebral ischemia, we utilized a four-vessel 
occlusion (4VO) model in rats. After inducing ischemia, the conditioned media were 
administered via intravenous injection 30 minutes post-reperfusion. We evaluated the 
cognitive and non-cognitive functions of the animals using standard behavioral tests. 
Additionally, we assessed blood-brain barrier (BBB) permeability, brain water content 
(BWC), oxidative-antioxidative status, and conducted histopathological analyses of the 
hippocampal tissue in the IR rats.  
Results: Our findings demonstrated that treatment with both rAD-MSC-CM and cLD-
MSC-CM significantly improved memory function, reduced anxiety- and depression-
like behaviors, and enhanced exploratory activities. These behavioral improvements 
correlated with decreased BBB permeability and BWC, reduced oxidative stress, and 
mitigated histopathological changes in the hippocampal tissue.  
Conclusion: Our findings suggest that both rAD-MSC-CM and cLD-MSC-CM offer 
protective benefits against IR injury, likely owing to their antioxidant properties. 
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1. INTRODUCTION 
 Stroke is a severe acute cerebrovascular disease 
that results in high mortality rates and long-term 
physical disabilities for individuals worldwide [1]. 
Ischemic stroke, which accounts for over 85% of all  
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acute strokes, is caused by the blockage of cerebral 
arteries and is more prevalent among older individuals 
[2]. The pathophysiological consequences of stroke 
can lead to neuronal cell death and brain damage [3]. 
Current therapeutic approaches are limited to tissue 
plasminogen activator (tPA)-induced reperfusion and 
mechanical thrombectomy [4]. However, the narrow 
therapeutic window of tPA therapy highlights the urgent 
need for new neuroprotective strategies for ischemic 
stroke patients [3]. 
 Numerous studies have shown that transplanted 
mesenchymal stem cells (MSCs) can decrease infarct 
volume and enhance functional recovery in animal 
models of ischemic stroke [5, 6]. It is now understood 
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that transplanted MSCs primarily create an 
environment conducive to tissue repair rather than 
serving as a direct cell replacement therapy [7]. This 
process likely involves the release of growth factors, 
cytokines, chemokines, neurotrophins, and 
extracellular vesicles, collectively known as the 
secretome [8, 9]. Extensive evidence indicates that the 
MSCs-secretome has a positive effect on cerebral 
ischemic injury [10]. It accomplishes this by lowering 
oxidative stress through the inhibition of reactive 
oxygen species (ROS) and reactive nitrogen species 
(RNS) production, as well as by transferring healthy 
mitochondria to damaged cells [9].  
 The degree of neuronal loss and synaptic disruption 
in this area can serve as a predictor for the severity of 
cognitive dysfunction following a stroke [11]. The 
histopathological changes identified in the CA1 region 
are closely linked to cognitive impairments, including 
memory deficits [12]. 
 Recently, stem cell therapy has emerged as a 
promising new option for treating ischemic stroke [13]. 
However, implementing stem cell transplantation in 
clinical practice presents several challenges. The 
procedures involved are often complex and invasive, 
requiring a high level of expertise [14]. Moreover, there 
are risks associated with this therapy, including the 
potential for tumor formation, a considerable chance of 
the body rejecting the transplanted cells, and low 
survival rates for those cells after transplantation [15]. 
To tackle these issues, the use of "cell-free 
therapeutics," like conditioned medium (CM), offers a 
promising alternative to traditional cell-based 
treatments [16, 17]. Recent studies have shown that 
MSCs-CM contains a variety of bioactive molecules 
that could improve outcomes in animal models of 
ischemia-reperfusion (IR) [18, 19]. As a result, 
administering MSC-CM has been shown to enhance 
recovery in rodent models of cerebral ischemia [20-22]. 
The clinical application of these acellular approaches, 
which avoid using cells, is generating considerable 
interest as potential regenerative therapies [23]. They 
sidestep the risks of immune rejection and tumor 
formation that are associated with cell transplantation 
[24]. Previous studies have discovered that cell-free 
extract derived from adipose stem cells exhibits 
neuroprotective effects in experimental stroke models 
[25]. Additionally, this extract has been shown to 
reduce brain atrophy volume and improve both 
neuromotor and cognitive functions in a mouse model 
of ischemic stroke [26].  
 So far, the effects of chicken embryo liver-derived 
MSC-CM (cLD-MSC-CM) have not been evaluated on 
global cerebral IR injury. Here, we compared the 
functional roles of cLD-MSC-CM to those of rat 
adipose-derived MSC-CM (rAD-MSC-CM) in the IR 
injury model. Consequently, we aimed to determine 
whether systemic treatment with rAD-MSC-CM and 
cLD-MSC-CM enhances recovery following global 
cerebral IR injury in male rats. 
 

2. MATERIALS AND METHODS 

2.1. Animals  
 Adult male Wistar rats weighing between 200 and 
250 grams, aged 7–8 weeks, were housed in standard 
cages under controlled conditions, with a temperature 
of 22 ± 2°C and humidity levels of 55–60%. Rats were 
sourced from the AJUMS animal house. They were 
kept on a 12-hour light/dark cycle and had unlimited 
access to standard food and tap water. All 
experimental procedures followed NIH guidelines and 
were permitted by the ethics committee at AJUMS 
(Ethic code: IR.AJUMS.ABHC.REC.1400.075). 

2.2. Preparation of rAD-MSC-CM 
 MSCs were isolated from the adipose tissues 
surrounding the epididymis of the male rats [27]. The 
tissue samples were gently minced into small tubes 
and incubated with a 0.1% solution of collagenase type 
I (15 minutes, 37°C). After digestion, the mixture was 
diluted with 4 ml of DMEM medium (Dulbecco's 
Modified Eagle's Medium) (Gibco, USA) supplemented 
with 15% FBS (fetal bovine serum) (Gibco, USA) and 
centrifuged at 1500 rpm for 15 minutes to separate the 
MSC pellet from adipocytes. The supernatant was 
discarded, and the cellular pellet was filtered through a 
nylon mesh (200 µm pore size) to remove any 
undigested tissue fragments. An aliquoted cell 
suspension was seeded into culture dishes containing 
DMEM-High Glucose supplemented with 15% FBS, 
100 U/ml penicillin, and 100 µg/ml streptomycin. The 
cultures were maintained at 37°C in a humidified 
atmosphere with 5% CO2. After approximately 48 
hours, the first medium change was completed, and 
non-adherent cells were eliminated. The medium was 
changed every 2 to 3 days. When the MSCs reached 
80–90% confluence, they were incubated with 0.05% 
trypsin (Sigma, USA) and 0.02% ethylenediaminetetra-
acetic acid (EDTA) for passage. 
 MSCs from passage 2 were incubated in serum-free 
culture medium to prepare conditioned medium. After 
two passages, when the MSCs reached a density of 3 
to 4 × 105 cells/ml, they were incubated in serum-free 
culture medium to prepare CM. After five days, the 
MSC-derived conditioned medium was collected. 
MSCs-derived supernatants were then centrifuged and 
filtered to eliminate any debris. The protein 
concentration of rAD-MSC-CM was measured using a 
protein assay kit (Thermo Fisher Scientific, Pierce™ 
BCA), resulting in a concentration range of 800-1200 
µg/ml. 

2.3. Preparation of cLD-MSC-CM 
 MSCs were isolated from the liver tissue of a 
chicken embryo [28, 29]. Five embryonated chicken 
eggs at stage X were incubated at 37.5°C with 60-65% 
humidity for 10 days until they reached stage HH35. 
After the incubation period, the embryos were 
separated from the yolk and extraembryonic tissues. 
The liver tissue was aseptically dissected and 
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transferred to a sterile petri dish containing phosphate-
buffered saline (PBS). The liver tissue was cut into 
small pieces and placed in a sterile tube with Trypsin-
EDTA enzyme solution (0.25% Trypsin and 2.25 mM 
EDTA) for 10 minutes. Following digestion, the enzyme 
was inactivated by adding DMEM with 10% FBS. The 
cell suspension was then centrifuged at 1200 rpm for 5 
minutes. The cell pellet was resuspended and 
transferred to gelatin (0.1%) coated culture plates 
containing DMEM/F12 with 10% FBS medium. The 
plates were incubated at 37°C in a 5% CO2 
atmosphere. After two days of incubation, the growth 
and proliferation of hepatocytes were observed using 
an inverted microscope. When the MSCs reached 80–
90% confluence, they were incubated with 0.05% 
trypsin for passaging. After two passages, when the 
MSCs reached a density of 3 to 4 × 105 cells/ml, they 
were incubated in serum-free culture medium to 
prepare CM.	
  Due to the rapid proliferative rates of cLD-
MSCs, the MSC-CM was collected after three days. 
MSCs- CM were then centrifuged and filtered to 
remove any debris. The protein concentration of cLD-
MSC-CM was measured, yielding a concentration 
range of 800-1200 µg/ml. 

2.4. Induction of Global Cerebral Ischemia 
 The four-vessel occlusion (4VO) model was 
employed to induce global cerebral IR as described by 
Sun et al. [30]. Following induction of anesthesia using 
ketamine and xylazine (Alfasan Chemical Co., 
Netherlands) (100/10 mg/kg), and placement of the rats 
in a stereotaxic device, the posterior area of the neck 
was disinfected using 5% Betadine. A midline incision 
was made through the skin and muscles along the 
posterior neck. The two vertebral arteries, located 
beneath the alar foramen of the first cervical vertebra, 
were cauterized using electrocoagulation to achieve 
permanent occlusion. The incision was then sutured. 
After the initial recovery, the rats were returned to their 
cages. The following day, the rats were anesthetized 
again and placed in a supine position. A scalpel 
incision was made along the anterior neck, and the 
fascia and muscles were carefully dissected to expose 
the carotid arteries. The carotid arteries and vagus 
nerves were separated, and both common carotid 
arteries were simultaneously occluded using 
microvascular clamps for 20 minutes to induce the 
ischemic phase. After the ischemic period, micro-
clamps were released to restore blood flow, marking 
the onset of the reperfusion phase. The confirmation of 
IR was assessed by observing the disappearance of 
dilated pupils and the absence of the corneal reflex. 
Throughout the surgical procedure, the rats' body 
temperature was monitored and maintained at 37°C 
using a heating blanket. After complete recovery, the 
rats were returned to their cages once again. 

2.5. Experimental Groups 
 A total of 68 rats, excluding those who died after 
induction of 4VO model, were randomly assigned to 
four experimental groups: 

a) Control group: Received basic culture medium 
(DMEM/F12) (500 µl/each rat, i.v.) 30 minutes 
after 4VO surgery without artery occlusion. 

b) IR group: Received basic culture medium 
(DMEM/F12) (500 µl/each rat, i.v.) 30 minutes 
after induction of 4VO model. 

c) IR+rAD-MSC-CM group: Received a single 
injection of rAD-MSC-CM (500 µl/each rat, i.v.) 30 
minutes after induction of 4VO model. 

d) IR+cLD-MSC-CM group: Received a single 
injection of cLD-MSC-CM (500 µl/each rat, i.v.) 30 
minutes after induction of 4VO model. 

A schematic diagram of the experimental procedure 
has been provided in Fig. (1). 

2.6. Passive Avoidance Test (PAT) 
 The study evaluated passive avoidance learning 
and memory functions using a shuttle box apparatus. 
The apparatus consisted of two interconnected 
chambers, one light and one dark, separated by a door. 
The chambers' floors consisted of stainless-steel rods 
that could be electrified in the dark using a shock 
generator (Borj Sanat Co., Tehran-Iran). The 
experiment was conducted in two adaptation and 
training phases. In the adaptation phase, animals were 
allowed to familiarize themselves with the apparatus. In 
the training phase, the animal was located in the 
lighted compartment, and the door was opened. The 
entrance latency into the dark compartment was 
considered as the IL (initial latency). Upon entering the 
dark compartment, the door was instantly closed, and 
an electrical shock was initiated (1 mA, 50 Hz, 3 
seconds). This practice was repeated every 5 minutes 
until the animal stayed constantly in the light 
compartment for 120 seconds. Finally, 24 hours after 
the training phase, the retention phase was done, in 
which the step-through latency (STL) was recorded. In 
this test, memory performance shows a positive 
correlation with STL, which is regarded as memory 
consolidation. No shock was administered during the 
retention phase, and a maximum cutoff time of 300 
seconds was established. 

2.7. Elevated Plus Maze Test (EPM) 
 This apparatus was utilized to assess anxiety-like 
behaviors in rats. The EPM consists of open and 
closed arms that cross with a central square and are 
elevated 50 cm above the ground. During the test, rats 
were positioned in the central square, and their 
behavior was videoed for 5 minutes. The recorded data 
were analyzed using Maze Router software (V3.1, 
Techniq Azma Co, Tabriz-Iran). Two key metrics were 
considered as anxiety-like behaviors:  
1) Open Arm Entry (%OAE): Calculated as the 

number of entries into the open arms divided by 
the total entries into both open and closed arms, 
multiplied by 100. 
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2) Open Arm Time (%OAT): Determined as the time 
spent in the open arms divided by the total time 
spent in all arms, multiplied by 100. 

2.8. Forced Swimming Test (FST) 
In this study, we employed the FST to assess 

depressive-like behavior in rats. The FST involved 
placing each rat in a Plexiglas cylinder filled with water 
(20 cm in diameter and 50 cm in height). Following a 1-
minute habituation period, the immobility and straggling 
time of the rats were recorded over a subsequent 5-
minute observation period. In this context, increased 
immobility and decreased straggling were interpreted 
as a reduction in the animal's motivation to escape, 
which serves as an indicator of depressive-like 
behavior. 

2.9. Open Field Test (OFT) 
 For the OFT, the apparatus consisted of a box 
measuring 50 × 50 × 50 cm, divided into 25 equal 
squares. Each animal was placed individually at the 
box’s center, and their behavior was videoed for 5 
minutes. The recorded data were subsequently 
analyzed using a specified software (Maze Router, 
V3.1, Techniq Azma Co, Tabriz-Iran). During the test, 
we evaluated several behaviors, including exploration 
(indicated by rearing) and anxiety (assessed through 
grooming behavior). 

2.10. Determination of Blood-Brain Barrier (BBB) 
Permeability 
 To evaluate the permeability of the BBB, we 
employed Evans blue infiltration into brain tissue [31]. 
The procedure was carried out as follows: Anesthetized 
rats received an intravenous injection of Evans blue (20 
mg/kg in 1 ml of saline) through the tail veins. After one 
hour, the rats underwent intracardiac perfusion with 
200–300 mL of saline to eliminate any intravascular 
Evans blue. After perfusion, the brain was harvested 
from the skull and homogenized in 1 ml of TCA 
(trichloroacetic acid). The homogenate was incubated 
in a 4°C freezer for 2–3 minutes, centrifuged at 2000 g 
for 10 minutes, and diluted in ethanol at a ratio of 3:1. 
The absorbance of the resulting solution was measured 
at 620 nm using a spectrophotometer. The 
concentration of Evans blue was determined based on 
a linear standard curve and presented as micrograms 
of Evans blue per milliliter (µg/ml) [32]. An increase in 
Evans blue concentration indicated enhanced brain 
vessel permeability, suggesting a disruption in the BBB 
integrity [33]. 

2.11. Brain Water Content (BWC) 
 To assess brain edema after IR, we measured the 
water content of brain tissue. Brain samples were 
carefully collected from the skulls of rats that were 
under deep anesthesia. Using a digital scale, we 

 
Fig. (1). Schematic timeline of experimental design. 4VO: four-vessel occlusion; MSC: mesenchymal stem cell; CM: conditioned 
medium; rAD-MSC-CM; rat adipose-derived MSC-CM; cLD-MSC-CM: chicken embryo liver-derived MSC-CM; EPM: elevated 
plus maze; OFT: open field test; FST: forced swimming test; BBB: blood brain barrier; MDA: malondialdehyde; GPX: glutathione 
peroxidase; SOD: superoxide dismutase. (A higher resolution / colour version of this figure is available in the electronic copy of 
the article). 

 



Neuroprotective Potential of Conditioned Medium from Adipose Current Molecular Medicine, XXXX, Vol. XX, No. XX    5 

recorded the wet weight (WW) of the brain tissue as 
described by Gerriets et al. [34]. The tissue samples 
were then placed in an oven set to 110 °C for 24 hours 
to determine the dry weight (DW). Finally, we 
calculated the percentage of BWC by the subsequent 
formula: BWC =(WW−DWWW) ×100BWC = 
(WWWW−DW)×100 

2.12. Collection of the ELISA Samples  
 Following induction of deep anesthetization, the 
brain samples were precisely extracted, and the 
hippocampal samples were quickly excised on an ice-
cold plate, quietly rinsed with cold saline, and then 
stored ina freezer (-80°C) until further evaluation. The 
samples were homogenized in a cold buffer specifically 
designed for homogenization, which contained PBS 
and a protease inhibitor cocktail from Roche Co., 
Switzerland. The homogenates were centrifuged at 
10,000 ×g for 20 minutes at 4°C. The supernatants 
were then aliquoted and reserved for subsequent 
ELISA assays. 

2.13. Assessment of Oxidative Indices  
 To assess oxidative stress in the hippocampal 
samples, we measured the activities of superoxide 
dismutase (SOD) and glutathione peroxidase (GPX) 
enzymes (ZELL bio-Co., Germany) and the 
concentration of malondialdehyde (MDA) (ZELL bio-
Co., Germany) following the protocols provided by the 
manufacturers. The SOD and GPX enzyme activities 
were expressed as U per mg of protein, and the MDA 
levels were reported as nmol per mg of protein.  

2.14. Histopathological assessment 
 The animals were subjected to deep and irrever-
sible anesthesia through an overdose of a ketamine/ 
xylazine mixture (100/10 mg/kg). Following this 
procedure, brain samples were meticulously extracted 
for histopathological analysis and subsequently fixed in 
a 10% buffered formalin solution. The samples were 
then embedded in paraffin, and serial sections of 5 µm 
thickness were prepared from the targeted regions 
using a microtome. These sections were stained with 
hematoxylin and eosin (H&E), allowing for a thorough 
examination of histopathological changes under a light 
microscope [31]. 

2.15. Statistical Analysis 
 The results were expressed as mean ± standard 
error of the mean (SEM). The Kolmogorov–Smirnov 
test was used to confirm the normal distribution of the 
data. Parametric one-way analysis of variance 
(ANOVA) followed by Tukey's post hoc test was 
employed for data analysis. Statistical analyses were 
performed using GraphPad Prism 6 software 
(GraphPad Software Inc., San Diego, USA). A p-value 
less than 0.05 (p < 0.05) was considered statistically 
significant. 
 

3. RESULTS 

3.1. PAT 
 Current findings indicated that STL was meaningly 
reduced in the IR group in comparison to the control 
group (F (3, 24) = 35.37; p < 0.001, Fig. 2). However, 
administration of MSCs-derived CM in the rAD-MSC-
CM and cLD-MSC-CM groups resulted in a marked 
increase in STL compared to the IR group (p < 0.001 
for both treatments). 
 

 
Fig. (2). Effects of rAD-MSC-CM (500 µl/each rat, i.v.) and 
cLD-MSC-CM (500 µl/each rat, i.v.) on step-through latency 
in the PAT following IR induction using a 4VO model in male 
rats. 4VO: four-vessel occlusion; IR: ischemia reperfusion; 
MSC: mesenchymal stem cell; CM: conditioned medium; 
rAD-MSC-CM; rat adipose-derived MSC-CM; cLD-MSC-CM: 
chicken embryo liver-derived MSC-CM. Data were 
demonstrated as mean ± SD (n = 7). ***p < 0.001 vs. control 
group, ###p < 0.001 vs. IR group (one-way ANOVA). (A 
higher resolution / colour version of this figure is available in 
the electronic copy of the article). 

3.2. FST 
 Immobility and struggling times were measured in 
the FST to assess depressive-like behavior. The 
results showed a significant increase in immobility time 
in the "IR" group compared to the control group (F (3, 
24) = 20.95; p < 0.001, Fig. 3A). In contrast, immobility 
time was significantly reduced in the rAD-MSC-CM and 
cLD-MSC-CM groups compared to the IR group (p < 
0.001 for both treatments). 
 The results demonstrate a significant decrease in 
struggling time in the "IR" group compared to the 
control group (F (3, 24) = 16.33; p < 0.001, Fig. 3B). In 
contrast, immobility time was significantly elevated in 
the rAD-MSC-CM and cLD-MSC-CM groups compared 
to the IR group (p < 0.001 and p < 0.05, respectively). 
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Fig. (3). Effects of rAD-MSC-CM (500 µl/each rat, i.v.) and cLD-MSC-CM (500 µl/each rat, i.v.) on depressive like behaviors, 
anxiety like behaviors, exploratory activities IR rats (using 4VO model) were represented using FST, EPM and OFT, respectively. 
(Panel A and B) represents duration of immobility and struggling in FST. (Panel C and D) represents OAE and OAT in EPM. 
(Panel E and F) indicates rearing (exploratory) and grooming (anxiety like behavior) activities in OFT. 4VO: four-vessel 
occlusion; IR: ischemia-reperfusion; MSC: mesenchymal stem cell; CM: conditioned medium; rAD-MSC-CM; rat adipose-derived 
MSC-CM; cLD-MSC-CM: chicken embryo liver-derived MSC-CM. FST: forced swimming test; EPM: elevated plus maze; OFT: 
open field test; OAE: open arm entries; OAT: open arm time.  Data were demonstrated as mean ± SD (n = 7). ***p < 0.001 vs. 
control group, ###p < 0.001, ##p < 0.01 and #p < 0.05 vs. IR group (one-way ANOVA). (A higher resolution / colour version of 
this figure is available in the electronic copy of the article). 
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3.3. EPM 
 To assess anxiety-related behaviors, the OAE 
(open arm entry) and OAT (open arm time) parameters 
were measured in the EPM test. These parameters 
were found to be significantly decreased in the IR 
group compared to the control group (OAE: F (3, 24) = 
16.36; OAT: F (3, 24) = 27.75; p < 0.001 for both 
parameters, see Fig. 3C and 3D). Conversely, 
treatment with rAD-MSC-CM and cLD-MSC-CM 
markedly increased both OAE (p < 0.001 and p < 0.01, 
respectively) and OAT (p < 0.001 and p < 0.05, 
respectively) compared to the IR group. 

3.4. OFT  
 Rearing activity, which serves as an indicator of 
exploratory behavior, was significantly lower in the IR 
group in comparison to the control group (F (3, 24) = 
40.91; p < 0.001, Fig. 3E). In contrast, both the rAD-
MSC-CM and cLD-MSC-CM groups showed a 
significant increase in rearing when compared to the IR 
group (p < 0.001 for both treatments). 
 Grooming activity in the OFT was assessed as an 
indicator of anxiety-related behavior. The results 
showed a significant decrease in grooming in the IR 
group compared to the "control" group (F (3, 24) = 
51.56; p < 0.001, see Fig. 3F). Additionally, grooming 
behavior was significantly increased in both rAD-MSC-
CM and cLD-MSC-CM groups compared to the IR 
group (p < 0.001 for both treatments). 

3.5. BBB Permeability and Brain Water Content 
 The concentration of Evans blue in brain samples 
was evaluated to assess leakage of the BBB in the IR 
rats. The results revealed that Evans blue 
concentration was significantly elevated in the IR group 
in comparison to the control group (F (3, 16) = 44.26; p 

< 0.001, see Fig. 4A). In contrast, EB concentration 
was markedly reduced in the rAD-MSC-CM and cLD-
MSC-CM groups compared to the IR group (p < 0.001 
for both treatments).  
 The percentage of BWC serves as an indicator of 
edema in brain tissue, which was significantly higher in 
the IR group in comparison to the control group (F (3, 
16) = 26.70; p < 0.001, see Fig. 4B). However, BWC 
was significantly reduced in the rAD-MSC-CM and 
cLD-MSC-CM groups compared to the IR group (p < 
0.001 and p < 0.01, respectively). 

3.6. Oxidative Stress Indices 
 The SOD and GPx enzyme activities were 
evaluated to assess antioxidant function in the 
hippocampal samples of IR rats. Current findings 
indicate that SOD and GPx activities were significantly 
reduced in the IR group of the hippocampus compared 
to the control group (F (3, 20) = 10.52 and F (3, 20) = 
10.76, respectively; p < 0.001 for both enzymes, Fig. 
5A and 5B). In contrast, the SOD and GPx enzyme 
activities were markedly increased in the rAD-MSC-CM 
and cLD-MSC-CM groups compared to the IR group (p 
< 0.01 and p < 0.05 for both enzymes, respectively). 
Additionally, we evaluated the concentration of MDA in 
the hippocampal tissue, which showed that IR injury 
significantly elevated MDA levels in the IR group in 
comparison to the control group (F (3, 20) = 19.78; p < 
0.001, see Fig. 5C). Conversely, MDA concentration 
was significantly decreased in the rAD-MSC-CM and 
cLD-MSC-CM groups compared to the IR group (p < 
0.01 for both treatments). 

3.7. Histopathology 
 The histological analyses were performed to 
evaluate the histopathological changes in the CA1 
region of hippocampal samples. In the control group, 

 
Fig. (4). Effects of rAD-MSC-CM (500 µl/each rat, i.v.) and cLD-MSC-CM (500 µl/each rat, i.v.) on BBB permeability (A) and 
brain edema (B) were demonstrated in Evans blue test dusty following IR induction using a 4VO model in male rats. BBB: blood 
brain barrier; 4VO: four-vessel occlusion; IR: ischemia-reperfusion; MSC: mesenchymal stem cell; CM: conditioned medium; 
rAD-MSC-CM; rat adipose-derived MSC-CM; cLD-MSC-CM: chicken embryo liver-derived MSC-CM.  Data were demonstrated 
as mean ± SD (n = 5). ***p < 0.001 vs. control group, ###p < 0.001 and ##p < 0.01 vs. IR group (one-way ANOVA). (A higher 
resolution / colour version of this figure is available in the electronic copy of the article). 
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the pyramidal cell layer (PCL) showed closely packed 
cell bodies of pyramidal neurons with vesicular nuclei, 
while the polymorphic layer (POL) and molecular layer 
(ML) exhibited glial cells alongside normal blood 
capillaries (Fig. 6A and 6B). In contrast, the IR group 
displayed significant alterations in the CA1 region, 
characterized by status spongiosis. The pyramidal cell 
bodies in the PCL were shrunken and exhibited 
pyknotic nuclei. Additionally, both the POL and ML 
showed an increase in the number of blood capillaries, 
along with dilation and edema in the Virchow-Robin 
spaces surrounding these capillaries, accompanied by 
neurogliosis and intracellular edema in interstitial 
neurons (Fig. 6C and 6D). In the rAD-MSC-CM group, 
the CA1 region revealed a few shrunken pyramidal cell 
bodies with pyknotic nuclei in the PCL. The POL and 
ML also exhibited dilation and edema in the Virchow-
Robin spaces around blood capillaries (Fig. 6E and 
6F). Similarly, in the cLD-MSC-CM group, there were a 
limited number of shrunken pyramidal cell bodies with 

pyknotic nuclei in the PCL, while the POL and ML 
displayed dilated blood capillaries (Fig. 6G and 6H). 

4. DISCUSSION 
 In the present study, we demonstrated that the 4VO 
model of cerebral IR injury led to memory damage, 
anxiety, and depressive-like behaviors, and reduced 
exploratory activities in male rats. These behavioral 
changes were attended by increased BBB leakage and 
brain edema. Furthermore, we found that these 
functional deficits were associated with elevated 
oxidative stress markers in the hippocampal tissue of 
experimental animals. We are the first to compare the 
effects of rAD-MSC-CM and cLD-MSC-CM in the 
treatment of IR injury. Our findings provide experi-
mental evidence that administering CM can help 
reduce brain injury in a 4VO rat model. Furthermore, 
our data indicates that the reduction of BBB infiltration 
and oxidative stress markers may play a significant role 

 
Fig. (5). Effects of rAD-MSC-CM (500 µl/each rat, i.v.) and cLD-MSC-CM (500 µl/each rat, i.v.)  on oxidative status namely SOD 
activity (A), GPx activity (B), and tissue level of MDA (C) in the hippocampal tissues using ELISA assays following IR induction 
in male rats. MDA: malondialdehyde; GPX: glutathione peroxidase; SOD: superoxide dismutase; IR: ischemia-reperfusion; MSC: 
mesenchymal stem cell; CM: conditioned medium; rAD-MSC-CM; rat adipose-derived MSC-CM; cLD-MSC-CM: chicken embryo 
liver-derived MSC-CM.  Data were demonstrated as mean ± SD (n = 6). ***p < 0.001 vs. control group, ##p < 0.01 and #p < 
0.05 vs. IR group (one-way ANOVA). (A higher resolution / colour version of this figure is available in the electronic copy of the 
article). 
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in the positive effects seen with both rAD-MSC-CM and 
cLD-MSC-CM. 
 rAD-MSC and cLD-MSC offer several advantages 
over other sources of stem cells, particularly from a 
clinical perspective. rAd-MSCs are abundant and easily 
accessible, allowing for their isolation through minimally 
invasive procedures, which makes them ideal for both 
research and therapeutic applications [35, 36]. Their 
immunomodulatory properties enhance their 
effectiveness in regenerative medicine [37]. Adipose 
MSCs exhibit superior proliferative capacity and 
stronger immunosuppressive properties, making them 
less likely to provoke immune rejection when used in 
autologous transplants [38, 39].  Besides, chicken 
embryo-liver MSCs present unique developmental 
features that could provide valuable insights into 
cellular behavior and differentiation [40, 41]. 
Additionally, using rat adipose tissue and chicken 
embryos raises fewer ethical concerns compared to 
human tissues or embryonic stem cells. By leveraging 
the properties of rAD-MSC and cLD-MSC, researchers 
can explore innovative therapeutic strategies for 
various diseases, particularly those associated with 
tissue damage and degeneration. Overall, these 
sources not only facilitate easier access and isolation 
but also offer promising avenues for advancing 
regenerative medicine. 
 Cognitive impairment and memory loss frequently 
occur following ischemic stroke, with approximately 
one-third of patients showing signs of dementia within a 
year [42]. In this study, the induction of IR injury led to 
impaired performance in rats during the PAT, a 
measure used to evaluate cognitive impairment. In this 
experiment, the rats learned to associate entry into a 
dark chamber with an electrical shock, and their ability 

to avoid this compartment was interpreted as an 
indicator of cognitive function [43]. Our findings 
revealed that IR injury significantly reduced the STL, 
indicating a decline in cognitive abilities among the 
animals. These results are consistent with previous 
studies that demonstrated significant cognitive and 
memory decline in animal models following ischemic 
stroke [44, 45]. After cerebral ischemia, several 
changes, including delayed neuronal death in the CA1 
region of the hippocampus [46], decreased activity in 
the prefrontal cortex, and thinning of the entorhinal 
cortex have been observed [47]. These changes in 
brain structure and function, especially in areas critical 
for memory processing like the hippocampus and 
prefrontal cortex, can result in significant memory 
deficits following ischemic stroke [48, 49]. While 
numerous studies have explored the positive effects of 
neuroprotectants, there has been limited research 
focusing on the long-term impact of these compounds 
or interventions on cognitive impairment. Notably, the 
learning and memory indices related to the PAT 
showed significant improvement in rats treated with 
rAD-MSC-CM and cLD-MSC-CM. This enhancement 
indicates the protective effects of these treatments 
against cognitive impairments induced by IR injury. The 
neuroprotective effects of MSCs in stroke management 
are increasingly attributed to their secretion of a diverse 
array of bioactive molecules, which exert their influence 
in an autocrine or paracrine fashion [50]. MSCs 
demonstrate remarkable therapeutic plasticity, enabling 
them to adjust their fate and functions in response to 
pathological conditions, thereby enhancing brain repair 
processes [51, 52]. Consequently, utilizing MSCs-CM 
presents a promising strategy for the treatment of 
ischemic stroke [53]. 

 
Fig. (6). Effects of rAD-MSC-CM (500 µl/each rat, i.v.) and cLD-MSC-CM (500 µl/each rat, i.v.)  on histopathology changes in 
the CA1 area were presented in different experimental groups. Control (A and B), IR (C and D), rAD-MSC-CM (E and F), cLD-
MSC-CM (G and H). White circle: Polymorphic layer; yellow circle: pyramidal cell layer; black circle: molecular layer; arrowhead 
shrunken and pyknotic pyramidal cell bodies; yellow arrow: neurogliosis; black arrow: dilated blood capillaries; blue arrow: 
spongiosis status; white arrow: intracellular edema in interstitial neurons; IR: ischemia-reperfusion; MSC: mesenchymal stem 
cell; CM: conditioned medium; rAD-MSC-CM; rat adipose-derived MSC-CM; cLD-MSC-CM: chicken embryo liver-derived MSC-
CM. (A higher resolution / colour version of this figure is available in the electronic copy of the article). 
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 Research has consistently demonstrated that 
ischemic stroke is associated with symptoms of 
depression and anxiety in patients [54, 55]. It is 
hypothesized that these psychological effects may be 
induced by the stroke itself [56]. In animal studies, rats 
with induced ischemia displayed increased anxiety- 
and depression-like behaviors in tests such as EPM 
and FST [54, 57], which aligns with our findings. 
Specifically, the OAT and OAE in the EPM indicate 
anxiety-like behaviors in IR rats. Furthermore, the 
immobility time measured in the FST, which is 
associated with depressive behavior, was also found to 
be elevated following IR induction. Our key finding is 
that MSC-CM has been shown to alleviate anxiety- and 
depression-like behaviors in IR rats, likely due to its 
anxiolytic and antidepressant properties [58]. 
Moreover, our results demonstrated that rearing (as 
exploratory behavior) and grooming (as anxiety 
behavior) in the open field apparatus were significantly 
reduced in the ischemic rats. These findings are 
consistent with those reported in other studies [59, 60]. 
However, treatment with rAD-MSC-CM and cLD-MSC-
CM alleviated these behavioral deficits in rats 
challenged by cerebral ischemia. The beneficial effects 
of MSC-CM have been documented in animal models 
as well, which is attributed to its ability to modulate 
oxidative stress and neuroinflammation in various brain 
regions [61, 62]. 
 The current study demonstrated that Evans blue 
leakage into the brain was significantly increased in the 
4VO ischemic models, indicating heightened BBB 
permeability. This aligns with findings from other 
studies that have also reported increased BBB 
permeability in rats with cerebral ischemia [63]. 
Growing evidence suggests that the production of ROS 
plays a critical role in disrupting the BBB by breaking 
down tight junction proteins [64].  
 MSC-CM contains a variety of antioxidant proteins 
that play roles in regulating apoptosis and promoting 
cell proliferation [65]. This indicates that MSC-CM has 
inherent antioxidant properties that may enhance its 
therapeutic potential. In this context, it is suggested 
that rAD-MSC-CM and cLD-MSC-CM reduce BBB 
permeability, likely due to these antioxidant properties.  
 It has also been shown that cerebral IR injury can 
cause cerebral edema in ischemic rats [66], which 
aligns with our findings. This cerebral edema resulting 
from ischemic stroke can lead to a range of clinical 
complications, including behavioral and cognitive 
impairments, memory loss, and mental dysfunctions 
[67]. Therefore, treatment with rAD-MSC-CM and cLD-
MSC-CM may help alleviate the effects of cerebral 
ischemia by reducing BBB leakage and minimizing 
edema in the brain tissue. 
 It has been demonstrated that cerebral IR injury 
initiates harmful processes in the brain, leading to 
oxidative stress and inflammation in brain tissue [68]. 
These changes are associated with BBB leakage, 
edema in the brain tissue, and behavioral impairments 
[33, 69]. Our findings illustrate that the induction of 
cerebral IR decreased the activities of antioxidant 

enzymes, such as SOD and glutathione peroxidase 
(GPX), while increasing the concentration of MDA in 
the hippocampal tissue. These results are consistent 
with previous studies that have investigated the effects 
of IR injury on oxidative stress markers in the 
hippocampus [70, 71]. Our findings demonstrate that 
treatment with rAD-MSC-CM and cLD-MSC-CM 
enhanced the activity of antioxidant enzymes, such as 
SOD and GPX, while decreasing MDA concentrations 
in the hippocampal tissue of rats subjected to IR. In line 
with these findings, other studies have shown that 
MSC-CM can prevent oxidative stress by restoring 
antioxidant enzyme levels [65, 72]. Oxidative stress 
has been associated with cognitive impairments and 
anxiety- or depression-like behaviors in rats [73, 74]. 
Thus, utilizing antioxidants may help alleviate these 
detrimental effects [75]. Furthermore, the antioxidant 
properties of MSC-CM have been reported in multiple 
studies [76]. MSC-CM is  a heterogeneous substance 
that contains various soluble factors capable of 
decreasing lipid peroxidation while simultaneously 
enhancing the production of antioxidant enzymes [77, 
78]. 
 Pyramidal neurons in the CA1 region are 
particularly vulnerable to ischemic injury, leading to 
several pathological changes. These include shrinkage 
of the cell body, pyknosis (nuclear condensation), and 
a reduction in dendritic spines [11, 79]. Consistent with 
these studies, our findings indicated that the pyramidal 
cell bodies in the CA1 region of the hippocampus were 
shrunk and displayed pyknotic nuclei in the IR rats. 
These histopathological changes observed in the CA1 
region may be attributed to increased BBB 
permeability, brain edema, and oxidative stress 
following ischemic stroke [11, 80, 81]. Our data 
indicated that the histopathological changes in the CA1 
region were alleviated in rats treated with rAD-MSC-
CM and cLD-MSC-CM. This improvement may be 
attributed to their antioxidative and neuroprotective 
properties of MSC-CM  [82].  

CONCLUSION 
 This study demonstrates that both rAD-MSC-
CM and cLD-MSC-CM attenuate cerebral IR injury by 
reducing oxidative stress, preserving BBB integrity, and 
mitigating hippocampal damage. The comparable 
efficacy of these conditioned media suggests that their 
therapeutic benefits may arise from their antioxidant 
mechanisms rather than species-specific differences. 
These findings highlight the potential of MSC-CM as a 
cell-free therapeutic strategy for ischemic brain injury, 
warranting further investigation into standardized 
protocols for clinical translation. 
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