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 ABSTRACT 
 

Article information 

 

Background: The therapeutic efficacy of stem cell therapy in many diseased 

organs based greatly on their paracrine effect. The neural stem cells are 

thought to have a role in improving the neurological functional, recovery, 

and reduction of cerebral infarction caused by cerebral ischemia/ 

reperfusion [I/R] injury in rats. 

Objective: This study was conducted to look at the histological alterations in 

the rat cerebral cortex after ischemia-reperfusion [I/R] injury and to assess 

any potential neuroprotective effects of neural stem cells conditioned 

media [NSC-CM] on on those changes. 

Material and Methods: Thirty adult male albino rats weighing about 150 - 

250 gm each were used in the present work. The animals were equally 

divided into 3 groups [10 rats each]. Group A was subdivided into 

negative control group, A1, [5 rats], not subjected to any intervention, and 

the sham-control group, A2 [5 rats], the animal of which were subjected 

to a midline cervical incision with exposure of both common carotid 

arteries followed by closure of the incision. Group B included rats 

subjected to brain [I/R] to induce transient global brain ischemia. Group C 

included rats subjected to I/R injury [as group B] and received 1.5 ml 

NSC-CM injected slowly through the tail vein at 3 h, 24 h, and 48 h after 

ischemia onset. Animals were anaesthetized using ether inhalation, the 

cerebrum was dissected and fixed in 10% neutral buffered formalin and 

specimens from them were taken and processed for examination by light 

microscopes. 

Results: NSC-CM significantly ameliorated neurological defects by reducing 

cerebral infarct volume, significant inhibition of cell apoptosis in the 

ischemic cerebral hemisphere 

Conclusion: NSC-CM might be an alternative and effective therapeutic 

intervention for ischemic stroke. 
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INTRODUCTION 

Ischemic stroke ranks second worldwide in 

terms of mortality and disability [1]. Tissue 

plasminogen activator [tPA] is the only 

effective treatment. The limited clinical use of 

tPA was due to its 4.5-hour treatment window 

and substantial risk of intracerebral 

haemorrhage [2]. Despite the fact that all 

neuroprotective treatments decreased neuronal 

cell death and infarct size in cell culture and 

animal models of stroke, many were ineffective 

or had unfavourable side effects in clinical 

trials. As a result, novel treatments for ischemic 

stroke are needed [3].  

As a stem cell-based therapy for ischemic 

stroke, the usage of neural stem cell [NSC] 

therapy in particular has expanded. NSCs have 

been shown to hasten neurological recovery 

through both direct action [neuronal 

replacement] and indirect by its paracrine action 

through secreting brain-derived neurotrophic 

factor [BDNF], reduced inflammation, and 

better endoneurogenesis [4]. But the original 

resource, low survival, and neuronal 

differentiation rates [5] as well as the potential 

tumor formation of NSCs [6] limited their 

clinical application. Stem cell-based treatment is 

therefore inappropriate for ischemic stroke. 

However, in a culture-conditioned medium, 

NSCs produced a variety of neurotrophic 

factors, such as BDNF [7], glial cell line-derived 

neurotrophic factor [GDNF], neurotrophin-3 

[NT-3] [8], and microvesicles [MVs] [9].  

Neurotrophic and mitotic factors known as 

bFGF and EGF were very recently discovered 

[epidermal growth factor]. A poor functional 

result following an ischemic stroke is linked to 

low blood levels of BDNF [10], although BDNF 

intranasally administered provided protection 

from cerebral I/R harm [11]. Both GDNF and 

NT-3 guard against vascular and ischemic 

damage to the brain [12, 13]. As a kind of 

intercellular communication, nanosized, 

membrane-bound microvesicles [MVs] released 

by cells can transport proteins, DNA, and RNA 

between cells. In the culture medium, NSCs 

release MVs that protect nerves, have an impact 

on neuronal activity, and support the growth and 

maintenance of the nervous system [9, 14, 15]. 

Microvesicles derived from stem cells have 

been discovered to repair damaged tissues 

without cell replacement [16]. NSC-derived MV 

transplantation decreased the cerebral infarct 

volume in ischemic stroke patients [17]. Injury-

induced NSC-CM implantation boosted the 

subventricular zone NSC population and 

increased the production of new neurons that 

travelled to the wounded area in injured mouse 

brains [18, 19].  

Because mesenchymal stem cells were in 

vitro converted into neural stem cell-like cells 

by NSC-CM, this process may promote endo-

neurogenesis [20]. More notably, NSC-CM 

reduced neuron death brought on by spinal cord 

damage in rats [21]. In earlier studies, we found 

NSC-CM dramatically reduced the rate of cell 

death and promoted neuronal growth [22]. 

Therefore, NSC-CM could be able to prevent 

cerebral I/R damage. This study set out to 

determine if intravenous treatment of NSC-CM 

may enhance neurological functional recovery 

and lessen the severity of cerebral infarction 

after a cerebral ischemia/reperfusion [I/R] injury 

in rats. Additionally, we evaluated the possible 

neuroprotective effect of NSC-CM on cerebral 

I/R injury in rats.  

PATIENTS AND METHODS 

NSC-Conditioned Medium Collection 

Neural stem cells were isolated from the 

olfactory mucosa and olfactory bulbs under very 

restrict sterile conditions. The brain was 

dissected to isolate the olfactory bulb then the 

cribriform plate of ethmoid was dissected to 

collect the olfactory mucosa that covers the 

posterosuperior part of nasal septum and the 

inferior surface of the cribriform plate of 

ethmoid. The olfactory bulbs and olfactory 

mucosa were cut into small pieces then 

incubated in falcon tubes containing 0.1% 

collagenase type I [Sigma] [0.1 g collagenase 

type I dissolved in 100 ml phosphate buffer 

saline [PBS, Lonza, Verviers, Belgium] for 

thirty minutes at 37 °C in a shaker water bath 

after which the cells were washed twice more, 

re-suspended in complete media and seeded.  

The final pellet was resuspended in 10 ml 

complete medium that consists of low-glucose 

Dulbecco’s Modified Eagle’s Medium with 

Ham's F12 [DMEM-F12] [Lonza, Verviers, 

Belgium] supplemented with 10% fetal bovine 

serum [Seralab- Brazil EU Grade] and 1% 

penicillin/streptomycin [Lonza, Verviers, 

Belgium]. The cells were seeded in 35 mm 

Petri-dishes at a density of 1×105 per dish in 

complete medium and were incubated in a 
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humidified atmosphere containing 5% CO2, at 

37 °C.  

Three days after seeding, the non-adherent 

cells were removed and the medium was 

replaced with a fresh complete medium. The 

culture was monitored on a daily basis and the 

medium was changed every 3 days. After 10–14 

days, when the colonies were evident, cells were 

passaged using 0.25% trypsin and 0.05 mmol/l 

EDTA [GIBCO-25300, Grand Island, NY. 

USA].  

Cultures of rat olfactory stem cells were 

passaged twice a week and used at passages 1, 

2, or 3. At the time of each medium change, we 

collected the rat NSC conditioned medium by 

filtering through a membrane with a pore size of 

0.4 μm in diameter [Millipore, Billerica, MA, 

USA]. The filtered conditioned mediums were 

centrifuged at 1000 RPM∗ 10 minutes at RT. 

After that, we observed the medium under the 

microscope to make sure that there was no cell 

contamination. The neural stem cell conditioned 

medium was kept at 4° C for 7 days. 

Animals 

Thirty-five healthy male albino rats weighing 

150–200 grams each were studied. Al-Azhar 

University's Faculty of Medicine's laboratory 

animal unit supplied them. The animals had 

proper ventilation, temperature, and a 12-hour 

light/dark cycle. Laboratory food and water 

were available to all animals. Five rats was used 

for isolation of NSCs, while the remaining 

animals were equally divided into 3 groups [10 

rats each]; Group A was further subdivided into 

negative control group, A1, [5 rats], not 

subjected to any intervention, and the sham-

control group, A2 [5 rats], each animal of which 

were subjected to a midline cervical incision 

with both common carotid arteries exposed and 

closed.  

Brain [I/R] induced temporary global brain 

ischemia in Group B rats. Through a midline 

neck incision, "Bull dog" clamps were used to 

clamp both common carotid arteries for 10 

minutes, then released and closed. Researchers 

described this procedure [23-26]. I/R-injured rats 

comprised Group C. [as group B]. Group C 

received 1.5 ml NSC-CM slowly by tail vein at 

3, 24, and 48 h after ischemia onset. After ether 

inhalation, animals' cerebrums were dissected 

and preserved in 10% neutral buffered formalin, 

and light microscope specimens were obtained. 

Light Microscopic Study [Haematoxylen and 

Eosin stained] 

The cerebrum was dissected and fixed in 

10% neutral buffered formalin to make 5 μ 

paraffin slices for light microscopic 

examination. Sections were stained with H & E 

stain [27] in The Histology department, Al-Azhar 

University. 

RESULTS 

Morphology of the isolated NSCs 

The cultured NSCs exhibited plastic 

adherent affinity to the substratum of the tissue 

culture vessels. The adherent cells took different 

morphological outline during primary culture 

[P0] ranging from polygonal, spindle shaped, 

star shaped, sperm shaped and fibroblast-like.  

The cells displayed granular cytoplasm, many 

long cytoplasmic processes, and a single large 

vesicular nucleus with multiple nucleoli. [figure 

1]. During the next passages [P1-P3] the cells 

appeared homogenously fibroblast-like instead 

of their heterogenous morphology and showed 

great tendency to form colonies [figure 2]. 

Light microscopic examination [Hematoxylen 

and Eosin stained] 

Group A [control group] 

Light microscopic examination of H&E-

stained sections of the rat cerebrum of both 

control groups [A1 & A2] showed normal 

histological structure. The cerebral cortex was 

composed of organized and regularly arranged 

six layers of gray matter. These layers were 

arranged from outer to inner into; molecular, 

external granular, external pyramidal, internal 

granular, internal pyramidal and multiform 

layers [figure 3]. The external granular layer 

was formed mainly of small granular cells 

giving this layer a granular appearance, while 

the external pyramidal layer had pyramidal cells 

of varying sizes, together with scattered 

granular cells. The internal granular layer had 

numerous small granular cells, while the 

internal pyramidal layer was formed of huge 

pyramidal [Betz] cells and scattered granular 

ones. On the other hand, the neuropil was intact 

[figure 4]. The granular cells possessed round 

cell bodies and huge rounded open face nuclei 

in contrast to the pyramidal cells' lengthy apical 

dendrites, basophilic cytoplasm, and massive 

nuclei [figure 5]. 
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Group B [one week after I/R]  

The cerebral cortex revealed many 

apoptotic cells with small eccentric nuclei, little 

acidophilic cytoplasm and surrounded by empty 

spaces mostly in the middle three layers. Some 

shrunken pyramidal cells with darkly stained 

nuclei were demonstrated obviously in the 

internal granular layer of cerebral cortex. On the 

other hand, the neuropil was vacuolated and 

dilated blood vessels with wide perivascular 

[figures 6-8]. 

Group C [One week after I/R and NCS-CM 

treatment] 

The histological architecture of cerebral 

cortex appeared more or less similar to the 

control group except for few apoptotic cells in 

the granular layer [figures 9, 10]. 

 

Figure [1]: A phase contrast photomicrograph of NSCs during P0 showing cells with different morphological 

character, very long cytoplasmic processes [Vertical arrow], granular cytoplasm, large vesicular nucleus with 

many nucleoli [Horizontal arrow] 

 

Figure [2]: A phase contrast photomicrograph of NSCs during P2 showing that the cells were homogenously 

fibroblast-like with long cytoplasmic processes [Long arrow], large vesicular nucleus with multiple nucleoli 

[Short arrow]. Large colonies [Co] were evident. Cells showed 70% confluency 
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Figure [3]: Photomicrographs of sections in the cerebral cortex of frontal lobe of adult control albino rats 

showing: Well organized regularly arranged six layers from outer to inner surface: Molecular layer [M], external 

granular [EG], external pyramidal [EP], internal granular [IG], internal pyramidal [IP] and polymorphic layer 

[PL [H&E x 100] 

 

Figure [4]: Photomicrographs of sections in the cerebral cortex of frontal lobe of adult control albino rats 

showing: The external granular layer with Granular cells [G] and the external pyramidal layer with small [P], 

medium sized pyramidal cells [P1] and the neuropil was intact [H&E x 400] 
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Figure [5]: A higher magnification of the internal pyramidal layer showing a large sized pyramidal cell [p] with 

rounded euchromatic nuclei having prominent nucleoli. The cell has long apical dendrite [arrow]. Granular cells 

[G] are also seen [H&E x 1000] 

 

[Figure 6]: Photomicrographs of sections in the frontal lobe of cerebral cortex of adult albino rats one week 

after I/R injury showing: Many apoptotic cells having small darkly stained nuclei, little acidophilic cytoplasm 

[arrows] and surrounded by empty spaces are seen in the external granular layer. Shrunken pyramidal cells [p] 

surrounded by empty space are also demonstrated. Neuropil appears vacuolated [H&E x 400] 

 

Figure [7]: Photomicrographs of sections in the frontal lobe of cerebral cortex of adult albino rats one week 

after I/R injury showing: The internal granular layer shows granule cells with dark nuclei and others with 

karyolitic nuclei [G]. the dilated and congested blood vessels [arrow heads] are seen in the surrounding neuropil 

[H&E × 400]. 
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Figure [8]: Photomicrographs of sections in the frontal lobe of cerebral cortex of adult albino rats one week 

after I/R injury showing: many apoptotic cells having small eccentric nuclei, little acidophilic cytoplasm and 

surrounded by empty spaces[arrows]. Shrunken pyramidal cells with darkly stained nuclei [P] are also 

demonstrated. the dilated and congested blood vessels [Bv] are seen in the surrounding neuropil Few normal 

granular cells [G] are also seen. [H.&E × 1000] 

 

Figure [9]: Photomicrographs of sections in the frontal lobe of cerebral cortex of NSC-CM treated adult albino 

rats one week after I/R injury showing: Numerous normal granular cells [G] and a pyramidal cell [P] are seen in 

the internal granular layer, while few apoptotic cells [arrows] are also demonstrated [H&E x 400] 

 

Figure [10]: Photomicrographs of sections in the frontal lobe of cerebral cortex of NSC-CM treated adult albino 

rats one week after I/R injury showing: Normal large pyramidal cells [P] with long apical dendrite [arrow heads] 

and granular cells [G] are seen in the internal pyramidal layer. A shrunken cell surrounded by empty space 

[arrow]is also demonstrated.  [H&E x 1000]   
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DISCUSSION 

The adult brain is extremely vulnerable to 

various insults. Ischemia is considered the most 

serious one that may result in both short and 

long term neurodegenerative and functional 

disorders [28, 29]. The current study aimed to 

examine the histological changes produced by 

transient global ischemia on the cerebral cortex 

of the frontal lobe of adult male albino rats. 

Moreover, sudden reperfusion into the brain 

tissue after hypoxia led to generation of more 

neurotoxic free radicals resulting in secondary 

oxidative tissue injury and delayed recovery of 

the neurons. Also, a sustained reduction of 

protein synthesis and initiation of programmed 

cell death occurred with depletion of cell 

enzymes or trophic factors essential for cell 

survival [30].  

In the current study, to produce I/R and test 

the impact of the NSC-CM on brain damage 

brought on by temporary global ischemia, the 

rat model of BCCAO for 10 minutes was 

preferred. Traystman et al. [31] recommended 

that this model is more suited for studies on 

long-term survival and needs a simpler surgical 

setup so that reperfusion may be easily 

accomplished. One week after an I/R injury, the 

study's findings showed that there were 

deteriorated cells in the cerebral cortex. 

Additionally, the majority of the damaged 

neurons were located in the middle three layers 

of the cerebral cortex. Such finding coincides 

with that obtained by Tatlisumak et al. [32] who 

found that the microscopic features of cortical 

ischemia showed involvement generally of the 

middle cortical laminae; mainly layers III to V 

in a rat model of permanent focal ischemia. The 

results of this study revealed the presence of 

many apoptotic granular cells and shrunken 

necrotic pyramidal ones in the cerebral cortex 

one week after I/R injury. Some authors 

described apoptosis as a program preferentially 

triggered by a microcirculatory disturbance [33, 

34]. Accordingly, apoptosis would significantly 

contribute to the neuronal damage in transient 

ischemia [35]. Apoptosis was reported in many 

studies in ischemia [36, 37].  

After slowly administering 1.5 ml NSC-CM 

via tail vein injection at 3 h, 24 h, and 48 h after 

one and three hours after the removal of 

common carotid artery ligation, the cerebral 

cortex's histological architecture in the current 

investigation appeared to be more or less similar 

to that of the control group. These features were 

maintained from one week up to one month 

after I/R. Most neurons appeared normal in the 

cerebral cortex except for few shrunken cells 

having dark nuclei surrounded by empty spaces. 

In the current study, in preclinical models of 

stroke, we found that apoptosis could be 

suppressed, lesion size could be decreased, and 

functional recovery could be aided by 

administering conditioned media from NSC 

cultures or pure media products.  

In conclusion, our results demonstrated that 

frequent injections of NSC-CM into the tail vein 

greatly reduced cerebral I/R damage by 

preventing cell death. According to our 

findings, another cell-free method of treating 

ischemic stroke is NSC-CM. 
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