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Introduction: Cerebral ischemia is a leading cause of mortality and long-term disability 
worldwide, characterized by restricted blood flow to the brain, resulting in inflammation, 
oxidative stress, and neuronal death. Current therapies, such as thrombolytics and 
corticosteroids, offer limited efficacy in reversing neuronal damage. Recent advances suggest 
that exosomes derived from mesenchymal stem cells (MSCs) may provide neuroprotective 
benefits through anti-inflammatory and regenerative mechanisms. This study aimed to evaluate 
the therapeutic effects of exosomes derived from adipose tissue–MSCs (AT-MSCs) compared 
to dexamethasone in a rat model of transient focal cerebral ischemia.

Methods: Twenty adult male Wistar rats were randomly assigned to four groups: Sham, transient 
middle cerebral artery occlusion (MCAO) control, exosome-treated, and dexamethasone-treated. 
MACO was induced to simulate an ischemic stroke. Exosomes were administered intravenously, 
while dexamethasone was given intraperitoneally. Behavioral assessments (Bederson and 
Garcia scores), infarct volume (2,3,5-triphenyltetrazolium chloride [TTC] staining), serum 
inflammatory markers (nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB), 
tumor necrosis factor-α [TNF-α], interleukin-6 [IL-6]), and histopathological changes (H&E and 
Nissl staining) were analyzed.

Results: Exosome treatment significantly improved neurological function and motor 
performance compared to the MCAO group, with superior outcomes relative to dexamethasone. 
Exosomes markedly reduced infarct volume and inflammatory biomarker levels, and histological 
analyses revealed preserved neuronal structure and reduced necrosis. Nissl staining revealed a 
higher count of healthy neurons in the exosome group compared to the other treatment groups.

Conclusion: Exosomes derived from AT-MSCs offer superior neuroprotective effects in 
ischemic brain injury compared to dexamethasone. Their multi-modal mechanisms—including 
anti-inflammatory, anti-apoptotic, angiogenic, and neuroregenerative effects—highlight their 
potential as a novel therapeutic approach for stroke management. Future research should focus 
on clinical translation, dosage optimization, and long-term safety evaluation. 

Article info:
Received: 21 May 2025
First Revision: 10 Jul 2025
Accepted: 11 Jul 2025
Available Online: 01 Sep 2025

Keywords:
Cerebral ischemia, Exosomes, 
Mesenchymal stem cells 
(MSCs), Dexamethasone, 
Neuroprotection, 
Inflammation, Stroke therapy

Citation Heydari, M., Jalali Kondori, B., Raei, M., & Eftekhari Moghadam, A. R. (2025). Protective Effects of 
Adipose-Derived Stem Cell Exosomes vs Dexamethasone on Neuromotor Deficits in Focal Cerebral Ischemia. Basic 
and Clinical Neuroscience, 16(5), 987-1002. http://dx.doi.org/10.32598/bcn.2025.7946.1

 http://dx.doi.org/10.32598/bcn.2025.7946.1

Use your device to scan 
and read the article online

A B S T R A C T

Copyright © 2025 The Author(s); 
This is an open access article distributed under the terms of the Creative Commons Attribution License (CC-By-NC: https://creativecommons.org/licenses/by-nc/4.0/legalcode.en), 
which permits use, distribution, and reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes.

http://bcn.iums.ac.ir/
https://orcid.org/0009-0003-3366-388X
https://orcid.org/0000-0002-6134-9965
https://orcid.org/0000-0002-5899-4744
https://orcid.org/0000-0001-7680-8653
https://bcn.iums.ac.ir/
https://bcn.iums.ac.ir/
http://dx.doi.org/10.32598/bcn.2025.7946.1
https://crossmark.crossref.org/dialog/?doi=10.32598/bcn.2025.7946.1
http://bcn.iums.ac.ir/page/74/Open-Access-Policy
https://creativecommons.org/licenses/by-nc/4.0/legalcode.en
https://creativecommons.org/licenses/by-nc/4.0/legalcode.en


Basic and Clinical

988

July& August 2025, Vol 16, No. 5

Introduction

erebral ischemia is a pathological condi-
tion characterized by insufficient oxy-
gen supply to the brain tissue, which can 
manifest transiently as transient ischemic 
attacks due to cerebral vasoconstriction, 
or permanently as cerebral infarction or 
stroke, typically resulting from throm-

bosis or embolism in major cerebral arteries. Stroke is 
recognized globally as a leading cause of mortality and 
long-term disability, imposing substantial clinical and 
socioeconomic burdens. Thus, there remains an urgent 
necessity for novel therapeutic interventions that can ef-
fectively mitigate ischemic damage and improve patient 
outcomes (Amantea et al., 2009). 

Ischemic injury induces severe tissue edema and in-
creased intracranial pressure, subsequently leading to 
irreversible neuronal cell death. A comprehensive un-
derstanding of these pathophysiological processes is 
crucial for developing effective preventive strategies and 
therapeutic approaches for patients at risk (Amantea et 
al., 2009). Current therapeutic interventions, primarily 

antiplatelet and thrombolytic treatments, offer limited ef-
ficacy by merely targeting restoration or preservation of 
cerebral blood flow, rather than directly addressing the 
underlying cellular and molecular mechanisms of isch-
emic neuronal death (Amantea et al., 2009; Gladstone 
et al., 2002). 

Shortly after ischemic onset, substantial damage occurs 
within the core ischemic region, characterized by a sig-
nificant reduction in cerebral blood flow (greater than 
80%), energy depletion, oxygen deprivation, and loss of 
ionic gradients resulting from neuronal depolarization. 
These conditions primarily induce cell death through 
excitotoxicity, mitochondrial dysfunction, excessive 
production of reactive oxygen species, and activation 
of programmed cell death pathways (Lo et al., 2003; 
Jayaraj et al., 2019). 

Recently, exosomes have emerged as promising thera-
peutic vehicles due to their capability to cross the blood-
brain barrier efficiently and deliver bioactive cargo into 
neural tissue. Exosomes significantly contribute to re-
ducing inflammation in the central nervous system and 
enhancing recovery of neuromotor function post-injury 

Highlights 

• Exosomes derived from adipose tissue–MSCs significantly improved neurological function and reduced infarct 
volume in a rat model of focal cerebral ischemia compared to dexamethasone.

• Treatment with exosomes resulted in lower inflammatory biomarker levels and preserved neuronal structure, indi-
cating enhanced neuroprotection.

• The study underscores the potential of MSC-derived exosomes as a novel therapeutic approach for stroke manage-
ment, warranting further clinical investigation.

Plain Language Summary 

Cerebral ischemia, a condition caused by reduced blood flow to the brain, is a major cause of death and long-term 
disability worldwide. Current treatments with certain medications often do not effectively reverse the damage to brain 
cells. This study examines a novel approach utilizing tiny particles known as exosomes, derived from mesenchymal 
stem cells. We tested the effects of these exosomes in rats that experienced cerebral ischemia. We compared the out-
comes of rats treated with exosomes and those treated with dexamethasone, a commonly used steroid medication. The 
results showed that the rats receiving exosomes had better recovery of movement and less brain damage compared 
to those treated with dexamethasone. The exosome treatment also led to lower levels of inflammation and preserved 
healthy brain cells. These findings are significant because they suggest that exosomes from fat tissue stem cells can be 
a promising treatment for stroke. This research opens up new possibilities for improving recovery after strokes, war-
ranting further studies to explore how these exosomes can be used in clinical settings, ultimately benefiting patients in 
the future.
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(Console et al., 2019). Notably, research has demonstrat-
ed that brain injury induces upregulation of miR-124-3p, 
a microRNA known to alleviate neuronal inflammation 
and improve neurological function. Given their inher-
ent capacity to transport anti-inflammatory modulators 
such as microRNAs and proteins, exosomes represent a 
compelling strategy for targeted therapeutic delivery to 
the CNS, addressing inflammation-related pathological 
conditions (Gao et al., 2020).

Stem cell-derived exosomes, acting as key paracrine 
mediators, have shown promising therapeutic effects in 
ischemic stroke through their roles in promoting angio-
genesis and neurogenesis, alongside exhibiting signifi-
cant neuroprotective and neuroregenerative properties 
(Huang et al., 2020). Recent findings further indicate 
that exosomes secreted by various stem cells, including 
adipose-derived stem cells (ADSCs), can carry bioactive 
molecules such as lipids, proteins, and genetic materials 
into the extracellular environment, effectively modulat-
ing pathological conditions in neurodegenerative dis-
eases. Specifically, ADSC-derived exosomes have been 
demonstrated to attenuate inflammation and oxidative 
stress by modulating the Nrf2/HO-1 signaling pathway, 
thereby highlighting their therapeutic potential for isch-
emic and degenerative brain injuries (Shen et al., 2021).

The innovation of this study lies in utilizing stem cell-
derived exosomes, particularly those derived from AD-
SCs, as novel therapeutic agents targeting the underlying 
molecular and cellular mechanisms of cerebral ischemia. 
The primary goal of this research is to investigate the 
therapeutic potential and efficacy of ADSC-derived exo-
somes in reducing inflammation, oxidative stress, and 
neuronal damage associated with ischemic stroke, to 
establish their role as a viable and advanced therapeutic 
intervention for ischemic cerebral injuries.

Materials and Methods

Study design

This experimental study evaluated the neuroprotective 
effects of adipose tissue–mesenchymal stem cell (AT-
MSC)-derived exosomes in a rat model of transient fo-
cal cerebral ischemia. To assess the therapeutic impact, 
behavioral, biochemical, and histopathological analyses 
were performed.

Animal grouping

Twenty adult male Wistar rats (250–280 g) were ran-
domly divided into four groups (n=5 per group):

1. Sham group: Underwent surgical procedures with-
out ischemia induction and received normal saline orally 
for 7 days.

2. MCAO control group: Underwent middle cerebral ar-
tery occlusion (MCAO) without receiving any treatment.

3. Exosome-treated group: Administered 0.2 mL phos-
phate-buffered saline (PBS)-diluted exosomes intrave-
nously via the tail vein 1 hour before ischemia, followed 
by daily injections for 7 days.

Dexamethasone group: Treated with daily intraperito-
neal injections of dexamethasone (1 mg/kg) starting 24 
hours after ischemia.

Induction of transient focal cerebral ischemia

Transient focal cerebral ischemia was induced using 
the MCAO method. Rats were anesthetized with 5% 
isoflurane (induction) and maintained with 2% isoflu-
rane in 30% oxygen and 70% nitrogen. A midline neck 
incision exposed the common, external, and internal ca-
rotid arteries. A silicone-coated 3-0 nylon filament was 
inserted through the ICA to occlude the MCA for 90 
minutes. Afterward, the filament was removed to allow 
reperfusion. Body temperature was kept at 37±0.5 °C 
throughout the procedure.

Exosome isolation and characterization

Exosomes were isolated from AT-MSCs harvested 
from a young Wistar rat via ultracentrifugation. Nano-
Sight analysis was used to assess particle size and con-
centration. Western blotting confirmed the presence of 
specific surface markers indicative of exosomes.

Behavioral assessments

Bederson neurological score: Neurological deficits 
were scored at 24 hours and 7 days post-ischemia based 
on forelimb flexion, lateral push resistance, and cir-
cling. Scores ranged from 0 (normal) to 5 (severe defi-
cit) (Figure 1).

Garcia neurological score: A comprehensive assess-
ment was conducted at 24 hours, 3 days, and 7 days 
post-ischemia using the Garcia scale, which includes 
six categories:

Spontaneous activity, symmetry of limb movement, 
climbing ability, response to touch/pain, and body pro-
prioception (Figure 2, Table 1).
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Vibrissae response

Total scores ranged from 3 (severe deficit) to 18 (nor-
mal).

Biochemical analysis

Serum levels of nuclear factor kappa-light-chain-
enhancer of activated B cells (NF-κB), tumor necrosis 
factor-α (TNF-α), and interleukin-6 (IL-6) were mea-
sured using ELISA kits (Jiamei Biotech Co. Ltd., Bei-
jing, China). Absorbance was read at 450 nm, and con-
centrations were calculated using standard curves.

Infarct volume assessment

At 24 hours post-MCAO, rats were euthanized (pen-
tobarbital 100 mg/kg, IP). Brains were removed, 
rinsed in cold saline, and cut into 2-mm coronal sec-
tions. Slices were incubated in 2% 2,3,5-Triphenyl-
tetrazolium chloride (TTC) at 37 °C for 20 minutes, 
then fixed in 10% formalin. Digital images were 
analyzed with ImageJ software, version 1.54p using: 
Infarct volume=Σ (Infarct area×Slice thickness).

Histopathological analysis

On day 7 post-ischemia, brain samples were fixed in 
10% buffered formalin, processed through ethanol and 
xylene, and embedded in paraffin. Five-micron sections 
were stained with H&E to assess necrosis and inflam-
mation. Nissl staining (1% toluidine blue at 45 °C for 30 
minutes) was used to assess neuronal survival. Sections 
were analyzed using a light microscope (DMI4000B, 
Leica, Germany).

Statistical analysis

Data were analyzed using SPSS, version 28 (IBM 
Corp. NY, US). One-way analysis of variance (ANOVA) 
followed by Tukey’s post hoc test was used for compari-
sons. Results are presented as Mean±SD. A P<0.05 was 
considered statistically significant.

Ethical considerations

All procedures were approved by the Animal Ethics 
Committee of Baqiyatallah University of Medical Sci-
ences in accordance with national guidelines. Animals 
were euthanized humanely at the end of the study using 
a high-dose anesthetic (IP).

Results

Neurological performance evaluation 

The Bederson test is a standard tool for evaluating the 
severity of neurological deficits following focal cerebral 
ischemia. Its score ranges from 0 (no neurological defi-
cit) to 5 (severe motor and neurological impairment), 
reflecting the level of motor and neurological deficits 
in animals.

The sham group showed the least mean neurological 
deficits (0.5±0.2), which confirmed normal brain func-
tion.

● The control MCAO group exhibited the highest 
mean neurological deficit (4.2±0.5), indicating severe 
damage caused by MCAO.

● The MCAO+exosome and MCAO+dexa groups 
had significantly lower scores than the MCAO control 
group, but still showed a significant difference compared 
to the sham group.

● Exosome treatment showed a greater reduction in 
motor deficits than dexamethasone, although the differ-
ence between these two treatments was not statistically 
significant.

The Garcia test evaluates neurological function within 
a range of 3 (severe damage) to 18 (normal function), 
with higher scores indicating improved neurological 
function and reduced motor deficits.

● The sham group received the highest score, reflecting 
normal function.

● The MCAO (untreated) group received the lowest 
score, confirming severe motor and neurological defi-
cits.

● The exosome-treated group had higher scores than 
the dexa-treated group, suggesting better neurological 
recovery.

Brain lesion volume (staining analysis)

TTC staining was used to assess the extent of brain tis-
sue necrosis following ischemia. In this method, necrotic 
areas appeared white, while healthy tissue appeared dark 
red (Figure 3, Table 2).

● In the sham group, no white areas (ischemic damage) 
were observed, indicating healthy brain tissue.
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● In the sham group, no white areas (ischemic damage) 
were observed, indicating healthy brain tissue.

● In the MCAO group, a large white area was observed 
in the brain, indicating infarction and severe neuronal 
damage.

● In the treatment groups (e.g. exosome and dexameth-
asone groups), infarct areas were significantly reduced 
compared to the MCAO group (Figure 4).

● Treatment groups showed fewer ischemic lesions, 
while the MCAO group exhibited the largest infarct area.

Inflammatory factor levels in serum

The inflammatory response plays a critical role in the 
pathophysiology of ischemic brain injury. This section 
examines the levels of key inflammatory markers (NF-
κB, TNF-α, IL-6) in the serum of animals from differ-
ent treatment groups. These factors are often elevated 
in response to ischemic injury and are associated with 
neuronal damage and neuroinflammation. The analysis 

Table 1. Garcia scores across different groups

Group
Mean±SD

Garcia Score

Sham 17.2±0.5

Control MCAO 7.8±1.2

MCAO+exosome 13.5±1.1 (P<0.05)

MCAO+dexa 11.8±1 (P<0.05)

MCAO: Middle cerebral artery occlusion; Dexa: Dexamethasone.�

Table 2. Brain lesion volume (% of total brain volume)

Group
Mean±SD

Lesion Volume (%)

Sham 1.2±0.4

Control MCAO 47.3±5.2

MCAO+exosome 29.1±4.8

MCAO+dexa 25.4±3.7

Abbreviations: MCAO: Middle cerebral artery occlusion; Dexa: Dexamethasone.�

Table 3. Inflammatory factor levels (pg/mL)

Group NF-κB (pg/mL) TNF-α (pg/mL) IL-6 (pg/mL)

Sham 12.3±1.5 9.8±1.2 8.4±1

Control MCAO 60.4±5.8 55.2±4.5 48.9±3.7

MCAO+exosome 35.2±4.3 30.1±3.8 25.4±3.2

MCAO+dexa 28.6±3.9 22.4±2.9 20.3±2.5

�

Abbreviations: NF-κB: Nuclear factor kappa-light-chain-enhancer of activated B cells; TNF-α: Tumor necrosis factor-α; IL-6: 
Interleukin-6; MCAO: middle cerebral artery occlusion; Dexa: Dexamethasone.
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of these factors helps in understanding the anti-inflam-
matory effects of the exosome and dexamethasone treat-
ments (Figure 5, Table 3).

Histopathological findings

To evaluate tissue changes resulting from cerebral 
ischemia and the therapeutic effects of exosomes and 
dexamethasone, Hematoxylin and Eosin (H&E) and 
Nissl staining techniques were employed (Figure 6). 
Microscopic examinations were performed on coronal 
brain sections of the animals, and the extent of necro-
sis, tissue edema, the number of damaged neurons, and 
neuronal structure preservation were compared across 
different groups.

● In the sham group, the brain tissue structure appeared 
normal, with no signs of necrosis, tissue edema, or neu-
ronal degeneration. Neurons exhibited normal morphol-
ogy with healthy nuclei and uniform distribution. Ad-
ditionally, no evidence of inflammatory responses was 
observed in the tissue.

● In the control MCAO group, extensive necrosis, loss 
of tissue integrity, severe edema, and neuronal death 
were evident. Necrotic neurons exhibited shrunken nu-
clei and dense cytoplasm. Increased numbers of inflam-

matory cells, cellular swelling, and severe tissue changes 
were observed in the ischemic regions. These changes 
indicated significant damage caused by cerebral isch-
emia (Figure 7).

● In the exosome treatment group, necrosis and tissue 
edema were significantly reduced. A greater number of 
neurons exhibited healthy nuclei, and tissue integrity 
was improved compared to the MCAO group. In this 
group, inflammatory responses and immune cell accu-
mulation were reduced, resulting in less cell death (Table 
4). These results suggest that exosomes have protective 
effects in reducing neuronal damage and inflammation 
resulting from cerebral ischemia (Figure 8).

● In the dexamethasone treatment group, there was a 
reduction in necrosis and tissue edema compared to the 
MCAO group. However, the degree of reduction was 
less than in the exosome-treated group. Although fewer 
necrotic cells were observed in this group, the inflam-
matory responses remained significant. Compared to the 
exosome group, dexamethasone had a lesser effect on 
reducing inflammation and promoting neuronal recon-
struction (Figure 9).

Table 4. Comparison of mean necrotic neuron counts in different groups

Group
Mean±SD

Necrotic Neurons (per Field of View)

Sham 2.1±0.5

Control MCAO 23.8±2.3

MCAO+exosome 10.5±1.7

MCAO+dexa 14.2±1.9

MCAO: Middle cerebral artery occlusion; Dexa: Dexamethasone.�

Table 5. Statistical analysis of Nissl staining (number of healthy neurons per field of view)

Group
Mean±SD

Healthy Neurons

Sham 65.2±4.1

Control MCAO 20.3±3.2

MCAO+exosome 45.7±4.5

MCAO+dexa 38.9±3.8

MCAO: Middle cerebral artery occlusion; Dexa: Dexamethasone.�
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Histopathological findings – Nissl staining

To evaluate the preservation and degeneration of neu-
rons after cerebral ischemia, Nissl staining was used 
(Figure 10). This staining technique was used to assess 
the number of healthy neurons and the extent of neuro-
nal degeneration in damaged regions. In all groups, Nissl 
bodies (rough endoplasmic reticulum) were observed in 

the cytoplasm, appearing purple-blue, and in the nucle-
us, they seemed light blue.

● In the sham group, neurons exhibited healthy nuclei 
and well-defined cytoplasm. No neuronal degeneration 
or loss was observed. The distribution of neurons was 
uniform, with no signs of damage.

Figure 1. Comparison of Bederson scores between groups

MCAO: Middle cerebral artery occlusion; Dexa: Dexamethasone.

Figure 2. Comparison of garcia scores between groups
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● In the MCAO control group, a significant reduction 
in the number of healthy neurons was observed. Many 
neurons had shrunken and pyknotic nuclei, and baso-
philic material accumulated in the cytoplasm of degen-
erated neurons. These degenerative changes indicated 
severe damage caused by ischemia (Figure 11).

● In the exosome treatment group, a significant in-
crease in the number of healthy neurons was observed. 
The cellular structure of neurons in the control group 
was more organized than that of the MCAO group. The 
number of pyknotic neurons decreased, and less neuro-
nal degeneration was observed. These results suggest 
that exosomes have protective effects against ischemic 
damage (Figure 12).

● In the dexamethasone treatment group, an increase in 
the number of healthy neurons was observed compared 
to the MCAO group; however, the improvement was 

less pronounced than that in the exosome group (Table 
5). Some neurons still exhibited signs of degeneration 
and reduced Nissl substance, but the severity of these 
changes was less than in the MCAO group (Figure 13).

Discussion

Comparison of results with previous studies

Neurological function and motor recovery

Neurological deficits are a common consequence of 
stroke, primarily due to neuronal death, inflammation, 
and damage to neural circuits. In the present study, a sig-
nificant reduction in Bederson scores was observed in 
both the exosome- and dexamethasone-treated groups 
compared to the MCAO control group, indicating im-
proved neurological outcomes.

Figure 3. Comparison of brain lesion volume in different groups using TTC staining

TTC: 2,3,5-triphenyltetrazolium chloride. 

Figure 4. Comparison of ischemic lesion volume among groups

MCAO: Middle cerebral artery occlusion; Dexa: Dexamethasone.
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Figure 5. Comparison of inflammatory factors among groups

Abbreviations: MCAO: Middle cerebral artery occlusion; Dexa: Dexamethasone; NF-κB: Nuclear factor kappa-light-chain-
enhancer of activated B cells; TNF-α: Tumor necrosis factor-α; IL-6: Interleukin-6.
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Figure 6. Photomicrograph of the sham group brain section stained with H&E, showing healthy neurons without necrosis or 
inflammation

Figure 7. Photomicrograph of the MCAO control group brain section stained with H&E, Showing necrosis and neuronal de-
struction with pyknotic nuclei and disrupted cytoplasm

MCAO: Middle cerebral artery occlusion.
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Figure 8. Photomicrograph of the MCAO+exosome group brain section stained with H&E, showing reduced necrosis and 
neuronal destruction, as well as improved neuronal structure compared to the MCAO control group

MCAO: Middle cerebral artery occlusion.

Figure 9. Photomicrograph of the MCAO+dexa group brain section stained with H&E, showing a relative reduction in necrosis 
and cellular damage, but with less efficacy compared to the exosome group

MCAO: Middle cerebral artery occlusion.
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Figure 10. Microscopic image of the sham group brain section stained with Nissl, showing uniform and healthy neuron distri-
bution without degeneration

Figure 11. Microscopic image of the MCAo group brain section stained with Nissl, showing a reduction in healthy neurons 
and an increase in degenerated neurons

MCAO: Middle cerebral artery occlusion.
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Figure 13. Microscopic image of the MCAO+dexa group brain section stained with Nissl, showing a relative improvement in 
neuronal structure, but with less efficacy compared to the exosome group

MCAO: Middle cerebral artery occlusion. 

Figure 12. Microscopic image of the MCAO+exosome group brain section stained with Nissl, showing an increase in healthy 
neurons and a reduction in neuronal degeneration compared to the MCAO group

MCAO: Middle cerebral artery occlusion.
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Xin et al. (2013) demonstrated that MSC-derived exo-
somes could enhance neurological function and reduce 
motor impairment in a stroke animal model (Xin et al., 
2013). Similarly, Doeppner et al. reported that exosomes 
reduce neuronal necrosis and promote motor recovery 
by transferring neuroprotective microRNAs (Doeppner 
et al., 2015). 

Reduction of infarct volume and pathological 
findings

TTC staining revealed that infarct size and necrotic dam-
age were significantly reduced in the exosome-treated 
groups. Jiao et al. found that stem cell-derived exosomes 
can mitigate necrosis and promote neuronal survival and 
regeneration in ischemic brains by delivering microRNAs 
and growth factors (Jiao et al., 2022). Xian et al. also re-
ported that exosomes suppress the expression of inflam-
matory mediators, such as NF-κB, TNF-α, and interleukin 
(IL)-1β, leading to reduced tissue necrosis and smaller 
infarct volumes (Xian et al., 2019). 

Our results support the notion that exosomes exert 
superior neuroprotective effects compared to con-
ventional treatments, such as dexamethasone, large-
ly through the modulation of inflammatory signal-
ing and stimulation of cellular repair mechanisms. 
Exosomes have also been shown to inhibit apoptosis and 
increase the expression of neurotrophic factors, such as 
brain-derived neurotrophic factor (BDNF) and nerve 
growth factor (NGF), which are crucial for neuronal 
regeneration and reducing secondary damage after isch-
emia (Zhu et al., 2023).

Furthermore, recent evidence suggests that exosome 
therapy improves mitochondrial function and reduces 
oxidative stress by decreasing reactive oxygen species 
(ROS), thereby enhancing neuronal survival and recov-
ery (Wang et al., 2020).

Another mechanism includes the modulation of mi-
croglial activity. Exosomes can attenuate chronic in-
flammation by suppressing pro-inflammatory responses 
in microglia, creating a more favorable environment for 
brain tissue regeneration (Zhang et al., 2025).

In contrast to dexamethasone, which mainly acts 
through anti-inflammatory pathways, exosome treat-
ment not only reduces inflammation but also promotes 
neuroregeneration. While further research is needed to 
elucidate precise mechanisms, current evidence high-
lights the high therapeutic potential of exosomes in isch-
emic brain injury.

Mechanisms of therapeutic effects

Potential mechanisms of exosome action

Stem cell-derived exosomes exert their therapeutic ef-
fects through a variety of mechanisms due to their cargo 
of neuroprotective microRNAs, growth factors, and anti-
inflammatory proteins, including:

● Delivery of anti-inflammatory microRNAs such as 
miR-124 and miR-21, which suppress inflammatory 
pathways and enhance neuronal viability.

● Inhibition of the NF-κB and IL-6 signaling pathways 
reduces inflammation and prevents necrosis.

● Upregulation of neurotrophic factors, such as BDNF 
and NGF, facilitates neuronal repair.

● Promotion of angiogenesis and increased blood sup-
ply in the ischemic region via VEGF expression.

Inhibition of apoptosis, leading to improved cell sur-
vival (Wei et al., 2025).

Mechanisms of dexamethasone

Dexamethasone is a potent corticosteroid with well-
known anti-inflammatory properties. Its actions include: 
Inhibition of the NF-κB and MAPK (mitogen-activated 
protein kinase) pathways leads to reduced production 
of pro-inflammatory cytokines. Reduced infiltration of 
immune cells into the ischemic region and suppression 
of cerebral edema. Decreased chronic inflammation and 
necrosis (Hossmann, 2006).

Conclusion

The findings of this study revealed that both treat-
ments—stem cell-derived exosomes and dexametha-
sone—were effective in reducing ischemic damage, 
inflammation, and neurological deficits. However, exo-
somes demonstrated superior efficacy due to their mul-
tifaceted mechanisms, including neuroprotection, angio-
genesis, and anti-inflammatory effects.

Exosomes can promote neural tissue repair by deliver-
ing bioactive factors, including BDNF, NGF, and VEGF. 
They mitigate neuroinflammation and oxidative stress by 
downregulating the expression of inflammatory genes 
(e.g. IL-1β, TNF-α) and inhibiting NF-κB activation, re-
sulting in decreased cell death and enhanced brain repair.
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Compared to dexamethasone, exosomes act through 
more complex signaling pathways, exerting broader ef-
fects on neurons, endothelial cells, and immune cells. 
While dexamethasone mainly suppresses inflammation, 
exosomes stimulate neurogenesis, synaptic plasticity, 
and vascular remodeling. This condition gives them a 
therapeutic edge in treating stroke.

Animal studies have confirmed their efficacy in reduc-
ing brain lesions and improving cognitive and motor 
functions. For example, recent studies demonstrated that 
exosome injection leads to decreased infarct volume, 
enhanced behavioral performance, and upregulation of 
protective factors in the brain. 

Future research should focus on optimizing exosome 
production, purification, and delivery methods to enhance 
their therapeutic potential. Key challenges remain in de-
termining the optimal dosage and administration route, as 
well as assessing long-term safety in stroke patients.

Overall, this study highlights the therapeutic promise 
of exosome-based strategies in stroke treatment. By de-
livering biological agents that reduce inflammation and 
promote neuroregeneration, exosomes represent a novel 
and potentially transformative approach for managing 
neurological disorders.

Study limitations

1. Lack of long-term assessment of neuronal regenera-
tion and cognitive function.

2. Absence of detailed investigation into molecular 
signaling pathways involved in inflammation and neu-
rorepair.

3. Use of a single animal model (rat) may limit the gen-
eralizability of the results.

Recommendations for future research

1. Evaluate the effects of these therapies in other ani-
mal models and over extended time periods.

2. Utilize advanced techniques, such as RNA sequenc-
ing, to analyze molecular mechanisms and identify key 
signaling pathways.

3. Compare exosome therapy with other regenerative 
approaches, such as direct MSC transplantation.

4. Investigate combinatory strategies involving exo-
somes and other neuroprotective agents to enhance ther-
apeutic efficacy.
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