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Abstract
Background  The neuroprotective and proangiogenic potential of ghrelin in acute ischemic stroke has been 
demonstrated in experimental studies. However, the transferability of these results is limited as ghrelin was 
administered either before or very early after stroke onset and follow-up was limited to the first days after stroke. 
The aim of this study was therefore to close and extend this knowledge gap. To this end, we investigated the effect 
of ghrelin in two different translational animal models, one investigating acute and one investigating long-term 
structural and functional recovery after experimental stroke.

Methods  Middle cerebral artery occlusion (MCAO) or photothrombotic stroke was induced in 65 adult male Wistar 
rats. Eleven sham-operated animals served as controls. The rats were treated with either ghrelin, the ghrelin receptor 
antagonist [D-Lys]-GHRP-6 or a control substance. Up to four weeks after ischemia, behavioral tests such as the 
cylinder test, the tape removal test, and the rotarod test were performed to examine sensorimotor deficits, and the 
Morris water maze was performed to examine effects on the acquisition and consolidation of new memories. The 
structural outcome was determined by a differential analysis of neurogenesis in relation to survival and proliferation of 
newborn neurons in the post-ischemic brain, angiogenesis and determination of infarct size.

Results  Ghrelin treatment improved motor and somatosensory functions and preserved the consolidation of new 
memories after photothrombotic stroke. As a structural correlate, long-term survival and sustained proliferation of 
neuronal cells after stroke was significantly increased in ghrelin-treated rats, while angiogenesis remained unaffected. 
In contrast to these neuroregenerative mechanisms, ghrelin did not induce immediate neuroprotective effects after 
MCAO.

Conclusions  Our results suggest that ghrelin has a significant pro-neuroregenerative effect by enhancing long-term 
survival and sustained proliferation of neurons in the dentate gyrus and peri-infarct area, thus promoting functional 
recovery. Overall, ghrelin represents a promising target in the subacute and chronic phase after ischemic stroke.
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Introduction
Despite tremendous research efforts, ischemic stroke 
remains one of the most common causes of disability 
worldwide [1] and recovery is generally far from com-
plete. The observation that approximately one-third of 
patients who suffer a stroke develop some form of cogni-
tive impairment [2] and 10–30% may develop dementia 
[3] underscores the enormous burden of the disease and 
the need for effective treatment options. Therefore, there 
is an urgent need for strategies to promote recovery in 
order to effectively support the body’s repair mechanisms 
after a stroke.

The contribution of neurogenesis in post stroke regen-
eration is potentially complex and, despite considerable 
research efforts in recent years, is not fully understood. 
Post-stroke neurogenesis is closely linked to angiogen-
esis, another regenerative process that occurs in response 
to cerebral ischemia [4–6]. This process is defined as the 
formation of new blood vessels through the sprouting of 
pre-existing vessels. Angiogenesis provides a favorable 
environment for neurogenesis, as growth factors and 
other signaling molecules released during angiogenesis 
can stimulate neural stem cells and promote the survival 
and differentiation of new neurons. Conversely, the pres-
ence of newly formed neurons can also release factors 
that support angiogenesis.

Due to its neuroprotective and neurogenic properties, 
ghrelin, a 28-amino acid peptide, is a promising agent for 
the treatment of ischemic stroke. The peptide is thought 
to have numerous functions beyond its prominent role 
in nutrition and metabolism [7, 8], including a number 
of important neural functions such as reward perception 
and motivation [7, 8] as well as learning and memory [9]. 
There is evidence from preclinical animal studies that 
ghrelin has a neuroprotective effect in various neurologi-
cal diseases such as Parkinson’s disease or Alzheimer’s 
disease [10, 11], but also in ischemic stroke [12, 13]. In 
terms of mechanism of action, ghrelin has been shown to 
stimulate the proliferation, differentiation and migration 
of neural stem/progenitor cells (NS/PCs) [14, 15], which 
are known to be involved in repair mechanisms follow-
ing ischemic stroke [16–20]. Ghrelin has also been shown 
to have beneficial effects on learning and memory for-
mation, which may be directly related to its neurogenic 
properties [9, 21, 22].

However, the current evidence on the neuroprotective 
and neuroregenerative properties of ghrelin is partly con-
tradictory and focuses on a limited period after stroke 
[23–26]. The aim of the present study was, first, to inves-
tigate the immediate neuroprotective effects of ghrelin on 
functional and structural outcome after transient middle 
cerebral artery occlusion in rats. Second, we investigated 
the role of ghrelin in neuroregeneration in the chronic 
phase after cerebral ischemia using the photothrombotic 

stroke model, which is characterized by the reliable evo-
cation of neuroregenerative events such as neurogenesis 
and angiogenesis [27].

Materials and methods
Animals
Adult (12–13 weeks of age, n = 65) male Wistar rats were 
used for all experiments. Rats were housed in groups of 
four in Makrolon type IV cages (55.6 × 33.4 × 19.5  cm) 
equipped with bedding, nesting material and shelter and 
had ad libitum access to pelleted food and water. Rats 
were maintained under standard conditions at an ambi-
ent temperature of 20–24 °C and humidity of 45-65% on 
a 12:12  h light-dark cycle. Sham-operated Wistar rats 
served as controls.

Sample size calculation
A detailed description of the calculation of the sample 
size can be found in the supplementary methods.

Middle cerebral artery occlusion
A detailed description of the induction of middle cere-
bral artery occlusion can be found in the supplementary 
methods.

Photothrombotic Stroke
A detailed description of the induction of photothrom-
botic stroke can be found in the supplementary methods.

Experimental design
Figure  1 shows a graphical summary of the individual 
experiments. A detailed description of the experimental 
design can be found in the supplementary methods.

Behavioral assessment
A detailed description of the behavioral assessment can 
be found in the supplementary methods.

Tissue collection and processing for histology
Twenty-four hours after MCAO or 28 days after photo-
thrombosis, rats were perfused through the left ventricle 
with phosphate buffered saline (PBS) for 5 min followed 
by 4% paraformaldehyde solution for 10 min under deep 
xylazine/ketamine anesthesia. Brains were removed, 
fixed in 4% paraformaldehyde overnight, immersed in 
30% sucrose for three days, frozen and stored at -80˚C.

Infarct volume assessment
A detailed description of the infarct volume assessment 
can be found in the supplementary methods.
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Immunohistochemistry following photothrombosis 
(experiment 2)
A detailed description of the processing of the brains for 
immunohistochemistry can be found in the supplemen-
tary methods.

Assessment of neuroregenerative mechanisms
A detailed description of the assessment of neuroregen-
erative mechanisms can be found in the supplementary 
methods.

Randomization and blinded assessment
Allocation to the experimental groups and selection for 
outcome assessment was randomized using the Research 
Randomizer [28]. All caregivers and investigators were 
blinded for the intervention and all outcomes were 
assessed in a blinded manner by a single experienced 
medical technical assistant and reviewed by KD.

Statistical analysis
Statistical analysis was performed using R version 4.1.1 
and GraphPad Prism version 8 (GraphPad Software, La 
Jolla, CA). Data were tested for normal distribution using 
the Shapiro-Wilk normality test. Behavioral tests were 
analyzed by 2-way repeated measures ANOVA. One-way 
ANOVA followed by Fisher’s protected least significant 
difference (LSD) post hoc test was used for comparisons 
with > 2 groups. Student t test was used for comparisons 
between 2 groups. If a normal distribution was not given, 
the Kruskal-Wallis test and Dunn’s post hoc test were 
applied. Data are presented as mean ± SD. A p value of 
< 0.05 was considered significant.

Fig. 1  Experimental schedule. (A) Analysis of acute tissue injury (immunohistochemistry) and functional outcome after experimental stroke. Middle 
cerebral artery occlusion (MCAO) was induced in rats for 45 min, and rats were sacrificed 24 h later (after ischemia). (B) Behavioral tests to determine the 
effects of photothrombotic stroke on the acquisition of new memory content and sensorimotor functions. (C) Time course analyses of cell proliferation 
using CldU (chloro-deoxyuridine) and IdU (iodo-deoxyuridine) injections
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Results
Ghrelin does not affect early neurological outcomes after 
MCAO
Since ghrelin has recently been shown to have neuro-
protective properties, we wanted to investigate whether 
ghrelin administration improves early structural and 
functional outcomes. Neuroscores and rotarod perfor-
mance were not significantly different between the ghre-
lin group and vehicle-treated animals (t test, p = 0.43 and 
p = 0.98; Fig.  2A, B). Infarct volumes 24  h after MCAO 
did not differ significantly between rats treated with 
ghrelin or vehicle (t test, p = 0.94; Fig.  2C). Our results 
indicate that ghrelin has no effect on early functional and 
structural outcome after ischemic stroke.

Ghrelin enhances sensorimotor long-term recovery after 
photothrombotic stroke
Next, we examined the role of ghrelin on neuroregenera-
tion in the chronic phase after cerebral ischemia. Infarct 
volumes 28 days after photothrombotic stroke did not 
differ significantly between rats treated with ghrelin or 
the ghrelin specific receptor antagonist and vehicle-
treated rats (one-way ANOVA, p > 0.05 for all compari-
sons; Fig.  3A). Second, we investigated the possible 
long-term effects of ghrelin on body weight because it 
is known to stimulate appetite, food intake, and weight 
gain. Therefore, the weight of the experimental animals 
was recorded throughout the experimental studies. 
During the postischemic phase, animals in all groups 
gained weight. Ghrelin-treated animals gained signifi-
cantly more weight compared to animals in the control 
group (repeated-measures ANOVA, p = 0.03; Fig.  3B). 
There was also significant weight gain in ghrelin-treated 
animals compared to antagonist (repeated-measures 
ANOVA, p = 0.001; Fig.  3B) and sham-operated animals 

compared to antagonist (repeated-measures ANOVA, 
p < 0.001; Fig. 3B).

The adhesive tape removal test was used to examine the 
somatosensory recovery. Motor recovery was assessed 
using the cylinder test. Baseline performance was com-
parable between all treatment groups. As expected, 
animals in all experimental groups showed marked defi-
cits in somatosensory and motor function after photo-
thrombotic stroke, which attenuated over 28 days until 
the end of the experiment (Fig.  3C, D). Analysis of the 
adhesive tape removal test revealed significant improve-
ment in somatosensory scores in rats treated with ghrelin 
compared to rats treated with the antagonist (repeated-
measures ANOVA, p = 0.004; Fig.  3C). The animals in 
the ghrelin group did not achieve a significantly better 
test result compared to the animals in the control group 
(repeated-measures ANOVA, p = 0.08; Fig.  3C). Evalua-
tion of the cylinder test yielded similar results. There was 
a significant reduction in motor deficits in rats treated 
with ghrelin compared to rats treated with the antagonist 
(repeated-measures ANOVA, p = 0.02; Fig. 3D) or vehicle 
(repeated-measures ANOVA, p = 0.04; Fig. 3D).

Ghrelin modulates cognitive outcome after 
photothrombotic stroke
In addition to sensorimotor recovery, cognitive impair-
ment and recovery was next assessed using the Morris 
water maze test. During the acquisition trials, the dis-
tance traveled as well as the latency to reach the platform 
did not differ between the ghrelin, vehicle or antagonist 
treated rats and the sham-operated animals (repeated-
measures ANOVA, p > 0.05 for all comparisons, Fig. 4A, 
B). Swimming speed did not differ between groups 
(repeated-measures ANOVA, p > 0.05 for all compari-
sons, Fig.  4C). The probe trial on day 19 after ischemia 
showed that ghrelin enhanced the retrieval of acquired 

Fig. 2  Analysis of early functional and structural outcome. (A) Neuroscore and (B) rotarod performance 24 h after MCAO. (C) Mean infarct volumes were 
calculated from coronal cryosections (15–20) taken at 240 μm intervals 24 h after MCAO and stained with toluidine blue using ImageJ software. Two-
sided t test
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memories. The time spent in the target quadrant was sig-
nificantly longer in ghrelin-treated rats than in vehicle-
treated animals (one-way ANOVA, p = 0.001; Fig. 4D) and 
ghrelin antagonist-treated animals (one-way ANOVA, 
p < 0.001; Fig. 4D). Ghrelin-treated rats crossed the plat-
form area significantly more often compared to vehicle-
treated animals (one-way ANOVA, p = 0.02; Fig. 4E) and 
ghrelin antagonist-treated animals (one-way ANOVA, 
p < 0.001; Fig. 4E). Latency to reach target showed no dif-
ferences between groups (repeated-measures ANOVA; 
p > 0.05 for all comparisons, Fig. 4F). Again, velocity did 
not differ between groups (one-way ANOVA, p > 0.05 
for all comparisons, data not shown), indicating that the 
results of the Water Maze test were not confounded by 
gross motor deficits.

Ghrelin stimulates neurogenesis in the dentate gyrus, 
the subventricular zone and the peri-infarct region after 
photothrombotic stroke
To investigate the mechanisms underlying the observed 
sensorimotor and cognitive recovery following ghre-
lin treatment in photothrombotic stroke, we evaluated 
neural progenitor cell proliferation in the peri-infarct 
region and established neurogenic niches, such as the 
SVZ of the lateral ventricle and the DG. To analyze the 

time course of new neuronal precursor cell generation, 
animals were treated with CldU and IdU to label cells of 
different chronological origins and were euthanized at 28 
days after lesion induction, respectively. The combination 
staining of CldU and NeuN was used to detect cells that 
were newly generated and differentiated into neurons 
within 28 days after the stroke (Fig. 5E). The number of 
CldU+/NeuN+ immunoreactive cells was significantly 
higher in the DG of animals treated with ghrelin com-
pared to those treated with vehicle (one-way ANOVA, 
p = 0.001; Fig. 5A), rats treated with the ghrelin receptor 
antagonist (one-way ANOVA, p = 0.005; Fig.  5A), and 
sham-operated animals (one-way ANOVA, p = 0.002; 
Fig. 5A). In the peri-infarct region, the number of newly 
generated cells was significantly increased in the ghrelin 
group compared to rats receiving the ghrelin receptor 
antagonist (Kruskal-Wallis test, p = 0.04; Fig. 5B, H). Next, 
we stained for IdU together with the stem cell marker 
Nestin to detect cells that proliferated shortly before 
perfusion and have the potential to develop neurons and 
glial cells (Fig. 5F, G). Significantly increased numbers of 
IdU-labeled neuronal precursor cells expressing Nestin 
were detected in the dentate gyrus of rats treated with 
ghrelin compared to those treated with the ghrelin recep-
tor antagonist (Kruskal-Wallis test, p = 0.007; Fig.  5C). 

Fig. 3  Evaluation of long-term structural and functional outcomes. (A) Mean infarct volumes calculated 28 days after photothrombotic stroke. (B) Weight 
progression. (C) Somatosensory recovery as assessed by the adhesive tape removal test. (D) Motor deficits as assessed by the cylinder test. ANOVA with 
repeated measures and one-way ANOVA followed by Fisher’s LSD; *P < 0.05, **P < 0.01, ***P < 0.001
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Fig. 5  Analysis of neurogenesis after photothrombotic stroke. (A) Quantification of neurogenesis by detection of CldU/NeuN-expressing cells in the 
dentate gyrus (DG) and (B) peri-infarct area (PI). (C) Quantification of neurogenesis by detection of IdU/Nestin-expressing cells in the DG and (D) subven-
tricular zone (SVZ). One-way ANOVA followed by Fisher’s LSD; *P < 0.05, **P < 0.01, ***P < 0.001. Representative photomicrographs of ghrelin-treated rats 
from the DG (E, F) and SVZ (G) demonstrating CldU/NeuN- (E) and IdU/Nestin-expressing cells (F, G). Representative micrographs of ghrelin-treated rats 
from the peri-infarct area showing CldU/NeuN-expressing cells (H)

 

Fig. 4  Spatial learning and memory formation after photothrombotic stroke. Assessment of memory acquisition: (A) Latency to reach the hidden plat-
form, (B) path length, and (C) velocity. Assessment of memory retention: (D) time spent in the target quadrant, (E) number of platform crossings, and (F) 
latency to reach platform area. R: test run; One-way ANOVA followed by Fisher’s LSD; *P < 0.05, **P < 0.01, ***P < 0.001
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In the SVZ, the absolute number of double-positive 
cells differed significantly between animals treated with 
ghrelin compared to vehicle-treated animals (one-way 
ANOVA, p = 0.001; Fig. 5D), rats treated with the ghrelin 
receptor antagonist (one-way ANOVA, p = 0.001; Fig. 5D) 
and sham-operated animals (one-way ANOVA, p = 0.001; 
Fig. 5D). Taken together, these results show that ghrelin 
treatment after photothrombotic stroke induces sus-
tained neurogenesis and proliferation of neural precur-
sor cells within the peri-infarct region and neurogenic 
niches.

Ghrelin does not modulate angiogenesis after 
photothrombotic stroke
To investigate the effects of the different treatment 
groups on angiogenesis, we assessed the length of blood 
vessels at the ischemic border zone. The results showed 
that there was no significant difference in vessel length 
between the groups (one-way ANOVA, p = 0.35; Suppl. 
Figure  1), indicating that the neuroregenerative proper-
ties of ghrelin are not associated to angiogenesis.

Discussion
In the present study, ghrelin treatment was shown to 
improve sensorimotor and cognitive functions after 
experimental stroke. The gradual functional recovery 
during long-term follow-up and the marked improve-
ment four weeks after treatment suggest a true recov-
ery-promoting effect of ghrelin after stroke. We found 
increased neurogenesis in the dentate gyrus during the 
early postischemic phase of 1 to 4 days and in the subven-
tricular zone and dentate gyrus during the postischemic 
phase of 25 to 28 days to be a mechanism contributing to 
this more favorable neurological outcome. Furthermore, 
ghrelin treatment had a positive effect on the number of 
newly generated neurons in the peri-infarct area at 28 
days post-ischemia. In contrast to the neuroregenerative 
properties, no neuroprotective effects were found in the 
targeted neuroprotection studies with ghrelin treatment. 
Furthermore, there were no effects of ghrelin treatment 
on postischemic angiogenesis in the peri-infarction area.

Here, for the first time, we systematically examined 
whether exogenous ghrelin affects long-term func-
tional and structural recovery after ischemic stroke in 
combination with early outcome assessments. Previous 
studies showing improved outcomes after ghrelin treat-
ment mainly focused on the first three days after stroke 
induction. These studies suggested that acylated and 
desacylated ghrelin had neuroprotective properties in 
experimental models of stroke when administered before 
induction of cerebral ischemia or shortly after induc-
tion of reperfusion [23, 24, 26, 29, 30]. In contrast, we 
and others [25, 26], have demonstrated a limited capac-
ity of ghrelin’s neuroprotective actions. In our study, the 

observed improvement in functional recovery in ghrelin-
treated animals was not due to a reduction in infarct vol-
ume, suggesting a true recovery effect of ghrelin rather 
than neuroprotective actions. With regard to ghrelin-
induced neuroprotection, the time of administration may 
play an important role. In many studies demonstrating 
neuroprotective effects in vivo, ghrelin was administered 
before stroke induction or during ischemia and before 
reperfusion [23, 24, 26]. Obviously, early treatment with 
ghrelin is beneficial due to its neuroprotective effect. In 
line with the current STAIR recommendations, further 
ambitious clinical studies could help to confirm the evi-
dence and prepare for translation. The aim should be to 
investigate the administration of ghrelin shortly after the 
onset of stroke in combination with reperfusion in order 
to determine the optimal conditions for its acute applica-
tion in ischemia-reperfusion models [31].

In the present study, ghrelin treatment resulted in a 
significant improvement in spatial information retrieval 
eight days after the last training session in the water 
maze test. Consistent with our previous study, experi-
mental photothrombotic stroke did not affect spatial 
memory acquisition, whereas long-term retention of 
acquired memory was significantly impaired [32]. Ghre-
lin treatment specifically restored brain damage. How-
ever, antagonizing endogenous ghrelin in vehicle-treated 
animals with the ghrelin receptor antagonist [D-Lys(3)]
GHRP-6 did not result in an exacerbation of the cognitive 
deficit, suggesting a receptor-independent mechanism 
of action. This is in line with previous studies showing 
an improvement in short- and long-term memory after 
ghrelin administration [9, 21, 33]. Remarkably, memory 
deficits in ghrelin-deficient mice were reversed by ghrelin 
replacement [34].

Regeneration after stroke is a complex and multifac-
eted process. It involves synaptic plasticity, which allows 
the brain to adapt and reorganize despite neuronal loss. 
Stroke-induced plasticity can lead to the reorganization 
of functional networks, particularly in the peri-infarcted 
region, thereby promoting the recovery of motor and 
cognitive function [35]. In addition, axonal sprouting and 
the formation of new synaptic connections help to restore 
communication between neurons [36]. Inflammation is 
a critical aspect of stroke repair. Microglia and infiltrat-
ing macrophages are activated early after ischemia and 
release cytokines and chemokines that may exacerbate 
neuronal damage but also promote tissue repair [37]. 
Regulating the balance between pro- and anti-inflamma-
tory responses can influence the overall recovery process. 
Ghrelin has been shown to possess anti-inflammatory 
properties, including by regulating microglial activity 
during neuroinflammation [38], which may complement 
its role in promoting neurogenesis.
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Endogenous neurogenesis is thought to play a signifi-
cant role in mediating functional and especially cogni-
tive recovery after ischemic stroke [39, 40]. Ischemic 
stroke stimulates the proliferation of neural precursor 
cells in the SVZ and DG, as well as the migration of new-
born immature neurons from the SVZ to the lesioned 
areas [41–44]. Endogenous neurogenesis is likely to be 
a crucial mechanism for the remarkable capacity of the 
brain for self-repair, but it is insufficient to reverse brain 
damage after stroke. Several therapeutically active com-
pounds have been shown to promote neurogenesis and 
alleviate motor and cognitive deficits after experimental 
stroke [20]. Since most newborn cells normally die before 
maturation, it is important to promote the survival of 
these cells in order to effectively support endogenous 
neurogenesis as a regenerative mechanism after stroke. 
In our study, we used two different thymidine analogues, 
CldU and IdU, to label two different subpopulations of 
newborn cells of different ages and developmental stages. 
These analogues can be clearly distinguished from each 
other using appropriate antibodies and label two popula-
tions of different ages in the same animal. In our study, 
ghrelin treatment resulted in increased cell survival in 
the peri-infarct region and dentate gyrus that arose in 
the first four days after stroke. Ghrelin treatment also 
resulted in a sustained increase in neural progenitor cells 
up to 28 days after stroke.

Despite correlative studies, there is strong evidence 
for a causal link between neurogenesis and improved 
recovery after stroke. The removal of neural precursor 
cells expressing doublecortin prior to permanent cere-
bral ischemia in a transgenic mouse model expressing 
doublecortin-thymidine kinase led to excessive postisch-
emic sensorimotor deficits [45]. Furthermore, it has been 
shown that the conditional ablation of neuroprogenitor 
cells hinders the restoration of cognitive function after a 
stroke and reduces synaptic connectivity [46]. Therefore, 
the attenuation of sensorimotor and cognitive declines 
by ghrelin in association with enhanced neurogenesis 
strongly suggests the neuroregenerative properties of 
this therapy. However, the exact molecular mechanisms 
of ghrelin treatment for ischemic stroke remain to be 
elucidated. In the present study, there were no signifi-
cant differences in neurogenesis and neural progenitor 
cell proliferation in control animals compared to those 
receiving the ghrelin receptor antagonist. Thus, the ben-
eficial effects of ghrelin do not appear to be solely due 
to its action on GHS-R1a, as the blocking therapy was 
not associated with a significant reduction in neurogen-
esis. These results are consistent with those of Johansson 
and colleagues, who demonstrated proliferative effects 
on cultured hippocampal progenitor cells that did not 
express GHS-R1a [14].

It is important to note that our study is limited by the 
inclusion of only healthy male animals at a relatively 
young age. It is therefore essential to extend this study to 
female animals, as well as older animals and animals with 
comorbidities (e.g. hypertension). This will allow a solid 
evaluation of the therapeutic potential proposed here and 
its potential applicability in clinical settings. A potential 
limitation of our data interpretation is the use of two dif-
ferent animal models of stroke, each used for a different 
outcome parameter, acute vs. chronic phase. Therefore, 
we cannot determine whether the observed effects are 
consistent across both models. From a translational per-
spective, the use of different animal models of stroke is a 
valuable approach that offers unique insights. The use of 
the MCAO and photothrombotic models, each with its 
own strengths and weaknesses, made it possible to mini-
mize the systematic errors associated with each model 
and gain a more comprehensive understanding of the 
effectiveness of an intervention.

The results of this study contribute to the expanding 
body of research on stroke recovery, particularly with 
regard to the role of ghrelin in this process. However, it is 
important to situate these findings in the broader context 
of stroke recovery, which involves multiple interacting 
processes. An understanding of how ghrelin may influ-
ence these various mechanisms may further elucidate 
its potential as a multifaceted therapeutic approach for 
stroke patients.

Conclusions
In conclusion, the present data demonstrate that ghre-
lin is a promising candidate for a therapeutic agent, 
particularly in the subacute and chronic phase after 
ischemic stroke. It alleviates sensorimotor and cognitive 
deficits and promotes endogenous repair mechanisms by 
enhancing long-term survival and sustainable prolifera-
tion of newborn neurons in the peri-infarcted region as 
well as in the hippocampus. In contrast to previous data, 
ghrelin has no significant neuroprotective effects in acute 
ischemic stroke.
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