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Abstract

Aim: Cerebral ischemia (CI) is one of the leading causes of death worldwide. Due to
the long and costly treatment process after ischemia and the need for lifelong patient
care, studies in this field are important. Explaining the mechanism of damage is valu-
able in terms of developing preventive applications in risky persons and accelerating the
treatment processes of sick patients. The aim of this study was to evaluate the relation-
ship between serum yes-associated protein 1 (YAP-1) level, an antiapoptotic marker, and
cerebral ischemia-reperfusion (CI/R) injury.

Materials and Methods: Wistar Albino adult (10 weeks old, 280-300 g) male rats
were randomly assigned to Sham, CI, Asp+CI, and CI+Asp, with 24-hours and 7-day
reperfusion periods (n=8). CI was created using the intra-arterial filament technique
during 60 minutes, Asprosin (Asp) (1 pg/kg/day) injections were applied 3 days before
or 3 days during of 24h and 7 days reperfusion. YAP- I levels were measured using
customary ELISA kits. The Kruskal-Wallis test was used to compare differences between
groups. p<0.05 was considered statistically significant.

Results: The decrease in YAP-1 in the CI groups is statistically significant (p<0.05)
compared to the sham group. The increase in YAP-1 levels in Asp groups compared with
CI group is statistically significant (p<0.05).

Conclusion: The serum YAP-1 levels decreased due to CI/R injury. Asp, which is known
to be effective in the apoptosis pathway, increased YAP-1 levels when used for protective
and therapeutic purposes against CI/R injury.
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Introduction

Stroke can cause death or permanent neurological deficits
due to impaired blood flow to the brain area [1]. It is the
second leading cause of death among adults and leads to
around five million deaths and around forty million physi-
cal disabilities worldwide annually [2]. Neurological disor-
ders that may occur after a stroke include balance prob-
lems, hemiplegia, loss of sensation and vibration sense,
numbness, decreased reflexes, visual field defects, aphasia,
and apraxia [3]. Stroke can be categorised as ischemic or
hemorrhagic according to the underlying pathology [4,5].

Cerebral ischemia happens when a cerebral artery is
blocked, which prevents blood flow to a part of the brain.
This deficiency of oxygen and energy has a harmful effect
on energy-dependent events in neuronal cells [6]. Following
an ischemic stroke, neurons are incapable of maintaining
their homeostasis and normal transmembrane ionic gra-
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dients. Homeostasis, leading to cell death through pro-
cesses such as excitotoxicity, oxidative and nitrative stress,
inflammation, and apoptosis. These pathophysiological
events are interrelated and trigger each other in a positive
feedback cycle that ultimately leads to neuronal destruc-
tion [7].

An ischemic brain injury can cause cell harmfull that may
progress to neuron death. Neuron death is typically asso-
ciated with necrosis, which exhibits well-recognised mor-
phological features the biochemical and biophysical pro-
cesses associated with necrosis have been identified. How-
ever, there is another form of cell death known as apop-
tosis, which plays a crucial role in the early development
of tissues. Compared to cells undergoing necrosis, cells
undergoing apoptosis have distinct morphological features
and temporal change profiles. Apoptosis is associated with
programmed cell death, where a genetic programme is ac-
tivated leading to cell death, and is characterised by inter-
nucleosomal DNA fragmentation. Apoptosis involves de-
grading DNA, cellular structure and nuclear proteins. It is
also associated with the formation of apoptotic bodies and
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the expression of phagocyte receptor ligand. Finally, apop-
totic bodies are taken up by phagocytic cells. Apoptosis
may be a major contributor to neuronal death after acute
brain ischemia-reperfusion. It is not fully understood how
neuronal death occurs in cerebral ischemia. Understanding
the underlying mechanism is therefore clinically important
for preventing and treating stroke. Molecular events that
induce apoptosis in many cells, such as overproduction of
free radicals, Ca2" overload and excitotoxicity, are char-
acteristic of acute brain injury. Depending on the age and
location of the cells in the brain, these changes may lead
to necrotic and apoptotic processes.

There are two important and distinct regions of the brain
that are affected during acute cerebral ischemia and the
subsequent reperfusion processes: the ischemic core and
the ischemic penumbra. The ischemic core of the brain
undergoes a rapid reduction in blood flow within minutes
of the ischemic insult. This leads to irreversible damage
and cell death. The penumbra, where damaged cells die
or survive, is the therapeutic target of ischemic injury.
The severity of the affected brain area varies due to differ-
ences in reduced blood flow to different areas. In addition,
apoptosis may occur in the ischaemic penumbra after sev-
eral hours or days, whereas necrosis begins in the ischaemic
core within the first hours after the onset of acute brain in-
jury. Given the limited treatments available for stroke, it is
imperative to develop new therapeutic agents or combined
treatments. Most laboratory-created therapeutic methods
aim to protect neurons from pathophysiological processes,
which can occur in the penumbra. So that penumbra re-
mains the focus of therapeutic agents.

Yes-associated protein 1 (YAP-1) is a transcriptional reg-
ulator that activates genes involved in cellular survival
and proliferation while repressing apoptotic genes. A key
pathway regulating like apoptosis and organ growth is
the Hippo signalling pathway. This signalling pathway
is highly conserved in mammals [8]. YAP-1 and its par-
alog transcriptional co-activator with PDZ binding mo-
tif (TAZ) of transcriptional enhanced associate domains.
YAP1 and TAZ work together with transcriptional en-
hanced associate domains to mediate the pathway that
induces targeted gene expression [9]. Inactivated Hippo
signaling leads to the accumulation of dephosphorylated
YAP-1 in the nucleus. In the nucleus, YAP-1 upregu-
lates transcription factors that control the expression of
genes associated with anti-apoptosis, cell proliferation, re-
programming, strength, epithelial-mesenchymal transition
[10].

Recently, the production and secretion of asprosine (Asp),
a protein structure, in white adipose tissue has been dis-
covered. In 2016, a research team identified it as an
adipokine involved in glucose release in the liver [11]. A
2017 report showed that the adipokine Asp stimulates food
intake by directly activating orexigenic neurons and in-
hibits anorexigenic neurons via the G-protein-cAMP-PKA
axis [12]. This indicates that Asp might provide novel
targets for drug intervention in obesity, type 2 diabetes
and metabolic disorders. In the past, it has been shown
that several adipokines are involved in different physiology
and pathology [13]. Previous studies have reported that
pre-treatment of mesenchymal stromal cells with different
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adipokines can improve cell survival in the ischemia mi-
croenvironment, thus enhancing the effectiveness of mes-
enchymal stromal cells in the treatment of ischemia [14].
Therefore, it is possible that Asp may be able to regu-
late the functions and therapeutic efficacy of mesenchy-
mal stromal cells in the cell transplantation process. Aim
of this study was to investigate whether Asp treatment
improves healing efficiency of cells in an ischaemic envi-
ronment. In addition, we are investigating the underlying
molecular mechanisms that are involved in these processes
at the level of YAP-1.

In line with the information in the literature, we aimed
to evaluate the changes in serum YAP-1 levels in cerebral
ischemia/reperfusion injury. In addition, we aimed to eval-
uate the effects on serum YAP-1 levels at 24 hours and 7
days after ischemia when Asp is applied for preventive and
therapeutic purposes.

Materials and Methods

Design of working groups and experimental CI modelling

A total of 64 adult male Wistar Albino rats, aged 8 weeks
and weighing 280-300 g, were purchased from the Ex-
perimental Animal Research Center of Inonu University,
Malatya, Turkey. The animals were handled in accordance
with the Guidelines for the Care and Use of Experimental
Animals. The rats were randomly assigned to cohorts and
approved by the Animal Research Ethics Commitee of In-
onu University Faculty of Medicine (License No: 2021/19-
3) on 27th September 2021. The rats were kept in a con-
trolled environment at a temperature of 21 +2°C with a
12/12-hour light-dark cycle. The rats have free access to
water and were fed a standard laboratory chow diet. The
groups sample size was determined based on a power anal-
ysis using specified values, with an « of 0.05, a power of
0.8, and a large effect size of 0.86. Although there were 8
groups, a minimum sample size of 8 participants per group
was required to detect a significant difference. Therefore,
the total sample size needed for analysis was determined
to be 64 [15]. The study was designed to evaluate the
time-dependent change of apoptosis over a period of 24
hours and 7 days. All weight-matched male rats were ran-
domly assigned to one of eight groups (n = 8): Sham, CI,
Asp+CI, and CI+Asp. The rats were individually housed
for three days prior to the experiment to acclimate to the
cage stress.

Group 1- Sham Group: The animals in this group un-
derwent sham CI surgical procedures, which involved per-
forming all surgical procedures except for vascular occlu-
sion. These animals were injected intraperitoneally (ip)
with 1 ml of saline solution (ASP solvent) once a day, one
hour after Sham CI, for 1 and 7 days according to the
protocols.

Group 2- CI Group: The animals in this group were sub-
jected to transient focal cerebral ischemia for 60 minutes.
This was followed by 24 hours and 7 days of reperfusion.
The rats were sacrificed 24 hours and 7 days after the start
of reperfusion, as specified by the protocol.

Group 3- CI+Asp Group: The animals in this group were
subjected to transient focal cerebral ischemia for 60 min-
utes. This was followed by 24 hours and 7 days of reperfu-
sion. The rats were sacrificed 24 hours and 7 days after the
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start of reperfusion, as specified by the protocol. One hour
after reperfusion began, a single dose of 1 ng/kg/day/ml
ASP was injected intraperitoneally and the animals were
observed for 1 and 7 days [16]. The animals were sacrificed
at the end of the appropriate period for each protocol,
which was 24 hours and 7 days after reperfusion began.

Group 4- Asp+CI Group: animals were injected with a
single dose of 1 ng/kg/day/ml ASP for three days, followed
by a 60-minute temporary focal CI on the fourth day, and
then reperfusion. They were sacrificed at the end of the
appropriate period for each protocol, which was the start
of reperfusion 24 hours and 7 days after reperfusion.

Anesthesia was induced in rats by administering 4 mg/kg
of xylazine and 35 mg/kg of ketamine intraperitoneally.
The body temperatures of rats were maintained at a con-
stant range of 36.5-37 °C throughout the experiment,
which was monitored by a rectal temperature probe.
To continuously monitor regional cerebral blood flow,
a Laser-Doppler (Moor Instruments, Axminster, Devon,
UK) blood flow meter was used. The focal ischemia model
was created by occluding the right middle cerebral artery
using the intraluminal filament technique [17]. After 60
minutes of ischemia, the monofilament was withdrawn to
initiate reperfusion at 24 hours and 7 days. The Sham
CI/R group underwent the same surgical operation with-
out filament insertion. At the end of the required period,
the rats were sacrificed under anesthesia and blood sam-
ples were collected.

Biochemical analyses

The finaly of study 24 hours after reperfusion and 7 days
after reperfusion the rats were sacrificed under anesthesia
and blood tissues were collected. Serum were frozen on dry
ice were stored at -80 °C under suitable conditions until the
day of the analysis for ELISA analyse. Serum YAP-1 levels
were measured using an ELISA kit with for rat (Cat. No:
201-11-3388; SunRed Biotechnology Company, Shanghai,
China) according to the manufacturer’s instructions and
results are expressed with ng/ml.

Statistical analysis

Statistical analysis of the data obtained from the study
was performed using SPSS 22.0 software. In the data
analysis, checks and correction procedures were applied to
prevent missing and erroneous data and excessive/outlier
value problems. Quantitative data were summarised with
meantstandard deviation. When the data showed nor-
mal distribution, one-way analysis of variance was used to
compare the variables between groups. Variances in inter-
group comparisons Tukey’s HSD test was used because the
results were homogeneous [18]. A p<0.05 was considered
statistically significant.

Results

According to our study findings, the serum YAP-1 level of
rats in the protocol with 24 hours of reperfusion after 60
minutes of cerebral ischemia is presented in Figure 1. The
decrease in serum YAP-1 level in the CI/R group is sta-
tistically significant compared to the sham group. There
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was no significant difference between the groups adminis-
tered ASP before and after ischemia and the sham group
(p<0.05).

According to our study findings, the serum YAP-1 level of
rats in the protocol with a 7-day reperfusion period after
60 minutes of cerebral ischemia is presented in Figure 2.
The decrease in serum YAP-1 level in the CI/R group
was statistically significant compared to the sham group
(p<0.05). There was no significant difference between the
groups administered ASP before and after ischemia and
the sham group. The increase in serum YAP-1 level was
statistically significant in the ischemia group compared to
the groups treated with ASP before and after ischemia
(p<0.05).

YAP-1 levels of 24-hour reperfusion groups (ng/ml)

AsprCl Clrasp

Figure 1. The serum YAP-1 level of rats in the protocol
with 24 hours of reperfusion after 60 minutes of cerebral
ischemia. Groups marked with different letters a and b
were statistically different (p<<0.05). Differences between
groups designated with the same letters are not statisti-
cally significant. The Kruskal-Wallis H test was used to
evaluate the Western blot results of the groups. When sig-
nificant differences were detected between groups, multiple
pair-wise comparisons were made using the Mann-Whitney

U test with Bonferroni correction.

YAP-1 levels of 7 days reperfusion groups (ng/ml)

AsprCT Clrasp

Figure 2. The serum YAP-1 level of rats in the protocol
with a 7-day reperfusion period after 60 minutes of cere-
bral ischemia. Groups marked with different letters a and
b were statistically different (p<0.05). Differences between
groups designated with the same letters are not statisti-
cally significant. The Kruskal-Wallis H test was used to
evaluate the Western blot results of the groups. When sig-
nificant differences were detected between groups, multiple
pair-wise comparisons were made using the Mann-Whitney

U test with Bonferroni correction.
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YAP-1 levels of 24h/7 day reperfusion groups (ng/ml)

Asprcn Clasp

Figure 3. Comparison of serum YAP-1 levels of 24 hours
and 7 days reperfusion groups after CI. Groups marked
with different letters a, b and ¢ were statistically different
(p<0.05). Differences between groups designated with the
same letters are not statistically significant. The Kruskal-
Wallis H test was used to evaluate the Western blot results
of the groups. When significant differences were detected
between groups, multiple pair-wise comparisons were made
using the Mann-Whitney U test with Bonferroni correc-

tion.

Figure 3 presents all groups in the 24-hour and 7-day pro-
tocols together. Our findings indicate that there were
no statistically significant differences between the groups
treated with ASP and the sham groups. The serum YAP-
1 level was statistically lower in the CI/R groups com-
pared to the sham and ASP treated groups (p<0.05). In
the groups with a CI/7-day reperfusion process, the re-
sults were statistically lower than those of the CI/24-hour
reperfusion group (p<0.05). This may be due to the induc-
tion of increased damage pathways during the reperfusion
process.

Discussion

Stroke is currently one of the leading causes of death and
disability, with its prevalence increasing day by day [19].
Following cerebral infarction, ischaemic damage is accom-
panied by various complex pathophysiological events, such
as inflammation, excitotoxicity, oxidation, and apoptosis
[20]. The rapidly increasing inflammatory response af-
ter ischemia in stroke is detrimental in contrast to nor-
mal physiological processes and triggers the development
of deferred brain damage [21]. Inflammation in the brain
is primarily brokered by glial cells, which produce numer-
ous cytotoxic substances. Surface receptors on microglia
[22], bind to ligands from dying cells, including heat shock
proteins and peroxiredoxins. This interaction triggers in-
tracellular signalling, which releases pro-inflammatory reg-
ulators that enhance inflammation and apoptosis, leading
to brain damage. It is argued that glial cells may worsen
brain damage following cerebral ischemia through the pro-
duction of reactive oxygen species (ROS) and the release
of anti-inflammatory cytokines [18]. ROS production be-
gins during the ischemic process and continues to increase
with the onset of reperfusion in post-ischemia treatment.
Therefore, it is essential to apply protective treatments
during reperfusion processes [17].

Apoptosis is a crucial cellular pathway affected by ROS
during the ischemia/reperfusion process. Thus, controlling
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the apoptosis pathway and monitoring its changes during
ischemia /reperfusion processes are crucial for selecting ap-
propriate treatment methods. In ischemia-reperfusion in-
jury, necrotic cells are located in the core area of ischemia,
while apoptotic cells are found in the area surrounding
the core [23]. Recent studies have shown that apoptosis,
a programmed cell death process that is a natural part
of organism development, also contributes to cell death
in various pathological conditions, including stroke [24].
Apoptosis is an energy-dependent process that results in
DNA fragmentation [25]. Most cases of ischemic brain
damage are caused by necrosis resulting from excitotoxic
damage. However, recent studies have shown that apop-
tosis also occurs in the ischemic penumbra. This area has
become a focus of interest in the process of providing neu-
ronal protection . In addition to signals from outside the
cell, there are also intracellular or mitochondria-dependent
signals that can initiate apoptosis [26]. The apoptotic pro-
cess can be initiated by intracellular signals resulting from
DNA damage, an increase in intracellular calcium levels, a
decrease in intracellular pH, and metabolic disorders [25].
In response to intracellular or extracellular signals, pro-
teases, endonucleases, and lipases are activated. Subse-
quently, chromatin condensation, cell shrinkage in the cy-
toplasm and cell body, endonucleolytic DNA fragmenta-
tion, and decreases of plasma membrane integrity occur in
the apoptotic cell. The neuronal apoptotic process crit-
ically involves the aspartyl protease family of caspases,
including Kaspase sistein. Caspases activate each other,
initiating a chain of proteolytic events. While Kaspase-8,
Kaspase-9, and Kaspase-10 play an initiator role, Kaspase-
3, Kaspase-6, and Kaspase-7 play an effector role. The
B-cell lymphoma (Bel) family is a group of proteins that
regulate apoptosis, including both anti-apoptotic proteins
such as Bcl-2, Bcel-g, Bel-w, Bel-x1, and pro-apoptotic pro-
teins such as Bax, Bad, Bid, and Diva. YAP-1 is an anti-
apoptotic protein that allows cancer cells to escape the
immune response through alternative pathways, thereby
suppressing apoptosis progression. YAP-1 alters protein
synthesis to modify death pathways, indicating a regula-
tory role in apoptosis beyond the known pathway [27].

Apoptosis is triggered in cells by various physiological and
pathological stimuli, leading to the activation of apoptotic
pathways. Dysregulation of apoptosis is a hallmark of
maintaining and regulating tumour growth. The studies
demonstrate that excess YAP can increase the resistance
of cancer cells to apoptosis, and that when YAP activity is
inhibited, the increase in apoptosis sensitises cancer cells
to chemotherapy [28]. It is demonstrated that YAP plays
a crucial role in controlling cancer apoptosis through mul-
tiple mechanisms and that, in the presence of apoptotic
stimuli, YAP enhances the ability of cells to reduce apop-
tosis and survive. It is noteworthy that YAP may also
function as a proapoptotic factor. When cells are under
stress due to severe DNA damage, Akt and c-Abl phos-
phorylate YAP, thereby suppressing the induction of pro-
apoptotic gene expression, and ultimately leading to the
induction of apoptosis. New therapeutic targets may be
identified by elucidating the precise mechanisms by which
YAP modulates apoptosis [29].

Our study found that the decrease in YAP-1 levels, an
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apoptosis suppressor, in CI/R groups indicates an increase
in oxidative stress due to ischemia-reperfusion and in-
creased apoptosis due to inflammation. In the 7-day reper-
fusion groups, increased oxidative stress decreased YAP-1
levels, which explains the time-dependent increase in apop-
tosis. The ASP -treated groups showed an increase in
YAP-1 levels, which suppressed apoptosis and enabled the
activation of neuronal survival pathways. ASP antiapop-
totic effects have been mentioned in other study models.
In this study, we have shown that ASP suppresses apop-
tosis by increasing YAP-1 level when applied before and
after ischemia-reperfusion.
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