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Abstract. - OBJECTIVE: Cerebrovascular
diseases (CVDs) remain an important public
health issue due to the increasing number of
deaths worldwide. Changes in the synthesis
and release of peptides in CVDs may play an im-
portant role in elucidating the physiopathology
of the disease. Therefore, this study was to in-
vestigate the fate of maresin-1 (MaR-1), subfatin
(SUB), asprosin (ASP), and alamandine (ALA)
levels in patients with cerebral infarction (Cl), in-
tracranial hemorrhage (ICH), subarachnoid hem-
orrhage (SAH) evaluated within the scope of
CVDs, and voluntary healthy controls.
PATIENTS AND METHODS: The study par-
ticipants were divided into 4 groups: Cl patients,
ICH patients, SAH patients, and healthy volun-
teers. The diagnosis of CVDs was made based
on the National Institutes of Health Stroke Scale
(NIHSS), Intracerebral Hemorrhage Score (ICHS),
Botterel-Hunt-Hess Scale (BHHS), and cranial
computed tomography (CT). The levels of MaR-
1 (ng/mL), SUB (ng/mL), ASP (ng/mL), and ALA
(pg/mL) in the blood samples collected from the
participants were studied using the ELISA meth-
od. Other parameters included in the study were
obtained from the patient records of our hospital.
RESULTS: The comparison of MaR-1 [(control
1.38 = 0.14), SAH (0.98 + 0.087), Cl (0.67 = 0.04),
ICH (0.51 = 0.03)], SUB [(control (13.2 = 1.4), SAH
(10.1 £1.2), CI (7.9 = 0.8), ICH (5.8 = 0.5)], and ALA
[(control (67.2 + 7.9), SAH (58.2 = 4.3), Cl (421 =
3.7), and ICH (34.2 +3.9)] values revealed a sig-
nificant decrease compared to the control val-
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ues. The comparison of the ASP values of SAH,
Cl, and ICH patients and control values (11.6 %
1.2) showed significantly higher asprosin values
in SAH (13.8 £1.1), Cl (15.4 = 1.2) and ICH (28.9 =
2.8) patients. Similarly, systolic blood pressure
(SBP), diastolic blood pressure (DBP), and glu-
cose levels of CKD patients were also high.

CONCLUSIONS: Decreased MaR-1, SUB, ALA
and increased ASP compared to the control val-
ues may play a role in the physiopathology of
these diseases. MaR-1, SUB, ALA, and ASP dif-
ferences between SAH, Cl and ICH patients may
also guide clinicians along with SBP, DBP and
glucose values.

Key Words:
Maresin-1, Subfatin, Asprosin, Alamandine, Cere-
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Introduction

Cerebrovascular diseases (CVDs) (includes
all disorders in which an area of the brain is tem-
porarily or permanently affected by ischemia or
bleeding) are second important cause of death
after coronary vascular diseases in developed
countries'. Moreover, the quality of life of sur-
vived patients is very poor?. The incidence of
cerebral ischemia (CI), intracranial hemorrhage
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(ICH), and subarachnoid hemorrhage (SAH) is
80%, 15%, and 5%, respectively, in CVDs which
also affect organs other than the brain*®. In such a
case, one of the most affected organs is the endo-
crine tissues. Because adipose endocrine tissues
might have the capacity to regulate the bioactive
peptides or anti-inflammatory molecules they
produce locally to compensate for the negative
change in patients with CI and ICH or SAH™®.
Numerous inflammatory mediators such as
macrophages, neutrophils, monocytes, cytokines,
chemokines, leukocytes, and adhesion molecules
have been shown in and around ischemic tissue
after CI, ICH, and SAH®>!°. Therefore, inflamma-
tion has a role in the pathogenesis of stroke, ICH,
and SAH. Maresin-1 (MaR-1), which has been
discovered in recent years, is a pro-resolving lip-
id mediator synthesized [this biosynthesis includes
an active intermediate (13S,14S-epoxy-DHA) that
stimulates the conversion of macrophage from M1
(anti-inflammatory) to M2 (anti-inflammatory)
phenotype] by macrophages that regulates acute
inflammation, has anti-inflammatory proper-
ties, and promotes tissue regeneration''?. MaR-1
has been reported” to have the potential to treat
postoperative neuroinflammation, neurocognitive
dysfunction, and is a molecule that accelerates
surgical wound healing in planarians and provides
organ regeneration and tissue healing'*!*. Plasma
MaR-1 concentrations are associated with diabetic
foot ulcer, obesity, glucose and lipid metabolism
disorders, and insulin secretion and resistance!®!”.
Due to all these properties, it is beneficial to inves-
tigate the fate of MaR-1 after CI, ICH, and SAH.
In addition, the decrease in blood supply to
the brain in CI, ICH, and SAH results in ener-
gy deficiency™. Thus, changes occur in glucose
metabolism. The major source of energy for the
brain is glucose”. About 100 g of brain tissue con-
sumes 30 mmol (5 mg) of glucose in 1 minute.
This corresponds to approximately 125 gr/day
glucose. Glucose enters the brain by facilitated
transport®. About 80% of it is used to produce
energy, while the remaining is used in the syn-
thesis of neurotransmitters, proteins and lipids.
As end product, it is metabolized to lactate”. In
CI, ICH, and SAH, the level of energy metabo-
lites such as ATP and phosphocreatine decreases,
while lactate levels increase’*. All these events
result in metabolic imbalance. Subfatin (SUB)
and asprosin (ASP), which have been discovered
in recent years, are two important metabolic mol-
ecules that are synthesized mainly in the adipose
tissue”. Small amounts of these two molecules

4472

have been reported to be synthesized in other tis-
sues, including salivary glands**?% Furthermore,
these two molecules play a role in inflammation,
insulin resistance, and regulation of glucose me-
tabolism?”?%. In other words, SUB and ASP are
the new important players of metabolic events?’*"
A study reported that a decrease in SUB and ASP
levels may cause a decrease in metabolic activity,
preventing adequate energy production and there-
by increasing oxidative stress in patients30,31.
As mentioned above, since many metabolic path-
ways, including glucose metabolism, are affect-
ed in patients with CI, ICH, and SAH, it is useful
to investigate the status of SUB and ASP, which
keep glucose metabolism under strict control.

Approximately 80% of patients with ischemic
stroke have hypertension®*. Alamandine (ALA)
is anew hormone in the heptapeptide (Ala-Arg-Val-
Tyr-Ile-His-Pro) structure of the renin-angiotensin
system (RAS) that regulates blood pressure®**.
ALA also reduces aortic constriction, improves
cardiovascular functions, and regulates cardiac
contractility, growth, and apoptosis®. In addition,
ALA is a hormone with vasodilatory, antifibrot-
ic, anti-inflammatory”’, and antihypertensive ef-
fects®. ALA exerts its biological effects using its
receptor Mas-related G protein-coupled receptor
D (MrgD)®. The presence of the MrgD has been
demonstrated in cell membrane, cytoplasm, peri-
nuclear and nuclear regions of brain cells, cardio-
myocytes, aorta, endothelial cells, and retina®®!,
ALA is a product of ACE2-dependent catalytic
hydrolysis of angiotensin A (Ang A). It can also be
derived directly from Ang (1-7) by decarboxylation
of the N-terminal aspartic acid residue**. Based on
the above-mentioned data, there may be a relation-
ship with ALA in patients with CI, ICH, and SAH.

Although computed tomography (CT) and
magnetic resonance imaging (MRI) already have
high sensitivity and specificity for the diagnosis
of ischemia, their limited use, technical difficul-
ties and cost make CT and MRI-based studies less
practical in the acute setting*. Therefore, there is
a need for new diagnostic analytical biomarkers
to establish a rapid and accurate diagnosis of isch-
emic stroke. According to the results of the ex-
tensive literature review, the fate of MaR-1, SUB,
ASP, and ALA in patients with CI, ICH, and SAH
has not yet been investigated. Considering all the
above-mentioned information, the primary aim of
this study is to investigate MaR-1, SUB, ASP, and
ALA levels in patients with CI, ICH, SAH, and
healthy controls and to reveal whether they have a
role in the diagnosis of these diseases.
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Patients and Methods

This study was conducted after obtaining
the approval of the Clinical Research and Eth-
ics Committee (issue 9/41/dated 6/7/ 2022) and
written informed consent from patients. The
study included a total of 4 groups: 22 patients
with CI, 22 patients with ICH, and 22 patients
with SAH who presented and were admitted
to the Neurosurgery Clinic of Fethi Sekin City
Hospital, and 26 healthy controls. The Nation-
al Institutes of Health Stroke Scale (NIHSS),
Intracerebral Hemorrhage Score (ICHS), and
Botterel-Hunt-Hess Scale (BHHS) were used
for CI, ICH and SAH patients, respectively*-4¢
and the diagnosis of CI, ICH, and SAH was con-
firmed by early cranial computed tomography
(CT) (Figure 1). The control group consisted of
healthy volunteers who presented to our hospital
for a routine check-up.

Patients with previously known chronic obstruc-
tive pulmonary disease (COPD) and liver disease,
acute myocardial infarction (MI), diabetes mellitus,
kidney failure, a history of hypothyroidism and hy-
perthyroidism, cardiac cachexia, morbidly obese pa-
tients, patients under the age of 18 and over the age
of 80, patients with an active infection and a history
of previous cerebrovascular disease were excluded
from the study. Body mass index (BMI) of the par-
ticipants was calculated by dividing the weight in
kilograms by height in meters. Five mL of venous
blood were collected between 09-17.00 hours from
the patients and control groups into biochemistry
tubes containing aprotinin (500 KIU: Kallikrein
Inhibitor Unit)*”. These blood samples were cen-
trifuged at 4,000 rpm for 5 minutes. The obtained
plasma was divided into 5 equal parts and stored at
-40°C in Eppendorf tubes until analysis. Glucose
values of the patient and control groups were ob-
tained from the hospital records.

Figure 1. Comparison of cranial computed tomography (CT) of Control (A), SAH (B), CI (C), and ICH (D) patients. SAH:
Subarachnoid haemorrhage; CI: Cerebral infarction; ICH: Intracranial haemorrhage. Arrows indicate pathological areas.
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Measurements of Biochemical
Molecules by ELISA

The ELISA method was used to determine
the levels of (Meteorin-like protein) SUB (Bio-
assay Technology Laboratory; catalog No.:
E3941Hu, Yangpu Dist, Shanghai, China), ASP
(Bioassay Technology Laboratory; catalog No.:
E4095Hu Yangpu Dist, Shanghai, China), ALA
(SunRed, Biological Technology Co.; catalog
No.: DZE201125722 Baoshan District, Shanghai,
China), MaR-1 (SunRed, Biological Technolo-
gy Co.; catalog No.. DZE201127349, Baoshan
District, Shanghai, China) in accordance with
the manufacturer’s kit procedures. Absorbances
were read spectrophotometrically at 450 nm on a
ChroMate Microplate Reader P4300 (Awareness
Technology Instruments, Westport, CT, USA).
Bio-TEK ELX50 (BioTek Instruments, Winooski,
VT, USA) was used as an automated washer for
washing plates. The measurable range of the kit
for SUB was 0.05-15 ng/ml with a minimum of
0.01 ng/mL. The measurable range of the kit for
ASP was 0.5-100 ng/mL, with a minimum of 0.23
ng/mL. The measurable range of the kit for ALA
was 1.5-400 pg/mL, with a minimum of 1.368 pg/
ml. The measurable range of the kit for MaR-1 kit
was 0.01-1.5 ng/mL. The intra-assay and inter-as-
say CV values of the kits were < 10% and < 15%,
respectively.

Statistical Analysis

All statistical analyses were performed using
a software package SSPS, version 22 (IBM Corp.,
Armonk, NY, USA). In addition to descriptive
statistical methods [Standard deviation (SD)],
multifactorial regression analysis test was used
for comparisons when analyzing the study data.
The results were evaluated at a 95% confidence
interval. The level of significance was accepted
as p <0.05.

Results

The demographic characteristics of the pa-
tients and healthy controls are shown in Table L.
The comparison of the SBP (mm Hg) and DBP
(mm Hg) values of the participants revealed a sig-
nificant increase in these values, gradually rising
from controls toward SAH, CI, and ICH patients
(Table I; p < 0.05). The blood glucose values mea-
sured after SAH, CI, and ICH were higher com-
pared to control values (Table [; p < 0.05). There
was no significant difference in other parameters
evaluated (Table I). Figure 1 shows the CT evalu-
ation of the participants.

The MaR-1 levels of SAH, CI, and ICH patients
were significantly lower compared to healthy controls
(p <0.01). In other words, the MaR-1 values were 1.38
+0.14 ng/mL in healthy controls, 0.98 + 0.087 ng/mL
in SAH patients, 0.67 = 0.04 ng/mL in CI patients,
and 0.5 £ 0.03 ng/m in ICH patients (Figure 2).

Similarly, the SUB levels of SAH, CI, and
ICH patients were significantly lower compared
to healthy participants (p < 0.01). In other words,
the SUB values were 13.2 = 1.4 ng/mL in healthy
controls, 10.1 £ 1.2 ng/mL in SAH patients, 7.9 +
0.8 ng/mL in CI patients, and 5.8 £ 0.5 ng/m in
ICH patients (Figure 3).

The ALA levels of SAH, CI, and ICH patients
were significantly lower compared to healthy con-
trols (p < 0.05). Particurlarly, the ALA values were
672 = 7.9 ng/mL in healthy controls, 58.2 + 4.3ng/
mL in SAH patients, 42.1 £ 3.7 ng/mL in CI patients,
and 34.2 + 3.9 ng/mL in ICH patients (Figure 4).

However, the ASP levels of SAH, CI and ICH
patients were significantly higher compared to
healthy controls (p < 0.05). In other words, the
ASP values were 11.6 £+ 1.2 ng/mL in healthy con-
trols, 13.8 £ 1.1 in SAH patients, 154 + 1.2 ng/
mL in CI patients, and 28.9 + 2.8 ng/mL in ICH
patients (Figure 5).

Table I. Comparison of demographic characteristics and glucose values of patients with control values.

Parameters Control SAH Cl ICH

BMI (kg/m?) 284 +2.7 32.1+£3.6 31.2+29 29.8+4.1
Sex (F/M) 12/14 11/11 9/13 10/12
Age (year) 68.8+3.1 627+29 69.2+29 67.6 52
SBP (mm Hg) 124.2 £9.82 139.8* + 11.94 156.822+19.3 162.212 £ 27.12
DBP (mm Hg) 82.1 +7.42 87.2 £8.53 86.9 + 7.42 89.4 £ 6.92
Glucose (mg/dL) 94.72 + 8.56 122.8*+11.2 144.62%° + 12.8 168.44*> +£ 231

Control vs. SAH?, CI*, ICH* (p = 0.02). SAH vs. CI°, ICH" (p = 0.05).
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Figure 2. Comparison of MaR-1 val-

ues of SAH, CI and ICH patients with L
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ICH

There was a positive correlation between the
glucose and SBP values of SAH (r: 0.57, p < 0.02),
CI (r: 0.61, p < 0.01), and ICH (r: 0.42, p < 0.05),
patients. Similarly, a positive correlation was not-
ed between the glucose and SBP values of SAH
(r: 0.56, p < 0.01), CI (r: 0.46, p < 0.03), and ICH
(r: 0.49, p < 0.05), patients. There was a negative
correlation between the MaR-1 and ASP values of
SAH (r: -0.48, p < 0.01), CI (r: -0.44, p < 0.05), and
ICH patients (r: -0.52, p < 0.02). There was a nega-
tive correlation between the SUB and ASP values
of SAH (r: -0.62, p < 0.01), CI (1: -0.48, p < 0.03),
and ICH (r: -0.54, p < 0.01), patients. A negative
correlation was found between the ALA and ASP
values of SAH (r: -0.56, p < 0.01), CI (r: -0.44, p <
0.05), and ICH patients (r: -0.47, p < 0.02). There
was a correlation between the glucose and ASP
values of SAH (r: 0.47, p < 0.05), CI (r: 043, p <
0.05), and ICH (r: 0.48, p < 0.05) patients.

Discussion

Stroke is the second leading cause of death
worldwide'. The adjusted prevalence of stroke
is around 6.94/1,000 inhabitants®. Stroke is an
important health issue that negatively affects
the health and economy of both individuals and
countries®. The underlying physiopathology of the
disease has not yet been fully elucidated. There-
fore, this study investigated the roles of MaR-1,
SUB, ASP and ALA molecules in patients with
CI, ICH, and SAH.

In this study, the MaR-1 levels of SAH, CI
and ICH patients were significantly lower com-
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pared to healthy controls. Occlusion or narrow-
ing of cerebral vessels increases inflammation®.
The possible reason for the low MaR-1 values in
SAH, CI and ICH patients may have led to an in-
crease in the inflammation caused by these dis-
eases and a decrease in the circulating levels of
MaR-1, a strong endogenous anti-inflammatory
molecule!, consumed by the organism to elim-
inate this inflammation. The administration of
MaR-1 decreases inflammation®. MaR-1 levels
have been reported to decrease in diseases char-
acterized by inflammation such as diabetes®!, and
polycystic ovary syndrome (PCOS)*. Another
study> reported that Mar-1 also alleviated renal
ischemia/reperfusion injury in mice via inhibi-
tion of the TLR4/MAPK/NF-xB pathways and
activation of the Nrf2 pathway. Another study®*
found that MaR-1 protected the liver against he-
patic I/R injury via an ALXR/Akt signaling path-
way. According to these data, we anticipate that it
may have decreased due to the use of circulating
MaR-1 in SAH, CI and ICH patients to eliminate
inflammation.

Moreover, in this study, the SUB levels of SAH,
Cl and ICH patients were significantly lower com-
pared to healthy controls. The decrease in SUB in
cases of stroke indicates that the organism tends
to conserve energy and minimize metabolism to
survive. Since calorie restriction in animals leads
to a decrease in the levels of SUB, it has been
suggested to be related to conserving energy and
minimizing metabolism to survive®. Dadmanesh
et al*® reported a relationship between SUB and
coronary artery disease (CAD) and atherosclero-
sis and found significantly lower circulating SUB
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concentrations in patients with CAD and DM.
There is a physio-pathological similarity between
CAD and cerebral ischemia. Therefore, low SUB
levels found in cerebral ischemia and low SUB
levels detected in CAD indirectly support our
current results’. In addition, cerebral ischemia
may cause irreversible cellular damage™, result-
ing in a decrease in SUB concentrations in these
diseases. Furthermore, this study demonstrated a
correlation between the glucose and SUB levels
of SAH, CI and ICH patients. However, contrary
to our results, Lee et al® reported no significant
relationship between SUB and glucose concentra-
tions. This difference may probably be due to the
physiopathology of the disease. In this study, the
absence of oxygen and nutrients (including glu-
cose) needed by the brain due to the occlusion of
cerebral vessels in cerebral ischemia may be due
to glucose pooling in the circulation and also the
depletion of glycogen stores due to cerebral isch-
emia stress®™®". The participants included in this
study had no known history of diabetes.
Moreover, the ALA levels of SAH, CI and
ICH patients in this study were significantly lower
compared to healthy controls. Ischemia is caused
by deficient nutrients and oxygen supply to the
brain due to the occlusion or narrowing of the
vessels supplying the brain®?. The possible reason
for the high ALA levels in SAH, CI and ICH pa-
tients may be the occlusion of the cerebral vessels
or the compensatory increase in the amount of
circulating ALA to protect the brain tissue from
ischemia-reperfusion injury. A study® reported
that the administration of ALA to rats protected
them from myocardial ischemia-reperfusion inju-
ry by activating C-Jun N-terminal kinase (JNK)
and inhibiting nuclear factor-kappa B (NF-«xB).
In addition, ALA receptor (MrgD) is located in
the nuclear regions of cell membrane, cytoplasm,
perinuclear and brain cells®®; therefore, an in-
crease in ALA secondary to SAH, CI and ICH
may have acted as an armor to protect brain cells
from harmful effects by exhibiting antifibrotic
and anti-inflammatory effects®’. A study® report-
ed that the administration of ALA protected brain
cells from damage, excitotoxicity and cell death.
These protective effects have been reported to
disappear when the ALA receptor is blocked?®.
Moreover, the comparison of the SBP and DBP
values of SAH, CI and ICH patients in our study
showed significantly higher levels compared to
healthy volunteers. The possible reason for the
high ALA values in SAH, CI and ICH patients
may be the compensatory increase to control the

reported high blood pressure®. A study on hyper-
tensive rats reported that the administration of
ALA alleviated hypertension and cardiac hyper-
trophy*. ALA dynamically changes during stroke
in humans. ALA activation might induce neuro-
protection in stroke. Therefore, it is predicted that
ALA may have the potential to guide clinical tar-
gets for stroke therapies in the future.

The comparison of ASP and glucose levels of
SAH, CI, and ICH patients in this study revealed
significantly higher values compared to the ASP
and glucose levels of healthy controls. There is a
study in the literature investigating the relation-
ship between cerebral ischemia and asprosin.
They found that asprosin level was increased at
the beginning of minor ischemic stroke when
compared to the control group®. Also, increased
amounts of asprosin have been reported in isch-
emic heart disease, which extends credit to our
present results®’. High glucose levels reported in
patients with SAH, CI, and ICH indicate impaired
glucose homeostasis in these patients®. A study®®
on patients with acute stroke and hemorrhage re-
ported increased glucose levels, suggesting that
high blood glucose may be an indicator of poor
prognosis and high in-hospital mortality. As is
understood from here, SAH, CI, and ICH are a
cluster of diseases that require strict control of
glucose concentrations in patients. Asprosin is a
hormone that induces glucose secretion from the
liver and protects cells from apoptosis®. Reactive
oxygen species increase in SAH, CI, and ICH™.
Therefore, ASP protects brain cells from apopto-
sis by reducing reactive oxygen species in cases
where glucose levels are above the physiological
dose. In the light of the available data, we suggest
that the possible reason for the increased levels of
ASP in SAH, CI, and ICH patients in our study
may be due to this.

Limitations

This study has some limitations. First, we have
a limited number of subjects. Second, lower MaR-1,
SUB, ALA, and higher ASP concentrations in SAH,
CI and ICH patients despite the presence of healthy
volunteers, it is not exactly known whether the de-
crease in MaR-1, SUB, ALA concentrations and the
increase in ASP concentrations during ischemia are
entirely secondary to brain injury necrosis, since
the pre-ischemic MaR-1, SUB, ALA and ASP con-
centrations of the patients could not be determined.
Third, the drugs used by the patients were not classi-
fied in this study. Medications used by patients may
also affect the concentrations of MaR-1, SUB, ALA,
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and ASP. Fourth, we attempted to include patients
who presented to our hospital at the same time in-
tervals to prevent our results from being affected
by the circadian rhythm, but this was very difficult.
Because the admission hours of stroke patients to
our hospital were untimely. Therefore, not know-
ing whether our results are affected by the circadian
rhythm is another limitation of the study. However,
we should immediately point out that there is not yet
a study in the literature showing whether MaR-1,
SUB, ALA, and ASP have a circadian rhythm.

Conclusions

Despite all the above-mentioned limitations,
our study demonstrated decreased MaR-1, SUB,
and ALA concentrations and increased ASP con-
centrations in patients with SAH, CI, and ICH.
Low MaR-1, SUB, and ALA and high ASP levels
in SAH, CI, and ICH patients can be an indicator
of poor prognosis and high in-hospital mortality,
as well as an indicator of the etiophysiopathology
of these diseases.
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