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Özet
Amaç: Akut iskemik inmeli hastalarda ve sağlıklı kontrollerde katekolaminerjik sistem üyeleri renalaz, serebellin ve bunların substratları epinefrin, norepi-
nefrin ve dopamin ile apelinerjik sistem üyeleri apelin, elabela ve nitrik oksit düzeylerinin kan ve idrarda karşılaştırılması.
Gereç ve Yöntemler: Akut iskemik inmeli 42 hasta ile yaş ve cinsiyet açısından eşleştirilmiş 42 sağlıklı kontrol çalışmaya dahil edildi. Kan ve idrar örnek-
leri akut inme klinik belirtilerinin başlangıcından sonraki ilk 24 saat içinde eş zamanlı olarak toplandı ve ELISA yöntemi kullanılarak ölçüldü.
Bulgular: İskemik inme ve kontrol gruplarında serum ve idrar serebellin, renalaz, epinefrin, norepinefrin, dopamin, apelin, elebela ve nitrik oksit düzeyleri 
benzerdi (P>0.05). Hem inmeli hastalarda hem de kontrollerde serum ve idrarda renalaz, serebellin ve katekolamin düzeyleri arasında güçlü korelasyonlar 
bulundu (p <0.001). İki grupta da serum ve idrarda apelin, elabela ve NO düzeyleri arasında güçlü korelasyonlar vardı (p<0.001).
Sonuç: İskemik inmenin akut fazında serum ve idrar serebellin, renalaz, epinefrin, norepinefrin, dopamin, apelin, elebela ve nitrik oksit düzeyleri önemli 
ölçüde değişmemektedir. Renalaz, serebellin ve katekolaminler arasındaki güçlü korelasyonlar, bu maddelerin sağlıklı bireylerde ve iskemik inmeli hastalar-
da birlikte hareket ettiğini vurgulamaktadır. Benzer şekilde, apelin, elabela ve NO arasındaki güçlü korelasyonlar, bu ajanların sağlıklı kişilerde ve iskemik 
inmeli hastalarda birlikte hareket ettiğini göstermektedir.
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Abstract
Objective: To compare levels of catecholaminergic system members, renalase, cerebellin, and their substrates, epinephrine, norepinephrine, and dopamine, 
and apelinergic system members, apelin, elabela, and nitric oxide in the blood and urine of patients with acute ischemic stroke and healthy controls.
Materials and Methods: 42 patients with acute ischemic stroke and 42 age and sex-matched healthy controls were included in the study. Blood and urine 
samples were collected simultaneously and within the first 24 hours after the onset of acute stroke clinical manifestations and were measured using an ELISA 
method.
Results: The levels of serum and urine cerebellin, renalase, epinephrine, norepinephrine, dopamine, apelin, elebela, and nitric oxide were similar in ischemic 
stroke and in control groups (P>0.05). Strong correlations were found between renalase, cerebellin, and catecholamine levels in serum and urine (p <0.001) 
both in stroke patients and controls. There were also strong correlations between apelin, elabela, and NO levels in serum and urine (p <0.001) in the two 
groups.
Conclusion: Serum and urine cerebellin, renalase, epinephrine, norepinephrine, dopamine, apelin, elebela, and nitric oxide levels do not significantly change 
in the acute phase of ischemic stroke. Strong correlations among renalase, cerebellin, and catecholamines emphasize that these substances act together in 
healthy individuals and ischemic stroke patients. Similarly, strong correlations between apelin, elabela, and NO indicate that these agents act together in 
healthy subjects and patients with ischemic stroke.
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INTRODUCTION
Stroke is the second leading cause of death in the 

world and an important cause of disability. The incidence 
of stroke increases with prolonged human life. In gener-
al, stroke is divided into two types ischemic and hem-
orrhagic stroke. Ischemic stroke accounts for 80-85% of 
all strokes and hemorrhagic stroke accounts for 15-20%. 
Stroke is divided into stages according to the duration 
of the current clinic. It is called hyperacute between 0-6 
hours after the onset of the event, late hyperacute be-
tween 6-24 hours, acute between 24 hours and 7 days, 
subacute between 1-3 weeks, and chronic phase after 3 
weeks (1). Today, 3-4% of health expenditures in western 
countries constitute stroke-related treatment (2). 

Currently, acute treatment in ischemic stroke targets 
reperfusion of brain tissue. Thrombolytic drugs and/or 
endovascular intervention are applied for this purpose. 
However, only 25% of patients with ischemic stroke are 
eligible for medical thrombolysis and 10-12% for endo-
vascular treatment (3). Therefore, there is a demanding 
need to further explore the underlying pathophysiologic 
mechanisms of ischemic stroke in order to develop novel 
treatments. The current approach to ischemic stroke fo-
cuses on seeking new treatment and improving rehabil-
itation in patients (4). The main goals of new treatment 
strategies are to protect neurons in the ischemic penum-
bra area, prevent further cell damage during reperfusion, 
to regulate local inflammatory response to ischemia (5).

Mechanisms to respond to stressors in humans and 
animals are important for living and protection from haz-
ards. Dopamine, norepinephrine, and epinephrine are 
catecholamines that are rapidly released into the blood 
circulation in response to sympathetic activation and 
have stimulating effects on the cardiovascular system and 
energy-producing systems (6). Catecholamines play a key 
role in regulating many physiological processes and are 
found to be associated with a constantly expanding range 
of neurological, psychiatric, endocrine, and cardiovascu-
lar disorders (7). Cerebellin is derived from precerebellin 
and has neuromodulatory functions such as maintaining 
synaptic structures and modulating their functions (8). 
Previously cerebellin genes were thought to be exclusively 
expressed in the brain. However, it has been determined 
that cerebellin is secreted from the adrenal gland, neu-
roendocrine system, and pancreas (8-10). Cerebellin 
mRNA was shown to be expressed in the tumor tissues 
of phaeochromocytoma, cortisol-producing adrenocorti-
cal adenoma, ganglioneuroblastoma, and neuroblastoma 
(11).  Cerebellin has a stimulating effect on the secretion 
of aldosterone, cortisol, and catecholamine from the ad-
renal glands (12). Renalase is a flavin adenine dinucleo-
tide (FAD) dependent monoamine oxidase enzyme orig-
inating mainly from renal tissues that directly degrades 
circulating catecholamines, (noradrenaline, adrenaline, 

and dopamine) (13). Although renalase is predominantly 
expressed in the kidney, it was also detected in other tis-
sues such as the skeletal muscle, cardiac muscle, blood, 
liver, and brain. In addition to the metabolization of cat-
echolamines, anti-apoptotic and anti-inflammatory, cell 
survival, and protective effects of renalase were reported 
(14).

The apelinergic pathway is of interest as a poten-
tial therapeutic target for cardiovascular and metabolic 
disorders. The Apelin/APJ system is involved in a wide 
range of biological functions. Apelin was found to be 
secreted in the lung, stomach, skeletal muscle, adrenal 
gland, intestine, kidney, and central nervous system (15). 
Until recently, apelin was thought to be the sole ligand 
for the apelinergic pathway. However, a novel peptide, 
Elabela (Apela), which acts via the apelinergic pathway, 
has been identified. Various roles of Elabela in the car-
diovascular system, fluid balance, metabolism, diabetes, 
and preeclampsia have been identified (16).

There are studies about renalase and apelin in pa-
tients with ischemic stroke in the literature. However, 
there are no studies comparing elabela and cerebellin 
levels in patients with ischemic stroke and healthy sub-
jects. In this study, we aimed to compare renalase, cere-
bellin, and their substrates epinephrine, norepinephrine, 
and dopamine in the blood and urine of patients with 
acute ischemic stroke and healthy individuals, which we 
think may have roles in the pathophysiology of ischemic 
stroke. In addition, we aimed to compare the levels of 
apelinergic system members apelin, elabela and nitric 
oxide in the blood and urine of patients with acute is-
chemic stroke and healthy individuals. Thus, we aimed 
to provide a broad perspective for understanding the 
pathophysiology of acute ischemic stroke.

MATERIALS AND METHODS
The study group consisted of patients with acute is-

chemic stroke who applied to Kahramanmaraş Sütçü 
İmam University Emergency Medicine Clinic. The di-
agnosis of acute ischemic stroke was confirmed by the 
neurologist with cranial CT and/or MRI consistent 
with clinical findings. 42 patients with acute ischemic 
stroke and 42 age and sex-matched healthy controls 
were included in the study. Inclusion criteria were: 1) 
patients with acute ischemic stroke clinic within 24 
hours of symptom onset 2) aged older than 18 years old 
3) first stroke attack. Patients with hemorrhagic stroke, 
brain tumors, chronic inflammation, chronic renal fail-
ure, increased creatinine levels, and trauma were ex-
cluded. Blood and urine samples were collected simul-
taneously and within the first 24 hours after the onset 
of acute stroke clinical manifestations. Serum and urine 
samples were centrifuged at 4000 g for 10 minutes and 
stored at -80 °C until required for analysis.
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Kit Name Catalog 
Number

Intra assay 
CV

Inter-assay 
CV

Detection Range Sensitivity

Human Cerebellin-1 201-12-3438 <9% <10% 10ng/L-1500 ng/L 8.625 ng/L
Human Renalase (MAO-C) 201-12-5282 <10% <12% 3ng/ml-600ng/ml 2.006 ng/ml
Human Epinephrine 201-12-1039 <10% <12% 0.3ng/ml-60ng/ml 0.218 ng/ml
Human Norepinephrine 201-12-0987 <10% <12% 10ng/L-300ng/L 8.662ng/L
Human Dopamine 201-12-1302 <10% <12% 8nmol/L-2000nmol/L 7.043 nmol/L
Human Apelin 201-12-2015 <10% <12% 1ng/L-200ng/L 0.756 ng/L
Human Elabela 201-12-7693 <9% <10% 15ng/L-3000ng/L 12.625 ng/L
Human Nitric Oxide 201-12-1511 <10% <12% 4µmol/L-600µmol/L 2.052 µmol/L

Biochemical Analysis
Serum and urine cerebellin, renalase, epinephrine, 

norepinephrine, dopamine, apelin, elabela and nitric 
oxide were measured using an enzyme-linked immu-
nosorbent assay method according to the manufactur-
er’s protocol (17). All of the kits used in this study were 
supplied from Sunred Biological Technology (Shang-
hai, CHINA). The catalog numbers, intra-assay coef-
ficient of variances (CV), inter-assay CVs, detection 
ranges, and sensitivities of the kits used were presented 
in Table 1.

Statistical Analysis 
Statistical analysis was performed using Statisti-

cal Package for the Social Sciences (SPSS ver.20) and 
P values of <0.05 were considered statistically signifi-
cant. Previously, the suitability of the data for normal 
distribution was evaluated by Kolmogorov Smirnov 
and Shapiro Wilk tests. Independent samples t-test was 
used to compare normally distributed parameters and 
Mann Whitney-U test was used to compare non-nor-
mally distributed parameters. Pearson correlation 
analysis was used to compare normally distributed pa-
rameters and Spearman correlation analysis was used 
to compare non-normally distributed parameters for 
correlations.

Our study was carried out in accordance with the 
Declaration of Helsinki and approved by Kahraman-
maraş Sütçü İmam University Faculty of Medicine Clin-
ical Trials Ethics Committee (decision date: 03.01.2018 
and number: 2018.01.01). Informed consent was ob-
tained from the patients or their relatives when cooper-
ation was not provided.

RESULTS
The ages of patients with ischemic stroke and con-

trol subjects were similar (p = 0.357). The mean age was 

69.37 ± 13.37 (35-91) in the stroke group and 66.70 ± 
12.87 (35-89) in the control group. The sexes of the par-
ticipants were similar in both groups (p = 0.818). There 
were 15 females, 27 males in the stroke group, and 14 
females and 28 males in the control group. Systolic blood 
pressure was higher in the stroke group (p <0.001). The 
mean systolic blood pressure was 155.56 ± 3.04 mmHg 
(100-216) in the stroke group and 121.26 ± 9.57 mmHg 
(100-130) in the control group. Mean diastolic blood 
pressure was higher in the stroke group than in the con-
trol group, but the difference was statistically insignifi-
cant (P = 0.056). Mean diastolic blood pressure was 82.41 
± 19.86 mmHg (50-170) in the stroke group and 74.37 ± 
6.29 mmHg (60-80) in the control group. Other clinical 
parameters and comparison results of the stroke patients 
and controls were given in Table 2. Serum cerebellin, 
renalase, epinephrine, norepinephrine, dopamine, ape-
lin, elabela, nitric oxide levels, and comparison results 
between the groups were given in Table 3. The levels of 
serum cerebellin, renalase, epinephrine, norepinephrine, 
dopamine, apelin, elebela, and nitric oxide were similar 
in patients with ischemic stroke and the controls (P> 
0.05). Urine cerebellin, renalase, epinephrine, norepi-
nephrine, dopamine, apelin, elabela, nitric oxide levels 
in stroke patients and controls and comparison results 
of these parameters between groups were presented in 
Table 4. There was no difference in terms of urine cere-
bellin, renalase, epinephrine, norepinephrine, dopamine 
apelin, elebela, and nitric oxide levels between stroke pa-
tients and control subjects (p> 0.05). Strong correlations 
were found between renalase, cerebellin, and catechola-
mine levels in serum and urine (p <0.001). The corre-
lation analysis results between renalase, cerebellin, and 
catecholamines were given in Table 5. There were also 
strong correlations between apelin, elabela, and NO lev-
els in serum and urine (p <0.001).  The correlation anal-
ysis results among apelin, elabela, and NO levels were 
given in Table 6.

Table 1. The catalog numbers, intra-assay coefficient of variances (CV), inter-assay CV, detection ranges, and 
sensitivities of the kits.
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Table 2. Clinical parameters and comparison results of the patient and control groups. 

Ischemic Stroke Control p 

WBC (x103 cells/mcL) 9.58±3.55 (4.37-24.30) 8.17±2.61 (3.44-16.55) 0.062

NEU (x103 cells/mcL) 6.55±3.18 (2.31-20.11) 5.59±3.56 (1.44-18.90) 0.064

Lymphocyte (x103 cells/mcL) 2.07±1.01 (0.44-5.87) 2.31±0.63 (1.37-4.02) 0.064

Monocyte (x103 cells/mcL) 0.74±3.69 (0.05-2.25) 0.63±0.26 (0.27-1.27) 0.145

Eosinophil  (x103 cells/mcL) 0.17±0.14 (0-0.72) 0.20±0.14 (0.14-0.67) 0.185

Basophil  (x103 cells/mcL) 0.03±0.18 (0.01-0.08) 0.04±0.016 (0.01-0.06) 0.026

RBC (x106 cells/mcL) 4.85±0.72 (3.58-6.84) 4.64±1.14 (0.43-5.77) 0.804

HB (g/dL) 13.18±1.98 (8.40-17.60) 13.64±1.91 (8.90-17.50) 0.355

HCT (%) 40.02±5.20 (27.00-51.60) 40.65±5.18 (24.30-51.40) 0.627

MCV (fL) 83.03±6.67 (63.30-92.10) 85.79±8.68 (70.30-114.00) 0.424

RDW (%) 43.35±6.06 (35.20-70.70) 41.71±11.33 (11.30-66.20) 0.916

PLT (x105 cells/mcL) 271.02±94.78 (148-629) 244.52±93.73 (78.00-555) 0.496

PDW (%) 12.15±2.06 (9.10-17.20) 12.18±1.94 (9.00-17.10) 0.957

MPV (fL) 10.26±0.93 (8.60-12.50) 10.37±0.99 (8.80-12.20) 0.634

Total Protein (g/dL) 6.68±0.64 (4.60-7.80) 7.11±0.40 (6.50-8.15) 0.006

Albumin (g/dL) 4.00±0.35 (2.90-4.80) 4.17±0.21 (3.80-4.52) 0.029

Clor (mEq/L) 104.78±3.98 (96-116) 105.24±2.11 (103-108) 0.802

Calcium (mg/dL) 9.00±0.50 (7.60-10.30) 9.40±0.46 (8.60-10.60) 0.004

Potassium (mEq/L) 4.45±0.66 (3.40-7.40) 4.42±0.36 (3.80-5.20) 0.598

BUN (mg/dL) 17,90±5.61 (10-38) 14.33±2.61 (10-21) 0.002

AST (U/L) 27.11±9.78 (14-64) 24.71±6.67 (16.00-43.00) 0.313

ALT (U/L) 18.90±7.09 (9.00-40.00) 24.23±13.44 (11.00-61.00) 0.141

Sodium (mEq/L) 139.97±2.83.(134.00-145.00) 141.22±2.08 (137.00-146.00) 0.029

Glucose (mg/dL) 138.90±52.96 (64.00-317.00) 107.43±29.36 (67.00-199.00) 0.002

Creatinine (mg/dL) 0.88±0.20 (0.46-1.30) 0.79±0.22 (0.30-1.10) 0.063

LDH (U/L) 251.00±91.43 (159-595) LDH 233.25±35.86 (201-233) 0.861

Cholesterol (mg/dL) 177.62±43.36 (94-276) 199.40±36.90 (162.20-236) 0.316

LDL (mg/dL) 109.97±38.23 (48.00-197.00) 103.80±32.19 (51.00-133.00) 0.966

Triglyceride (mg/dL) 134.97±51.28 (58.00-256.00) 148.60±92.37 (36.00-232.00) 0.689

HDL (mg/dL)	 38.88±11.97 (23-74) 51.50±6.13 (43.00-56.00) 0.032

CRP (mg/L) 18.55±27,63 (3.13-121) 3.74±0.90 (3.02-6.14) 0.042

WBC: White Blood Cell, NEU: Neutrophil, RBC: Red Blood Cell, HB: Hemoglobin, HCT: Hematocrit, MCV: mean cell volume, RDW: Red cell distribution 
volume, PLT: Platelet, MPV: Mean platelet volume, BUN: Blood Urea Nitrogen, AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, LDH: 
Lactate dehydrogenase, LDL: Low-density lipoprotein, HDL: High-density lipoprotein, CRP: C reactive protein, p<0.05 statistically difference. 
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Ischemic Stroke Control p 
Cerebellin (ng/L) 253.13±165.42

(114.19-778.84)
252.29±148.93 
(137.53623.43)

0.775

Renalase  (ng/mL) 115.57±202.80
(6.33-795.14)

103.77±178.00
(3.61-885.83)

0.847

Epinephrine (ng/ml) 10.97±25.71
(0.57-143.85)

17.48±39.17
(0.69-172)

0.312

Norepinephrine (ng/L) 389.10±901.49
(0-5144.62)

362.08±955.80
(0-4947.69)

0.241

Dopamine (nmol/L) 364.22±698.62
(3.13-3231.72)

424.67±860.96
(9.37-3378.75)

0.876

Apelin (ng/L) 54.72±102.83
(3.80-423.58)

36.53±68.95
(3.80-342.32)

0.403

Elabela (ng/L) 932.09±1598.79
(80-6307)

662.502±502
(85.71-5254.44)

0.439

Nitric Oxide (µmol/L) 29.39±46.83
(0-190.81)

26.87±41.74
(0-185.70)

0.696

p<0.05 statistically difference.

Table 3. Serum cerebellin, renalase, epinephrine, norepinephrine, dopamine, apelin, elabela, nitric oxide, levels in 
ischemic stroke and control groups, and comparison results between groups.

Table 4. Serum cerebellin, renalase, epinephrine, norepinephrine, dopamine, apelin, elabela, nitric oxide, levels in 
ischemic stroke and control groups, and comparison results between groups.

Ischemic Stroke Control p

Cerebellin (ng/L) 266.66±98.40
(124.03-608.77)

243.31±86.27
(141.13-486.84)

0.223

Renalase  (ng/mL) 151.44±45.03
(81.13-335.53)

154.19±55.50
(82.26-326.84)

0.568

Epinephrine (ng/ml) 2.13±0.79
(0.93-4.19)

2.01±0.85
(0.63-4.13)

0.464

Norepinephrine (ng/L) 104.30±26.99
(63.08-173.85)

100.36±28.08
(52.31-170.77)

0.487

Dopamine (nmol/L) 453.96±138.07
(242.37-1022.31)

461.36±169.77
(245.95-995.22)

0.507

Apelin (ng/L) 4.07±3.12
(0.26-15.00)

3.60±3.50
(0.18-14.92)

0.256

Elabela (ng/L) 122.41±63.54
(40.50-300.00)

107.50±64.39
(22.50-302.06)

0.308

Nitric Oxide (µmol/L) 15.41±7.81
(4.74-40.09)

13.67±8.51
(2.47-40.82)

0.288

p<0.05 statistically difference.
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DISCUSSION
Oxygen and nutrient deficiencies caused by ischem-

ic stroke cause complex pathophysiological events. 
Current acceptance is that acute ischemic stroke acti-
vates the hypothalamic-pituitary-adrenal axis to elim-
inate ischemic status and increase circulating cortisol 
and catecholamine levels (18). Thus, systemic blood 
pressure increases, and urgent brain perfusion is tried 
to be increased (19). It has been reported that elevat-
ed plasma and urine cortisol and catecholamine levels 
are associated with high mortality and poor functional 
outcome in stroke patients (20,21). However, differ-
ent results have been reported in more recent studies. 
Stress hormones have been reported to increase in 
large hemispheric strokes, on the other hand, moder-
ate cortical infarcts have not been reported to affect the 
levels of stress hormones (22,23). Oto et al. (24) found 
no relationship between clinical outcomes and plasma 
catecholamines in patients with ischemic stroke. Also, 
there was no correlation between plasma catechola-
mine (epinephrine, norepinephrine) levels and proin-
flammatory cytokine concentration in this study. This 
may be due to the short half-life of catecholamines and 
pathological conditions such as emotional factors and 
heart failure, which affect the release of catecholamines 
(24). Renin-angiotensin-aldosterone system is also ac-
tivated in patients with ischemic stroke. Activation of 
this system contributes to vasoconstriction and fluid 

retention (25). However, the increment of blood pres-
sure in patients with ischemic stroke usually tends to 
return to normal after 7 days in adults and after 2 days 
in young people. In addition, blood pressures tend to 
be higher in people with previous hypertension than in 
those without hypertension. These findings suggest that 
other sources, besides central autonomic systems, may 
contribute to the high blood pressure in stroke patients 
(19). Dopamine is the predominant catecholamine in 
the central nervous system and is associated with the 
management of motor functions, learning, conscious-
ness, and immunity (26). Treatment with L-dopa, a 
precursor of dopamine, has improved motor abilities 
in patients with ischemic stroke (27,28). In an animal 
study it was found that large amounts of dopamine 
were released rapidly from the striatum to the environ-
ment after ischemia (29). Dopamine was determined to 
be decreased in ischemic stroke in another study (30). 
Like other catecholamines, dopamine has a very short 
plasma half-life. All these studies and the results of 
our study suggest that the release of catecholamines in 
acute ischemic stroke may be affected by many factors 
and that there is no continuous catecholamine release 
in this process. 

Renalase is a FAD-dependent amine oxidase en-
zyme that metabolizes catecholamines in the blood-
stream. Renalase’s substrate preference has been re-
ported as dopamine, epinephrine, and norepinephrine, 

Table 5. Results of correlation analysis among renalase, cerebellin, and catecholamines.

Correlations Serum Control Serum Stroke Urine Control Urine Stroke
Cerebellin-Renalase r=0.769, p<0.001 r=0.864, p<0.001 r=0.565, p<0.001 r=0.522, p<0.001
Cerebellin-Epinephrine r=0.539, p<0.001 r=0.817, p<0.001 r=0.637, p<0.001 r=0.723, p<0.001
Cerebellin-Norepinephrine r=0.661, p<0.001 r=0.761, p<0.001 r=0.658, p<0.001 r=0.728, p<0.001
Cerebellin-Dopamine r=0.820, p<0.001 r=0.872, p<0.001 r=0.563, p<0.001 r=0.522, p<0.001
Renalase-Epinephrine r=0.509, p=0.001 r=0.758, p<0.001 r=0.652, p<0.001 r=0.691, p<0.001
Renalase-Norepinephrine r=0.605, p<0.001 r=0.693, p<0.001 r=0.657, p<0.001 r=0.693, p<0.001
Renalase-Dopamine r=0.820, p<0.001 r=0.889, p<0.001 r=1.000, p<0.001 r=1.000, p<0.001
Epinephrine-Norepinephrine r=689, p<0.001 r=0.946, p<0.001 r=0.995, p<0.001 r=0.999, p<0.001
Epinephrine-Dopamine r=0.703, p<0.001 r=0.953, p<0.001 r=0.651, p<0.001 r=0.690, p<0.001
Norepinephrine-Dopamine r=0.825, p<0.001 r=0.858, p<0.001 r=0.656, p<0.001 r=0.692, p<0.001

p<0.05 statistically difference.

Table 6. Results of correlation analysis between apelin, elabela, and  NO.

Correlations Serum Control Serum Stroke Urine Control Urine Stroke
Apelin-Elabela r=0.998, p<0.001 r=0.992, p<0.001 r=0.705, p<0.001 r=0.545, p<0.001
Apelin-No r=0.725, p<0.001 r=0.653, p<0.001 r=0.715, p<0.001 r=0.582, p<0.001
Elabela-No r=0.736, p<0.001 r=0.677, p<0.001 r=0.994, p<0.001 r=0.994, p<0.001

p<0.05 statistically difference.
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respectively (31). The level of renalase secreted into the 
blood is determined by renal function, renal perfusion, 
and circulating catecholamine levels (32). In patients 
with primary hypertension, serum renalase level was 
associated with elevated blood pressure (33). Howev-
er, no association has been reported between plasma 
renalase level and blood pressure in healthy subjects 
(34). In elderly hypertensive patients, increased renal-
ase levels were found to be associated with renal func-
tion and cardiovascular diseases rather than age effect 
(35). There are publications investigating the relation-
ship between renalase and ischemic stroke. A relation-
ship between single-nucleotide polymorphisms of the 
renalase gene and ischemic stroke was reported (36). 
Another study reported that renalase may be associ-
ated with stroke in hemodialysis patients. It has been 
suggested that the cause of the relationship may be due 
to increased sympathetic nervous system activation in 
these patients. Serum renalase levels were found to be 
lower in patients with ischemic stroke history than pa-
tients without stroke history in the same study. How-
ever, serum catecholamine levels were not measured 
in this study (37). Hennebry et al. found that renalase 
exists in the brain and peripheral nerves. The authors 
reported that renalase could potentially contribute to 
the regulation of monoamine neurotransmitters (38). 
Cerebellin is involved in the formation and function of 
synapses, and the regulation of motor and non-motor 
functions (39,40). The adrenocortical secretagogue ac-
tivity of cerebellin is regulated in a paracrine manner 
with catecholamines that are locally released and affect 
the cortex (41). Cerebellin strongly stimulates catecho-
lamine release by rat adrenal medulla through adeny-
late-cyclase/PKA coupled receptors (42). There is only 
one publication in the literature about cerebellin and 
stroke. In a human study, cerebellin did not show any 
difference in ischemic and hemorrhagic stroke patients 
in blood taken within the first 24 hours. However, the 
control group was not present in this study (43).

Apelin has been found to inhibit cell death, facilitate 
angiogenesis and enhance healing in ischemic stroke 
(44). Apelin 13 and Apelin 36 have been reported to have 
neuroprotective effects in ischemic stroke (45,46). Ape-
lin acts against the vasoconstrictor effect of angiotensin 
II by NO-dependent mechanisms.  Apelin increases NO 
secretion from vascular endothelial cells (47). Plasma 
Apelin 17 and apelin 36 levels were found to be higher 
in patients withgood collateral circulation compared to 
patients without good circulation and healthy subjects 
in ischemic stroke. NO levels in eyes with good collater-
al circulation were found to be higher than healthy con-
trols, but similar to those with poor collateral circulation 
(48). Elabela is involved in regulating blood pressure, 
fluid hemostasis, cardiac contraction, and vasodilata-

tion. Elabela performs vascular relaxation independent-
ly of NO. Vasodilation provided by Elabela may persist 
even when blood vessels are exposed to NO inhibitor 
L-NAME (49). Like apelin, Elabela increases cardiac 
contraction and induces coronary vasodilatation. This 
effect is achieved by activating extracellular signal-regu-
lated kinase (ERK), but the mechanism is independent 
of protein kinase C  (PKC) activation. Elabela reduces 
the secretion of angiotensin-converting enzyme (ACE) 
and improves cardiac function In the event of stress 
(50). Elabela levels were found to decrease in essential 
hypertension patients. It has been suggested that a de-
crease in the endogenous Elabela level may be impor-
tant in the pathogenesis of essential hypertension (51). 
Regulating microcirculation, providing vascular resist-
ance, and neurotransmission tasks of NO have been 
identified in the brain. It also regulates synaptic trans-
mission, induces synaptogenesis and synaptic remode-
ling, and is involved in the protection of cerebral blood 
flow (52). NO was found to be released from endothelial 
cells, neurons, glial cells, and neutrophils. The beneficial 
or detrimental effects of NO have been reported in is-
chemic stroke depending on the time of release, the cell 
type and concentration in which it is secreted, and the 
condition of the ischemic region. Immediately after the 
stroke, the amount of NO in the medium decreases rap-
idly. Three types of NO synthetases have been reported 
in ischemic stroke: inducible NOS (iNOS)-derived NO 
and neuronal NOS (nNOS)-derived NO play neurotox-
icity, but endothelial NOS (eNOS)-derived NO plays a 
neuroprotective role in acute ischemic stroke. The tox-
ic effects of iNOS and nNOS are due to their having a 
role in the formation of nitrates and free radicals, which 
show direct toxic effects on mitochondrial enzymes and 
genetic materials. The neuroprotective effect of eNOS is 
achieved by regulating vascular blood flow (53). The in-
dicated forms of NO are secreted in different amounts 
at different times in ischemic stroke. NNOS levels were 
the same as controls on the first day of ischemic stroke, 
lower than controls on day 3, and higher than controls 
on day 14. INOS begins to increase 12 hours after the 
onset of ischemic stroke and persists at high levels for 
one week. ENOS starts to rise 30 minutes after ischemia 
and is elevated 6 hours after ischemia. ENOS starts to 
rise 4 hours after reperfusion and significantly decreases 
24 hours after the onset of reperfusion (54).

In this study, urinary renalase, cerebellin, apelin, 
elabela, and serum elabela were investigated for the first 
time in acute ischemic stroke patients. Additionally, 
this is the first study in which renalase-cerebellin-cat-
echolamines and apelin-elabela-NO are studied as a 
whole in acute stroke patients. We found very strong 
correlations among renalase, cerebellin, and catechola-
mines in stroke and control groups in serum and urine. 
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We also determined very strong correlations among 
apelin, elabela, and NO in stroke and control groups 
in serum and urine. All these findings emphasize that 
renalase, cerebellin, and catecholamines act together 
in healthy individuals and stroke patients. Similarly, 
strong correlations between apelin, elabela, and NO in-
dicate that these agents act together in healthy subjects 
and patients with stroke. Contrary to our expectations 
serum and urine cerebellin, renalase, epinephrine, nor-
epinephrine, dopamine apelin, elebela, and nitric oxide 
levels in the ischemic stroke group were similar to the 
control group in this study. Mracsko et al. (22) found 
that stress hormones were increased only in large in-
farcts in the animal model in which they produced 
large and moderate-mild infarcts. Liesz et al. (23) found 
that only large strokes increased plasma catecholamine 
metabolites and cortisol levels. A quantitative analysis 
of infarct volume (infarct volume measurement at dif-
fusion MRI, NIHS scores) was not performed in our 
study. This may be one of the limitations of our study. 
Another limitation of our study was that samples were 
taken only in the acute phase of ischemic stroke. There-
fore, the results of our study cannot be generalized to all 
stages of ischemic stroke.

In conclusion serum and urine cerebellin, renalase, 
epinephrine, norepinephrine, dopamine apelin, elebe-
la, and nitric oxide levels do not significantly change in 
the acute phase of ischemic stroke. Large multicenter 
studies are needed to explore the exact roles of these 
molecules in the pathophysiology of ischemic stroke.
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