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Stroke is one of the leading causes of death worldwide, especially among the elderly. Fifty blood samples were collected
from patients (25 females and 25 males) suffering from ischemic stroke (IS) who visited the central health laboratories at the
Medical City. The patients belonged to different age groups ranging from 45-65 years. Twenty samples (10 females and 10

Department of Applied males) were collected from healthy individuals who did not suffer from any diseases as a control group. Several biochemical
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Applied Science, parameters were tested, such as intercellular adhesion molecule (ICAM), bradykinin, sodium and potassium in the patient’s blood
University of Samarra, serum. The results of the present study indicated a significant elevation in ICAM, bradykinin, Na, K in the blood serum of the
Saleh Aden, Irag. patient group compared to the control group. The results also showed a highly significant positive correlation between bradykinin
26%59772‘737‘24’37- concentration and ICAM in the blood serum of the patient group, as the value of the correlation coefficient was 0.724. The results

also showed that the area under the curve value for the studied variables, ICAM, bradykinin, was excellent, so they can be con-
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Introduction

Stroke is one of the most common causes of death worldwide,
and its incidence is increasing in developing countries. Blocked arter-
ies cause ischemic stroke and are responsible for the majority of stro-
kes (Campbell, 2019). It poses a major global health challenge, with
12.2 million new strokes occurring annually worldwide, a death rate
of 6.5 million cases, and a total disability of 143 million disability-ad-
justed life years (Feigin, 2022). In the United States, a stroke occurs
every 40 seconds, making it the fifth leading cause of death and the
first leading cause of disability in the country Thus, the high prevalen-
ce of stroke, coupled with high survival rates, places increased pres-
sure on already limited healthcare resources; as the cost of treatment
increases (Ottenbacher, 2004), and this is limited to the clinical setting
(Lang, 2007), resulting in 50% of survivors who reach the chronic
stage suffering from severe motor disability in the upper extremities
(Gresham, 1979). Thus, before the advent of modern stroke treatment,
the mortality rate in the acute phase was 10% for patients with mode-
rate to severe disability. A key side of acute stroke treatment is that
"time is brain." Reperfusion, or the rapid restoration of cerebral blood
flow to salvageable ischemic brain tissue at risk of cerebral infarction,
is the most important treatment (Hasan, 2021). Therefore, the Acute
Stroke Trials Classification System was developed in the early 1990s,
which classifies ischemic strokes into five subtypes, based on the pa-
thological mechanism, including large-arterial atherasclerosis, myo-
cardial infarction, and stroke of other specific causes (Adams, 1993;
Ay, 2007). Cell adhesion molecules are glycoproteins expressed on
the cell surface and have a major role in inflammation and tumors.
Cell adhesion molecules and ligands that may play a role in patholog-
ical conditions have been discussed as potential therapeutic approach-
es that require regulating the expression of these molecules. These
molecules are essential for the functioning of the immune system in
both pathological and healthy conditions (Koh & Park, 2018). The
intact part of the intercellular adhesion is one of the glycoproteins that
are present on the cell surface and is an adhesion receptor that plays a
role in regulating and transporting white blood cells from the blood
circulation to the site of inflammation. It also acts as a stimulator of
the inflammatory response on the surface of immune epithelial cells.

Also, it acts as a biosensor to transmit external signals by linking its
cytoplasmic domain with the actin cytoskeleton (Bui, 2020). Endo-
thelial dysfunction is a precursor to atherosclerosis, which is charac-
terized by overexpression of adhesion molecules, including intercellu-
lar adhesion molecule-1 (Habas, 2018). Bradykinin is a peptide be-
longing to the kallikrein-kinin system, which acts as a vasodilator and
inflammatory mediator (Rex, 2022). It stimulates the peripheral circu-
lation by reducing arterial smooth muscle tone and increasing blood
flow (Mombouli, 1995). In addition, it causes the exit of plasma from
the blood vessels by merging with the lining of the capillaries, and
narrows the blood vessels by stimulating the venous smooth muscle fi-
bers. Bradykinin signaling is also of interest in chronic pain, vasculopa-
thy, neuropathy, and diabetes (Dagnino, 2020; Lau, 2020; Rex, 2022).

Sodium is the main ion in the extracellular fluids of the body, as it
is the most important element in the extracellular fluids, and its nor-
mal limit in blood serum is (Chen, 2012; Portolés, 1996) 135-
145 mmol/L, as it has an important role in the work and activation of
tissues that transmit nerve impulses (Guyton, 2015). Sodium is essen-
tial for muscle, nerve, and stomach functions and for maintaining pro-
per blood pH and electrolyte balance. Potassium is the primary intra-
cellular alkaline cation, with approximately 95-98% of potassium
being found inside cells (Guyton, 2015). Potassium ions inside the
cell participate in transmitting nerve impulses, help in contracting car-
diac, skeletal, and smooth muscles, and maintain blood pressure
(Bishop et al., 2000). The current study aimed to evaluate the relation-
ship between bradykinin and ICAM-1 levels and electrolyte levels to
predict the severity of ischemic stroke and the extent to which these
variables affect its severity and subsequent outcomes.

Materials and methods

The study was conducted in the laboratories of the College of
Applied Sciences/Department of Applied Chemistry and some exter-
nal laboratories in Baghdad. Ethical approval was obtained from the
Scientific Committee of the Department of Applied Chemistry, Sa-
marra University. All patients were informed of the study, and their
informed consent was obtained. Confidentiality of patient data was
ensured. The current study involved collecting 50 blood samples from
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ischemic stroke subjects (25 males and 25 females) who visited the
central health laboratories at the Medical City, and 20 blood samples
from healthy subjects (10 males and 10 females). 5 mL of venous
blood from patients and healthy subjects was taken, placed in gel tu-
bes, and centrifuged at 3000 rpm to obtain serum. It was stored at
—20 °C until biochemical tests were performed.

The study involved the assessment of serum (ICAM, bradykinin)
levels by using an ELISA assay kit provided by Fine Test-China. The
Na concentration was assessed according to the kit prepared by the
German company Spectrum. The K concentration was also estimated
according to the kit prepared by the German company Spectrum
(Hillman, 1967).

We calculated the mean + standard deviation (SD) of the studied
biochemical parameter between patients and healthy controls at a pro-
bability level of P < 0.05 using the F-test. The correlation between
bradykinin and biochemical parameters was also studied according to
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SPSS V27. The area under the curve was calculated using MedCalc
V20 for biochemical parameters, and the figures were drawn accord-
ing to Graphpad Prism V9.

Results

The results of the current study showed significant differences in
the concentration of biochemical variables between the stroke group
and the healthy group. The result showed a significant (P < 0.0001)
elevation in the mean bradykinin and ICAM levels in patients, 67.6 =
17.6 pg/mL, 13.0 £ 2.8 ng/mL, respectively, compared to the control
group, 24.1 = 5.5 pg/mL, 55 = 1.1 ng/mL, respectively, at P < 0.05
(Fig. 1 and 2). Also, the results showed a significantly (P < 0.005)
elevated mean (Na, K) concentration in patients, 141.9 + 2.0 mEg/L,
4.34 + 0.44 mmol/L, respectively, compared to the control group,
140.3 + 1.1 mEg/L, 3.63 + 0.50 mmol/L, respectively (Fig. 1 and 2).
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Fig. 2. Concentration of Naand K in patients and healthy people

The area under the curve results (Fig. 3) demonstrate the ability to
discriminate biochemical variables in predicting ischemic stroke from
serum bradykinin, ICAM, Na, and K. The AUC value for bradykinin
was 1.000 (sensitivity of 100%) with specificity of 100% for IS (G1)
vs control group (C), while the AUC for ICAM in the group of pati-
ents with IS was 1.000 (the sensitivity 100% and specificity of 100%)
in the group of patients with IS (G1) and control group (C). Also, the
AUS for Na was 0.776 (sensitivity of 73.9%) with specificity of
81.2% for the IS (G1) vs the healthy group (C), while the AUC for K
in the group of patients with IS was 0.868 (the sensitivity 83.3% and
specificity of 80.0%) in the group of patients with IS (G1) and healthy
group (C). So the variables in this study may be considered to have
high specificity and an important predictive indicator for diagnosing
ischemic stroke.

Table 3 shows the correlation of the effectiveness of the brady-
kinin peptide with the parameter studied, as a highly significant posi-
tive correlation was found between bradykinin concentration and
ICAM, with a value of the correlation coefficient of 0.724 in the
patient group with IS.

Table 3
Relationship of bradykinin with biochemical parameters
Control IS
Parameters

r P-value r P-value
ICAM 0.486 0.056 0.724** <0.001
Na 0.404 0.120 -0.289 0.182
K 0.029 0.917 -0.187 0.381

Note: ** — correlation is significant at the 0.01 level (2-tailed).

Discussion

Stroke is a leading cause of death worldwide, especially among
the elderly. Evidence suggests that ischemic injury and inflammation
are responsible for its development. Therefore, the expression of so-
luble adhesion molecules, including ICAM-1, plays an important role
in inflammation and the development of ischemic injury after acute
stroke (Supanc, 2011). The results of the current study revealed an
increase in ICAM levels in the serum of stroke patients compared to
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healthy individuals. The study by Fassbender (1995) found no signifi-
cant difference in the adhesion molecule ICAM-1 between patients
and healthy subjects, which is inconsistent with the results of the cur-
rent study. But the study by Clark (1992) also indicated an elevated

Sensitivity

ICAM-1 concentration in patients with ischemic stroke; the reason
may be that blood samples were taken within 72 hours of the onset of

symptoms.
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Fig. 3. ROC analysis of bradykinin and ICAM in patients and healthy people
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Fig. 4. ROC analysis of Na and K in patients and healthy people

Adhesion molecules play functional roles in the pathophysiology
of ischemic stroke (Wang, 2006), and genetically elevated SICAM-1
concentration is linked with adverse outcomes after stroke (Wang
etal.,, 2023). Inflammation exacerbates brain injury during the acute
phase of stroke. During this process, ICAM plays a crucial role in fa-
cilitating the migration of immune cells to the damaged area
(Rakhimbaeva, 2023). It has also been found that elevated levels of
ICAM-1 may be caused by ischemia, and this is closely associated
with the entrapment of vascular endothelial cells (EPCs) in the ische-
mic limb. Therefore, the expression of ICAM-1 may be important in
regulating the process of neovascularization through its ability to re-
cruit vascular endothelial cells (Yoon, 2006). A study by Nielsen
(2020) showed an increase in ICAM-1 concentration in acute stroke
patients and found that they increased significantly within 8 hours of
stroke onset.

The results of the present study also indicate higher levels of
bradykinin peptide in the blood serum of patients compared to healthy
people, as brain damage resulting from ischemia or toxic factors in
the exposed areas selectively leads to delayed neuronal death similar
to programmed cell death. Therefore, the production of bradykinin
peptide is an indicator of ischemic and toxic brain injury (Lalkovi¢o-
V4, 2015).

Bradykinin peptide works to release excitatory amino acid neuro-
transmitters, is a powerful stimulator of cytokines, and acts as a
chemoattractant for white blood cells (Relton, 1997). Thus, stroke
leads to disruption of the blood-brain barrier, sometimes leading to
life-threatening cerebral edema. Even short-term use of bradykinin
has been shown to cause significant and prolonged dilation of cerebral
arteries and increased cerebral vascular permeability (Sarker, 2000).

Bradykinin concentration in the blood or cerebrospinal fluid of stroke
patients rises as a result of its activation within the kallikrein-kinin
system during cerebral ischemia. When blood flow to brain tissue is
interrupted, the cell membrane is ruptured and protein enzymes (plas-
ma and tissue Kkallikrein) are activated, leading to the production of
high amounts of bradykinin from kininogen. Bradykinin (BK), whose
levels are elevated during ischemic stroke, enhances blood-brain bar-
rier permeability and raises intracranial capillary pressure, leading to
cerebral edema. Furthermore, bradykinin stimulates glutamate release
from neurons and astrocytes via activation of bradykinin type 2 recep-
tors, suggesting bradykinin involvement in glutamate neurotoxicity.
It has recently been shown that individuals lacking functional natriu-
retic peptides suffer from acute strokes (Rubattu, 2004; Rubattu,
1999). BK administration and B2R activation are known to disrupt
the blood-brain/retinal barrier (BBB/BRB) by stimulating eNOS and
PLA2, leading to increased production of NO and prostaglandins, re-
sulting in plasma protein leakage and angioedema formation (Vink,
2003; Moreau, 2005). A study indicated that activation of the kal-
likrein-kinin system after stroke contributes to vascular leakage, in-
flammation, and deterioration of nervous tissue. It was also shown
that the generated recombinant tissue kallikrein-1 may produce brad-
ykinin locally, which leads to vasodilation and improved cerebral
perfusion via synchronous pathways, which has implications for stro-
ke (Kasner, 2025). Also, the results showed higher sodium levels in
stroke patients compared to healthy individuals. Sodium deficiency is
a common complication after stroke, However, some patients exhibit
elevated sodium levels as a result of therapeutic factors or a physio-
logical response to stress, such as the use of hypertonic solutions or
stimulation of cortisol secretion, which requires interpretation of the
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results according to the clinical context of each patient. Hyponatremia
is a common electrolyte imbalance, easily observed in patients with
ischemic and hemorrhagic stroke. Hyponatremia is often caused by
low osmolality and may be due to the syndrome of insufficient anti-
diuretic hormone or cerebral salt-losing syndrome (Ehtesham, 2019).

Sodium imbalance is common in acute stroke patients and is as-
sociated with increased mortality. Sodium concentration can be affec-
ted in hospitalized stroke patients by dehydration due to decreased
fluid intake, impaired neurocognition and consciousness, or by taking
medications (such as mannitol). Sodium and water imbalances can
also be exacerbated by the development of endocrine complications
after acute stroke, including secondary adrenal insufficiency (Yuen,
2022). Therefore, when hypernatremia occurs in acute stroke, it is
usually the result of patients not receiving enough water or the devel-
opment of diabetes insipidus. Hypernatremia after stroke is very rare
due to decreased thirst, which is secondary to damage to the thirst
center (Ramthun, 2011).

On the other hand, higher potassium levels were found in stroke
patients compared to healthy controls. High potassium levels in stroke
patients may be attributed to cellular damage resulting from ischemia,
metabolic acidosis, or impaired renal excretion. This does not neces-
sarily conflict with the clinical picture, but may reflect the severity of
the injury or the stage of recovery. Therefore, electrolyte disturbances
are common in stroke patients (Hossain, 2023).

The results of the study indicated that the area under the curve of
the adhesion molecule ICAM was excellent, so it can be considered a
biochemical indicator to predict the severity of stroke patients. It was
found that stroke patients suffer from a lack of oxygen, which results
in the release of inflammatory cytokines that stimulate the expression
of ICAM-1 on cerebral vascular cells. Therefore, high levels of AUC
allow white blood cells to adhere to vessels and enter nervous tissue,
increasing inflammation and nerve cell damage. Therefore, a high
AUC value indicates a prolonged inflammatory response that reflects
the severity of brain damage and the extent of neurovascular inflam-
mation associated with a stroke. On the other hand, an elevated AUC
value for bradykinin peptide indicates activation of the kallikrein-
kinin pathway, which leads to increased bradykinin secretion. This, in
turn, causes vasodilation, increased permeability, and cerebral edema.
Therefore, both ICAM and bradykinin peptide can be considered
biomarkers for predicting stroke severity. The study showed that
ICAM-1 levels were significantly more elevated in the serum of pa-
tients with a poor prognosis than in patients with a good prognosis.
The area under the curve (AUC) results also showed that the sensitivi-
ty and specificity of ICAM-1 in serum for predicting AIS diagnosis
were 74% and 76%, respectively. This compares to the current study,
which reported a sensitivity and specificity of 100% (Wang, 2021).
A study by Rakhimbaeva (2023) indicated that the AUC for ICAM
concentration was 0.829, so it could be one of the predictive indica-
tors for diagnosing stroke.

On the other hand, sodium and potassium had good AUC values,
indicating electrolyte imbalances that can occur in many diseases
other than stroke. This suggests a limited ability to differentiate bet-
ween patients and healthy individuals. This may be because changes
in electrolyte levels, including sodium and potassium, are not predicti-
ve of stroke and are influenced by therapeutic and physiological fac-
tors, reducing their sensitivity and specificity. The study (Yakar,
2024) also indicated that the AUC value for both sodium and potassi-
um was weak, reaching 0.55 and 0.63, respectively. The study results
also indicated a highly significant correlation between bradykinin and
ICAM. This correlation is explained by the fact that elevated brady-
kinin levels are typically accompanied by elevated ICAM levels in
stroke patients, which in turn leads to increased inflammatory migra-
tion and worsening brain damage.

Suppose a study indicates the role of endothelial cells in stroke.
In that case, bradykinin may contribute to the deterioration of endo-
thelial cell function, which leads to increased expression of ICAM-1
and increased inflammation (Gong, 2025). It was also found that acti-
vation of bradykinin type 1 receptors enhances inflammation and in-
creases the permeability of the blood-brain barrier, which contributes
to the exacerbation of neurological damage after stroke (Huang,
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2022). While the study results found no correlation between brady-
kinin peptide and electrolyte levels, this may be because increased
bradykinin levels lead to vasodilation and increased permeability, but
they do not alter kidney function significantly enough to alter electro-
Iyte concentrations directly.

Conclusion

It is concluded that the vasculitis markers bradykinin and ICAM-
1 are elevated in stroke patients and persist at high levels over time, as
reflected by the high area under the curve for these markers compared
to electrolytes, which showed only moderate or good AUC. This bio-
chemical pattern explains that cerebral ischemia activates local kalli-
kreins and kinins, leading to the production of bradykinin in high
quantities. The high AUC value of bradykinin indicates evidence of
persistent vasodilatory activity after a stroke. Elevated ICAM-1 also
enhances leukocyte adhesion and transmigration into damaged tissue,
complementing bradykinin's mechanism of amplifying inflammation
and edema. The high AUC value of ICAM-1 indicates the continued
interaction between the vascular endothelium and inflammatory cells
as a central pathological mechanism in the post-stroke stages. As for
electrolyte levels, their changes are not specific to stroke as they are
direct indicators of inflammation. For this reason, the ability of sodi-
um and potassium to distinguish patients from controls (AUC) was
less than that of indicators of vascular inflammation.
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