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Abstract: Arrhythmia refers to an irregular heartbeat that may be too fast, too slow, or uneven. 

NGAL, a protein classified as an acute-phase reactant. Assess NGAL levels in serum of individuals 

with arrhythmia, this was the aim of our study, also to find associations with other markers. An 

action study including 120 participants, from Iraq, Diwaniyah city, 60 patients with arrhythmia, the 

results was compared with 60 healthy as control. Serum levels of NGAL and various metabolic 

markers including K+, SOD, in addition to GPx, and D-dimer were measured in all subjects. 

Statistical analyses were performed to compare the two groups and evaluate correlations among the 

investigated parameters. The statistical evaluation revealed a significantly decline in serum SOD, 

K+ , GPx levels in group of the arrhythmia as compared to the group of control. Serum levels of 

NGAL and D-dimer was a significantly increased in individuals with arrhythmia as compared to 

the control group. NGAL levels in this findings revealed a strong significant inverse correlations 

with K+, SOD and GPx levels, while a strong significant direct correlation with D-dimer levels. The 

present study demonstrated that individuals with arrhythmia exhibited a significantly elevated 

serum NGAL levels as compared to the group of control. In the turn, NGAL had a significant strong 

inverse relationship with (SOD, K+, GPx) and a significant strong direct relationship with D- dimer, 

these findings suggest that NGAL levels may serve a protective function during the early stages of 

cellular dysfunction associated with arrhythmia, contributing to stroke pathogenesis. 
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1. Introduction 

 Arrhythmia refers to an irregular heartbeat that may be too fast, too slow, or uneven. 

Common causes of arrhythmia are heart diseases, high blood pressure, electrolyte 

imbalance, stress and anxiety, smoking and 

certain medications [1], [2], [3], [4]. 

  Arrhythmia is recognized for its high toxicity to several vital organs, such as the brain 

, the liver as well as heart and blood vessels [5], [6]. Nevertheless, the exact pathways 

underlying arrhythmia’s harmful effects remain largely unclear. Multiple investigations 

have indicated that its toxicity is partly driven by oxidative stress (OS) [7], [8]. Initially, 

enhancing the production of species of reactive - oxygen (ROS) and diminishing the 

function of defense system about antioxidant, particularly its key - glutathione (GSH), - 

enzymes of dismutase superoxide (SOD) - and catalase (CAT) by metabolites of 

arrhythmia, including its derivatives nitroxide and nitrosonium, have been identified as 

possessing greater toxicity [9], [10], [11], [12]. Furthermore, the accumulation of dopamine 

and its oxidized metabolites, especially dopamine quinone within brain promoting 
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elevated ROS generation because arrhythmia inhibits the reabsorption of dopamine and 

increase in dopamine concentrations [13], [14]. 

 Lipocalin of Neutrophil – gelatinase - associated (NGAL), a lipocalin protein – 

superfamily; classified as an acute - phase reactant, is mainly secreted by neutrophils and 

monocyte-derived macrophages. Additionally, NGAL has emerged as a sensitive 

biomarker for oxidative stress-induced tissue injury in organs such as the kidneys, liver 

and other organs [15], [16]. In addition, the involvement of NGAL in oxidative stress 

defense and modulating microglial autophagy mechanisms was highlighted by recent 

research on NGAL's potential neuroprotective properties [17]. Recent studies have 

highlighted its wide range of biological functions, including roles in olfactory signaling 

and prostaglandin biosynthesis. Obesity and metabolic syndrome have also identified by 

increased NGAL concentrations [18]. However, to fully understand NGAL connection to 

diverse oxidative stress signaling pathways was more essential in-depth studies in human 

populations [19]. 

 The upregulation of expression for NGAL and secretion by glial cells in response to 

stimuli of oxidative stress was shown by recent studies [20]. In a mouse model of 

experimental autoimmune encephalomyelitis the increase in NGAL expression was 

observed in the secondary lymphoid organs and spinal cord following disease induction 

[21]. The expression of NGAL and its receptor were predominantly in neutrophils and 

dendritic cells, respectively in the spleen [22]. Notably, the mice that suffer from NGAL 

deficient exhibited significantly lower expression of oxidative stress mediators compared 

to wild-type counterparts and reduced inflammatory cell infiltration [23]. Collectively, As 

a key the progression of disease and oxidative stress factor involved in autoimmune 

inflammation was highlighted by these findings of NGAL. Additionally, the promotion of 

NGAL expression in both the spinal cord and peripheral immune tissues by 

administration of recombinant NGAL protein thereby contributing to pathogenesis [24]. 

 The development of ischemic brain damage after a cerebrovascular attack contributes 

to brain blood vessels are highly vulnerable to oxidative stress [25]. Superoxide, it is a 

principal form of reactive oxygen species, along with its byproducts, has been 

demonstrated to induce vasodilation by activating potassium channels and modifying 

vascular responsiveness [26]. Despite their damaging potential, (ROS) also participate in 

essential physiological functions such as cellular signaling, immune system defense and 

initiation of cell proliferation. This review will primarily explore the suggested pathways 

through which oxidative stress induces neuronal cell death, concluding with a discussion 

on specific neuroprotective strategies aimed at mitigating oxidative damage and their 

relevance to stroke pathophysiology [27]. 

 In serum of patients with arrhythmia, we will assess of NGAL levels, this was our aim 

of this study and to find associations with other indicators. 

2. Materials and Methods 

Experimental 

Individuals and study design 

 From Al-Qadisiyah University / Science College, we were given ethical clearance for 

our study. Two groups contained 120 individuals, from Iraq, city of Diwaniyah, was the 

style of our study, 60 patients of arrhythmia (35 males and 25 females), their ages <35 – 75> 

years, compared with 60 healthy control, their ages <35 - 75> years, (35 males and 25 

females). In Al-Diwaniyah at “Diwaniyah Teaching Hospital”, Iraq, throughout the period 

from June 2025 to August 2025, patients were registered. 

Exclusion criteria 

 Individuals that excluded from this study were suffering from metabolic syndrome, 

pregnant or breastfeeding women. 

Collection of samples 

 The collection of blood samples from control in addition to patients at 8–12 hours 

fasting. The sample then clotted and centrifuged and finally were separated. 
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Biochemical evaluation 

 

 The serum (K+) levels assay kits from (China) by spectrophotometric. (NGAL) level 

assay kits from (China) by immunosorbent. (SOD) levels assay kits from (USA) by ELISA. 

(GPx) levels assay kits from (USA) by spectrophotometric. (D-dimer) levels assay kits from 

(Italy) by immunosorbent. 

Bio-statistical analysis 

 SPSS software (version 24) and Microsoft Excel 2010 was the method to identification 

differences between groups.  

 

3. Results  

 As *compared* with *control, in Table 1, also Figure 1 (A, B, C, D, E), levels of D-dimer 

also NGAL showed an increased with significantly in *arrhythmia*, while K+, SOD and 

GPx levels were decreased also significantly - in arrhythmia; to compared by control. 

Table 1. Data for arrhythmia and control comparison 

 

Parameters 

Groups 

 

P-value 

Control 

Mean ±SD 

(n=60) 

Arrhythmia  

Mean ±SD 

(n=60) 

Age 55±2 55±2 0.21 

Gender 

Males/Females 
35(58.3%)/25(41.7%) 35(58.3%)/25(41.7%) 0.92 

K+ (mmol/L) 4.62±0.5 2.67±0.1 0.02 

SOD (U/mL) 225±13 99±10 0. 04 

GPx (U/mL) 174±9 95 ±7 0.02 

D-dimer (ng/mL) 305±10 760±16 0.04 

NGAL (ng/mL) 137±9 167±13 0.01 

<Value P ≤ 0.05 Significance>, K+: <Potassium>, SOD: <Superoxide Dismutase>, n: < 

Subjects Number* >, GPx: <Glutathione Peroxidase>,  Mean ± SD; SD: < Standard 

Deviation>, NGAL: <The Neutrophil -Gelatinase-Associated Lipocalin>. 
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Figure 1.  Between arrhythmia and control comparison of A: K+, B: SOD, C: GPx, D: D-

dimer and E: NGAL levels 

As shown in Table 2, in addition to Figure 2 (A, B, C, D), analysis of linear regression for 

levels of NGAL in addition to other biochemical indicators in serum of arrhythmia 

individuals. The correlation was strong -inverse - with significant between NGAL and  K+ 

, also SOD in addition to  GPx levels, while  NGAL correlated by a strong direct significant 

with D-dimer levels. 

Table 2. Correlation between NGAL levels with other biomarkers in arrhythmia 

Parameters NGAL (ng/mL) 
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SOD (U/mL) 
r 

P-value 

-0.96 

0.04 

GPx (U/mL) 
r 

P-value 

-0.95 

0.01 

D-dimer (ng/mL) 
r 

P-value 

0.96 

0.03 
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Figure 2. Correlation of NGAL levels with A: K+, B: SOD, C: GPx and D: D-dimer in 

arrhythmia 

 The analysis of operating characteristic receiver (ROC) curve in Table 3, Figure 3 for 

NGAL, a cut-off point of 77% for detecting arrhythmia patients. The *area* - *under* - the 

*curve* (AUC) was 0.948, a performance was high. NGAL sensitivity 77% and a specificity 

100%. 

Table 3.  Analysis of (ROC) and (AUC) of NGAL in diagnosis arrhythmia 

Variable Group 

Cut-off 

concentration 

% 

Sensitivity 

% 

Specificity 

% 
AUC 

Std. 

Error 

95% 

CI of 

AUC 

P-

value 

NGAL 
Arrhyt

hmia 
77 77 100 0.948 0.018 
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Figure 3.  (ROC) analysis of NGAL in diagnosing arrhythmia 

4. Discussion 

An Increased with significantly in NGAL and D-dimer levels, these were the results of this 

study, alongside a significantly decreased in K+ , SOD and GPx, among individuals with 

arrhythmia as compared to the control group. The correlation was strong and inverse with 

significant between NGAL, K+ ,SOD as well as GPx, while a strong direct correlation with 

D-dimer in these patients. The explanation of our results that arrhythmia has been linked 

to significant disturbances in cellular equilibrium, most notably through the induction of 

oxidative stress caused by the excessive buildup for species of reactive oxygen (ROS). This 

oxidative stress arises multiple pathways. Arrhythmia neuronal stimulation and 

accelerates cellular metabolic activity, leading to elevated oxygen usage and the formation 

of incompletely reduced oxygen derivatives. It also impairs mitochondrial efficiency, 

triggers the activity of pro-oxidant enzymes like NADPH oxidase, and initiates pro-

inflammatory signaling, all of which contribute to an abnormal and persistent rise in ROS 

within the central nervous system. Over time, the body,s innate antioxidant systems are 

depleted, weakening their ability to counterbalance the excessive ROS. The resulting 

antioxidant deficit compromises cellular defenses, leaving cells vulnerable to oxidative 

damage that affects proteins, membrane lipids and DNA. In response to this cellular stress, 

the expression of NGAL, is upregulated to stabilize damaged proteins and support cellular 

repair mechanisms. As oxidative damage progresses, vascular structures, particularly 

those in the brain, become increasingly susceptible to injury. The oxidative burden 

disrupts the endothelial layer of blood vessels, diminishes vascular elasticity, and 

amplifies local inflammation. These changes facilitate clot formation and increase the risk 

of vascular rupture, these vascular impairments greatly elevate the likelihood of both 

ischemic and hemorrhagic strokes among arrhythmia patients. Consequently, in 

arrhythmia patients, an early biomarker that indicating risk for stroke was NGAL levels. 

 Several investigations have explored the interaction between SOD and NGAL 

demonstrated that the expression of NGAL and SOD levels increased in retinal ganglion 

cells following the induction of elevated intraocular pressure in rats. Histological analysis 

further indicated that these proteins are essential for protecting the intestinal tissue after 

hatching and are likely involved in promoting the rapid maturation and functional 

development of the small intestine [28], [29]. Both SOD and NGAL expression levels were 

found to increase progressively with age, showing a positive correlation. Our findings are 

consistent with previous research aimed to examine the expression patterns of the SOD 

metalloenzyme and the NGAL chaperone during the developmental stages of ileal tissue 

in broiler chicks following hatching. That study suggesting that SOD may play a role in 

supporting the defense of antioxidant and immune systems of the ileum during the post-

hatching period [30]. 
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 These proteins play a strong role in cells protecting against oxidative damage by 

preserving protein integrity and supporting cellular recovery processes [31], [32]. NGAL 

which are vital components of the cellular defense system against oxidative stress has been 

shown to stimulate the production of NGAL. 

 Furthermore, the authors suggested that; the strengthening of the defense of 

antioxidant system and decreased accumulation of ROS were key factors contributing to 

reduced vulnerability to noise-induced damage. Notably, the study was the first to 

propose a novel mechanism involving the NGAL-SOD signaling pathway in mediating 

protective role [33], [34]. The protective effect was attributed to regulation of mitochondrial 

function and control for species of reactive oxygen (ROS) levels in rat SGNs. 

 Similar other findings, which reported in studies examining the impact of exercise 

intensity, this suggests that the induction of NGAL is closely linked to metabolic stress that 

resulting from the hight levels of species of reactive - oxygen (ROS), where NGAL 

expression was found to be significantly higher following high-intensity training 

compared to low or moderate-intensity exercise [35], [36]. 

 A similar study conducted on rabbits reported findings consistent with ours, showing 

that an increase in NGAL expression because of oxidative, that was followed by a decline 

in the enzymes of antioxidant SOD and catalase [37]. The aiding in the repair of damaged 

cells, allowing them to restore normal function affected by NGAL exerts a protective anti-

apoptotic. Therefore, The compensatory response to ischemic conditions and the 

heightened species of reactive oxygen (ROS) production that induced by submaximal 

physical exertion can be interpreted by the elevation in NGAL levels [38]. As a result of 

submaximal physical activity that showed the treadmill exercise significantly increased 

NGAL levels in rat muscle tissue, the current findings are consistent with this study that 

demonstrated elevated NGAL expression. A cellular defense mechanism, helping to 

protect against oxidative damage by stabilizing and repairing damaged proteins by 

upregulation of NGAL. The maintaining balance under ischemic conditions and 

mitigating the effects of increased free radical production it also contributes to NGAL [39]. 

Our findings align with previous research that reported an increase in NGAL expression 

following submaximal physical exercise, suggesting that stress of oxidative acts as a 

stimulater for the upregulation of NGAL in cells. The preserving cellular homeostasis by 

stabilizing protein structure and function under both normal and stress-induced 

conditions by a role of NGAL [40]. 

5. Conclusion 

 A significantly elevated levels of NGAL in individuals with arrhythmia as compared 

to the group of control was revealed in this study. In the turn, NGAL had a significant 

strong inverse relationship with (K+, SOD, GPx) and a significant strong direct relationship 

with D- dimer, these findings suggest that the early indicating of stroke in arrhythmia 

patients was by NGAL levels. Further research was recommended to conduct longitudinal 

studies to monitor changes in NGAL expression across various phases of arrhythmia 

treatment such as withdrawal, recovery, and relapse to gain deeper insight into its 

dynamic role as a biomarker of oxidative stress and treatment responsiveness. 
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