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Abstract 

Disturbance caused by noise causes malfunctioning, reduction of efficiency and negative impact on personal and social life. The 

purpose of this study is to measure the amount of sound disturbance caused by vehicles and the amount of disturbance based on the 

standard (ISO15666-2017) in the residents near the Navvab highway. The relationship between the variables was done using non-

parametric tests and analysis of variance, and the data was analyzed with spss21. The equivalent sound level was 61 dB during the 

day and 53 dB at night, which is more than the permissible limit provided by the country (45-50). Also, there is a significant 

relationship between noise level and nuisance score. 
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Introduction 

Sickle Cell Anemia (SCA) is a hereditary hemoglobinopathy characterized 

by the production of abnormal hemoglobin S (HbS) due to a point mutation 

in the β-globin gene. This genetic alteration causes red blood cells (RBCs) 

to assume a rigid, sickle-like shape under low oxygen conditions, leading to 
a range of pathological consequences, including chronic hemolysis, vaso-

occlusive crises, and significant oxidative stress. The sickling process 

disrupts normal RBC function, and the resulting damage is further 

compounded by the ongoing release of free hemoglobin and heme, which 

contribute to redox imbalance and systemic inflammation. Understanding 
the interplay between redox imbalance and immune dysregulation is crucial 

for unraveling the complexities of SCA and developing effective therapeutic 

strategies. [1-5] The concept of redox imbalance in SCA revolves around the 

increased generation of reactive oxygen species (ROS) due to hemolysis and 

sickling of RBCs. ROS are highly reactive molecules that can cause 
oxidative damage to cellular components, including lipids, proteins, and 

DNA. In SCA, the breakdown of sickled RBCs releases free hemoglobin and 

heme into the bloodstream, which further exacerbates oxidative stress. This 

imbalance not only damages RBCs but also affects other cells and tissues 

throughout the body, contributing to chronic inflammation and a cascade of 
pathological events. The elevated oxidative stress observed in SCA 

underscores the need to explore how this redox imbalance influences  

immune system function and contributes to disease complications. [6-10] 

Immune dysregulation in SCA is closely linked to the increased oxidative 
stress and systemic inflammation caused by redox imbalance. The immune 

system is highly sensitive to changes in the oxidative environment, and 

oxidative stress can impair the function of various immune cells, including 

neutrophils, macrophages, and lymphocytes. In SCA, the chronic 

inflammation driven by oxidative stress disrupts normal immune responses, 
leading to an increased risk of infections and exacerbation of disease 

symptoms. This immune dysfunction is characterized by altered cytokine 

profiles, impaired phagocytic activity, and skewed lymphocyte responses, all 

of which contribute to the overall disease burden in SCA patients. [11-13] 

The interaction between oxidative stress and immune dysregulation in SCA 
has significant clinical implications. Patients with SCA often experience 

recurrent infections, delayed wound healing, and more severe vaso-occlusive 

crises due to the combined effects of redox imbalance and immune 

dysfunction. [14-15]  

Redox Imbalance in Sickle Cell Anemia 

Redox imbalance, characterized by an excess of reactive oxygen species  

(ROS) and a deficit in antioxidant defenses, is a hallmark of Sickle Cell 

Anemia (SCA). This imbalance originates from the sickling of red blood 

cells (RBCs) and the subsequent hemolysis, leading to significant oxidative 

stress throughout the body. Understanding the mechanisms of redox 
imbalance in SCA is crucial for elucidating the broader pathophysiology of 

the disease and identifying potential therapeutic targets. [16-18] In SCA, the 

sickling of RBCs under low oxygen conditions disrupts normal cell function 

and triggers a cascade of oxidative reactions. The abnormal hemoglobin S 

(HbS) within these sickled cells undergoes continuous oxidation, leading to 
the release of free hemoglobin and heme into the bloodstream. These 

released components are highly pro-oxidative and contribute to elevated 

ROS levels. ROS, such as superoxide anions, hydrogen peroxide, and 

hydroxyl radicals, are highly reactive molecules that can damage cellular 
macromolecules, including lipids, proteins, and nucleic acids. This oxidative 

damage exacerbates the pathological processes in SCA, leading to further 

cell dysfunction and tissue injury. [19-23] The release of free hemoglobin 

and heme from lysed RBCs not only increases ROS levels but also depletes  

key antioxidant defenses. Normally, the body relies on antioxidant enzymes  
such as superoxide dismutase (SOD), catalase, and glutathione peroxidase to 
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neutralize ROS and protect cells from oxidative damage. However, in SCA, 
the oxidative load often overwhelms these antioxidant systems, leading to a 

state of redox imbalance. The depletion of antioxidant defenses further 

compounds oxidative stress and contributes to the progressive damage 

observed in various tissues, including the endothelium, liver, and kidneys. 

[24-27] 

The consequences of redox imbalance in SCA extend beyond direct cellular 

damage. Oxidative stress can induce inflammatory responses by activating 

various signaling pathways, including nuclear factor kappa B (NF-κB) and 

mitogen-activated protein kinases (MAPKs). These pathways lead to the 

production and release of pro-inflammatory cytokines and chemokines, 
which further drive inflammation and contribute to the pathogenesis of vaso-

occlusive crises. The chronic inflammation resulting from oxidative stress 

can exacerbate disease symptoms, including pain episodes and organ 

damage. [28-30] In addition to inflammatory responses, redox imbalance in 

SCA affects endothelial function. Endothelial cells lining blood vessels are 
particularly vulnerable to oxidative damage, which can disrupt normal 

vascular function and contribute to the development of vaso-occlusive crises. 

Oxidative stress impairs endothelial nitric oxide production, leading to 

endothelial dysfunction and promoting vasoconstriction and platelet 

aggregation. These effects further exacerbate the risk of vaso-occlusive 
events and contribute to the clinical manifestations of SCA. [31-33] 

Immune Dysregulation in Sickle Cell Anemia 

Immune dysregulation in Sickle Cell Anemia (SCA) is a critical aspect of 

the disease's pathophysiology, intricately linked to the oxidative stress and 

inflammation that characterize this condition. The chronic oxidative stress 
induced by sickling and hemolysis significantly affects the function and 

composition of the immune system, leading to a range of immune 

dysfunctions and increased susceptibility to infections. [34-36] In SCA, the 

continuous oxidative stress resulting from the breakdown of sickled red 
blood cells (RBCs) and the release of free hemoglobin and heme disrupts 

normal immune cell function. Reactive oxygen species (ROS) and 

inflammatory cytokines generated during this oxidative process can impair 

the activity of various immune cells, including neutrophils, macrophages, 

and lymphocytes. This impairment manifests as reduced phagocytic activity, 
altered cytokine production, and skewed immune responses, all of which 

contribute to the overall immune dysregulation observed in SCA patients. 

[37-39] Neutrophils, a key component of the innate immune system, are 

particularly affected by oxidative stress in SCA. Elevated ROS levels can 

impair neutrophil function by reducing their ability to effectively engulf and 
kill pathogens. Additionally, the activation of neutrophils in response to 

oxidative stress can lead to the excessive release of inflammatory mediators  

and tissue damage, exacerbating the inflammatory environment in SCA. The 

dysfunctional neutrophil response contributes to the increased incidence of 

infections and complications seen in SCA patients. [40-42] 

Macrophages, another crucial component of the innate immune system, also 

experience dysregulation in SCA. Chronic oxidative stress can alter 

macrophage polarization, shifting their phenotype towards a pro-

inflammatory M1 state. This polarization contributes to the sustained 

inflammation and tissue damage characteristic of SCA. Moreover, the 
impaired phagocytic function of macrophages further exacerbates the risk of 

infections and delays wound healing.43-44 Lymphocytes, including T cells and 

B cells, are not spared from the effects of oxidative stress in SCA. Altered 

lymphocyte function, such as impaired T cell activation and reduced 

antibody production by B cells, compromises the adaptive immune response. 
This dysregulation contributes to the increased susceptibility to infections  

and may influence the progression of disease complications. Additionally, 

the chronic inflammatory environment can further disrupt lymphocyte 

homeostasis, leading to persistent immune dysfunction. [45-45] The 

interplay between oxidative stress and immune dysregulation in SCA has 
significant clinical implications. Patients with SCA are at increased risk of 

severe infections, delayed wound healing, and more frequent vaso-occlusive 

crises due to the combined effects of immune dysfunction and chronic 

inflammation. Addressing these immune dysregulations through targeted 

therapies could improve patient outcomes and reduce the burden of disease-
related complications. [46-48] 

Mechanisms Linking Redox Imbalance and Immune Dysregulation 

In Sickle Cell Anemia (SCA), redox imbalance and immune dysregulation 

are closely intertwined, with oxidative stress significantly influencing 

immune system function. The mechanisms linking these two aspects are 
complex and involve multiple pathways through which oxidative stress 

impacts immune cell activity and overall immune responses.[49] Oxidative 

stress in SCA arises from the sickling of red blood cells (RBCs) and the 

subsequent release of free hemoglobin and heme into the bloodstream. These 

components contribute to the generation of reactive oxygen species (ROS), 
which can directly affect the function of immune cells. For example, ROS 

can impair the function of neutrophils, macrophages, and lymphocytes by 

altering their signaling pathways, reducing their ability to respond to 

infections, and decreasing their phagocytic activity. Oxidative damage to 

these cells can lead to a decreased ability to clear pathogens and an increased 
susceptibility to infections.[50] Redox imbalance in SCA triggers the 

activation of various inflammatory pathways, such as nuclear factor kappa B 

(NF-κB) and mitogen-activated protein kinases (MAPKs). These pathways 

are critical in regulating the production of pro-inflammatory cytokines and 

chemokines. In SCA, the elevated levels of ROS activate NF-κB and 
MAPKs, leading to an overproduction of inflammatory mediators such as 

tumor necrosis factor-alpha (TNF-α), interleukin-1β (IL-1β), and 

interleukin-6 (IL-6). This chronic inflammation not only contributes to the 

clinical manifestations of SCA, such as vaso-occlusive crises, but also 

further disrupts immune cell function.[51] 

Endothelial cells are highly sensitive to oxidative stress. In SCA, oxidative 

damage to endothelial cells disrupts their normal function, leading to 

endothelial dysfunction. This dysfunction is characterized by reduced 

production of nitric oxide, a key regulator of vascular tone and immune cell 
adhesion. The impaired endothelial function results in increased adhesion of 

immune cells to the vessel walls, contributing to inflammation and the 

development of vaso-occlusive crises. This chronic endothelial activation 

exacerbates immune dysregulation by creating a pro-inflammatory 

environment.[52] The imbalance between ROS production and antioxidant 
defenses plays a significant role in immune dysregulation in SCA. In healthy 

individuals, antioxidants such as superoxide dismutase (SOD), catalase, and 

glutathione peroxidase neutralize ROS and protect cells from oxidative 

damage. However, in SCA, the high levels of ROS often overwhelm these 

antioxidant systems, leading to oxidative damage and reduced immune cell 
function. The depletion of antioxidants further exacerbates oxidative stress 

and contributes to immune dysfunction.53 Oxidative stress can alter immune 

cell signaling pathways, affecting their activation and response. For instance, 

ROS can modify key signaling molecules and transcription factors involved 

in immune responses. This modification can lead to altered cytokine 
production, impaired cell signaling, and reduced effectiveness of immune 

responses. The dysregulation of these pathways contributes to the persistent 

inflammation and immune dysfunction observed in SCA.[54] Chronic 

oxidative stress and inflammation in SCA may also affect immune tolerance 

mechanisms, potentially leading to autoimmunity. The persistent oxidative 
damage can alter self-antigens, leading to the generation of autoantibodies  

and autoimmune responses. This dysregulation of immune tolerance further 

complicates the clinical management of SCA and contributes to the overall 

disease burden.[55] 

Impact on Clinical Manifestations 

The interplay between redox imbalance and immune dysregulation in Sickle 

Cell Anemia (SCA) significantly affects the clinical manifestations and 

overall disease burden. One of the most prominent clinical manifestations of 

SCA is the occurrence of vaso-occlusive crises, which result from the 

blockage of blood flow in small vessels due to the sickling of red blood cells  
(RBCs). Redox imbalance exacerbates these crises by promoting endothelial 

dysfunction and inflammation. Oxidative stress damages endothelial cells, 

reducing their ability to produce nitric oxide, a key vasodilator. The 

subsequent increase in vascular inflammation and endothelial activation 

enhances the adhesion of sickled cells to the vessel walls, aggravating the 



J. General medicine and Clinical Practice                                                                                                                                             Copy rights@ Emmanuel Ifeanyi Obeagu, 

Auctores Publishing LLC – Volume 7(16)-221 www.auctoresonline.org  

ISSN: 2639-4162    Page 3 of 5 

blockage and leading to severe pain, tissue ischemia, and organ damage.56  

Immune dysregulation in SCA results in impaired immune cell function, 

including reduced phagocytic activity and altered cytokine production. This 

dysfunction leads to an increased susceptibility to infections, which can 

complicate the management of SCA. Patients with SCA often experience 

recurrent infections, particularly from encapsulated bacteria such as 
Streptococcus pneumoniae. The chronic oxidative stress further impairs  

immune responses, making it challenging for patients to mount effective 

defenses against pathogens and increasing the risk of severe infections.[57] 

Chronic oxidative stress and inflammation in SCA can also impair wound 

healing. The oxidative damage to cells and tissues affects the normal repair 
processes, leading to delayed healing of wounds and ulcers. Additionally, the 

compromised immune response and persistent inflammation further hinder 

the healing process. This impact on wound healing contributes to the overall 

morbidity and reduced quality of life in SCA patients. The chronic oxidative 

stress and inflammation associated with SCA can lead to significant organ 
damage. For example, oxidative damage to the kidneys can result in renal 

dysfunction, while oxidative stress and inflammation in the liver can 

contribute to hepatopathy. Endothelial dysfunction and increased 

inflammation can also lead to cardiovascular complications. The cumulative 

effect of these damages exacerbates the disease burden and can lead to severe 
long-term health consequences.55 Hemolysis is a key feature of SCA, and the 

associated redox imbalance further exacerbates anemia. The breakdown of 

sickled RBCs releases free hemoglobin and heme into the bloodstream, 

leading to increased oxidative stress and the depletion of key antioxidants . 

The resulting oxidative damage to RBC membranes accelerates hemolysis, 
contributing to the chronic anemia observed in SCA patients. This anemia 

can lead to fatigue, weakness, and other systemic symptoms, further 

impacting the quality of life. Emerging research suggests that redox 

imbalance and chronic inflammation may also affect cognitive function in 
SCA patients. The oxidative stress and inflammation associated with the 

disease can impact cerebral blood flow and neuronal function, potentially 

leading to cognitive deficits and developmental delays, particularly in 

pediatric patients. Addressing these aspects of the disease may be crucial for 

improving overall cognitive health and development in affected 
individuals.[56] 

Conclusion 

The interplay between redox imbalance and immune dysregulation plays a 

crucial role in the pathophysiology of Sickle Cell Anemia (SCA). The 
chronic oxidative stress resulting from the sickling of red blood cells and 

subsequent hemolysis leads to a cascade of detrimental effects on immune 

system function and overall clinical outcomes. Elevated levels of reactive 

oxygen species (ROS) and the resulting oxidative damage significantly 

impair immune cell function, contributing to chronic inflammation and 
increased susceptibility to infections. The impact of redox imbalance on 

clinical manifestations in SCA is profound. The oxidative stress and 

inflammatory responses driven by ROS lead to a range of complications , 

including vaso-occlusive crises, delayed wound healing, and frequent 

infections. The disruption of normal immune function and endothelial cell 
activity exacerbates these clinical issues, further complicating the 

management of the disease.  
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