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Abstract 

Background: Hypertension plays a critical role as a risk factor for cardiovascular mortality, 

encompassing conditions like coronary artery disease, organ damage, congestive heart failure, 

and cerebrovascular diseases. Furthermore, hypertension can lead to increased oxidation and 

peroxidation reactions due to elevated blood pressure and blood flow. Objective: This study 

aimed to evaluate the levels of superoxide dismutase in the sera of patients diagnosed with 

hypertension. Materials and Methods: The study involved 60 hypertensive patients who 

exhibited no significant abnormalities, such as liver disease, cardiomyopathy, renal disease, 

diabetes mellitus, congestive heart failure, or thyroid disease. Additionally, 25 healthy 

individuals, matched by age and sex to the patient group, were included in the study. The age 

range of the participants was between 32 and 70 years. The level of superoxide dismutase 1 in 

the sera was measured using an enzyme-linked immunosorbent assay (ELISA). Results: The 

results demonstrated a significant increase in the activity level of superoxide dismutase in 

hypertensive patients (732.91 ± 82.68 pg/ml) compared to the control group (590.63 ± 47.69 

pg/ml). Conclusion: These findings have the potential to contribute to the diagnosis and 

management of hypertension, offering insights into the role of superoxide dismutase activity 

in the disease process. 
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Introduction 

   High blood pressure (HBP), or hypertension, is defined by a persistent rise in the force of blood against artery 

walls. Kidney failure, heart disease, and stroke are just a few of the health problems that may arise as a result of this 

condition. Hypertension is characterized by a systolic blood pressure level equal or more than 140 mmHg while a 

diastolic blood pressure level equal or more than 90 mmHg, this can be triggered by a range of factors, including 

lifestyle choices, genetics, and underlying medical conditions (1, 2). The diagnosis of hypertension usually involves 

measuring two types of blood pressure: systolic pressure, which is the pressure during heart contraction, and 

diastolic pressure, which is the pressure when the heart is resting between beats. A normal blood pressure reading is 

120/80 mmHg, whereas a reading of 140/90 mmHg or higher is considered hypertension (3, 4). Hypertension is a 

significant risk factor for various serious health problems, including kidney failure, heart disease, and stroke (5). The 

typical approach to treatment includes lifestyle adjustments like changes in diet and exercise, as well as medication 

when required. It is crucial for people with hypertension to keep track of their blood pressure regularly and 

collaborate with their healthcare provider to manage the condition effectively (6, 7). 

Reactive oxygen species (ROS) are highly reactive molecules that contain oxygen and are formed as natural 

byproducts of normal cellular metabolism (8). While a certain level of ROS is necessary for normal cellular 

processes, excessive ROS can cause damage to cells and tissues, leading to oxidative stress. Excessive ROS can be 

caused by a variety of factors, including environmental pollutants, radiation, certain medications, and poor diet (9). 

Additionally, ROS can be produced as a result of chronic inflammation or in response to infections. The body has 

natural defense mechanisms to neutralize ROS, such as antioxidants, which can scavenge and neutralize ROS before 

they cause damage (10). Therefore, maintaining a balance between ROS production and neutralization is essential 

for healthy cellular function. SOD is found in almost all living organisms, including humans, and it is particularly 

abundant in cells that are exposed to high levels of oxygen, such as those in the lungs and liver (11). The enzyme is 

composed of different subunits, each of which requires a specific metal cofactor for its activity. The three main 

types of SOD are copper-zinc SOD (Cu-Zn SOD), manganese SOD (Mn SOD), and extracellular SOD (EC-SOD), 

which differs in their location within the cell and their cofactor requirements. Cu-Zn SOD is located in the cytosol 

and mitochondria, and it requires both copper and zinc for its activity. Mn SOD is located in the mitochondria and 

requires manganese for its activity. EC-SOD is found in the extracellular space and requires copper, zinc, and 

heparin for its activity (12, 13). Given the essential role of SODs in disease, this study aimed to measure a plasma 

concentration of SOD1 in patients with HBP. 

 

 

Materials and Methods 

Sample Collection  

   During the period of October to December 2022, blood was collected from 60 patients who were diagnosed with 

hypertension at Medical City Hospital, along with 25 healthy individuals. A volume of 3 ml of blood was extracted 

intravenously and collected into a vacuum gel tube. Once the blood clotted, the serum samples were separated 

through centrifugation for about 15 minutes (at approximately 1000 x g). The resulting serum was then transferred 

into small Eppendorf tubes and stored in a freezer at -20°C until further analysis. 

  

Determination of Superoxide dismutase  

   SOD1 levels were measured using an ELISA kit from Elabscience in the USA. This kit works on the principle of 

Competitive-ELISA, where the micro ELISA plate has pre-coated SOD1 and the test was done according to 

provided sheet of instructions. The optical density (OD) is measured at a wavelength of 450 nm using an Automatic 

ELISA reader (PKL PPC 230 ITALIA paramedical). Finally, by comparing the OD of the samples to the standard 

curve, it can be performed to determine the concentration of SOD1 in the tested samples. 

 

 

 

 

87 

https://doi.org/10.24126/jobrc.2023.17.2.685


Duha  et al., vol 17 , issue 2 , year 2023  

https://doi.org/10.24126/jobrc.2023.17.2.685 

 

 

 

Statistical analysis 

   SPSS-The Statistical Package for the Social Science (version 25.0) was utilized for statistical analysis. An 

independent sample t-test was employed to make comparisons between groups, and a statistically significant 

difference was identified as P<0.05. 

 

Results  

   For this study, 60 patients who had recently been diagnosed with hypertension were selected consecutively. The 

mean systolic and diastolic blood pressures (mmHg) of the hypertensive patients were identified to be significantly 

elevated than those of the control group (P<0.001), as depicted in Table (1) and Figure (1). 

 

         
 

Figure (1): Systolic and diastolic blood pressure in HBP patient and control 

 

 
   In case of SOD1 level, the mean concentrations of plasma SOD1 in control group is 590.63 ± 47.69 pg/mL, while 

the medians were found to be significantly higher among hypertensive patients 732.91 ± 82.68 pg/mL ), as depicted 

in Table (1) and Figure (2). 

 

 

         
 

Figure (2): SOD1 level in HBP patient and control 
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Table (1): The levels of systolic/diastolic blood pressure and SOD1 in both hypertensive patients and control subjects 

Number HBP Control p 

Systolic blood pressure (mmHg) 145.66 ± 

10.09 

128.26 ± 8.92 <0.001** 

Diastolic blood pressure (mmHg) 90.62 ±  

9.88 

79.56 ± 6.66 <0.001** 

Superoxide dismutase (pg/mL) 732.91 ± 

82.68 

590.63 ± 47.69    <0.0001*** 

 

 

Discussion 

   Research finding suggests that a hypertensive patient, who is characterized by high blood pressure, is associated 

with an increase in both systolic and diastolic blood pressures. This is an important consideration in the diagnosis 

and management of hypertension. The increase of blood pressure is often a result of the narrowing and hardening of 

the blood vessels, which can be caused by elements such as cholesterol elevation, obesity, absence of physical 

activity, and stress. As the blood vessels become narrower and less flexible, it becomes more difficult for blood to 

flow through them, leading to an increase in blood pressure (14, 15). This increase can affect both the systolic and 

diastolic pressures, as systolic pressure measures the pressure in the arteries when the heart contracts, while diastolic 

pressure measures the pressure when the heart is resting between beats (16). Over time, the elevated blood pressure 

can cause damage to the blood vessels and organs, increasing the risk of cardiovascular disease and other health 

problems. Therefore, it is important to monitor and manage high blood pressure through lifestyle changes, 

medication, and other interventions to reduce the risk of these complications (17). 

 

   Hypertension is a prevalent disease that significantly increases the risk of morbidity and mortality related to 

cardiovascular disease, particularly coronary artery disease. It can also cause various alterations in lipoproteins and 

oxidation-peroxidation processes, where Ox-LDL is a significant risk factor. SOD activity is the first line of defense 

against oxidative stress, and it is closely linked to these processes (18). Based on the study's findings, the patient 

group had lower serum levels of SOD activity compared to the control group.  

 

   Patients with hypertension and heart disease may have higher levels of oxidative stress than healthy individuals, 

which may explain the higher percentages of SOD1 seen in these individuals. According to previous study 

hypertension and cardiovascular disease may both be influenced by oxidative stress (19). It should be noted that 

excessive amounts of SOD1, despite its antioxidant properties, can result in increased oxidative stress. Studies 

involving transgenic animals have demonstrated that elevated levels of SOD1 can lead to heightened sensitivity to 

oxidative stress (20). This could be driven on by a rise in hydrogen peroxide, a byproduct of the dismutation 

process. Three potential mechanisms driven by SOD1 have been identified by Kowald et al. These include the 

exchange between the oxidized and reduced forms of SOD during the detoxification of superoxide radicals, the 

reaction of hydrogen peroxide with CuZnSOD that produces hydroxyl radicals, and the action of superoxide radicals 

as chain breakers (21, 22). Studies conducted both experimentally and clinically have suggested that oxidative stress 

precedes the onset of elevated blood pressure and may be an initiating factor for the progression from 

prehypertension to hypertension (23, 24). Finally, study concludes that patients with HBP exhibited increased levels 

of SOD1 in their plasma. These enzyme levels could potentially serve as useful biomarkers in the future for 

diagnosing or managing HBP.  

 

 

 

89 

https://doi.org/10.24126/jobrc.2023.17.2.685


Duha  et al., vol 17 , issue 2 , year 2023  

https://doi.org/10.24126/jobrc.2023.17.2.685 

 

 

References  

1. Avery, E.G., et al., The gut microbiome in hypertension: recent advances and future perspectives. 

Circulation research, (2021); 128(7): p. 934-950. 

2. Balwan, W.K., S. Kour, A Systematic Review of Hypertension and Stress-The Silent Killers. Sch Acad J 

Biosci, (2021); 6: p. 150-154. 

3. Pengpid, S., et al., The prevalence, awareness, treatment, and control of hypertension among adults: the 

first cross-sectional national population-based survey in Laos. Vascular health and risk management, 

(2019): p. 27-33. 

4. Staessen, J.A., et al., Essential hypertension. The Lancet, (2003); 361(9369): p. 1629-1641. 

5. Ferdinand, D.P., S. Nedunchezhian, K.C. Ferdinand, Hypertension in African Americans: advances in 

community outreach and public health approaches. Progress in cardiovascular diseases, (2020); 63(1): p. 

40-45. 

6. Zheng, P.-F., et al., Association between dietary patterns and the risk of hypertension among Chinese: a 

cross-sectional study. Nutrients, (2016); 8(4): p. 239. 

7. Villafuerte, F.U., et al., Effectiveness of a multifactorial intervention, consisting of self-management of 

antihypertensive medication, self-measurement of blood pressure, hypocaloric and low sodium diet, and 

physical exercise, in patients with uncontrolled hypertension taking 2 or more antihypertensive drugs: The 

MEDICHY study. Medicine, (2020); 99(17). 

8. Sahoo, B.M., et al., Reactive oxygen species (ROS): key components in cancer therapies. Anti-Cancer 

Agents in Medicinal Chemistry (Formerly Current Medicinal Chemistry-Anti-Cancer Agents), (2022); 

22(2): p. 215-222. 

9. Ozcan, A., M. Ogun, Biochemistry of reactive oxygen and nitrogen species. Basic principles and clinical 

significance of oxidative stress, (2015); 3: p. 37-58. 

10. Oyinloye, B.E., A.F. Adenowo, A.P. Kappo, Reactive oxygen species, apoptosis, antimicrobial peptides 

and human inflammatory diseases. Pharmaceuticals, (2015); 8(2): p. 151-175. 

11. Nisari, M., et al., Effects of paclitaxel on lipid peroxidation and antioxidant enzymes in tissues of mice 

bearing ehrlich solid tumor. Eurasian J Med Invest, (2019); 3: p. 315-321. 

12. Zhang, R., et al., Alteration of extracellular superoxide dismutase in idiopathic pulmonary arterial 

hypertension. Frontiers in Medicine, (2020); 7: p. 509. 

13. Zelko, I.N., T.J. Mariani, R.J. Folz, Superoxide dismutase multigene family: a comparison of the CuZn-

SOD (SOD1), Mn-SOD (SOD2), and EC-SOD (SOD3) gene structures, evolution, and expression. Free 

radical biology and medicine, (2002); 33(3): p. 337-349. 

14. Hendrik, H., Y. Ramba, A.M. Hariandja, FACTORS CAUSING NON-HEMORRHAGIC STROKE AT 

THE AGE OF YOUNG ADULTS. Urban Health, (2020); 2(1). 

15. Balakumar, P., K. Maung-U, G. Jagadeesh, Prevalence and prevention of cardiovascular disease and 

diabetes mellitus. Pharmacological research, (2016); 113: p. 600-609. 

90 

https://doi.org/10.24126/jobrc.2023.17.2.685


Duha  et al., vol 17 , issue 2 , year 2023  

https://doi.org/10.24126/jobrc.2023.17.2.685 

 

 

16. Kawaguchi, M., et al., Combined ventricular systolic and arterial stiffening in patients with heart failure 

and preserved ejection fraction: implications for systolic and diastolic reserve limitations. Circulation, 

(2003); 107(5): p. 714-720. 

17. McManus, R.J., et al., Home and Online Management and Evaluation of Blood Pressure (HOME BP) using 

a digital intervention in poorly controlled hypertension: randomised controlled trial. bmj, (2021); 372. 

18. ASADPOUR, P.M., A.-H. Pordal, and M.-R. Beyranvand, Measurement of oxidized low-density 

lipoprotein and superoxide dismutase activity in patients with hypertension. (2009). 

19. Kander, M.C., Y. Cui, Z. Liu, Gender difference in oxidative stress: a new look at the mechanisms for 

cardiovascular diseases. Journal of cellular and molecular medicine, (2017); 21(5): p.1024-1032. 

20. Hensley, K., et al., On the relation of oxidative stress to neuroinflammation: lessons learned from the 

G93A-SOD1 mouse model of amyotrophic lateral sclerosis. Antioxidants & redox signaling, (2006); 8(11-

12): p. 2075-2087. 

21. Wong, P.C., et al., An adverse property of a familial ALS-linked SOD1 mutation causes motor neuron 

disease characterized by vacuolar degeneration of mitochondria. Neuron, (1995); 14(6): p. 1105-1116. 

22. Elchuri, S., et al., CuZnSOD deficiency leads to persistent and widespread oxidative damage and 

hepatocarcinogenesis later in life. Oncogene, (2005); 24(3): p. 367-380. 

23. Kedziora-Kornatowska, K., et al., The markers of oxidative stress and activity of the antioxidant system in 

the blood of elderly patients with essential arterial hypertension. Cell Mol Biol Lett, (2004); 9(4A): p. 635-

41. 

24. Palatini, P., Glomerular hyperfiltration: a marker of early renal damage in pre-diabetes and pre-

hypertension. (2012), Oxford University Press. p. 1708-1714. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

91 

https://doi.org/10.24126/jobrc.2023.17.2.685


Duha  et al., vol 17 , issue 2 , year 2023  

https://doi.org/10.24126/jobrc.2023.17.2.685 

 

 

 

 في ايصال انًزضً انعزاقييٍ انذيٍ يعاَىٌ يٍ ارتفاع ضغط انذوSOD1 تقذيز يستىي 
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2
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2
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 خلاصتان

 

ا  انعهًيت: انخهفيت ًً وذهف  انراجٍ،يشض انششَاٌ  يٍ ضًُها َرُجح ايشاض انمهة انىعائُح ىفُاخفٍ انعايم خطش و َهعة اسذفاع ضغط انذو دوسًا يه

ًَكٍ أٌ َؤدٌ اسذفاع ضغط انذو إنً صَادج ذفاعلاخ الأكغذج  رنك،الأعضاء ، وفشم انمهة الاحرماٍَ ، والأيشاض انذياغُح انىعائُح. علاوج عهً 

فٍ يصم انًشضً انًصاتٍُ تاسذفاع ضغط  SOD1هذفد هزِ انذساعح إنً ذمُُى يغرىَاخ  انهذف: .ذذفك انذوتغثة انضَادج فٍ عشعح وانثُشوكغُذ 

يثم أيشاض انكثذ ، أو اعرلال عضهح  فمط وتذوٌ ايشاض أخشي اسذفاع ضغط انذوَعاَىٌ يٍ يشَضًا  60انذساعح  ذضًُد :وطزق انعًمانًىاد  .انذو

ا  25ذى ذضًٍُ  رنك،انمهة ، أو أيشاض انكهً ، أو داء انغكشٌ ، أو لصىس انمهة الاحرماٍَ ، أو أيشاض انغذج انذسلُح. تالإضافح إنً  ًً فشداً عهُ

 SOD1لُاط يغرىي  تعذها ذىعُح.  70و 32عًاس انًشاسكٍُ تٍُ ، يرطاتمٍُ حغة انعًش وانجُظ يع يجًىعح انًشضً. ذشاوحد أكًجًىعح عُطشج

اسذفاع ضغط انذو  انزٍَ َعاَىٌ يٍ ًشضًايصال انفٍ  SOD1فٍ يغرىي وفشق يعُىٌ أظهشخ انُرائج صَادج انُتائج:  .تطشَمح الانُضافٍ انًصم 

اهًُح لُاط  تُُد هزِ انُرائج :الاستُتاج ( .ىغشاو / يمتُك 47.69±  590.63) انغُطشجتًجًىعح  يماسَح يم(تُكىغشاو /  ±82.68  732.91)

و كزنك ًَكٍ اٌ َعرثش احذ الأعثاب او انعىايم انًهًح فٍ َشىء اسذفاع ضغط انذو ،  انرشخُص او انغُطشج عهًفٍ لاعرًادِ كًؤشش SOD1 يغرىي 

 .انًشض او ذطىسِ 

 
 .ضغط انذو الاَمثاضٍ،  الانُضا،  SOD1اسذفاع ضغط انذو ،  انكهًاث انًفتاديت:
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