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Cardiovascular diseases, specifically coronary artery disease, is 
among the most common causes of death at all ages and in both 
sexes, with coronary artery disease accounting for more than 
40% of deaths attributable to cardiovascular disease. This 
clinical study included 160 individuals (80 males aged 35-75 
years) with coronary artery disease and (80 of healthy males 
aged 35-67). The activity of procollagen-lysine 5-dioxygenase, 
renin, angiotensin-converting enzyme, and glutathione 
peroxidase were determined, in addition to the levels of 
glutathione, vitamin C, iron, glucose, malondialdehyde and C-
reactive protein, in blood serum using ELISA kits and 
spectrophotometric method. The results showed a significant 
decrease in the activity of procollagen-lysine 5-dioxygenase, 
angiotensin-converting enzyme, and glutathione peroxidase, but 
a nonsignificant decrease in the activity of renin. As well as a 
significant decrease in the level of glutathione, vitamin-C and 
iron. On the other hand, the levels of glucose, malondialdehyde, 
and C-reactive protein were significantly increased in the 
patient group compared with the control group. 
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Introduction 

Currently, vascular diseases are among the most serious diseases affecting human life and 

health globally [1]. The most common forms of cardiovascular diseases are atherosclerosis, 

coronary artery disease (CAD), arrhythmia, and heart failure [2]. Risk factors that contribute 

to cardiovascular diseases are either non-modifiable (e.g., family history, gender, and age) or 

modifiable (e.g., high cholesterol, obesity, high blood pressure, and diabetes), so primary 

prevention of cardiovascular diseases by identifying and treating at-risk individuals remains a 

major public health problem [3,4].  

Hypertension is a common problem worldwide and is a major risk factor for 

cardiovascular diseases leading to atherosclerosis and heart failure [5]. When blood pressure 

rises, the balance between vasodilators (the most important of which are nitric oxide and 

bradykinin), and vasoconstrictors such as angiotensin-II (Ang II) is disturbed [6,7]. Another 

pathophysiological event of hypertension is the activation of the Renin-Angiotensin-

Aldosterone System (RAAS), as the RAAS contributes to causing pathological changes in the 

endothelium of arterial blood vessels, which leads to endothelial cells become dysfunctional 
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and thus blood vessels becoming inflamed and oxidative stress, making the coronary arteries 

more susceptible to plaque deposition, which is crucial in the development of atherosclerosis 

[8,9]. Also, when blood pressure is high, oxidative stress will enhance blood vessel damage 

and promote fibrosis and cardiac hypertrophy [10].  

Oxidative stress is one of the main mechanistic pathways that contribute to the 

development of cardiovascular diseases, including myocardial ischemia, as oxidative stress 

occurs when there is an imbalance between the production of reactive oxygen species (ROS) 

and antioxidants, as increased production of (ROS) is closely associated with decreased 

antioxidant capacity [11]. Antioxidant enzymes including glutathione peroxidase (GPx), 

glutathione reductase (GRx), glutathione-S-transferase (GST), superoxide dismutase (SOD), 

and catalase (CAT) are the main cellular defense against injury [12]. Disturbance in 

glutathione (GSH) homeostasis is also associated with cardiovascular diseases as well as 

cancer, diabetes, aging, and diseases associated with excessive oxidative stress [13,14]. 

Excessive production of reactive oxygen species (ROS) combined with decreased antioxidants 

has been identified as a key mechanism in the pathogenesis of ischemia, making it a potential 

therapeutic target [15,16]. 

The importance of blood vessels comes from the fact that they are the sole carrier and 

distributor of oxygen and nutrients to the tissues in the human body. The walls of these 

vessels (veins and arteries) are composed mainly of the structural protein known as collagen 

and elastin [17]. Procollagen-lysine 5-dioxygenase (PLOD) or lysyl hydroxylase (LH) is a 

protein found in the lumen of the endoplasmic reticulum. Functionally, this enzyme catalyzes 

hydroxylation (adding hydroxyl group) of lysine amino acid units in the peptide chains that 

form the collagen protein in the walls of blood vessels in humans [18,19]. Hydroxylysine 

resulting from the latter process is essential for the stability of the cross-linked structures of 

collagen [20]. Disease conditions have been found associated with the occurrence of genetic 

mutations in this gene (PLOD) that encodes the construction of collagen protein, such as 

Thoracic Aortic Aneurysm disease (TAA) [21], as genetic factors “genes”, play a major role in 

atherosclerosis and coronary artery disease, accordingly, studies have identified the 

association between genetic variations (Extracellular matrix genes) and coronary artery 

disease, and have emphasized the importance of cell attachment to the extracellular matrix 

(ECM) in vascular diseases. Therefore, changes in proteins within the ECM may affect key cells 

and cause the development of coronary artery disease. Further studies are needed to 

understand the major role played by the ECM and the mechanisms by which ECM-associated 

proteins influence the development and progression of atherosclerosis (AS) [21]. 

In addition, there are some genetic diseases resulting from defects and mutations in 

the PLOD gene, which cause severe disorders, such as Ehlers-Danlos syndrome (EDS). Six 

types of (EDS) have been identified, which is a group of connective tissue diseases 

characterized by hyperextensible skin, fragility of blood vessels, and fragility of connective 

tissue in general. Rare cases are characterized by lateral curvature of the spine and 

hypermobility of the joints [22,23]. Evaluate the correlation between low PLOD and 

antioxidants state in patients with CAD is a main aim of the study. 
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Materials and methods 

The chemicals used in this study were provided by international companies: (Chinese 

company, Shanghai ideal medical technology) for ELISA measurements of the enzymes (PLOD, 

Renin, ACE). Standard kits were prepared by the Italian company (Giesse diagnostics) to 

measure C-reactive protein. For glucose, iron, the several analyses were prepared by the 

French company (Biolabo). The activity of the enzyme glutathione peroxidase, also the level of 

glutathione, malondialdehyde and vitamin-C were measured using materials prepared by the 

Chemistry Department store in the College of Science and the central store of the University of 

Mosul.  

The samples were divided into two groups; a patients group included 80 blood samples 

of people with coronary artery disease ranging in age from 35-75 years for males. The control 

group containing 80 samples of blood for healthy people aged 35-67 years for males. The 

activity of the enzymes (PLOD, Renin, ACE) in the serum estimated in Enzyme-Linked 

Immunoassay using several Elisa Kits. The activity of glutathione peroxidase (GPX) was 

estimated using the method followed by the researchers [24]. The GSH level was estimated 

based on the method used by Sedlak and Lindsay, 1986 [25]. The concentration of vitamin-C 

was determined using the method described in [26]. iron concentration was determined by 

the Colorimetric method, and the analysis kit from the French company Biolabo was used 

[27]. The level of glucose in the serum was estimated by enzymatic method using (Kit) from 

the French company Biolabo [28]. malondialdehyde level in the serum were estimated using a 

modified method developed by the researchers Guidet and Shah (1989) [29]. C-reactive 

protein concentration was estimated using the analysis kit of the Italian company Giesse 

diagnostics. 

 

Statistical Analysis 

Data obtained were analyzed using T-test via the statistical package of the social sciences program 

SPSS 27, and a P ≤0.05 was considered statistically significant. 

 

Results and discussion 

The results in table 1 showed a significant decrease (P≤ 0.001) in the level of Procollagen-

lysine 5-dioxygenase in serum of coronary artery disease patients. The reason may be 

attributed to iron deficiency, which leads to a decrease in the activity of the PLOD enzyme and 

thus a decrease in the levels of hydroxylysine, which leads to a defect in the structural 

composition of collagen [30], as Fe2+ is essential for the catalytic activity of the procollagen-

lysine 5-dioxygenase enzyme, which facilitates the process of adding a hydroxyl group to 

lysine residues in collagen [31]. Or it may be due to a deficiency of vitamin C, as studies have 

indicated the importance of the regulatory effects of ascorbic acid, including stimulating the 

activity of the PLOD enzyme and accelerating collagen production [32]. The importance of 

vitamin C in the activity of the enzymes lysyl hydroxylase in the synthesis of healthy collagen, 

as its role is as a cofactor for the enzymes, and the function of vitamin C in this enzyme usually 

include the chemical reduction of iron. Therefore, vitamin C is necessary to return iron to its 

reduced state, and if iron is not reduced by vitamin C, the enzyme will remain inactive [33]. 

Low levels of vitamin C inhibit collagen formation in various tissues, including the skin and 

blood vessels. Low collagen production in the body leads to fragility of the skin and blood 

vessels, bleeding gums, and poor wound healing [34]. 
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Table 1: comparison of the level of activity of the PLOD Enzyme with some biochemical 

variables between male coronary artery disease patients (mean±SD) 

 

The results shown in Table (1) indicate a non-significant decrease in the level of renin 

(at the probability level P≤0.288) in serum of patients compared to control group. But we 

notes a significant decrease in the level of angiotensin-converting enzyme in serum of patients 

compared to the control group at a probability level of (P≤ 0.018), which is consistent with the 

study of Bangalore and his group. The reason for the decrease in the level of renin and 

angiotensin-converting enzyme in coronary artery disease patients is due to the use of renin-

angiotensin system inhibitors (RASI) [35], as these drugs prevent the release of renin from 

the kidneys, so the decrease in renin release leads to a decrease in the concentrations of 

angiotensin 1 and 2, thus contributing to reducing the risk of disease progression, while ACE 

inhibitors work to prevent the conversion of angiotensin-1 to angiotensin-2, so these drugs 

reduce the level of angiotensin-2 and increase the level of angiotensin-1 and angiotensin-(1-7) 

[36], so the observed results in patients are attributed to the different mechanisms of action 

of RASI inhibitors. Angiotensin and angiotensin receptor blockers, including increased 

bradykinin levels and nitric oxide production stimulated by angiotensin inhibitors [37]. 

The results in Table (1) showed a significant decrease at the probability level (P 

≥0.001) in the level of glutathione peroxidase activity in serum of patient group compared to 

control group. This was in agreement with Bastani and his group, as the GPx enzyme is a 

sensitive biomarker for assessing oxidative stress and has antioxidant activity, as the increase 

in ROS leads to an increase in the level of oxidative stress and thus causes a decrease in the 

level of the antioxidant GPx enzyme, that increases the possibility of lipid oxidation[40], and 

lead to damage the lining of the blood vessels and the onset of atherosclerosis, and thus the 

development of various cardiovascular diseases[38,39]. 

The results in Table (1) showed a significant decrease at the probability level (P 

≥0.001) in the level of glutathione for the patient group compared to the control group. This 

was in agreement with Musthafa and his group (2017) as well as Varadhan and his group 

P Patients/80 Control/80 Parameters 

0.001 1.96  ±5.76 1.14  ±8.80 Procollagen-lysine 5-dioxygenase (U/l) 

0.288 15.82  ±66.22 12.64  ±71.87 Renin (U/l) 

0.018 2.22  ±11.96 2.46  ±13.82 Angiotensin converting enzyme (U/l) 

0.001 0.12  ±1.23 0.11  ±1.80 Glutathione peroxidase (U/l) 

0.001 0.42  ±1.56 1.45  ±3.38 Glutathione (µmol/l) 

0.001 0.13  ±0.28  0.32  ±1.12 vitamin-C (mg/100ml) 

0.001 12.46  ±60.78 14.42 ±142.42 Fe (µg/l) 

0.001 2.01  ±7.18 0.62  ±5.40 Glucose (mmol/l) 

0.001 0.34  ±1.09 0.61  ±0.77 Malondialdehyde (µmol/l) 

0.001 35.45  ±24.34 1.24  ±1.92 CRP (mg/l) 
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(2022), as oxidative stress associated with cardiovascular diseases is the main reason for 

reducing the level of glutathione, which is an antioxidant in the body to defend cells, as it 

works to destroy free radicals formed as a result of increased oxidative stress [41], so 

oxidative stress and the inflammation associated with it are considered major risk factors for 

coronary artery disease, through a decrease in the level of GSH and an increase in the level of 

MDA [42]. 

The results of estimating the level of vitamin-C in serum of coronary artery disease 

patients showed a significant decrease at the probability level (P≥0.001) compared to the 

control group as shown in Table (1). This is consistent with Karajibani and his group (2009), 

and also agreed with Agha and his group (2022). That low levels of vitamin-C with high levels 

of lipid peroxidation are associated with an increased risk of coronary heart disease, because 

vitamin-C has an important role in cardiovascular diseases as an antioxidant that protects cell 

membranes from lipid oxidation by free radicals, as it prevents oxidative modification of LDL 

primarily by removing free radicals and other reactive species and preventing them from 

reacting with LDL, thus playing a pivotal role in maintaining the function of the vascular 

endothelium [43]. The reason for the low level of vitamin C may be attributed to high blood 

sugar, which leads to an increase in the production of oxidative compounds [44], that increase 

oxidative stress, and increases the depletion of vitamin-C to inhibit oxidative compounds [45]. 

The results of the iron level assessment showed that there was a significant decrease at 

the probability level (P≥0.001) in its level in the patient group compared to the control group, 

as shown in Table (1). This is consistent with what Gill et al. (2017) reported, and also 

consistent with a study by Guo et al. (2022), as iron deficiency is common in patients with 

cardiovascular disease, and approximately 60% of patients with coronary artery disease 

suffer from iron deficiency, which may be attributed to insufficient dietary iron intake, poor 

absorption, or increased blood loss due to anticoagulant therapy, gastrointestinal disease, or 

renal disease [46,47]. Serum iron values show daily variation depending on dietary iron 

intake or patient condition, and it has been observed that iron deficiency may have a causal 

effect on cardiovascular disease. Iron plays a role in many basic processes including red blood 

cell formation, and iron deficiency may affect the risk of cardiovascular disease by affecting 

red blood cells. Iron deficiency is also known to affect cellular metabolism, and thus, iron 

deficiency may lead to impaired function of various tissues including the central nervous 

system, muscle tissue, myocardium, immune system, and thyroid gland, thus increasing the 

risk of cardiovascular disease. Therefore, higher iron levels reduce the risk of cardiovascular 

disease [48,47].  

The results shown in Table (1) indicate a significant increase at the probability level 

(P≥0.001) in glucose level in serum of patients compared to control group, which is consistent 

with the study of Riise and his group, where they found that high levels of glucose, fatty acids 

and insulin resistance together lead to oxidative stress and activation of Protein kinase C, 

which may lead to vasoconstriction, inflammation and clots [49]. The reason for high blood 

glucose level may also be due to an increase in the body mass of patient group, which may 

later cause insulin resistance, diabetes and cardiovascular diseases [50], as high blood sugar 

leads to reduced vasodilation, including microvascular occlusion, increased coronary artery 

thrombosis and increased myocardial damage [51]. 

Table (1) shows a significant increase in the level of malondialdehyde at the 

probability level (P≥0.001) in serum of coronary artery disease group compared to the 
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control group. This is what was indicated by the study of Zavar-Reza and his group that the 

level of malondialdehyde in serum of coronary artery disease patients was significantly higher 

than in serum of control group, as malondialdehyde plays a role as an important factor in 

atherosclerosis, as the increase in MDA in patients with coronary artery disease leads to cell 

damage [52], and the reason may be attributed to the decrease in antioxidants and the 

increase in the generation of free radicals in the body, which leads to an increase in the 

oxidation process of fats and thus an increase in the formation of MDA[53], as MDA is a sign of 

lipid peroxidation and oxidative stress. It also indicates the severity of coronary artery disease 

and plaque formation, as its concentration increases in coronary artery patients and is 

inversely related to antioxidants [54]. 

The results in Table (1) showed a significant increase at the probability level (P≥0.001) 

in the concentration of C-reactive protein in the group of coronary artery disease patients 

compared to the control group. This is consistent with what Liu and his group indicated, 

considering C-reactive protein as a risk factor for coronary artery disease [55], as the high 

level of C-reactive protein is an indicator of inflammation, and is a major risk factor for 

cardiovascular disease (CVD) [56], and its increase indicates the process of local inflammation 

in the coronary artery [57]. Inflammation plays a major role in initiating and promoting 

atherosclerosis and may lead to acute coronary syndrome (ACS) by inducing plaque 

instability [58]. 

 

Conclusions 

Individuals diagnosed with CAD, had   low levels of PLOD, glutathione peroxidase, 

glutathione, vitamin C, and iron compared   to   the   control   group. And the study results 

shows that glucose and malondialdehyde were associated with an increased risk of CAD. 

Also, renin, angiotensin-converting enzyme plays an essential role in developing of 

coronary artery disease in patients group compared with control group. And elevated CRP 

levels indicate local inflammatory processes in the coronary artery. 

 

References 

1) Sun, T., Yuan, W., Wei, Y., Liao, D., & Tuo, Q. (2024). The Regulatory Role and 

Mechanism of Energy Metabolism in Vascular Diseases. Frontiers in Bioscience-

Landmark, 29(1), 26. 

2) Kang, N., Lee, J.-H., Lee, W., Ko, J.-Y., Kim, E.-A., Kim, J.-S., Heu, M.-S., Kim, G. H., & Jeon, 

Y.-J. (2015). Gallic acid isolated from Spirogyra sp. improves cardiovascular disease 

through a vasorelaxant and antihypertensive effect. Environmental Toxicology and 

Pharmacology, 39(2), 764–772. 

3) Voutilainen, A., Brester, C., Kolehmainen, M., & Tuomainen, T.-P. (2023). What is the 

most appropriate follow-up time for detecting the epidemiological relationship 

between coronary artery disease and its main risk factors: novel findings from a 35-

year follow-up study. Coronary Artery Disease, 34(5), 320–331. 

4) Stone, N. J., Robinson, J. G., Lichtenstein, A. H., Bairey Merz, C. N., Blum, C. B., Eckel, R. H., 

Goldberg, A. C., Gordon, D., Levy, D., Lloyd-Jones, D. M., McBride, P., Schwartz, J. S., 

Shero, S. T., Smith, S. C., Watson, K., & Wilson, P. W. F. (2014). 2013 ACC/AHA Guideline 



15 
 

on the Treatment of Blood Cholesterol to Reduce Atherosclerotic Cardiovascular Risk 

in Adults. Journal of the American College of Cardiology, 63(25), 2889–2934. 

5) Jin, L., Lin, M. Q., Piao, Z. H., Cho, J. Y., Kim, G. R., Choi, S. Y., Ryu, Y., Sun, S., Kee, H. J., & 

Jeong, M. H. (2017). Gallic acid attenuates hypertension, cardiac remodeling, and 

fibrosis in mice with N G-nitro-L-arginine methyl ester-induced hypertension via 

regulation of histone deacetylase 1 or histone deacetylase 2. Journal of Hypertension, 

35(7), 1502–1512. 

6) Nadar, S., Blann, A., & Lip, G. (2004). Endothelial Dysfunction: Methods of Assessment 

and Application to Hypertension. Current Pharmaceutical Design, 10(29), 3591–3605. 

7) Bakheet, M. S., Soltan, S., Gadalla, A., Haredy, H. H., & Shakoor, M. A. (2014). 

Antioxidants (vitamin E and gallic acid) as valuable protective factors against 

myocardial infarction. Basic Res J Med Clin Sci, 3, 109-122. 

8) Mehta, J. K., Banerjee, M. A., Shah, P. H., Kaur, G., & Buttar, H. S. (2023). Role of Renin 

Angiotensin System in the Pathophysiology of Coronary Heart Disease: Advancements 

in Diagnosis, Therapy and Preventive Strategies (pp. 211–235). 

9) Oparil, S., Zaman, M. A., & Calhoun, D. A. (2003). Pathogenesis of Hypertension. Annals 

of Internal Medicine, 139(9), 761. 

10) Harvey, A., Montezano, A. C., Lopes, R. A., Rios, F., & Touyz, R. M. (2016). Vascular 

Fibrosis in Aging and Hypertension: Molecular Mechanisms and Clinical Implications. 

Canadian Journal of Cardiology, 32(5), 659–668. 

11) Yalameha, B., Nejabati, H. R., & Nouri, M. (2023). Cardioprotective potential of vanillic 

acid. Clinical and Experimental Pharmacology and Physiology, 50(3), 193–204. 

12) Priscilla, D. H., & Prince, P. S. M. (2009). Cardioprotective effect of gallic acid on cardiac 

troponin-T, cardiac marker enzymes, lipid peroxidation products and antioxidants in 

experimentally induced myocardial infarction in Wistar rats. Chemico-Biological 

Interactions, 179(2–3), 118–124. 

13) Al-Temimi, A. A., Al-Mossawi, A.-E.-B., Al-Hilifi, S. A., Korma, S. A., Esatbeyoglu, T., 

Rocha, J. M., & Agarwal, V. (2023). Glutathione for Food and Health Applications with 

Emphasis on Extraction, Identification, and Quantification Methods: A Review. 

Metabolites, 13(4), 465. 

14) Aoyama, K. (2021). Glutathione in the Brain. International Journal of Molecular 

Sciences, 22(9), 5010. 

15) Arabi, M., Ghaedi, M., & Ostovan, A. (2017). Synthesis and application of in-situ 

molecularly imprinted silica monolithic in pipette-tip solid-phase microextraction for 

the separation and determination of gallic acid in orange juice samples. Journal of 

Chromatography B, 1048, 102–110. 

16) Förstermann, U., Xia, N., & Li, H. (2017). Roles of Vascular Oxidative Stress and Nitric 

Oxide in the Pathogenesis of Atherosclerosis. Circulation Research, 120(4), 713–735. 

17) Xu, J., & Shi, G.-P. (2014). Vascular wall extracellular matrix proteins and vascular 

diseases. Biochimica et Biophysica Acta (BBA) - Molecular Basis of Disease, 1842(11), 

2106–2119. 

18) Suokas, M., Lampela, O., Juffer, A. H., Myllylä, R., & Kellokumpu, S. (2003). Retrieval-

independent localization of lysyl hydroxylase in the endoplasmic reticulum via a 

peptide fold in its iron-binding domain. Biochemical Journal, 370(3), 913–920. 

19) Harding, J. J., & Crabbe, M. J. C. (2024). Post-translational modifications of proteins. CRC 

Press. 



16 
 

20) Rautavuoma, K., Takaluoma, K., Passoja, K., Pirskanen, A., Kvist, A. P., Kivirikko, K. I., & 

Myllyharju, J. (2002). Characterization of three fragments that constitute the 

monomers of the human lysyl hydroxylase isoenzymes 1-3. The 30-kDa N-terminal 

fragment is not required for lysyl hydroxylase activity. Journal of Biological Chemistry, 

277(25), 23084–23091. 

21) Barallobre-Barreiro, J., Loeys, B., Mayr, M., Rienks, M., Verstraeten, A., & Kovacic, J. C. 

(2020). Extracellular Matrix in Vascular Disease, Part 2/4. Journal of the American 

College of Cardiology, 75(17), 2189–2203. 

22) Scietti, L., Campioni, M., & Forneris, F. (2019). SiMPLOD, a Structure-Integrated 

Database of Collagen Lysyl Hydroxylase (LH/PLOD) Enzyme Variants. Journal of Bone 

and Mineral Research, 34(7), 1376–1382. 

23) Brady, A. F., Demirdas, S., Fournel‐Gigleux, S., Ghali, N., Giunta, C., Kapferer‐Seebacher, 

I., Kosho, T., Mendoza‐Londono, R., Pope, M. F., Rohrbach, M., Van Damme, T., 

Vandersteen, A., van Mourik, C., Voermans, N., Zschocke, J., & Malfait, F. (2017). The 

Ehlers–Danlos syndromes, rare types. American Journal of Medical Genetics Part C: 

Seminars in Medical Genetics, 175(1), 70–115. 

24) Rotruck J.T., Pope A.L., Gaanther H.E., and Swanson A.B. 1984. Selenium biochemical 

roles as a component of glutathione peroxidase. Science., 17: 588-590. 

25) Sedlak  J.  and  Lindsay  R.H. 1986. Analytical biochemistry.P.192.cited by Al-Zamle  

O.M., Al-Nimer  M.S, and AL-Muslih  R.K, 2001. Detection the level of level of 

peroxynitrite and related with antioxidant status in the serum of patients with acute 

myocardial infraction. Nat J Chem., 4: 625-637. 

26) Colowick, S.P. and Kaplan, N.O. (1979). Method in Enzymology.Vol.58 , Academic Press , 

New York. 

27) Hennessy, D. J., G. R. Reid, et al. (1984). "Ferene-a new spectrophotometric reagent for 

iron." Canadian journal of chemistry 62(4): 721-724. 

28) Burtis  C.A, Ashwood  E.R. and Bruns D.E. 2012. Tietz textbook of clinical chemistry and 

molecular diagnostics. By saunders, an imprint of Elsevier Inc.USA. 

29) Guidet, B. and Shah, S. (1989). The level of malondialdehyde after activation with H2O2 

and CuSO4 and inhibition by deferoxamine and molsidomine in the serum of patient 

with acute Myocardial infarction. National J. Chem, 5, 139-148. 

30) Ishikawa, Y., Taga, Y., Zientek, K., Mizuno, N., Salo, A. M., Semenova, O., Tufa, S., Keene, 

D. R., Holden, P., Mizuno, K., Myllyharju, J., & Bächinger, H. P. (2019). Re-evaluation of 

lysyl hydroxylation in the collagen triple helix: lysyl hydroxylase 1 and prolyl 3-

hydroxylase 3 have site-differential and collagen type-dependent roles in lysine 

hydroxylation. 

31) Scietti, L., Moroni, E., Mattoteia, D., Fumagalli, M., De Marco, M., Negro, L., Chiapparino, 

A., Serapian, S. A., De Giorgi, F., Faravelli, S., Colombo, G., & Forneris, F. (2022). A Fe2+-

dependent self-inhibited state influences the druggability of human collagen lysyl 

hydroxylase (LH/PLOD) enzymes. Frontiers in Molecular Biosciences, 9. 

32) Murad, S., Sivarajah, A., & Pinnell, S. R. (1981). Regulation of prolyl and lysyl 

hydroxylase activities in cultured human skin fibroblasts by ascorbic acid. Biochemical 

and Biophysical Research Communications, 101(3), 868–875. 

33) D A Seijkens, R. A. bank. (2015). The role of vitamin C in fibrosis as illustrated for 

collagen synthesis and epigenetics. Umcg, June, 1–18. 



17 
 

34) Maxfield, L., Daley, S. F., & Crane, J. S. (2024). Vitamin C Deficiency. In StatPearls. 

http://www.ncbi.nlm.nih.gov/pubmed/22460661. 

35) Bangalore, S., Fakheri, R., Wandel, S., Toklu, B., Wandel, J., & Messerli, F. H. (2017). 

Renin angiotensin system inhibitors for patients with stable coronary artery disease 

without heart failure: systematic review and meta-analysis of randomized trials. BMJ, 

j4. 

36) Campbell, D. J. (2009). Renin inhibitors - Mechanisms of action. Australian Prescriber, 

32(5), 132–135. 

37) Alcocer, L. A., Bryce, A., De Padua Brasil, D., Lara, J., Cortes, J. M., Quesada, D., & 

Rodriguez, P. (2023). The Pivotal Role of Angiotensin-Converting Enzyme Inhibitors 

and Angiotensin II Receptor Blockers in Hypertension Management and 

Cardiovascular and Renal Protection: A Critical Appraisal and Comparison of 

International Guidelines. American Journal of Cardiovascular Drugs, 23(6), 663–682. 

38) Bezna, M., Pisoschi, C., Bezna, M., Danoiu, S., Tudorascu, I.-R., Negroiu, C.-E., & Melinte, 

P. (2022). Decrease of glutathione peroxidase in arrhythmic cardiac pathology in 

young individuals and its therapeutic implications. Biomedical Reports, 17(6), 93. 

39) Sarıkaya, E., & Doğan, S. (2020). Glutathione Peroxidase in Health and Diseases. In 

Glutathione System and Oxidative Stress in Health and Disease. IntechOpen. 

40) Bastani, A., Rajabi, S., Daliran, A., Saadat, H., & Karimi-Busheri, F. (2018). Oxidant and 

antioxidant status in coronary artery disease. Biomedical reports, 9(4), 327-332. 

41) Musthafa, Q. A., Abdul Shukor, M. F., Ismail, N. A. S., Mohd Ghazi, A., Mohd Ali, R., M. Nor, 

I. F., Dimon, M. Z., & Wan Ngah, W. Z. (2017). Oxidative status and reduced glutathione 

levels in premature coronary artery disease and coronary artery disease. Free Radical 

Research, 51(9–10), 787–798. 

42) Varadhan, S., Venkatachalam, R., Perumal, S. M., & Ayyamkulamkara, S. S. (2022). 

Evaluation of Oxidative Stress Parameters and Antioxidant Status in Coronary Artery 

Disease Patients. Archives of Razi Institute, 77(2), 853–859. 

43) Karajibani, M., Hashemi, M., MONTAZERIFAR, F., Bolouri, A., & DIKSHIT, M. (2009). The 

Status of Glutathione Peroxidase, Superoxide Dismutase, Vitamins A, C, E and 

Malondialdehyde in Patients with Cardiovascular Disease in Zahedan, Southeast Iran. 

Journal of Nutritional Science and Vitaminology, 55(4), 309–316. 

44) Das, U. N. (2019). Vitamin C for type 2 diabetes mellitus and hypertension. Archives of 

medical research, 50, 11-14. 

45) Agha, G. S. M., Al-Abachi S. Z. M. and Khedhr M. R.  (2022). Biochemical study of blood 

serum and seminal plasma of patients with oligospermia. African Journal of Advanced 

Pure and Applied Sciences (AJAPAS), 87-95. 

46) Savarese, G., von Haehling, S., Butler, J., Cleland, J. G. F., Ponikowski, P., & Anker, S. D. 

(2023). Iron deficiency and cardiovascular disease. European Heart Journal, 44(1), 14–

27. 

47) Gill, D., Del Greco M., F., Walker, A. P., Srai, S. K. S., Laffan, M. A., & Minelli, C. (2017). The 

Effect of Iron Status on Risk of Coronary Artery Disease. Arteriosclerosis, Thrombosis, 

and Vascular Biology, 37(9), 1788–1792. 

48) Guo, S., Mao, X., Li, X., & Ouyang, H. (2022). Association between iron status and 

incident coronary artery disease: a population based-cohort study. Scientific Reports, 

12(1), 17490. 



18 
 

49) Riise, H. K. R., Igland, J., Sulo, G., Graue, M., Haltbakk, J., Tell, G. S., & Iversen, M. M. 

(2021). Casual blood glucose and subsequent cardiovascular disease and all-cause 

mortality among 159 731 participants in Cohort of Norway (CONOR). BMJ Open 

Diabetes Research & Care, 9(1), e001928. 

50) Strand, E., Rebnord, E. W., Flygel, M. R., Lysne, V., Svingen, G. F. T., Tell, G. S., Løland, K. 

H., Berge, R. K., Svardal, A., Nygård, O., & Pedersen, E. R. (2018). Serum Carnitine 

Metabolites and Incident Type 2 Diabetes Mellitus in Patients With Suspected Stable 

Angina Pectoris. The Journal of Clinical Endocrinology & Metabolism, 103(3), 1033–

1041. 

51) Marfella, R., Federici, M., & Paolisso, G. (2022). Editorial: Hyperglycemia and Coronary 

Artery Diseases: Physio-Pathological Findings and Therapeutic Implications. Frontiers 

in Pharmacology, 13. 

52) Zavar-Reza, J., Shahmoradi, H., Mohammadyari, A., Mohammadbeigi, M., Hosseini, R., 

Vakili, M., Barabadi, T., DaneshPouya, F., Tajik-kord, M., & Shahmoradi, E. (2014). 

Evaluation of Malondialdehyde (MDA) in type 2 diabetic Patients with Coronary Artery 

Disease (CAD). Journal of Biology and Today’s World, 3(6), 129–132. 

53) Dharmajaya, R., & Sari, D. K. (2022). Malondialdehyde value as radical oxidative 

marker and endogenous antioxidant value analysis in brain tumor. Annals of Medicine 

& Surgery, 77. 

54) Čolak , E. ; Pap, D.; Nikoli, L., and Vickovi, S.(2020). The Impact of obesity to antioxidant 

defense parameters in adolescents with increased cardiovascular risk. J Med Biochem. 

39(3) : 346 –354. 

55) Liu, Y.-L. Y., Yuan, X., He, Y.-C., Bi, Z.-H., Li, S.-Y., Li, Y., Liu, Y.-L. Y., & Miao, L. (2024). 

Exploring the predictive values of CRP and lymphocytes in coronary artery disease 

based on a machine learning and Mendelian randomization. Frontiers in 

Cardiovascular Medicine, 11. 

56) Kuppa, A., Tripathi, H., Al-Darraji, A., Tarhuni, W. M., & Abdel-Latif, A. (2023). C-

Reactive Protein Levels and Risk of Cardiovascular Diseases: A Two-Sample 

Bidirectional Mendelian Randomization Study. International Journal of Molecular 

Sciences, 24(11), 9129. 

57) Stumpf, C., Sheriff, A., Zimmermann, S., Schaefauer, L., Schlundt, C., Raaz, D., ... & 

Achenbach, S. (2017). C-reactive protein levels predict systolic heart failure and 

outcome in patients with first ST-elevation myocardial infarction treated with 

coronary angioplasty. Archives of medical science, 13(5), 1086-1093. 

58) Krintus, M., Kozinski, M., Kubica, J., & Sypniewska, G. (2014). Critical appraisal of 

inflammatory markers in cardiovascular risk stratification. Critical Reviews in Clinical 

Laboratory Sciences, 51(5), 263–279. 

 

 

 

 

 

 

 

 

 



19 
 

Samarra J. Pure Appl. Sci., 2025; 7 (4): 9-19                                                                                                      Halah A. et al. 

 
Samarra Journal of Pure and Applied Science 

www.sjpas.com 
 

p ISSN: 2663-7405 
e ISSN: 2789-6838 

المتغيرات الكيموحيوية لدى مرضى  وبعض داي اوكسجنيز -5لايسين-البروكولاجين إنزيم دراسة

 الشريان التاجي

 أمل طه ياسين*،  القادر عبد  الكريم عبد هالة
 العراق الموصل، قسم الكيمياء، كلية العلوم، جامعة 

 معلومات البحث:   الخلاصة: 
أكثر   تعد من  التاجي،  الشريان  مرض  وتحديداً  الدموية،  والأوعية  القلب  أمراض 

مرض  يشكل  حيث  الجنسين،  كلا  وفي  الأعمار  جميع  في  شيوعاً  الوفاة  أسباب 

أكثر من   التاجي  القلب والأوعية  40الشريان  إلى أمراض  المنسوبة  الوفيات  % من 

من الذكور الذين تتراوح   80فرداً )  160الدموية. وقد شملت هذه الدراسة السريرية  

بين   و)  75-35أعمارهم  التاجي  الشريان  بمرض  مصابين  الذكور   80عاماً(  من 

بين   أعمارهم  تتراوح  الذين  نشاط   67-35الأصحاء  تحديد  وتم    عاماً(. 

والإنزيم المحول للأنجيوتنسين،  ، والرينين،  داي اوكسجنيز  -5لايسين-البروكولاجين

بيروالوتاثكو اليون  مستويات  إلى  بالإضافة  وفيتامينا لوتاثككسيديز،  سي،  -يون، 

وال التفاعليوالمالوندايألديهايد  لوكوز،  كوالحديد،  والبروتين  الدم -،  مصل  في  سي، 

قياسات   الوطريق  الإليزاباستخدام  القياس  معنوياً طيفية  انخفاضاً  النتائج  وأظهرت   . 

البروكولاجين نشاط  أد-5ليسين  -في  ووكسجاي  للأنجيوتنسين  نيز  المحول  الإنزيم 

الرينينالوتاث كوال نشاط  في  معنوي  غير  انخفاضاً  ولكن  بيروكسيديز،  لك وكذ.  يون 

ال مستوى  في  معنوياً  وفيتامينا لوتاثكانخفاضاً  نا-يون  ومن  والحديد،  أخرى سي  حية 

بشكل معنوي سي  -والبروتين التفاعليوالمالوندايألديهايد  لوكوز  كارتفعت مستويات ال
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