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Objectives: The aim of our study was to determine neopterin concentration in patients with Cardiovascular Diseases and their relationship with 

                                                                                                                                                                                                          .clinical parameters 

Background: The release of various cytokines activates cellular defense in cardiovascular diseases. As well as in the vascular endothelium and 

cardiomyopathy, neutrophils and monocytes/macrophages have been found to be infiltrating the artery and the heart, An indicator for those activated 

macrophages is neopterin, a byproduct of the guanosine triphosphate-biopterin pathway. 

75 65) years, of both sexes, from the cardiac care unit at Ibn -blood samples of people with cardiovascular diseases, aged between (35 :Methods

Sina Teaching Hospital / Mosul / Iraq, and compared with 75 blood samples of apparently healthy people. Neopterin levels were determined with             

a commercially available enzyme-linked immunosorbent assay  

method.                                                                                                                                                                               

Conclusions: Our data support the hypothesis of activation of monocytes and macrophages in patients with cardiovascular diseases. neopterin as a 

marker for macrophage activation is significantly increased in patients with  CAD .there was a correlation between neopterin and clinical parameters 

as markers for the extent of the Atherosclerosis 

 

Keywords: Neopterin, Cardiovascular, BMI, antioxidants, troponin I  aminotransferase.  

 

Introduction 
The induction of plaque rupture appears to be the mechanism through which atherosclerosis develops into an acute 

clinical episode, the number and activation state of macrophages and inflammatory cells have a greater impact on the 

risk of plaque rupture atherosclerotic plaques' primary rather than plaque size (1-2) Inflammatory cells may be 

responsible for the weakening of the fibrous cap by lytic enzymes and subsequently the atherosclerotic plaque (3). 

Neopterin is produced by macrophages and is also expressed in Atheromatous plaques within the carotid artery 

coronary artery, as well as the aorta. (4)  Monocyte activation is believed to play an important role in the pathogenesis 

of acute coronary syndromes (ACS), and neopterin is a marker of its activation, and elevated levels have predictive 

value (5-6).                                                                                                                                                                         

Neopterin is involved in immune activation and is a marker of disease activity in many inflammatory conditions (7). 

Information about the activation of cellular immunity in humans under the control of T helper cells type 1. Production 

of neopterin is associated with Elevated by increasing production of reactive oxygen species (4, 8) .Neopterin is a 

more sensitive biomarker for coronary heart disease than C-reactive protein, fibrinogen, and homocysteine and is 

equivalent to malonaldehyde (an end product of lipid peroxidation) as a stroke biomarker (4,9).                                   

 

No data are available on neopterin in patients with cardiovascular diseases in Iraq. We, therefore, compared neopterin 

levels in patients with healthy control subjects. Additionally, we examined whether neopterin  correlated with 

noninvasive indexes for the extent of myocardial necrosis                                                                                               
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Materials and methods: 

This study included 75 blood samples of people with cardiovascular diseases, aged between (35-65) years, of both 

sexes, from the cardiac care unit at Ibn Sina Teaching Hospital / / Mosul / Iraq and compared them with 75 blood 

samples of apparently healthy people. The study samples were collected for the period from (1/12/2021) to 

(4/12/2022) from the city of Mosul.  

Fasting and non-fasting blood were taken, and the serum was separated (10 ) and used to estimate the following clinical 

parameters: 

 

Neopterin: Was determined by Sandwich enzyme-linked immunosorbent assay (ELISA), using My BioSource kit 

(USA). 

Aspartate aminotransferase and Alanine aminotransferase: Were determined by enzymatic colorimetric method 

using a BIOLABS kit (France) . 

Creatinine kinase: Was determined by enzymatic colorimetric method using RANDOX kit  

(U.K).  

C-reactive protein: Was determined by using a Plasmatec kit (France) 

Troponin I : Was  determined by enzyme-linked fluorescent immunoassay (ELFA) using a device mini VIDAS,  

Biomerieux kit (France) 

Malondialdehyde (MDA): was measured manually according to the modified method of (11). 

Arylesterase activity: Was determined by enzymatic hydrolysis of phenyl acetate to phenol and acetic acid (12) 

Body Mass Index (BMI): Was calculated as weight in kilogram divided by square height in meters (13) 

 

DATA ANALYSIS: 
The data obtained in this study were analyzed using Statistical Package for Social Sciences (SPSS)  

• Standard statistical methods were used to determine the mean and standard error. 

• T-test was used to compare two parameters. 

• Liner regression analysis [Pearson correlation coefficient (r)] was used to find the  

• Relationship between different chemical parameters. 

• P-Value ≤ 0.05 was considered to be statistically significant    ( 14 ) 

 

RESULT AND DISCUSION: 

The concentration of Neopterin in serum of control group and its normal 

reference values   

Neopterin is an indicator of cellular immune activity that can be measured in different body fluids where its 

concentration is stable for a long time and normal reference values vary serum neopterin according to researchers and 

sources (15-16). It was found that the normal range of neopterin concentration is (8.4 ± 1.3 nmol/L) in the blood serum 

of the control group, for both sexes and for all studied age groups, as shown in Figure (1), which agrees with (7.9 ± 

1.9 nmol/L) found by (17-18).                                                                                                                                            

The neopterin concentration ranges from 5–8 (nmol/L), and most data indicate that the normal reference value 

neopterin concentration in serum is less than (10 nmol/L), because it represents its concentration in about 98% of 

healthy people (16, 19). 

The concentration of Neopterin in serum of Patients group 

It was found that the average neopterin concentration was (10.9 ± 1.5 nmol/L) in the blood serum of a group of patients 

with cardiovascular disease, for both sexes and for all studied age groups, as shown in Figure (1). 
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The concentration of Neopterin in serum of patients with cardiovascular 

diseases and its comparison with a control group 

The results showed that there was a significant increase at the level of (p ≤ 0.01) in the concentration of neopterin in 

the blood serum of the patient’s group compared with the control group, according to the total average, as it was found 

that its concentration in the patient’s group was ((10.9 ± 1.5 nmol / L), while in the control group, it was (8.4 ± 1.3 

nmol/L) as shown in Figure (1). 
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Effect of age 
Figure (2) shows that there is a significant increase at the level of (p ≤ 0.01) in the concentration of neopterin in the 

blood serum of the patients group compared with the control group, depending on age and for all studied age groups. 
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Effect of body mass index (BMI) 
There was a significant difference at the level of (p ≤ 0.01) in the concentration of neoptrin in the blood serum of the 

patients group compared with the control group, depending on the body mass index and for all levels, as shown in 

Figure (3). 
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Effect of gender 
 

Figure (4) shows that there is a significant increase at the level of (p ≤ 0.01) in the concentration of neopterin in the 

blood serum of the patients group compared with the control group based on the division by gender. Its concentration 

is high in male and female patients when compared with its concentration in healthy males and females.                     
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Effect of fasting  
The results of the effect of fasting showed a significant increase at the probability level (p ≤ 0.01) in the concentration 

of neoptrin in the blood serum of the patient’s group, compared with the control group, as shown in Figure (5) .         
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* Significant difference at P≤0.01 

 

Effect of smoking 
There was a significant difference at the probability level (p ≤ 0.01) in the concentration of neopterin in the blood 

serum of the patient’s group compared with the control group, depending on smoking, as shown in Figure (6). 
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The concentration of neopterin is elevated in patients with cardiovascular disease, and this is consistent with its 

findings (5,20).                                                                                                                                                                   

Inflammation plays a major role in the pathogenesis of atherosclerosis and cardiovascular disease, and the 

inflammatory state has a negative impact on patient outcome, and neopterin is produced by monocyte/macrophages 

upon activation of the cellular immune response to pro-inflammatory stimuli such as the cytokine interferon-gamma, 

(6,21).                                                                                                                                                                                  

Neopterin also has pro-oxidant properties, which have been demonstrated in physicochemical and cell culture studies. 

An increase in neopterin secretion is associated with an increase in the production of active oxygen species (8, 22)  

, and decreased levels of serum antioxidants. Therefore, neopterin production may also indirectly reflect the severity 

of oxidative stress as Reactive oxygen species (ROS) are key signaling molecules that have an important role in the 

development of inflammatory disorders.                                                                                                                            

ROS by polymorphonuclear neutrophils (PMNs) at the site of inflammation leads to endothelial dysfunction and tissue 

injury as a result of which neopterin levels are elevated in body fluids in a range of diseases where T cells or 
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macrophages are activated, and has been identified as a marker of disease and inflammation e.g. viral infections 

Accordingly, Neopterin has been widely used as a clinical marker for immune activation during inflammation in a 

wide range of conditions and stress (6,23-24). 

 

Oxidizing and antioxidants agents 
The results showed a significant increase in the concentration of malonaldehyde at the level of (P≤0.01) in the patient 

group compared with the control group as shown in Table (1). This is consistent with (25-27), and is attributed to the 

presence of an increase in the levels of lipid peroxidation in patients with cardiovascular disease, which causes a high 

concentration of malonhyde as a by-product of lipid peroxidation (28). 

 

There was also a significant decrease in the activity of the aryl esterase enzyme in patients with cardiovascular diseases 

at the level of (p≤0.01)), compared with the activity of the enzyme in the control group. The enzyme binds to high-

density lipoprotein HDL and acts as an antioxidant through the group of free sulfhydryls in its reduced form, and when 

the fat is associated with it, it turns it into the inactive oxidized form, and thus the enzyme’s effectiveness decreases 

(29-30). 

 

 

Table (1): The concentration of oxidizing agents and antioxidants in the control and patients groups 

 

Patient Group 

Mean± SE 

Controls Group 

Mean± SE 

Oxidizing and antioxidants agents 

62.4±8.8* 95.5 + 7.5 Arylesterase(U/ml) 

17. 6 ±3.5* 
13.8 + 2.7 

MDA (µmol/L)  

 

* Significant at the level P≤0.01 

 

Cardiac indications 
The results shown in Table (2) showed a significant increase at the level of  (P≤0.01) in the activity of the two enzymes 

that transport the amino group AST and ALT in patients with cardiovascular diseases compared with the control group, 

and the reason for this is that the two enzymes are secreted from liver and muscle cells and their effectiveness increases 

As a result of damage and dissolution of mitochondria and necrosis in cardiac muscle cells or in liver cells, causing 

these enzymes to be released into the blood, this is consistent with (31-32) 

 

A significant increase was found at the level (P≤0.01) in the activity of creatine kinase enzyme in the patient group 

compared to the control group as shown in Table (2), and this is consistent with what was found ( 33-34) that the 

activity of the enzyme increases in heart disease, and the reason may be due to necrosis of the heart muscle, then its 

death, and the enzyme is released in additional quantities to the plasma.                                                                          

  

The level of C-reactive protein can be an indicator of the risk of developing cardiovascular problems because the 

development of atherosclerosis (the placement of cholesterol within the walls of blood vessels) is associated with 

inflammation within the walls of blood vessels, and C-reactive protein is an indicator of the state of Inflammation,(3, 

35-36) a significant increase was found at the level (P≤0.01) in the patient group, as shown in Table (2). CRP, which 

indicates the level of inflammation and its role in the formation of sclerosis and its complications.                               
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The results shown in Table (2) also indicate that there is a significant increase in the level of troponin I at the level (P 

≤ 0.01) in patients, and this is consistent with what was shown by (37-38) that when the heart muscles are damaged, 

troponin is sent into the bloodstream and with increased heart damage more amounts of troponin are released into the 

blood which is indicative of a heart attack that occurs when blood flow to the heart is blocked, which is a criterion for 

detecting heart muscle damage and for predicting Acute myocardial infarction or death in patients with unstable 

coronary heart disease (CHD) and heart failure (HF) correlates with the amount of damaged myocardium, which is a 

predictor of the risk of death. 

 

Table (2): Cardiac indicators in the two control groups of patients 

 

Cardiac indications 

Control group 

Mean ± S.E 

Patients group 

Mean ± S.E 

AST (U/L) 25.3 ± 4.8 69.7±8.2* 

ALT (U/L) 29.9 ± 8.4 60.2±7.7* 

Creatine kinase (CK) (U/L) 55.8±6.9 108.8+10.5* 

C-reactive protein (CRP) (mg /L)  4.1 ± 2.2 36.4 ±5.8* 

Troponin I (ng/L)  3.3±0.2 95.2±11.5* 

 

* Significant at the level P≤0.01 

 

Study the relationship between Neopterin and Clinical indications in control 

and patients group 

Table (3) shows that there is a positive significant correlation at the level of ((P≤0.05) between the concentration of 

neopterin with the level of active C protein in the group of patients. The presence of infections, therefore, rises as a 

result of damage to the heart muscle, as well as n Neopterin rises as a result of inflammation and the pathological 

condition (39-40). 

and no correlation was shown between neopterin and other indicators.. 

 

Table (3): the relationship between Neopterin and Clinical indications in control and patients group 

Clinical indications 
Control group 

r-value 

Patients group 

r-value 

AST (U/L) 0.826 0.842 

ALT (U/L) 0.558 0.518 

Creatine kinase (CK) (U/L) 0.636 0.681 

C-reactive protein (CRP) (mg /L)  0.572 0.245* 

Troponin I (ng/L)  0.742 0.755 
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Arylesterase(U/ml) 0.615 0.667 

MDA (µmol/L)  
0.593 

0.554 

* Significant at the level P≤0.05 

 

 Conclusion 
It was concluded that neopterin has a major role in cardiovascular diseases and can be represented as a marker of this 

disease. Also, the positive relationship between neopterin with C-reactive protein in patients group. This indicates the 

importance of neopterin as a predictive diagnostic marker in cardiovascular diseases and related diseases. 
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