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Abstract

The current work aimed to clarify the various biochemical parameters in
individuals with coronary artery disease (CAD) that impact the ceruloplasmin
activity. Thus, patients with CAD (n=38 CAD participants) and a healthy control
group (n=38) were included. Their ages ranged from 42 to 67 years old.
Ceruloplasmin activity (Cp), triglycerides (TG), total cholesterol (TC), high-density
lipoprotein (HDL-c) , total protein (TP), albumin, creatinine, urea,
malondialdehyde (MDA), and calcium were measured in the study in serum
samples from each group. The findings of the comparison of measured parameters
between CAD and control groups were as follows: Results revealed that the levels
of TG, TC,VLDL-c, LDL-c,globulin, TP, creatinine, urea, MDA, and
ceruloplasmin activity were significantly higher in CAD group compared with
controls, whereas albumin, HDL-c, and calcium levels have been significantly
lower.

Keywords: Cardio artery disease, Ceruloplasmin, Lipid profile, Total protein,
Kidney function, Oxidative stress.
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Introduction

Stroke, heart failure, hypertension (HTN), congenital heart disease, and peripheral artery
disease are all included in the category of illnesses known as cardiovascular diseases (CVDs)
[1]. Coronary artery disease (CAD) can be identified by developing atherosclerosis in
coronary arteries that may be asymptomatic in some cases. Coronary heart disease (CHD),
which is referred to as ischemic heart disease (IHD) as well, encompasses some of the
conditions like stable angina, acute coronary syndrome (ACS), and silent myocardial
ischemia. Mortality associated with CHD is mainly a result of CAD [2]. Reactive oxygen
species (ROS) are viewed as one of the major factors in the disease's pathogenesis. In
oxidative stress, ROS amount in the body increases gradually as a result of an increase in the
production, lowered anti-oxidant defenses, or a combination of both, which leads to
impairing the redox signaling and compromising molecular damage regulation [3]. Lipid
peroxidation's primary aldehyde byproduct is the 3-carbon dialdehyde species
malondialdehyde (MDA) that can be processed by enzymes or react with the proteins and
tissues in order to generate adducts (MDA-modified macro-molecules), causing bio-
molecular damages [3]. MDA, which is a reactive aldehyde, is one of many reactive
electrophile species inducing toxic stress in the cells [3].

This study has been undertaken for the purpose of framing out lipid and lipoprotein
profiles in patients who have coronary heart disease, Dyslipidemia is a fundamental CAD
cause. Increased levels of total cholesterol (TC), triglycerides (TG), low-density
lipoprotein-cholesterol (LDL-c), and reduced high-density lipoprotein-cholesterol (HDL-c)
are conventional factors of risk in myocardial infarction patients [4]. Cardiovascular
diseases encompass a range of issues related to heart and blood vessels, including ischemic
heart disease, rheumatic heart disease, and cerebrovascular disease, commonly referred to as
strokes [5]. Coronary artery disease (CAD), a form of cardiovascular disease, is seen as one
of the primary causes of illness and mortality, creating a significant socioeconomic burden
globally [5]. Chronic kidney disease (CKD), which affects 10% - 15% of global adult
populations, poses a significant challenge to the public health [6]. CKD can be identified by
long-term, progressive damage to kidneys, which leads to gradual renal function loss with
time. With the progression of CKD, the ability of the kidneys in the efficient filtering of the
blood is weakened. Such renal function deterioration results in accumulating toxins and
metabolic dysfunction, which leads to uremia ultimately. There is considerable evidences that
CKD leads to a significant increase in risks of adverse cardio-vascular outcomes, which
include myocardial infarction (MI), heart failure (HF), stroke, and cardiovascular mortality
[6]. Critically, there is a bi-directional causality in this correlation. Conditions inducing the
circulatory strain, notably hypertension, are referred to to as exacerbated renal damage
because of a reduction in renal perfusion and ischemia, thereby reciprocally affecting the
risks and progression of CVD and CKD [6].

It is undeniable that hypercholesterolemia, one of several cardiovascular risk factors,
could be recognized from an early age as a predictor of future cardiovascular risks [7].
Ceruloplasmin (CP) is a member of the plasma protein class known as o2-glycoproteins. It is
responsible for 95% of total circulatory copper in healthy adult individuals and is generated
in the liver using copper, primarily from food. In addition to contributing to the metabolism
of iron and copper, CP represents an acute-phase reactant that could operate as an anti-
oxidant but produces free radicals, which might cause several diseases [8]. Interestingly, most
dietary copper found in plasma that would ultimately contribute to the development of CP
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was not consumed recently but several weeks or months prior. As a result, it will take time
for the CP to reflect changes in the availability of copper in the diet.

Although oxidative stress might be a significant factor in the beginning of CVD, whether CP
is a causal mediator or a passive marker of inflammation is still unknown. Reviewing
scientific literature reveals that it is challenging to understand how CP affects CHD. To have
a better understanding of the CP's impact on CHD risks, we have conducted the first study
that presents information from observational studies that involve the CP's effects over the
past thirty years. Anti-oxidants can compete with other oxidizable substrates at low
concentration levels, significantly inhibiting or delaying the oxidation of substrates. Anti-
oxidants' physiological function is to stop chemical processes, in particular, the ones that
result from free radicals, from harming cellular components [9].

Blood urea nitrogen (BUN), which is a metabolic waste product of the protein that is
created by the liver and excreted by the kidneys, is routinely employed as a bio-marker for
evaluating the renal functions [10]. The research found a connection between the renal
function indices like the glomerular filtration rate, BUN, and creatinine and CVD mortality
[11]. The present study aims to evaluate some biochemical parameters such as lipid profile,
kidney function tests, blood proteins, and lipid peroxidation represented by malondialdehyde
(MDA) and first-time Cp, an antioxidant secreted from macrophages in patients with CAD.

Material and methods
Design of the study

This study has been conducted in the Department of Biotechnology at the College of
Science at the University of Baghdad. Thirty-eight patients with heart disease either visited
the cardiac clinic or were admitted to the hospital from December 2023 to March 2024, with
38 healthy subjects as a control group. This work performed specific tests on creatinine, urea,
total protein, calcium, globulin, albumin, MDA, and lipid profile, including. TC, TG, VLDL-
¢, HDL-c, LDL-c, and ceruloplasmin activity. The samples were analyzed in the University
of Baghdad's Chemical Lab by the Department of Biotechnology of the College of Science. A
5 mL blood sample was obtained from each patient using of a syringe and needle.

Serum Creatinine Determination:

Creatinine level in the serum have been colorimetrically determined by utilizing
BIOLABO commercially available kits. Kidneys eliminate creatinine released throughout
creatine phosphate metabolism. The colored creatinine picrate complex, carrying ionic limits,
is created in the case where creatinine is combined (in a 1:1 ratio) with alkaline picrate. The
colored complex production rate is correlated inversely with the creatinine content.

Serum Urea Determination:
Using a Randox kit, serum urea was colorimetrically quantified per Fawcett and Scott's [12].

Determining the serum total protein (TP):

Tietz [13] said that the colorimetric technique was used for measuring serum TP through
Randox commercially available kits. This kit the uses Biuret approach to detect the amount
of protein in the serum. The cupric ion interacts with the protein peptide bond in an alkaline
medium, forming a colored complex.

Determining serum albumin concentration:

Albumin in the serum has been measured using a colorimetric method using a commercially
available kit (CliniChem). In order to create a complex green color, this method relies on
specific bromo-cresol green (BCG) binding, an anionic dye, and protein in acid pH. The
sample's albumin concentration directly correlates with the color intensity that results.
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Globulin Concentration Determination:

The total globulin level has been calculated by albumin subtraction from total protein [14].
Globulin concentration (g/dl) = TP (g/dl) — Albumin (g/dl).
Determining serum calcium

Serum calcium has been colorimetrically measured depending on Tietz [13] using a Biolabo
kit.

Measurement of ceruloplasmin
, Ceruloplasmin activity has been evaluated according to Nomoto and Sunderman's approach
[15].

Determining serum total cholesterol (TC):

Using the commercially available kit (bio-Merieux), total cholesterol (T.chol)
concentration was assessed useing of an enzymatic approach [16]. At 500nm, T. chol value
has been spectro-photometrically specified.

Determination of serum HDL-c:

The (bio-merieux) kit has been utilized in order to measure HDLc levels by using an
enzymatic approach [17]. The key concept of this approach is precipitating VLDL-c and
LDL-c chylomicrons and lipoproteins by adding phosphotungstic acid in the presence of
magnesium iones. HDL containing cholesterol and phospholipids has been included in the
supernatant that was created after the centrifugation. At 500nm, HDL had been spectro-
photometrically determined.

Determination of serum triglycerides (TG):

Using Bio-Merieux kit and the enzymatic approach that has been proposed by Prencipel
and Fossati [18], the total serum TG concentration has been specified. The 500.0nm value
has been designated as TG total serum concentration.

Determining the serum VLDLc:

VLDL-c has been specified depending on the classical equation of Friedewald etal. [19].
VLDL-c (mg/dl) = 0.20x TG (mg/dl).

Serum LDL-c Determination:

Serum LDL has been specified based on Friedewald's equation LDLc =

TC — (VLDLc + HDLc).

Determination of Malondialdehyde (MDA):

The conclusion on the concentration of MDA in the serum has been based on the Aust and
Buege technique [20]. The breakdown of poly-unsaturated fatty acids produces MDA, which
is used as an easy way to measure peroxidation processes. Additionally, the thiobarbituric
acid (TBA) used to estimate MDA produces a pink color when reacting with TBA, which
may be read at A max 535 nm [20].

Statistical analyses:

The Statistical Package for the Social Sciences (SPSS)- 22 software has been used for data
analysis. Mean = SD has been used to represent data. The research parameters have been
checked in order to see whether they adhered to Gaussian distribution utilizing the Shapiro-
Wilk test of normality. The Bonferroni Post Hoc test was used for multiple comparisons
following ANOVA tests. Using Pearson's correlation analysis, the levels of the link were
examined. A p<0.05 value had been indicated as significant [21].

Results and discussion
Level of lipid profile in coronary artery disease
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Compared to the controls, patients with CAD have significantly different lipid profile
levels. Compared to the control group, Table 1 shows a significant increase p < 0.05 in TC,
TG, VLDL-c, and LDL-c in CAD participants. Compared to control subjects, HDL-C has a
lower significance (P < 0.05).

Tablel: Level of lipid profile in patients with CAD

Parameters Control subjects CAD subjects P- values
Mean +SD (N=38) Mean +SD (N=38)
T.ch (mg/dL) 133+£2.4 198 +£5.5 <0.05
TG (mg/dL) 88 +3.4 143 £4.4 <0.05
HDL-C(mg/dL) 43+3.1 35+4.2 <0.05
VLDL-C (mg/dL) 17.60 £ 1.6 28.6+4.1 <0.05
LDL-C (mg/dL) 72.4+32 1344+ 6.1 <0.05

According to the degree of coronary artery narrowing,myocardial responses can be
classified as chronic ischemic heart disease, acute myocardial infarction, chest discomfort,
and sudden cardiac death. The most prevalent risk factors for CHD include smoking,
hypertension, diabetes, obesity, gender, stress, age, and dyslipidemia [22-24]. In addition,
high TG levels, TC, LDL-c, VLDL-c, and low HDL-C levels are among the most frequently
modifiable risk factors for CHD [25]. The widely recognized cholesterol-diet-CHD
hypothesis results from cholesterol's crucial role in CHD. This theory states that elevated
plasma cholesterol concentrations raise CHD risk. With declining concentrations of serum
TC, this risk is declining.

Epidemiologic research findings revealed a significant risk factor for CHD is the co-

occurrence of low HDL-c and increased TG levels [26]. Patients who have low HDL-c and
higher TG have maximum rates of major coronary events, according to post hoc analyses of
many trials [27]. Although there is some debate about whether elevated small, dense LDL-c
particles constitute an independent risk factor, it is undeniably related to a higher CHD risk
[27]. This is in agreement with the study conducted by Muntaha et al., [28], patients with
CAD had lower HDL-c levels and higher TC, LDL-c, TG, and VLDLc than the healthy
group..
. Vitamin D lack leads to impairing pancreatic beta cells’ activity, which is a cause of insulin
resistance, abnormalities in lipoprotein metabolism, and eventually higher levels of TG and
lower levels of HDL-c. Managing dyslipidemia risks in T2DM represents a critical CAD
prevention component. Those results have shown that low 25-OH D levels predict elevated
atherogenic lipoproteins and vitamin D administration could help avoid the cardiovascular
disease [29].

Effect of total protein in coronary artery disease

In this study, patients with CAD significantly increased p < 0.05 in serum TP and globulin
levels, as seen in Table 2. Although there is a reduction in Albumin in CAD participants
compared to the controls, significant P < 0.05.

Table 2: Serum TP, albumin, and globulin in patients with CAD

Parameters Control subjects CAD Subjects P- value
Mean +SD (N=38) Mean £SD (N=38)
TP (g/dl) 6.90+0.62 7.8+0.72 <0.050
Albumin (g/dl) 4.6:£0.41 3.31+0.51 <0.050
Globulin (g/dl) 2.3+0.51 4.49+0.73 <0.050
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Studies have shown that patients with atherosclerosis and type 2 diabetes have higher
TP levels when compared to healthy people because these conditions alter not just the
metabolism of glucose and lipids but also of protein [30]. The fact that protein intake
significantly influences serum TP levels could cause a discrepancy in findings between such
works [31]. Compared with the healthy group (Table 2), the albumin levels in the CAD group
declined, however, there was a significant difference between CAD and the controls, and the
results for globulin were quite the opposite. As insulin regulates albumin expression in the
liver, findings from various works [32] demonstrated that albumin level was reduced in
atherosclerosis [32]. Insulin specifically inhibits albumin production by acting directly on the
liver [33]. Because of the cross-sectional nature ofthe study indicating more significant
mortality with hypoalbuminemia, lower albumin levels could increase the risk of
atherosclerosis [34]. Albumin's capacity to transport bilirubin gives it an indirect anti-oxidant
function [35]. People with CAD showed a decrease in serum albumin's anti-oxidant capacity,
which might exacerbate oxidative stress (OS) and lead to vascular and metabolic morbidities
[36]. Proteins have been chosen for the evaluation in the present study based on their roles in
the mechanisms underlying atherosclerosis, atherogenesis, and plaque instability, which
includes vascular inflammations, aberrant lipid regulation, thrombosis, metabolism
hormones, and vascular smooth muscle and extracellular matrix (ECM) re-modeling [37].
Serum albumin represents one of the essential nutritional indicators, the main oncotic
pressure factor, and body fluid modulator [38]. In clinical settings, as critical and simple
nutritional indicators. It is used in general for the evaluation of clinical courses of different
illnesses, which include burns, shock status, trauma, hemorrhage, bleeding events, terminal
renal dysfunctions, acute respiratory distress syndrome, post-resuscitation, and nutritional
therapy [39,40]. A serum albumin level reduction is typical in critically ill patients and is
generally a result of increased wasting, bleeding because of inflammations, and Albumin
leakage from the gastrointestinal tract [38]. Albumin levels may decrease as well because of
the re-distribution from the intra-vascular space to the interstitial space, which results from
increased capillary permeability or poor nutritional status and liver function reflection [41].
Albumin’s action and pathophysiology are thought to be essentially correlated with cardiac
dynamics and inflammation and share numerous features with CVD’s aggravating factor
[42].

Kidney function related to coronary artery disease.

Patients with CAD significantly differed in their creatinine, urea, and calcium levels, as seen
in Table 3. Compared to the controls, the creatinine and urea levels in the CAD group are
much higher (p < 0.05). Compared with the healthy participants, patients with CAD had
lower serum calcium levels with a significance level of p<0.05.

Table 3: Creatinine, urea, and calcium levels in patients who have CAD

Parameters Controls subjects CAD subjects P-value
Mean £SD (N=38) Mean £SD (N=38)
Urea (mg/dl) 14.90+£2.9 47.8+6.8 <0.05
Creatinine (mg/dl) 0.60+0.2 2.6+0.6 <0.05
Calcium (mmol/L) 1.87+0.3 1.1£0.32 <0.05

As a result of increased exposure to and accumulation of several cardiovascular risk
factors, the mortality and morbidity of CVD were steadily rising globally [43]. According to
prior research, risk factor-based control and prevention methods could significantly lower
cardiovascular risk . Additionally, a few clinical studies have discovered that the increase in
serum creatinine levels that frequently signifies a decline in the glomerular filtration rate
could be utilized as a predictive CVD marker [44].. Increased creatinine levels were reported
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to play a role in the increase of the risks of various CVDs. Understanding how creatinine
interacts with different cardiovascular risk factors and patient cardiovascular risk is
necessary. Serum creatinine levels were closely related to cardiovascular risk variables in our
investigation. When assessing risks for the development of CVD, serum creatinine must be
considered in addition to conventional CVD risk variables as it is a reasonably convenient
biochemical measure [44].

In the case where most of the human kidney is affected by pathological damages, and the
glomerular filtration rate (GFR) percentage is reduced (over 50%), the case of an elevated
serum creatinine level could be clinically evident. Its concentration is dependent upon various
factors, including the rate at which creatinine is produced, the volume of distribution,
extrarenal metabolism, and renal injury [45]. High serum creatinine frequently reduces the
glomerular filtration rate, is prone to water-sodium retention, and raises the burden on heart
and cardio-vascular risk [46]. Serum creatinine behaves as a pro-inflammatory state marker,
and inflammation-mediated endothelial dysfunction was shown to be related to the
occurrence of cardiovascular events in adult females who have a reduction in renal function.
Uncertainty exists regarding underlying mechanisms causing the correlation between baseline
serum calcium levels and CAD. Reduced serum Ca has the potential to interfere with
electrophysiological activity. Low serum Ca levels for cardiomyocytes can prolong the
plateau phase of ventricular action potential and delay Ca channel closure, which is
considered one of the independent high-risk factors for mortality [47]. Vascular smooth
muscle cells could be damaged by calcium insufficiency, which might worsen cardiovascular
conditions and worsen the prognosis for CAD patients. Blood pressure could also rise and
disturb lipid metabolism [48]. Wang etal., [49] have observed that higher levels of serum
calcium have been related to lower rates of mortality amongst CAD patients, which
suggests that there are possible protective effects [49]. On the other hand, Zhang et al., [50]
have reported a positive correlation between higher levels of serum calcium and coronary
atherosclerosis severity in patients who are undergoing cardiac CT, which is an indication of
the fact that increased levels of calcium might be a contributing factor to the vascular
calcification [50].

Effect of oxidative stress on CAD patients
Ceruloplasmin (Cp) activity and Malondialdehyde (MDA) in the group with CAD is
significantly increased (p <0.05) in comparison with the controls, as listed in Table 4.

Table 4: Ceruloplasmin activity and MDA levels in CAD and healthy patients.

Parameters Control subjects CAD subjects P-value
Mean £SD (N=38) Mean £SD (N=38)
Cp activity (U/L) 789+£121.3 1150+278.4 <0.05
MDA (mg/L) 0.62+0.13 1.4+0.32 <0.05

Table 4 shows that patients with CAD had higher MDA levels than the healthy group. This
characteristic is one of the cells' final poly-unsaturated fatty acid peroxidation products in
cells. Since MDA is a well-known indicator of anti-oxidant status and oxidative stress [51],
an increase in MDA levels denotes the existence of OS, as adipose tissue secretes adipokines,
which trigger the formation of ROS and result in the process known as oxidative stress (OS).
. According to Pizzino et al., [52], the OS is typically brought on by either genetics or
environmental factors such as smoking, poor dietary habits, and exposure to toxins. Increased
lipid peroxidation impairs the function of the membrane by decreasing its fluidity and
altering the actions of receptors and enzymes linked to the membrane. MDA is a persistent
end product of the lipid peroxidation. It may be described as a three-carbon aldehyde in
various forms in aqueous solutions. MDA has been used as a lipid peroxidation biomarker
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and an indicator for damages caused by free radicals [53]. Obesity is thought to be a
condition of chronic inflammation that creates OS. According to Pizzino et al., [54], lipid
peroxidation caused by OS and these ROS can aid in the development of atherosclerosis if
the generation of these ROS surpasses the cell's antioxidant. The levels of MDA significantly
increased in an Indian study of obese males. Increased accumulation of fats, obesity, and the
consumption of high-calorie, high-fat meals are all directly related to changes in OS [54].

A study has been carried out to ascertain the association between potential OS markers and
accelerated development of carotid atherosclerosis in patients with CKD. Discovered that
CVD, particularly atherosclerosis, could be indirectly identified by assessing OS markers like
MDA [55]. Serum ferroxidase, the enzyme under study (CP), is a positive acute-phase
reactant because it rises in concentration in response to inflammation and cell damage. It
helps to bind iron to transferrin by oxidizing it from ferrous (2+) to ferric iron (3+). It might
play a role in regulating the oxidation of membrane lipids [56]. High levels of CP could result
in vascular injury by producing free radicals (FRs) and oxidizing LDL to make it more
atherogenic. Because freed copper could contribute to oxidative disease, the ROS interferes
with copper's ability to attach to CP, limiting its usual protective function [57]. This study
presents strong evidence that supports serum MDA utility as one of the reliable biomarkers
for the evaluation of CAD and its potential in predicting adverse cardiovascular outcomes.
Such oxidative stress gradient, as the levels of MDA have indicated, aligns with the theory
that oxidative mechanisms play a crucial part in atherosclerosis and subsequent
cardiovascular events' progression [58]. The observed gradient suggested a direct relationship
between oxidative stress intensity and CAD advancement. Oxidative stress plays a role in
endothelial dysfunctions, plaque instability, and inflammation, all vital in CAD progression
[59]. The increasing MDA levels with the severity of CAD underscore its potential as a
reliable marker for assessing this disease's progression and prognosis.

Conclusion

The present work, concluded that CAD patients had significantly higher TC, TG, LDL
levels, urea, creatinine, TP, globulin, MDA, and CP activity. These results might be helpful
for CHD treatment and similar future research.
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