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Introduction: Numerous factors contribute to the advancement of
progressive kKidney damage in chronic kidney disease (CKD). Among these,
oxidative damage plays a significant role in the progression of CKD. The
reactions involving free radicals are recognized as a crucial element that can
exacerbate oxidative damage in patients with CKD. However, the precise
mechanisms underlying oxidative damage remain incompletely understood.
Consequently, this study aimed to explore oxidative and other associated
biochemical parameters.

Materials and Methods: This case-control study included 38 male and 23
female patients, with mean ages of 58.9 + 15.9 and 62.13 + 13.43 years,
respectively. At the same time, 40 healthy male and 22 healthy female
individuals with an average age of 60.33 + 10.62 and 59.3 + 6.64,
respectively, were selected as the control group who had no history of any
diseases such as hypertension, diabetes, infection and kidney disease.
Research variables including malondialdehyde (MDA), nitric oxide
metabolites (nitrite/nitrate), and homocysteine (Hcy) concentration were
measured in both case and control groups. Statistical analysis was done
according to the obtained results.

Results: There was a significant increase in homocysteine concentration in
CKD patients compared to the control (P = 0.001). Nitrite and nitrate
metabolites exhibited a substantial reduction in patients when compared to
the control group (P = 0.001). On the other hand, malondialdehyde (MDA)
showed a significant increase in patients compared to controls (P = 0.01).
Conclusion: The findings indicate that homocysteine levels, lipid
peroxidation, and alterations in nitric oxide may significantly contribute to
the progression of oxidative damage in patients with chronic kidney disease
(CKD) and may also influence the disease’s pathogenesis.
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Introduction

Chronic kidney disease (CKD), often referred to
as chronic kidney failure, is characterized by a
progressive decline in kidney function over time
[1]. CKD results in numerous fatalities worldwide
each year. Among CKD patients, cardiovascular
(CV) disease is the primary cause of death, and its
prevalence has been on the rise globally [2].
Established risk factors, including diabetes,
hypertension, and dyslipidemia, have been shown
to have a significant correlation with
cardiovascular disease in patients with CKD.

One of the newly identified risk factors is
oxidative stress, characterized by an excess of
reactive oxygen species (ROS) and/or a
diminished capacity for antioxidant defense. This
phenomenon has been extensively documented
and researched in patients with uremia.

It may play a role in the development of
atherosclerosis, cardiovascular incidents, and
various complications associated with CKD,
including endothelial cell dysfunction, anemia,
and protein-energy malnutrition [3].

Free radical reactions, particularly lipid
peroxidation, are regarded as significant
contributors  to the development of various
diseases, especially CKD [4, 5]. The progression
of CKD may lead to an increase in lipid
peroxidation and a reduction in antioxidant
defenses, potentially resulting in oxidative
damage to the kidneys of patients suffering from
chronic renal failure [6]. One significant
consequence of membrane lipid oxidation,
primarily taking place in mitochondria, is the
impairment of normal endothelial function, a

critical element in cardiovascular diseases linked

to CKD [7]. This phenomenon arises from the
interaction of ROS with the double bonds present
in unsaturated lipids, ultimately resulting in the
generation and accumulation of lipid radicals.
This alteration in membrane lipid structure leads
to the formation of various products, including
reactive electrophiles such as epoxides and
aldehydes [4, 5, 8]. Malondialdehyde (MDA) is a
significant and primary byproduct of lipid
peroxidation, serving as an important biomarker
for evaluating the extent of lipid peroxidation [4,
5,9].

Nitric oxide (NO) and its derivatives, nitrite and
nitrate, serve as significant signaling molecules
involved in numerous physiological and
pathological conditions. Their primary functions
can be categorized into three main areas:
the regulation of blood flow within the
vascular endothelium (vascular homeostasis),
neurotransmission, and mechanisms of host
defense. The role of NO in the kidneys is
multifaceted, influenced by its concentration, the
specific site of release, and the duration of its
action. Endothelial damage and the resulting
dysfunction of the microcirculation are likely
initial events in renal hypoxia, with disturbances
in NO-related pathways playing crucial roles.
Furthermore, NO metabolites, such as nitrite and
nitrate, may serve as potential biomarkers for
evaluating vascular endothelial damage in patients
with CKD [10].

In recent years, research has focused on the direct
correlation between changes in homocysteine
(Hcy) metabolism and the unfavorable outcomes

associated with kidney diseases. Hcy is a sulfur-
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containing non-proteinogenic amino acid that
results from the demethylation of the essential
amino acid methionine (Met). It serves as an
intermediate in the biosynthetic pathway that
facilitates the conversion of Met into cysteine.
The metabolism of Hcy takes place through
two primary pathways: remethylation and
transsulfuration [11, 12, 13]. Hcy is recognized
for its transsulfuration process, which occurs in
the kidneys. Consequently, notable changes in the
enzymes and mechanisms associated with
transsulfuration significantly elevate plasma Hcy
levels while concurrently causing impairment in
renal and cardiovascular functions. A moderate
rise in plasma Hcy levels can be detected from the
early stages of CKD, coinciding with deterioration
in renal function. This change is regarded as a
critical element in the advancement of kidney
diseases, particularly CKD [14].

Consequently, it is crucial to identify and utilize
biomarkers that can facilitate the early diagnosis
of kidney damage. In this research, we assessed
several of these markers in individuals diagnosed
with CKD.

Material and Methods

Sample collection and preparation

The present study is a case-control study. The
sample size in this study was calculated based on
the significance level of 0.05 and the power of
80%, the minimum required size of 60 samples in
each group. Thus, blood samples were taken from
38 male and 23 female patients diagnosed with
CKD, with an average age of 58.9 + 15.9 and
62.13 + 13.43, respectively. At the same time, 40
healthy male individuals and 22 healthy female

individuals, with an average age of 60.33 + 10.62

and 59.3+6.64, respectively, were concurrently
selected as the control group. These individuals
had no prior history of any diseases, including
hypertension, diabetes, infections, or kidney
disease. They also had no history of smoking.
Also, neither the case group nor the control group
took any antioxidant drugs or other drugs that
could interfere with the research parameters. All
patients were 4 grade of CKD and were treated in
the nephrology department of the hospital.
Informed consent was obtained from the patients
and subjects involved in the current study. Ethical
committee approval has also been obtained. To
perform tests first, 10 ml of whole blood sample
was taken from each person in each group and
transferred to two tubes containing EDTA-
anticoagulant and without anticoagulant. Then,
blood samples taken from patients were
centrifuged at 4000 rpm for 10 minutes to obtain
the required plasma and serum for the
experiments. Hematological parameters were
performed on whole blood samples.
Measurement of Hematological Parameters
Erythrocyte count, hematocrit, hemoglobin
concentration, and other erythrocyte indices such
as MCH, MCHC, and MCV were measured by
cell counting device (Sismex, K-1000, Japan).
Measurement of Biochemical Parameters

All measurements of biochemical parameters,
including glucose, urea, calcium, and phosphorus
concentrations, were performed on a serum
sample by a Chemistry autoanalyzer (Hitachi 902,
Japan). Thus, the Concentration of urea was
measured by the urease method, creatinine by the
Jaffe reaction, calcium by the Arsenazo method,
and the concentration of phosphorus was

measured by the phosphomolabate method
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according to the kit protocol. Sodium and
potassium concentrations were also measured
using a flame photometer (Eppendorf, Efox 5054,
Germany).

Plasma Homocysteine (Hcy) assessment

A plasma sample was utilized to assess
homocysteine levels. The concentration of
homocysteine was determined following the
protocol provided by the kit (Axis-Shield, UK).
This procedure involves two distinct steps.

Step 1 (Reduction reaction):

At this stage, plasma protein-bound homocysteine
is first reduced to free homocysteine by tris
(2-carboxyethyl) phosphine.

Step 2 (Enzymatic Conversion reaction):

In this step, homocysteine is converted to
cystathionine by cystathionine beta-synthase, and
then cystathionine is converted to Pyruvate by
cystathionine beta-lyase. Following this, pyruvate
is converted to lactate by a lactate dehydrogenase
enzymatic reaction (NADH is used as a cofactor
in this reaction). In this reaction, the optical
density (OD) of NADH to NAD converter, which
is proportional to the initial concentration of
homocysteine, is read using an autoanalyzer
(Cobas Mira, Roche, Germany).
Malondialdehyde (MDA) assessment

MDA is the primary byproduct resulting from the
peroxidation of polyunsaturated fatty acids. The
concentration of MDA is measured by the
reaction of thiobarbituric acid [15]. In this
reaction, after the proteins were precipitated by
trichloroacetic acid, the unsaturated fatty acids
were oxidized with thiobarbituric acid, resulting in
a color complex whose adsorption rate at 532 nm
was read. This adsorption rate is converted to

concentration (nmol) using a standard curve.

Measurement of nitrite/nitrate metabolites

The content of nitric oxide metabolites was
assessed using the classic Griess spectro-
photometric assay [16]. Briefly, the nitrate
content of the sample was reduced to nitrite
using vanadium trichloride. Griess reagent was
added, and the samples were incubated at 37
°C for 45 minutes. Optical density (OD) was
assayed using an ELISA reader (Hiperion,
Germany) at 540 nm. The adsorption rate is
converted to concentration (pmol) using a
standard curve.

Statistical Analysis

SPSS v.22.0 software (SPSS Inc., Chicago, IL,
USA) was used to analyze data. The
Kolmogorov-Smirnov test assayed data normal
distribution. Independent sample t-test and Mann-
Whitney were performed to compare groups at
each time point. The results were displayed as
mean standard deviation (SD), and P < 0.05 was

considered significant.
Results

Hematological parameters

As indicated in Table 1, the erythrocyte count,
hemoglobin levels, and hematocrit values in
patients with CKD were significantly lower when
compared to the control group (p < 0.01).
Additionally, the erythrocyte indices, which
encompass MCV, MCH, and MCHC, exhibited
significant alterations in CKD patients relative to
the control group (p = 0.03, p = 0.02, p = 0.01),
respectively.

Biochemical parameters

The findings displayed in Table 2 indicate that
the concentrations of wurea, creatinine,

phosphorus, and potassium were significantly
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elevated in individuals with CKD when
compared to the control group (p = 0.0001, p =
0.0001, p = 0.001, p = 0.01), respectively.
Conversely, the concentrations of sodium and
calcium were significantly reduced in the CKD
group relative to the control (p < 0.01).
Homocysteine (Hcy) concentration

The findings from the enzymatic assessment of
Hcy indicated that the concentration of Hcy
was typically elevated in patients with CKD
(21.52 £ 11.69) compared to the control group
(9.8 £ 4.7), which was statistically significant
(p <0.001) (Fig. 1).

Malondialdehyde (MDA) concentration

The results showed an increase in MDA
concentration in the CKD group (17.64 + 6.1)
compared to the control group (16.22 *+ 4.66),
which, according to the statistical analysis of the t-
test, this difference was found to be statistically
significant (p = 0.01) (Fig. 2).

Nitric oxide (NO) metabolites (nitrite/nitrate)
According to the results, nitrite/nitrate
concentration was decreased in the patient group
(21.15 £ 7.3) compared to the control group
(38.91 £ 7.30). This difference was found to be
statistically significant (p < 0.001) (Fig. 3).

Table 1. Evaluation of Hematologic Parameters in CKD patients compared with the control group

CKD Patients

Parameters

X+ SD, N=60

RBC (1 x108/ml) 3.6+0.62

Hb (gr/dl) 10.65+1.92
Hct (%) 32.25+5.38
MCV (fl) 89.7446.51
MCH (pg) 29.59+2.65
MCHC (g/dl) 32.7940.89
PLT x 1000 187.83+65.5

Control Group

X+ SD, N=60 P-value
5.05+0.53 0.001
14.72+1.43 0.001
44.90+4.04 0.001
88.93+4.20 0.030
29.40+2.16 0.020
32.94+1.21 0.010
24184450 0.010

P-value was reported for means comparison between groups. Differences were

considered statistically significant at p < 0.05

Table 2. Evaluation of Blood Biochemical Parameters in CKD Patients Compared with the Control Group

CKD Patients

Parameters X+ SD, N=60
Urea (mg/dl) 141.2+52.7
Creatinine (mg/dl) 9.6+3.2
Glucose (mg/dl) 120.8+67.4
Calcium (mg/dl) 8.48+0.820

Phosphorus (mg/dl) 5.55+1.51
Sodium (mEg/L) 135.0+4.4
Potassium (mEg/L) 4.9+1.05

Control Group

P-value

X+ SD, N=60

32.4+6.7 0.0001
1.07+0.20 0.0001
103.5+10.9 0.050
9.07+0.730 0.001
3.35+0.500 0.001
138.5+3.09 0.010
4.6+0.35 0.010

P-value was reported for means comparison between groups. Differences were

considered statistically significant at p < 0.05
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Fig. 1. Comparative evaluation of homocysteine concentration between CKD patients and control
groups
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Fig. 2. Comparative evaluation of MDA concentration between CKD patients and control groups
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Fig. 3. Comparative evaluation of NO metabolites concentration between CKD patients and control
groups
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Discussion

Chronic kidney disease (CKD) is a condition
characterized by its widespread occurrence
and significant mortality rate across various
populations. One significant risk factor
associated with the progression of CKD is
oxidative stress (OS), which manifests even in
the initial stages of the condition. Research has
demonstrated that oxidative stress exacerbates
the deterioration of renal function and
heightens cardiovascular risk among patients
with CKD [3].

CKD is characterized by a pro-oxidant
environment, leading to an excessive generation
of free radicals. This overproduction adversely
affects polyunsaturated fatty acids and triggers
lipid peroxidation, a process that significantly
contributes to the progression of various renal
disorders. Malondialdehyde (MDA) serves as an
intermediate byproduct of lipid peroxidation and
is a valuable indicator for assessing oxidative
damage [9]. The findings of the present study
demonstrated that the production rate of MDA
was elevated in patients with chronic kidney
disease when compared to the healthy control
group. These results agree with the high MDA
levels observed by other authors in CKD
patients [6]. Rasic and colleagues indicated
that the concentration of MDA was elevated in
patients with CKD, and their findings imply
that MDA may serve as a mediator in
atherosclerotic events associated with CKD
[17]. Also, Rusu, in another study, suggests
that MDA has a strong predictive value on
survival in CKD patients, so regular

assessment of MDA production might be

useful for the evaluation of oxidative damage-
related kidney injury in CKD patients [18].
The increase of lipid peroxidation in patients
with CKD indicates the intensity of oxidative
stress in these patients, which can be directly
associated with the advancement of the disease
and impairment of renal function [19].

The result of our study showed that the
concentration of plasma homocysteine (Hcy)
was increased in CKD patients compared with
healthy subjects. Hcy could be an important
biomarker of renal disease progression, mainly
in CKD patients. A moderate increase in Hcy
levels can be seen in the early stage of CKD,
but this increase occurs simultaneously with
the decline of renal function [14]. Apparently,
the high levels of plasma Hcy found in these
patients are directly related to a higher
incidence of cardiovascular events.

The findings of the current study indicate an
increase in Hcy and MDA simultaneously in
patients with CKD. Bayes and his colleagues,
in a study, noted that an increase in plasma
homocysteine increases autoxidation and the
production of superoxide radicals, which in
turn  increases lipid peroxidation and
endothelial cell toxicity, thereby increasing the
risk of cardiovascular in CKD patients [20].
Increased morbidity and mortality from
cardiovascular events in CKD are related to
increased homocysteine, and it is among the
most prevalent causes [21]. Vitamin B, and
folate play a crucial role in the proper
remethylation of  Hcy.  Consequently,

deficiencies in these vitamins are significant
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contributors to hyperhomocysteinemia.
Patients with chronic kidney disease (CKD)
may experience a deficiency of these vitamins
due to the catabolic state induced by renal
disease, which is characterized by
malnutrition, inflammation, and
atherosclerosis. This condition often leads to
decreased dietary intake and impaired
absorption, particularly in individuals with
end-stage renal disease [21]. Martella and
colleagues agreed that Hcy may serve as an
indicator of renal disease progression and
normal plasma level of Hcy to ensure a better
prognosis in kidney disease [14]. However, the
mechanism of hyperhomocysteinemia in CKD
patients is not fully understood.

Nitric oxide metabolites (nitrite/nitrate) were
other parameters that we measured in this
study. Nitric oxide (NO) is a highly reactive
gaseous signaling molecule and free radical
that is implicated in a variety of physiological
and biochemical processes. The primary
functions of the body encompass the
regulation of blood circulation within the
vascular endothelium (vascular homeostasis),
neurotransmission, and mechanisms of host
defense. Numerous experimental and clinical
studies have indicated that oxidative stress and
a deficiency of nitric oxide significantly play a
role in the onset and advancement of renal and
cardiovascular diseases [22].

In general, any condition that increases the
production of free radicals, such as kidney
disease, can cause a decrease in nitric oxide.
The assessment of nitric oxide metabolites,
specifically nitrite and nitrate, serves as an

excellent indicator for evaluating the status of

nitric oxide. These metabolites can be
converted back into nitric oxide and other
bioactive nitrogen oxides within blood and
tissues [10]. Consequently, nitric oxide (NO)
and its metabolites, namely nitrite and nitrate,
may serve as valuable diagnostic and
prognostic  biomarkers  for individuals
suffering from kidney disease, particularly in
cases where endothelial injury and subsequent
microcirculatory dysfunction are evident [10].
There is limited knowledge about NO
metabolites in CKD patients. Our hypothesis
in this research was that the levels of nitrite
and nitrate metabolites are significantly lower
in patients with chronic kidney disease (CKD)
when compared to healthy individuals. The
results confirmed this hypothesis and showed
that nitrite/nitrate metabolites in CKD patients
were significantly decreased compared to
healthy persons.

In blood vessels, endothelial nitric oxide
synthase (eNOS) represents the predominant
isoform of nitric oxide synthase (NOS), and
the nitric oxide produced within the
endothelium serves as a crucial protective
agent for the vascular system. One hypothesis
suggests that in pathological conditions, such
as CKD, eNOS may generate reactive oxygen
species (ROS), a phenomenon referred to as
‘eNOS uncoupling.” The superoxide anion
(O2) is subsequently quickly reacted with
nitric oxide (NO) to produce peroxynitrite
(ONOO-), which induces nitrosative stress, a
significant contributor to oxidative stress [23].
Thus, impairment of endothelium-derived NO
activity in oxidative stress damage will occur,

resulting in an early mechanism in the
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pathogenesis of atherosclerosis in patients with
CKD [3].

The results of this study support the notion that
oxidative stress increases as stages of CKD
progress, and the use of biochemical markers
such as plasma homocysteine, nitric oxide
metabolites  (nitrite/nitrate), and MDA
measurements can be helpful in identifying the
severity of oxidative damage in these patients.
On the other hand, by estimating the severity
of oxidative damage, a more effective
treatment can be determined for these patients.
Considering the increase of oxidative damage
in these patients, the use of antioxidant diets
and vitamins may be able to reduce the
oxidative damage that leads to disease
progression and be included in treatment

protocols.
Conclusion

The results of this study show that CKD
patients are susceptible to oxidative damage
that can cause disease progression and its
complications, such as cardiovascular disease
in these patients. Therefore, identifying
markers that can indicate oxidative damage in
these patients can be of particular importance
in their treatment process. Evaluation of these
biochemical markers in CKD helps to monitor
oxidant-antioxidant status and to devise
effective therapeutic strategies to reduce

oxidative stress in these individuals. In this

regard, antioxidant therapy may help to reduce
oxidative damage and consequently increase
survival in these patients. It is essential for the
advancement of antioxidant therapy research
in CKD to correlate measures of oxidative
stress with the pathophysiological outcomes
associated with the condition. Therefore, there
is a need for further studies on the mechanisms
of oxidative damage and the effect of

antioxidants in this process.
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