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Background: Hyperlipidemia is a common risk factor for atherosclerosis, heart diseases, and other pathological conditions. The
factors leading to the oxidation of native low-density lipoproteins remain of valuable importance for a better understanding of the
mechanisms leading to these pathologies. The aim of the present study was to evaluate the association between lipid status and the
levels of oxidized low-density lipoproteins and 8-hydroxy-2’-deoxyguanosine.

Methods: One hundred and fourteen participants were enrolled. Lipid profile parameters were measured and used individually to
categorize subjects into two groups of normal and hyperlipidemic cases according to the international reference ranges. Oxidized low-
density lipoproteins and 8-hydroxy-2’-deoxyguanosine were then compared in normal and high lipid profile groups. The obtained
results were then statistically analyzed.

Results: 8-Hydroxy-2'-deoxyguanosine was found to be positively correlated with hypercholesterolemia, hypertriglyceridemia, and
high levels of low-density lipoproteins (r = 0.53, 0.41, and 0.60), respectively (p<0.001). A positive correlation was observed also
between the levels of oxidized low-density lipoproteins and the same lipid profile parameters (r = 0.42, 0.31, and 0.45), respectively
(»<0.001).

Conclusion: The present study suggests that disturbance in lipid profile may result in increased levels of oxidized low-density
lipoproteins and oxidative stress in the study group; however, a larger sample is needed to confirm the present findings.
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Introduction
Hyperlipidemia is considered in many previous studies as a common risk factor in heart diseases and various pathological
conditions.' The association between dyslipidemia and cardiovascular disease is well defined in many previous works.*>
Oxidized low-density lipoproteins (Ox-LDL) were suggested to be atherogenic particles and play a major role in athero-
sclerosis and many other degenerative diseases.®” Many risk factors are suggested to be involved in the oxidation of native
LDL, including the poor antioxidant defense of the body which may lead to a situation of oxidative stress;" this status was
suggested to be responsible for oxidative damage of biomolecules leading to serious scenarios including DNA damage.’
The equilibrium between oxidants and antioxidants in the body when altered, results in disturbance in cell structure, cell
membranes, biomolecules such as proteins, lipids, and strand breakage of DNA'?.
The interaction of the hydroxyl radical, one of the important reactive oxygen species, with the nucleobases found in the
DNA strand, such as guanine, result in the formation of §-OH-dG. Many diseases and pathology scenarios, such as
cardiovascular or chronic obstructive pulmonary diseases (COPD), have been associated with increased levels of 8-OH-dG.

In previous studies it has been established as a sensitive biomarker for the assessment of oxidative DNA modification."’
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8-OH-dG levels also increase due to other factors such as smoking, aging, or exposure to physical, chemical, and biological
substances.'? Wide range of 8-OH-dG cut-off values was reported in different studies.'*'*

Several groups have developed techniques and methods for measuring oxidized LDL, which have been used in many
clinical studies.®'* Accumulating evidence supports the use of oxidized LDL as a useful biomarker in diagnoses and
prognosis. It is important to understand the limitations of the different procedures used for oxidized LDL measurement,
together with the establishment of cut-off values for justification of using this important biomarker in routine clinical settings.

Low-density lipoproteins (LDL) are the principal carriers of cholesterol in the blood, and as such, the oxidative
modification of these particles is a biomarker and pathological risk factor in cardiovascular diseases (CVD), obesity, type-2
diabetes mellitus, and other metabolic disorders.'> More focus on and better understanding of the mechanisms by which
normal LDL particles get oxidized and DNA damage occur may represent the key for best monitoring of many pathological
scenarios especially degenerative diseases caused or mediated by these molecules.'®

This study was conducted to evaluate the association between disturbance in lipid profile parameters and the levels of
oxidized LDL and 8-hydroxy-2’-deoxyguanosine (8-OH-dG) as a biomarker of DNA damage.

Subjects and Methods

One hundred and fourteen subjects were recruited in the present study which was conducted in Makkah Al-Mukarramah, in
the Kingdom of Saudi Arabia. Subjects with known diabetes mellitus and/or cardiovascular diseases (CVD) were excluded.
Blood samples were collected from the participants who fulfilled the inclusion criteria. Ethical consent was obtained from
all participants. The study protocols comply with the Declaration of Helsinki and were approved by the Biomedical Ethics
Committee, Faculty of Medicine, Umm Al-Qura University, Makkah Al-Mukarramah, Kingdom of Saudi Arabia.

Participants were requested to fill the structured questionnaire, information of sex, age, and lifestyle including
cigarette smoking were collected, then anthropometric measurements and clinical investigations were done for all the
subjects. Blood samples were collected after 12 hours of fasting, no medications were used during the time of blood
collection particularly lipid-lowering drugs, and we used the standard collection procedures for assessment of total
cholesterol, triglycerides, HDL, LDL, 8-OH-dG, and oxidized LDL.

Routine lipid profile analysis was done in a full automated chemistry analyzer (Humastar-80), from Human Diagnostics,
Wiesbaden, Germany. The protocols were followed as stated by the manufacturer’s guidance using the kits and controls of
Human Diagnostics, Wiesbaden, Germany. Normal levels of lipid profile were considered as cholesterol (up to 200 mg/dL),
triglycerides (up to 200 mg/dL), LDL (up to 135 mg/dL), and HDL (more than 35 mg/dL).

Measurement of oxidized low-density lipoproteins was performed using Mercodia Oxidized LDL Competitive ELISA.
The procedure was described in the assay kit manufactured by Mercodia AB, Uppsala, Sweden (CV < 8%). This protocol uses
Holvoet et al's monoclonal antibody 4E6."” This procedure uses a competitive ELISA technique where the 4E6 antibody is
directed against the apoB-100 of LDL conformational change. A fixed amount of oxidized LDL was bound to the well.
Oxidized LDL in the samples competes with this amount of oxidized LDL for the binding to the specific antibodies 4E6.

8-OH-dG was measured using the Cloud-Clone Crop 8-OH-dG Competitive Inhibition Enzyme Immunoassay
Technique Kit (Cloud-Clone Crop., USCN Life Science Inc., Houston, TX, USA). Used for the quantitative determina-
tion of 8-OH-dG in human serum (CV < 10%). A competitive inhibition reaction between biotinylated 8-OH-dG and
unlabeled 8-OH-dG in standards or samples was then initiated with a pre-coated antibody specific for 8-OH-dG. The
concentration of 8-OH-dG in the sample was then calculated since the amount of bound HRP conjugate is inversely
proportional to the concentration of §-OH-dG. The amount of 8-OH-dG in serum was calculated in pg/mL from
a standard curve. Data were summarized using descriptive statistics, and the method of averages and independent-
sample ¢-tests were used to compare various measured parameters between groups. Pearson’s correlation coefficient was
used to assess the association between various lipid parameters and oxidized LDL and 8-OH-dG.

Statistical Analysis

Statistical analysis of our data was performed using the Statistical Package for the Social Sciences (SPSS) for Windows
version 20. Results were expressed as mean + SD. Descriptive statistics was used in tabulation of data, comparison between
the means of different measured parameters of lipids profile and oxidized LDL was done using the mean procedures and
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independent-sample #-test. The Pearson correlation coefficient was used to evaluate the association between the different lipid
parameters and oxidized LDL and 8-OH-dG. P<0.05 was considered as statistically significant.

Results

One hundred and fourteen qualified participants were enrolled in the present study, the ages of the study group range
between 20 and 54 years old. There was a positive correlation between cholesterol levels mg/dL and oxidized LDL levels
in the studied subjects (r = 0.42; p<0.001) as shown in Figure 1A. In addition, the same positive correlation was also seen
between triglyceride levels and oxidized LDL levels in the participants (r = 0.31; p<0.001) (Figure 1B). Interestingly,
high levels of LDL were also correlated positively with LDL oxidation (r = 0.45; p<0.001) (Figure 1C).

After assessing the correlation between oxidized LDL and different lipid profile parameters, the correlation between
8-OH-dG and different lipid profile parameters was then assessed. There was a positive correlation between cholesterol
levels mg/dL and 8-OH-dG levels in the studied subjects (r = 0.53; p<0.001) as shown in Figure 2A. In addition, the same
positive correlation was also seen between triglycerides and 8-OH-dG levels in the study group (r = 0.41; p<0.001)
(Figure 2B). Moreover, high levels of LDL were also correlated positively with 8-OH-dG (r = 0.60; p<0.001) (Figure 2C).

After that oxidized LDL status was investigated among different lipid profile categories. Oxidized LDL was
significantly high in the hypercholesterolemia group comparing to the normal cholesterol group (p<0.001). Moreover,
the hypertriglyceridemia group showed a significant increase in oxidized LDL comparing to the normal triglyceride
group (p<0.001). When the high LDL group was compared with the normal LDL group, also a significant high level of
oxidized LDL was seen in the high LDL group comparing to the control (»<0.001) as shown in Figure 3.

After exploring the status of oxidized LDL among different groups of abnormal lipid profile, the 8-OH-dG was then
measured in the different abnormal lipid profile groups. 8-OH-dG was significantly high in the hypercholesterolemia
group comparing to the normal cholesterol group (p<0.001). Moreover, the hypercholesterolemia group showed
a significant increase in 8-OH-dG comparing to the normal cholesterol group (p<0.01) as shown in Table 1. When the
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Figure | Correlation between levels of oxidized LDL and lipid profile parameters, (A) Ox-LDL and cholesterol, (B) Ox-LDL and triglycerides, (C) Ox-LDL and LDL-C.
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Figure 2 Correlation between levels of 8-OH-dG and lipid profile parameters, (A) 8-OH-dG and cholesterol, (B) 8-OH-dG and triglycerides, (C) 8-OH dG and LDL-C.
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Figure 3 Levels of oxidized LDL in normal and elevated lipid profile parameter groups.

high LDL group was compared with the normal LDL group, also a significant high level of 8-OH-dG was seen in the
high LDL group comparing to the control (»p<0.001) as shown in Figure 4.

Most of the subjects in the studied group (79.8%) show normal triglyceride concentrations as shown in Table 2. The
remaining group of hypertriglyceridemia also shows increased levels in oxidized LDL (P<0.001) and 8-OH-dG (P<0.01)
compared to the normal triglyceride group.
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Table | Age, BMI, Lipid Profile, and 8-OH-dG in Subjects of Normal Cholesterol and Cases of

Hypercholesterolemia

Cholesterol Category
Normal Cholesterol Hypercholesterolemia P value
(n=68) (n=46)
Age (years) 348+ 11.2 389 +97 NS
BMI (kg/m?) 26.5 22 28.0 + 2.7 <0.001
Cholesterol (mg/dL) 181.8 £9.9 236.7 + 42 <0.001
Triglycerides (mg/dL) 90.3 £ 37.9 144.7 * 61 <0.001
HDL-C (mg/dL) 45.0 £ 5.7 564+ 112 <0.001
LDL-C (mg/dL) 1188 £ 10.5 I151.8 £ 27.5 <0.001
OXLDL (U/L) 44.6 + 31.4 853 £ 437 <0.001
8-OHDG (pg/mL) 110.0 + 385 155.9 + 40.4 <0.001

Regarding the levels of LDL, we found that (40.3%) of the study group have elevated LDL levels as shown in
Table 3. This group shows significant increased levels in total cholesterol (P<0.001), triglycerides (P<0.01), as well as
increased oxidized LDL and 8-OH-dG (P<0.001) compared to the normal LDL group.

Discussion

Hyperlipidemia is a major risk factor of metabolic syndrome and cardiovascular diseases,' and affects millions of people

worldwide. People with hyperlipidemia have increased levels of serum cholesterol, triglycerides, and LDL and are at

increased risk of thrombosis.'® Previous studies have shown that oxidized lipoproteins, such as oxidized low-density

lipoproteins, contribute to the development of a prothrombotic state.'”*® Previous studies considered oxidized LDL as

a biomarker of cardiovascular diseases; it has been established as a pro-inflammatory pathogenic particle leading to

endothelial dysfunction.”’ Falih et al described the role of oxidized low-density lipoproteins in many pathologic

scenarios.'®

2504 P<0.001 p<0.01 p<0.001
| 1 | 1 | 1
__ 2004
E
2 150-
g
- 100-
Q
©
504
0-
> 2 % 3 v v
\.éo é& '\60 &\ \9 \9
2 o & & > >
N2 i\ ) N & @
& g » @ D R
) & R ) O &
» & 5 O <
& © & &
éo QQ °& AQ
&) <~ 8

Figure 4 Levels of 8-OH-dG in normal and elevated lipid profile parameter groups.

Diabetes, Metabolic Syndrome and Obesity 2023:16

https:

Dove:

451


https://www.dovepress.com
https://www.dovepress.com

Babakr et al Dove

Table 2 Age, BMI, Lipid Profile, and 8-OH-dG in Subjects of Normal Triglycerides and Cases of

Hypertriglyceridemia
Triglyceride Category
Normal Triglycerides Hypertriglyceridemia P value

(n=91) (n=23)
Age (years) 380+ 12 403 £ 10.2 NS
BMI (kg/m?) 26.7 £ 2.1 287 £33 <0.01
Cholesterol (mg/dL) 192.0 + 19.8 251.2 + 56.1 <0.001
Triglycerides (mg/dL) 87.1 £ 222 211.7 £ 28.1 <0.001
HDL-C (mg/dL) 473 7.1 58.7 £ 145 <0.001
LDL-C (mg/dL) 1269 + I5.5 1529 + 41.2 <0.01
OXLDL (U/L) 55.2 + 39.6 839 429 <0.001
8-OHDG (pg/mL) 121.2 + 42.6 157.3 + 43.6 <0.01

Table 3 Age, BMI, Lipid Profile, and 8-OH-dG in Subjects of Normal LDL-C and Cases of
Elevated LDL-C

LDL Category
Normal LDL Elevated LDL P value
(n=68) (n=46)

Age (years) 362+ 117 398 %1 1.3 NS
BMI (kg/m?) 26.6 £ 2.3 278 +£26 <0.01
Cholesterol (mg/dL) 183.6 + 13.1 234.0 £ 44.1 <0.001
Triglycerides (mg/dL) 101.3 £ 46.5 1284 + 63.5 <0.01
HDL-C (mg/dL) 463 + 6.4 545+ 123 <0.001
LDL-C (mg/dL) 1174 + 87 154.0 + 25.6 <0.001
OXLDL (U/L) 46.6 + 333 82.2 + 44.2 <0.001
8-OHDG (pg/mL) 1112 +36.7 154.1 + 44.5 <0.001

In this study, we found a significant positive correlation between the levels of oxidized LDL and lipid profile
parameters. This may indicate that the oxidation of the native LDL particles occurs in hyperlipidemic subjects as shown
in Figure 1; hypercholesterolemia and increased levels of LDL are particularly found to be associated with higher levels
of oxidized LDL in previous studies.® The mean oxidized LDL was found to be significantly higher in subjects with
hyperlipidemia as shown in Figure 2. Many studies suggest that plasma oxidized LDL levels may represent a useful
biomarker for predicting cardiovascular diseases; although substantial differences were observed between the methods
used for evaluation and measurement of oxidized LDL."? Validation of methods and more focus on the role of oxidized
LDL in different pathologies may be important in the management of these pathological conditions.

8-Hydroxy-2-deoxyguanosine (8-OH-dG) is generated following the repair of DNA damage which is caused by
reactive oxygen species (ROS); thus, it is considered as one of the most widely known markers of DNA oxidative
damage.”? Previous works have shown that DNA damage and oxidative stress caused by different factors® are
significantly associated with the atherosclerosis and heart failure,>* and the role of this oxidative damage in the onset
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and contribution to progression of this pathologic condition need to be more clarified. On the other hand, previous studies
demonstrate an association between increased levels of 8-OH-dG and hyperlipidemia.25 In consistence with these
findings, the present study shows higher levels of 8-OH-dG in groups of hypercholesterolemia, hypertriglyceridemia,
and elevated LDL cholesterol as shown in Figure 3. There is a significant positive correlation in the present study
between these lipid parameters and levels of 8-OH-dG as shown in Figure 4.

Shen et al evaluate 8-OH-dG as a potential survival biomarker in patients with non-small-cell lung cancer; they
suggest an inverse relationship with survival, where patients with low levels of 8-OH-dG show longer survival times
compared with those with high levels of 8-OH-dG.?® The same study shows that over 3-fold increased hazard of death
was observed in patients with increased levels of 8-OH-dG. The levels of 8-OH-dG need to be well addressed in clinical
research and practice as an oxidative DNA damage marker.

The situation of oxidative stress, leading to oxidative damage of biomolecules, plays an important role in the development
and progression of many diseases including diabetes mellitus, atherosclerosis, or cancer. The hypothesis that oxidative stress
may be responsible and/or plays a significant role in the etiology or development of metabolic disorders is supported by several
studies.”” Moreover, food and vegetable intake as antioxidants was found to be independently associated with reduced ox-
LDL and 8-OH-dG as biomarkers of oxidative stress.”® Burgos Alves et al previously suggest reference values of oxidative
stress biomarkers in a young healthy Spanish population and demonstrate different correlations between oxidized LDL and
isoprostanes by gender with lipid profile parameters;>’ however, validation of such findings is important in larger studies. The
limitation of the present study is the relatively small sample size, and studies recruiting larger sample sizes are recommended
for validation and to evaluate the impact of dyslipidemia on oxidized LDL and 8-OH-dG; the specified gender and region are
also limitations of this study, and different regions and ethnic groups may show different findings. As some levels of oxidative
damage are present in every individual, the normal versus pathological elevation of oxidative stress biomarkers such as
oxidized LDL and 8-OH-dG should be defined, and the levels associated with disturbance in lipid profile and pathologies
should be established in larger studies.

Conclusion

In conclusion, the present study suggests that hypercholesterolemia, hypertriglyceridemia, and elevated LDL may be
associated with increased levels of oxidized low-density lipoproteins and 8-hydroxy-2’-deoxyguanosine. More studies
are recommended to validate this relationship and possible strategies for prevention of oxidative damage.

Abbreviations
LDL, low-density lipoproteins; 8-OH-dG, 8-hydroxy-2’-deoxyguanosine; Oxidized LDL, oxidized low-density
lipoproteins.
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