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Abstract
Introduction: Endarterectomy of the internal carotid artery (CEA) is a surgical procedure used to prevent 
cerebral ischemic stroke. Available data from previous literature indicates that CEA may lead to complications 
in the form of cerebral ischemia-reperfusion syndrome and oxidative stress. The aim of this study was to evalu-
ate the serum levels of oxidative stress-related biomarkers such as 8-hydroxydeoxyguanosine (8-OHdG) and 
malondialdehyde (MDA) in patients who underwent CEA.
Material and methods: Twenty-four patients with severe internal carotid artery stenosis participated in 
the study. Serum samples were taken from patients at three different times: within 24 hours preoperatively to 
CEA, 12 hours postoperatively, and 48 hours postoperatively. Serum 8-OHdG and MDA levels were measured 
using a commercially available enzyme-linked immunosorbent assay.
Results: Serum 8-OHdG levels indicated statistically significant elevation 12 hours after surgery when compa-
red to preoperative levels (p < 0.05). A further increase in the concentration of this parameter was observed 
48 hours after surgery when compared to the previous measurement, however, this increase was no longer 
statistically significant (p = 0.05). Furthermore, serum MDA levels also indicated a statistically significant 
elevation 48 hours after surgery when compared to preoperative levels (p < 0.05).
Conclusion: Our study showed that CEA causes an increase in blood levels of 8-OHdG and MDA, which 
may be related to the occurrence of oxidative stress during cerebral ischemia-reperfusion injury. Therefore, 
8-OHdG and MDA may represent corresponding markers of cerebral ischemia-reperfusion complications in 
patients undergoing CEA.
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Introduction

Acute ischemic stroke is a leading cause of morbidity 
and mortality worldwide, and the incidence of ischemic 
stroke is predicted to increase in the coming years. The 

carotid atherosclerotic occlusive disease accounts for 
up to 20% of all ischemic strokes, and mounting evi-
dence suggests that, in the setting of an acute ischemic 
stroke due to carotid disease, earlier treatment with 
carotid intervention results in better outcomes [1].
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Carotid endarterectomy (CEA) is the procedure of 
choice for reducing the risk of ischemic stroke in both 
symptomatic and asymptomatic carotid artery stenosis. 
However, subclinical cerebral microemboli can occur 
during these procedures and perioperative stroke is  
a known complication of CEA [2–5]. Cerebral hyper-
perfusion syndrome is a rare but significant complication 
after carotid revascularization and is an increasingly 
recognized downstream consequence following acute 
stroke treatments. Although the pathophysiology of 
hyperperfusion syndrome is incompletely understood, 
current theories suggest cellular damage occurs due to 
an increase in cerebral blood flow and impaired cerebral 
autoregulation, particularly in the areas of a disrupted 
blood-brain barrier, in addition to baroreceptor dys-
function during carotid surgery [6]. Postoperative vas-
culopathy, including reversible cerebral vasoconstriction 
syndrome, is a rare complication of carotid intervention 
and may be an under-identified cause of neurologic defi-
cit after revascularization [7]. Intracerebral hemorrhage 
in the context of cerebral hyperperfusion syndrome is 
an uncommon but potentially lethal complication after 
carotid revascularization for carotid occlusive disease 
[8, 9]. Ischemic stroke and ischemia-reperfusion injury 
are associated with multiple insults to the cerebral mi-
crocirculation, including reactive oxygen species over-
production, leukocyte adhesion and infiltration, brain 
blood barrier disruption, and capillary hypoperfusion; 
ultimately resulting in tissue edema, hemorrhage, brain 
injury, and delayed neuron damage [10]. 

Oxidative stress is one of the mechanisms involved in 
ischemic brain injury induced by ischemia-reperfusion. 
In addition to the direct cytotoxic effects of lipid per-
oxidation, oxidative DNA damage occurs immediately 
after ischemia-reperfusion and leads to ischemic brain 
injury, as reflected by neuronal death and brain ede-
ma. Increased levels of 8-hydroxy-2’-deoxyguanosine  
(8-OHdG), classically a repair product in the oxidation 
of guanine in DNA, indicates direct oxidative damage 
of DNA. The oxidatively modified 8-OHdG product is 
considered one of the predominant forms of free rad-
ical-induced lesions of DNA [11–15]. Oxidative DNA 
damage has been proposed to be a causative factor in 
blood–brain barrier dysfunction and is known to induce 
neuronal degeneration and apoptosis [16, 17]. 8-OHdG 
can be detected in human tissue, blood samples, or 
urine and is considered a biomarker of generalized and 
cellular oxidative stress [11, 18]. Previous studies have 
reported that peripheral concentrations of 8-OHdG are 
a valuable indicator of the severity of oxidative brain 
damage in acute cerebral infarction [19].

Malondialdehyde (MDA) is produced from polyun-
saturated fatty acids (PUFAs) both by chemical reactions 
and by reactions catalyzed by enzymes. Therefore, 

MDA has been suggested to be the prototype of 
the so-called thiobarbituric acid reactive substances 
(TBARS). MDA is an end-product formed during lipid 
peroxidation due to degradation of cellular membrane 
phospholipids. During oxidative stress, MDA is released 
into the extracellular space and resultantly into the 
blood. Therefore, MDA has been used as an effective 
biomarker of lipid oxidation and subsequently an im-
portant indicator of oxidative stress. In many disease 
states, higher concentrations of MDA are measured 
in biological samples when compared to healthy, non-
pathological samples. Higher circulating levels of MDA 
have been previously noted in patients with history of 
ischemic stroke when compared to their controlled 
counterparts. Additionally, elevated serum MDA le
vels in patients with malignant middle cerebral artery 
infarction were found to be directly associated with 
early mortality in those respective patients [20, 21].

The objective of our study was to report the changes 
of oxidative stress-related biomarkers such as 8-OHdG 
and MDA in the serum of patients undergoing CEA. 

Material and methods

The study was conducted with the approval of the 
Ethical Committee of the Medical University of Lublin 
(KE-0254/218/2014). All patients gave informed con-
sent to participate in the study.

The study included patients of the Department of 
Vascular Surgery and Angiology who underwent sur-
gery for internal carotid artery stenosis. Carotid artery 
Doppler studies were performed in all patients and met 
qualifications for surgical intervention according to the 
European Society of Vascular Surgery guidelines using 
the NASCET (North American Symptomatic Carotid 
Endarterectomy Trial) criteria [22, 23].

Twenty-four patients, aged 51 to 88 years with  
a mean age of 69 years, were included in the study. Each 
patient underwent a neurological examination before 
and after surgery, which showed no clinical sequelae of 
the surgical procedure. The degree of internal carotid 
artery stenosis in the patients ranged from 75% to 
85%. Historical data indicated 6 patients with a history 
of ischemic stroke and 4 patients with a history of tran-
sient ischemic attack. In the remaining patients, carotid 
artery stenosis was asymptomatic. Patients with organic 
brain damage in the course of other nervous system 
diseases were excluded from the study. For statistical 
calculations, men (16 patients) and women (8 patients) 
were separated and patients were divided according to 
age; either younger (≤ 69 years; 13 patients) or older 
(> 69 years; 11 patients). 

Blood samples were collected from the antecubital 
vein of patients at three different times: within 24 hours 
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before CEA surgery [A], 12 hours after surgery [B], and 
48 hours after surgery [C]. Serum 8-OHdG and MDA 
levels were measured using a commercially available 
immunoassay 8-OHdG (8-Hydroxydeoxyguanosine) 
ELISA Kit, and Human MDA (Malonyldehyde) ELISA 
Kit; (Wuhan Fine Biotech Co., Ltd., China). 

Statistical analysis was performed using STATISTI-
CA software, version 12 (StatSoft, Inc., Poland). The 
distribution of the collected data was evaluated using 
the Shapiro-Wilk test. 8-OHdG and MDA levels data 

were analyzed using ANOVA with Tuckey HSD post hoc 
test. For dichotomous system, Student’s t-test was used 
to evaluate the differences between groups. 8-OHdG 
and MDA levels were expressed in ng/ml. Results were 
deemed statistically significant if p < 0.05.

Results

Serum 8-OHdG and MDA levels in patients are 
presented in Figures 1, 2.
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Figure 1. Serum 8-OHdG [ng/ml] in patients

Figure 1. Serum MDA [ng/ml] in patients
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The ANOVA test revealed that the sampling time 
significantly affects serum 8-OHdG levels (p < 0.05). 
Serum 8-OHdG levels were statistically and significantly 
elevated 12 hours after surgery when compared to 
preoperative levels (p < 0.05). A further increase in 
the level of this parameter was observed 48 hours after 
surgery when compared to the previous measurement. 
However, this latter increase was no longer statistically 
significant (p = 0.05). Additionally, the ANOVA test 
also indicated that the sampling time significantly affects 
serum MDA levels (p < 0.05). Serum MDA levels were 
statistically and significantly elevated 48 hours after 
surgery compared to 12 hours after surgery, and when 
compared to preoperative levels (p < 0.05) (Table 1).

There was no statistically significant difference in 
serum 8-OHdG and MDA levels between male and 
female groups or between elderly and younger patients 
(p > 0.05). 

Discussion

Oxidative stress during CEA is one of the proposed 
mechanisms that results in changes in cerebral perfusion 
and likely contributes to acute brain ischemia (ABI). 
The increased production of reactive oxygen species 
and reactive nitrogen species during ABI may cause an 
unregulated inflammatory response, and further lead to 
structural and functional injury of neurons [24].

Our study showed that elevations in serum 8-OHdG 
levels were statistically significant 12 hours after sur-
gery when compared to preoperative levels. A further 
increase in the level of this parameter was observed  
48 hours after surgery compared to the previous meas-
urement. However, this latter increase was no longer 
statistically significant.

Data from previous literature on 8-OHdG sug-
gests its function as a marker of oxidative stress after 

ischemia-reperfusion brain injury. Liu et al. [19] as-
sessed the correlation between plasma 8-OHdG, as 
a marker of oxidative DNA damage, and progressive 
brain damage in rats subjected to transient or permanent 
ischemia. Plasma 8-OHdG significantly increased at 12 h 
and peaked at 24h after reperfusion. This increase was 
directly proportional to increased infarct volume, DNA 
degradation, and reflected immunohistochemical findings 
in the cortical region. In the permanent middle cerebral 
artery occlusion (MCAO) model, plasma 8-OHdG levels 
were associated with the brain contents of 8-OHdG. 
Plasma 8-OHdG and the cortical infarct volume were 
lower in the 0.5- and 1-h than the 2-h MCAO model. 
The authors suggest that 8-OHdG may function as a pe-
ripheral biomarker and may be an indicator of oxidative 
brain damage in acute cerebral infarction. 

According to Lorente et al. [25], secondary injury 
due to oxidation may occur during ischemic stroke; pos-
sibly leading to oxidative damage of deoxyribonucleic 
acid (DNA) and ribonucleic acid (RNA). Higher blood 
concentrations of 8-OHdG (through the oxidation of 
guanosine from DNA) have been found in ischemic 
stroke patients than in healthy subjects, as well as in 
patients with and without post-ischemic stroke de-
pression.

In the study conducted by Liu et al. [26], 241 is-
chemic stroke patients were consecutively recruited 
within the first 24h of stroke symptom onset and were 
followed up at 1 month. Serum 8-OHdG and catalase 
(CAT) levels were measured within 24h of hospital 
admission. Serum levels of 8-OHdG and CAT were 
noted to be increased in depressed patients at the time 
of admission. A positive correlation was found between 
the 8-OHdG and CAT levels when compared to the 
total number of stroke patients, respectively. 

Nakajima et al. [14] evaluated the utility of urinary 
8-OHdG, an oxidative stress marker, to demonstrate 

Table 1. Serum 8-OHdG and MDA levels in patients, and a comparative analysis

Biomarker Mean and SD [ng/ml] Comparison

Before surgery [A] 12 h after CEA [B] 48 h after CEA [C]

8-OHdG 9.03 SD 2.50 13.83 SD 3.67 16.35 SD 4.68 [A-B-C] p = 0.0000*

[A-B] p = 0.0001*

[B-C] p = 0.05

[A-C] p = 0.0001*

MDA 97.05 SD 21.44 99.13 SD 23.52 116.86 SD 29.38 [A-B-C] p = 0.013*

[A-B] p = 0.95

[B-C] p = 0.04*

[A-C] p = 0.02*
ANOVA and post hoc Tuckey HSD test; *statistically significant
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an association between the changes of 8-OHdG and 
outcomes after acute ischemic stroke. In the overall 
cohort, the mean urinary level of 8-OHdG on day 7 
was increased than that on day 0. The 8-OHdG levels 
on day 0 were no different between those patients who 
experienced poor outcomes when compared to those 
with good outcomes. However, a notable increase in 
the 8-OHdG levels from day 0 to 7 in stroke patients 
with poor outcomes was significantly higher when 
compared to those with good outcomes. The authors 
concluded that the biochemical concentration changes 
of 8-OHdG may be related to oxidative stress and 
may be considered a marker of ischemic brain injury 
which may furthermore reflect the clinical prognosis 
of ischemic stroke.

The results of the study conducted by Zhao et al. [27]  
demonstrated that obvious neuron damage was ac-
companied by the expression of autophagic markers 
LC3 and Beclin-1, and that the formation of 8-OHdG 
and autophagosomes were significantly increased in the 
brain cortex after ischemia-reperfusion. 

Our study showed that elevations of serum MDA 
levels were statistically significant 48 hours after surgery 
when compared to preoperative levels. 

Suga et al. [28] showed that hyperperfusion was 
observed immediately after CEA in 13% of patients. 
Reduced preoperative cerebrovascular reactivity (CVR) 
and an increase in MDA-LDL after internal carotid 
artery (ICA) declamping were significantly associated 
with the development of postoperative cerebral hyper-
perfusion among the variables tested. Ten of 11 patients 
with reduced preoperative CVR and increased MDA-
LDL after ICA declamping developed post-CEA hyper-
perfusion, and 2 of these patients developed cerebral 
hyperperfusion syndrome. The authors concluded that 
both preoperative cerebral hemodynamic impairment 
and reactive oxygen species produced during surgery 
directly correlate with the development of cerebral 
hyperperfusion after CEA.

The purpose of the study conducted by Saito et al. [29]  
was to determine whether or not concentrations  
of MDA-modified low-density lipoprotein (LDL),  
a biochemical marker of oxidative damage, in the jugular 
bulb during CEA correlates with the development of 
postoperative cognitive impairment in patients under-
going CEA. The MDA-LDL concentrations at 5 and  
20 minutes after ICA declamping were both significantly 
higher than concentrations before ICA clamping. The 
authors concluded that increased concentrations of 
MDA-LDL in the jugular bulb during CEA directly cor-
related with development of postoperative cognitive 
impairment.

In the study conducted by Shaafi et al. [30] serum 
MDA concentrations were found to be significantly 

higher in the ischemic stroke group when compared 
to the control group. High levels of MDA were associ-
ated with increased development of stroke; however, 
increased levels of MDA were not associated with 
having risk factors for stroke. Additionally, MDA levels 
were correlated with the modified Rankin Scale score 
at follow-up.

The aim of the study conducted by Cojocaru et al. [31]  
was to evaluate oxidative stress in patients with acute 
ischemic stroke. The authors observed significantly 
higher values of MDA in the first 24 hours, as well as 
significantly higher values of MDA at 7 days. 

In the next study, fifty patients with a history of 
acute ischemic stroke were compared with a control 
group in a case-control study. The results indicated 
significantly increased serum MDA levels in those with 
a history of acute ischemic stroke. The authors con-
cluded that oxidative stress plays a major role in the 
etiopathogenesis of acute ischemic stroke, and the de-
ranged oxidant-antioxidant balance further contributes 
to disease severity [32].

In the study conducted by et al. [33], MDA levels 
were increased in acute ischemic stroke patients 
within 24h after stroke onset versus control groups. 
Additionally, MDA levels were also significantly higher 
in ischemic stroke patients than in control groups in 
other studies [34, 35].

There are studies in the literature that have dem-
onstrated the efficacy of antioxidant treatment after 
ischemia-reperfusion brain injury, providing evidence 
that oxidative stress plays an important role in disease 
prognosis. The study conducted by Zhou et al. [36] 
indicated that Schizandrin-A protects against cerebral 
ischemia-reperfusion injury by suppressing inflammation 
and oxidative stress and that this effect is regulated by 
the AMPK/Nrf2 pathway. In another study, protocat-
echualdehyde was found to protect against cerebral 
ischemia-reperfusion-induced oxidative injury, and 
that this neuroprotective effect involves the PKCe/ 
/Nrf2/HO-1 pathway [37]. Suda et al. [38] revealed that 
valproic acid attenuates ischemia-reperfusion injury in 
the rat brain through inhibition of oxidative stress and 
inflammation. Moreover, Nagatani et al. [39] investi-
gated the effect of hydrogen gas (H2), a strong free 
radical scavenger, on the survival rate of mice following 
global cerebral ischemia-reperfusion. Nagatani et al. 
observed that H2 treatment significantly improved the 
7-day survival rate of mice. Furthermore, the beneficial 
effects of H2 treatment on brain injury were associated 
with significantly lower levels of oxidative stress mark-
ers (8-OHdG and MDA) in the brain tissue. 

Kalimeris et al. [40] examined the antioxidant role 
of propofol in ischemia-reperfusion during CEA and 
its influence on cognitive dysfunction after CEA. The 

https://pubmed.ncbi.nlm.nih.gov/?term=Cojocaru+IM&cauthor_id=24294813
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authors concluded that propofol seemed to improve 
cognitive performance after CEA. This improvement 
was associated with decreased indices of ischemic cere-
bral damage and seemed to be due to the antioxidative 
effect in the ischemic cerebral circulation.

In conclusion, our study showed a significant in-
crease in serum 8-OHdG and MDA levels in patients 
following CEA. The observed increase in these parame-
ters may represent a response to the onset of oxidative 
stress as a result of cerebral ischemia-reperfusion injury. 
Thus, 8-OHdG and MDA may be indicative markers of 
cerebral ischemia-reperfusion injury after CEA. In light 
of the data presented above, it is conceivable that the 
use of neuroprotective antioxidants after surgery may 
prove to be beneficial in patients undergoing CEA.
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