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Abstract
Introduction: Endarterectomy of the internal carotid artery (CEA) plays an important role in the prevention 
of cerebral ischemic stroke; however, this surgical procedure may cause neurological complications. The aim 
of this study was to evaluate changes in serum levels of the oxidative stress marker peroxiredoxin-1 (PRDX1) 
in patients undergoing CEA.
Material and methods: Twenty-four patients undergoing endarterectomy for critical stenosis of the internal 
carotid artery participated in the study. Blood for testing was collected before CEA and twice after surgery. 
PRDX1 was determined by ELISA.
Results: The timing of blood sampling did not affect PRDX1 levels (p > 0.05). There was no statistically 
significant difference in serum PRDX1 levels between male and female groups and depending on the age of 
the patients (p > 0.05). 
Conclusion: PRDX1 cannot be considered as a marker of neurological complications after CEA.
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Introduction

Stroke is the second leading cause of death worldwide 
and the leading cause of disability, with increasing 
prevalence in developing countries. An important cause 
of cerebral ischemic stroke is stenosis of the internal 
carotid artery. Secondary prevention of ischemic stroke 
includes carotid endarterectomy (CEA). The above sur-
gical treatment can prevent cerebral ischemic stroke, 
but it also causes surgical complications [1–4].

The literature suggests that CEA may cause brain 
damage due to ischemia and reperfusion as well as 

postoperative hyperperfusion syndrome. The mech-
anism leading to cerebral hyperperfusion syndrome is 
unknown; it may be related to increased regional cer-
ebral blood flow secondary to loss of cerebrovascular 
autoregulation. Cerebral damage due to ischemia and 
reperfusion has been observed in both experimental 
and clinical studies [5, 6].

Peroxiredoxins (PRDXs) are among the antioxidant 
enzymes involved in superoxide reduction to balance 
cellular levels of hydrogen peroxide (H2O2), which is 
essential for cell signaling and metabolism and acts 
as a regulator of redox signaling. In mammals, there 
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are six isoenzymes (PRDX1-6), classified as typical 
2-Cys, atypical 2-Cys, or 1-Cys PRDXs. In addition to 
their superoxide scavenging activity, PRDXs are also 
involved in the regulation of various cell signaling path-
ways. Experimental studies indicate a protective role 
of PRDXs in various neurological diseases associated 
with oxidative stress and inflammation. There is also 
evidence suggesting a potential benefit of PRDXs in 
some human neurological diseases [7, 8]. PRDXs are 
released extracellularly from ischemic cells and initiate 
inflammation, leading to macrophage activation and a 
damaging cytokine response [9, 10].

The purpose of this study was to evaluate serum 
levels of PRDX1 in patients as a potential marker of 
CEA-induced neurological complications.

Material and methods

The study included patients hospitalized in the De-
partment of Vascular Surgery and Angiology in Lublin. 
Patients were qualified for CEA because of critical 
stenosis of the internal carotid artery found on Doppler 
examination. Twenty-four patients (16 men, 8 women) 
participated in the study. The mean age of the patients 
was 71 years (55–88 years). Six patients had a history 
of ischemic stroke, while 4 patients had a history of 
transient cerebral ischemia.

Blood samples from the antecubital vein were col-
lected: within 24 hours before CEA surgery [A], 12 hours 
after surgery [B], and 48 hours after surgery [C]. Serum 
PRDX1 levels were measured using a commercially 
available immunoassay Human PRDX1 (Peroxiredoxin-1) 
ELISA Kit; Wuhan Fine Biotech Co., Ltd., China).

For statistical analysis ANOVA test and Student’s t-test 
were used. PRDX1 levels were determined in pg/mL. 
Values of p < 0.05 were taken as statistically significant.

The study was approved by the Bioethics Commit-
tee of the Medical University of Lublin.

Results

Serum PRDX1 levels in patients are presented in 
Figure 1.

Average PRDX1 level before CEA was 59.35 SD 
12.45 pg/mL, 12 hours after surgery was 55.22 SD 
13.44 pg/mL, and 48 hours after CEA was 57, 69 SD 
18.06 pg/mL. ANOVA showed that the time of blood 
sample collection for testing did not affect PRDX1 
levels (p = 0.62). However, there was a tendency for 
the level of the studied parameter to decrease 12 hours 
after surgery.

There was no statistically significant difference in 
serum PRDX1 levels between male and female groups 
and depending on the age of the patients (p > 0.05). 

Figure 1. Serum PRDX1 [pg/mL] in patients
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Discussion

A multicenter magnetic resonance imaging study re-
ported 43.3% preoperative silent ischemic lesions and 
9.2% new silent lesions after CEA [11]. Perioperative 
cerebral ischemic lesions on diffusion weighted imaging 
(DWI) after CEA are associated with a higher likelihood 
of recurrent cerebrovascular incidents. In patients 
undergoing CEA, symptom onset and elevated inflam-
matory markers are associated with a higher likelihood 
of lesions on perioperative DWI [12].

According to Shichita et al. [13], the onset of 
inflammatory process after ischemia is an important 
step in the progression of ischemia-reperfusion brain 
injury. The authors demonstrated that PRDXs family 
proteins released extracellularly from necrotic brain 
cells increase the expression of inflammatory cytokines 
through activation of Toll-like receptors 2 (TLR2) 
and TLR4, causing neuronal cell death, despite the 
fact that intracellular PRDXs exhibit neuroprotective 
effects. Intracellular release of PRDXs was observed 
12 h after the onset of ischemic stroke, and neutrali-
zation of extracellular PRDXs by antibodies inhibited 
inflammatory cytokine expression and infarct volume 
growth. Brea et al. [14] found that PRDX1 expression 
was 10-fold stronger in ischemic stroke patients than 
in healthy subjects.

In the study conducted by Liu et al. [15], by using a 
mouse model of ischemia-reperfusion injury, the authors 
found that PRDX1 expression was up-regulated during 
ischemia-reperfusion injury in a time-dependent manner. 
Additionally, PRDX1-knockout mice showed reduced 
infarction area and alleviated neuropathological scores 
with decreased brain water contents. Furthermore, cell 
death and inflammatory response in mice with cerebral 
ischemia-reperfusion injury were markedly attenuated by 
PRDX1 knockout. The authors concluded that PRDX1 
contributed to cerebral stroke by interacting with TLR4, 
providing an effective therapeutic approach for cerebral 
ischemia-reperfusion injury.

PRDX1 induces free radical scavenging. Based on 
their study, Tao et al. [16] conclude that nitrosative 
stress during ischemia activates E6AP E3 ubiquitin 
ligase, which ubiquitinates PRDX1 and subsequently 
exacerbates brain damage. Therefore, targeting the 
PRDX1 antioxidant defense pathway may represent a 
novel treatment strategy to protect the neurovascular 
system in stroke.

According to Richard et al. [17] accurately determin-
ing time-of-onset of cerebral infarction is important to 
clearly identify patients who could benefit from reper-
fusion therapies. The authors assessed the kinetics of 
PRDX1, a protein involved in oxidative stress during 
the acute phase of ischemia, and its ability to determine 

stroke onset in a population of patients with known 
onset of less than 24 hours and in a control group. 
PRDX1 levels were significantly higher in stroke patients 
compared to controls. PRDX1 levels were also higher 
in blood samples withdrawn before vs. after 3 hours 
following stroke onset, and before vs. after 6 hours. 
The authors suggest that PRDX1 levels could be the 
basis of a new method using biomarkers for determining 
cerebral infarction onset. 

In our study, the change in serum PRDX1 levels 
could reflect the ischemia-reperfusion syndrome caused 
by CEA. However, this study showed that CEA had no 
significant effect on the serum PRDX1 levels of patients, 
which indicates that PRDX1 cannot be considered as a 
marker of neurological complications after CEA.
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