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Introduction

Stroke is a complex multifactorial disease and 
one of the most important causes of mortality and 
morbidity in adults in developed countries. In studies 

conducted in the general population, 70%-80% of all 
strokes are found to be ischemic1. Oxidative stress 
has an important role in the pathophysiology of 
stroke and increases the production of free oxygen 
radicals and constitutes an independent risk factor for 
ischemic stroke2. Oxidative stress is probably one of 
the mechanisms involved in the process of neuronal 
damage induced by ischemia and reperfusion, probably 
due to lipid peroxidation3.

Brain tissue loses its function with oxygen radical 
damage. The lack of energy due to the lack of oxygen 
and glucose disrupts ion balance. Glutamate is 
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SUMMARY – Acute ischemic stroke has an important place among emergency department admis-
sions. After a rapid diagnosis of the patient admitted with a preliminary diagnosis of stroke, the neces-
sary examination and first intervention should be performed, then diagnostic evaluation should be made. 
The aim of this study was to investigate whether paraoxonase-1 (PON-1) enzyme activity, measured in 
patients whose stroke onset is known, is a diagnostic biomarker for stroke by evaluating the relationship 
between stroke diagnosis, ischemic area volume, and stroke onset. The study included 100 patients over 
age 18 admitted to the emergency department with acute stroke symptoms, with known stroke onset and 
diagnosed as acute occlusive cerebrovascular disease within 24 hours, and 100 healthy control subjects. 
After initial evaluation, computed tomography of the brain and magnetic resonance imaging, PON-1 
activity was measured by colorimetric method in patient serum. Comparison of PON-1 levels between 
the two groups yielded a statistically significant difference. There was a significant decrease in serum 
PON-1 values in patient group as compared with control group (p<0.001). According to these results, no 
significant relationship was found between the affected ischemic area of the brain, PON-1, and ischemic 
volume values. The possible relationship between PON-1 values and stroke onset was compared and no 
statistically significant difference was found (p=0.311). The relationship between PON-1 enzyme activ-
ity and diagnosis of acute ischemic stroke was found to be significant. PON-1 was found to be lower in 
stroke patients but no correlation was found with ischemic area volume.

Key words: Emergency department; Stroke; Paraoxonase-1 enzyme activity; Stroke onset; Ischemic area 
volume
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disrupted and calcium input into the cell increases. 
As a result of all these mechanisms, depending on the 
onset and severity of ischemia, necrosis or apoptosis or 
both together can cause death of brain cells4.

When all laboratory and radiological results are 
evaluated, stroke diagnosis can be made clinically and 
radiologically, but there is no definitive laboratory 
parameter for the diagnosis of stroke. Medical 
thrombolytic therapy and thrombectomy are the most 
effective treatment methods for stroke patients, but 
early treatment is one of the most important factors 
for success of these methods. Considering the studies 
performed, there is still no laboratory parameter that 
can confirm definitive diagnosis of stroke disease. 
However, many studies are being conducted to 
provide effective and early treatment. Evaluation of 
paraoxonase-1 (PON-1) enzyme activity is one of 
these studies for the diagnosis of stroke.

Paraoxonase, synthesized in the liver, is a serum 
esterase which is capable of hydrolyzing the active 
metabolite of paraoxon, parathion, an organic 
phosphorus insecticide5,6. Human serum PON-1 is a 
protein including 354 amino acids with a molecular 
weight of 43 kDa and is physically associated with 
high-density lipoprotein (HDL)7,8. PON has two 
main functions, i.e., to participate in detoxification 
of organophosphate compounds such as paraoxon, a 
pesticide, and to protect low-density lipoprotein from 
oxidation by hydrolyzing lipid peroxides9. The role of 
PON-1 genotypes in preventing atherosclerosis is still 
controversial and it is widely accepted that individuals 
with QQ low activity genotypes (homozygous AA) 
have a higher risk of atherosclerosis. Another feature 
of paraoxonase is that it has arylesterase activity which 
does not show polymorphism10. The measurement 
of paraoxonase enzyme activity is based on the 
spectrophotometric measurement of 4-nitrophenol 
formed by enzymatic hydrolysis of organophosphates 
such as paraoxon as substrate11-13.

Changes in HDL size and shape significantly 
affect PON-1 binding affinity and stability, resulting 
in a decrease in antioxidative capacity14. PON-
1 has an important physiological role in lipid 
metabolism by trying to prevent the development of 
atherosclerosis. Many studies have provided important 
evidence that PON-1 has a protective effect against 
atherosclerosis14-16. Recently, it has been reported that 
changes in the structure or serum level of PON-1 may 
also be a risk factor for cerebrovascular diseases15. 

The aim of this study was to assess the utility of 
PON-1 as a diagnostic biomarker in stroke patients by 
evaluating the relationship between PON-1 enzyme 
activity, stroke onset, and ischemic area volume in 
acute stroke patients.

Patients and Methods
Our study was conducted prospectively in the 

emergency department of our hospital over a 3-month 
period. Written approval was obtained from the 
Faculty Ethics Committee (2011-KAEK_25 2018/07-
44). The study included 100 patients over age 18 who 
were admitted to the emergency department with 
acute stroke symptoms within 24 hours, diagnosed 
as acute occlusive cerebrovascular disease after initial 
evaluation and necessary investigations by emergency 
physician, and whose onset time was known. Control 
group consisted of 100 patients aged over 18 who were 
admitted to the emergency department with a non-
stroke symptom, had no history of chronic disease, had 
a similar age distribution, and voluntarily participated 
in the study. Demographic characteristics such as 
age and gender, comorbidities, history of smoking, 
presence of dysrhythmia on electrocardiogram, and the 
National Institutes of Health Stroke Scale (NIHSS) 
scores were recorded.

Patients under age 18 with stroke onset of more 
than 24 hours, with unknown stroke onset, those with 
a history of stroke and whose stroke history could not 
be evaluated were not included in the study.

After initial evaluation, brain computed 
tomography and magnetic resonance imaging (MRI) 
examinations, 3 mL of blood was collected into an 
anticoagulant-free biochemistry tube to measure 
PON-1 enzyme activity of the patients included in 
the study. The samples were centrifuged at 7000 rpm 
for 7 minutes after waiting for 30 minutes at room 
temperature. Serum was transferred to Eppendorf 
tubes and kept at -20 °C until the number of patients 
was completed. PON enzyme activity was measured 
by colorimetric method.

The affected lobe, infarct area, and ischemic 
brain tissue volume were measured on MRI images 
and diffusion-weighted images obtained during the 
diagnostic process. The volume of ischemic tissue was 
extracted in four planes as oblique, axial, sagittal and 
coronal by using a detailed modeling system using 
point-based and appropriate calibration paint on three 
dimensional imaging models to form Exponential 



ADC imaging obtained on selected patients. The 
volume area of the infarcted tissue resulting from this 
extraction was calculated in three dimensions. After 
the measurements, it was checked by the radiologist.

All data were calculated using SPSS for Windows 
21.0. Descriptive values were given as mean ± 
standard deviation for continuous variables and n 
and % for categorical variables. Normality test of 
numerical values was computed by the Kolmogorov-
Smirnov test. Mann Whitney U test was used in 
cases where numerical variables did not show normal 
distribution in two independent group comparisons. 
Kruskal Wallis test was used for comparisons of 
more than two independent groups. Pearson χ2 was 
used in 2x2 tables and Fisher Freeman Halton test 
was used in RxC tables on determining differences 
between categorical variables. The level of statistical 
significance was set at p<0.05.
 

Results
The study included 100 patients with acute 

obstructive cerebrovascular disease and 100 healthy 
subjects. Six patients in the patient group were 
excluded from evaluation because the ischemic area 
volume could not be calculated with MRI results. 
One subject in the control group was excluded from 
the study because the paraoxonase enzyme activity 
could not be measured in serum sample. Table 1 shows 
demographic data of the study participants.

To determine the change of PON-1 activity in the 
patient group, PON-1 levels were compared between 
the patient and control groups, yielding a statistically 
significant difference. There was a significant decrease 
in serum PON-1 values of the patient group compared 
to the control group (p<0.001) (Table 2).

The affected ischemic areas of the brain were cate-
gorized in the patient group. The minimum, maximum 
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Table 1. Demographic characteristics of the study and control groups

Patient Control

M SD n % M SD n %

Age (yrs) 68.28 13.43 42.02 10.72

Gender Male 50 53.2 45 45.5

Female 44 46.8 54 54.5

Smoking No 60 63.8 99 100.0

Yes 34 36.2 0 0.0

Hypertension No 38 40.4 99 100.0

1-5 (yrs) 19 20.2 0 0.0
6-10 (yrs) 18 19.1 0 0.0
>11 (yrs) 19 20.2 0 0.0

Diabetes No 64 68.1 99 100.0

1-5 (yrs) 13 13.8 0 0.0
6-10 (yrs) 10 10.6 0 0.0
>11 (yrs) 4 4.3 0 0.0
Yes (onset unknown) 3 3.2 0 0.0

Coronary artery disease No 69 73.4 99 100.0

1-5 (yrs) 13 13.8 0 0.0
6-10 (yrs) 10 10.6 0 0.0
>11 (yrs) 2 2.1 0 0.0

Dysrhythmia on electrocardiography Yes 10 10.6 0 0.0

No 84 89.4 0 0.0
M = mean; SD = standard deviation
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and mean values of PON-1 and ischemic volume vari-
ables were calculated according to the condition of the 
affected ischemic area of the brain. According to these 
data, no statistically significant difference was found 
between the affected ischemic area of the brain and 
PON-1 and ischemic volume values (Table 3).

The patient group was categorized according to the 
affected ischemic brain lobes. The minimum, maxi-
mum and mean values of PON-1, NIHSS and isch-
emic volume variables were calculated according to the 
affected ischemic brain lobe. No statistically significant 
difference was found according to these data (Kruskal 
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Table 2. Comparison of patient and control groups according to PON-1 levels

n Mean SD p*

PON-1
Patient 94 216.27 135.31

0.003
Control 99 297.95 211.41

*Mann Whitney U test; SD = standard deviation; PON-1 = paraoxonase-1

Table 3. Comparison of PON-1 and ischemic volume values in the affected ischemic area in the brain

 Affected area n Mean SD SE
Lower

             95% CI
 Min  Max

Upper

PON-1

Right 40 236.58 148.70 23.51 189.02 284.13 12 734
Left 45 209.38 126.04 18.79 171.51 247.25 40 672
Bilateral 5 168.20 121.49 54.33 17.34 319.06 77 374
Brainstem 4 150.75 107.81 53.90 -20.80 322.30 68 309
Total 94 216.27 135.31 13.95 188.55 243.98 12 734

Ischemic volume

Right 40 35.16 65.88 10.41 14.09 56.23 0.14 279.54
Left 45 40.41 81.19 12.10 16.02 64.81 0.14 357.87
Bilateral 5 5.95 7.10 3.17 -2.87 14.77 0.95 18.17
Brainstem 4 0.55 0.40 .20 -0.09 1.19 0.13 1.00
Total 94 34.65 71.07 7.33 20.09 49.20 0.13 357.87

Kruskal Wallis test; PON-1 = paraoxonase-1; SD = standard deviation; SE = standard error; CI = confidence interval

Table 4. Comparison of PON-1 levels according to the affected lobe

Affected lobe n PON-1
Mean SD SE

 95%  CI
Lower Upper  Min Max

Frontal 3 160.67 110.64 63.87 -114.18 435.51 88 288
Temporal 4 149.25 131.62 65.81 -60.19 358.69 12 322
Parietal 40 223.85 118.59 18.75 185.92 261.78 72 488
Occipital 3 202.67 90.65 52.33 -22.52 427.85 98 256
Brainstem 5 165.20 98.79 44.18 42.53 287.87 68 309
MCA irrigation area 20 243.95 171.76 38.40 163.56 324.34 83 734
Frontal + parietal 9 227.78 188.79 62.93 82.66 372.90 40 672
Cerebellum 8 193.50 126.22 44.62 87.97 299.03 77 412
Parietal + occipital 2 192.50 12.02 8.50 84.50 300.50 184 201
Total 94 216.27 135.31 13.95 188.55 243.98 12 734

Kruskal Wallis test; PON-1 = paraoxonase-1; SD = standard deviation; SE = standard error; CI = confidence interval; MCA = middle 
cerebral artery
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Table 5. Comparison of PON-1 levels according to stroke onset

Stroke onset n PON-1 
Mean SD SE

 95% CI
Lower Upper  Min Max

<1 hour 7 269.14 170.30 64.36 111.64 426.65 83 488
1-2 hours 13 184.23 90.03 24.97 129.83 238.64 68 342
2-3 hours 14 285.86 217.55 58.14 160.24 411.47 83 734
3-4 hours 10 148.10 101.74 32.17 75.31 220.89 12 316
4-5 hours 8 182.63 96.29 34.04 102.12 263.13 40 337
>5 hours 42 216.81 110.63 17.07 182.33 251.29 88 473
Total 94 216.27 135.31 13.95 188.55 243.98 12 734

Kruskal Wallis test; PON-1 = paraoxonase-1; SD = standard deviation; SE = standard error; CI = confidence interval

Table 6. Comparison of PON-1 levels according to ischemic volume

Ischemic 
volume n PON-1 mean SD SE

95% CI
Min Max

Lower Upper

<1 cm3 28 200.50 109.85 20.76 157.90 243.10 68 457
1-10 cm3 33 214.79 124.11 21.60 170.78 258.80 12 488
>10 cm3 33 231.12 164.85 28.69 172.66 289.58 83 734
Total 94 216.27 135.31 13.95 188.55 243.98 12 734

Kruskal Wallis test; PON-1 = paraoxonase-1; SD = standard deviation; SE = standard error; CI = confidence interval

Fig. 1. Comparison of NIHSS scores according to the affected ischemic area of the brain.
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Wallis H: 4.207, p=0.649) (Table 4). Comparison of 
NIHSS scores according to the affected ischemic area 
of the brain is illustrated in Figure 1.

The patient group was categorized in terms of 
stroke onset. The minimum, maximum and mean val-
ues of PON-1 were calculated. No statistically signif-
icant difference was found between stroke onset and 
PON-1 values (Kruskal Wallis H: 4.775, p=0.311) 
(Table 5). PON-1 values were compared with affected 
ischemic volume measurements in patients with acute 
stroke. There was no statistically significant difference 
between these two variables (Kruskal Wallis H: 0.422, 
p=0.810 (Table 6).

In the ROC analysis to determine the efficacy of 
PON-1 in predicting ischemic stroke, the area under 
the curve was 0.352; p<0.001; and 95% confidence in-
terval 0.276-0.429 (Fig. 2).

Discussion
The diagnosis of ischemic stroke is clinically pre-

dictable but it cannot be diagnosed without radiolog-
ical imaging. In this disease, appropriate treatment 
should be started as soon as possible. However, the 
desired diagnostic speed could not be reached and no 
diagnostic laboratory marker could be obtained. In our 
study, diagnostic value of PON-1 in ischemic stroke 
and its relationship with ischemic area volume and 
stroke onset was evaluated.

In the study group, 53% of patients were male and 
47% were female. Their mean age was 68.2±13.43 
years. When other studies were examined, similar re-
sults were observed. In many studies, male gender ra-
tios in ischemic stroke patients vary between 48.3% 
and 73.4%, and male gender is considered as a risk 
factor in the stroke group17,18.

The study conducted in Framingham showed that 
smoking is an important factor for the increase in the 
incidence of stroke and appears to be an independent 
risk factor. In the study, the stroke risk increased 1.62 
times for females and 1.42 times for males19. In an-
other study investigating distribution of stroke risk 
factors by Rostohar Bijelic et al., it is emphasized that 
male patients had a significantly higher prevalence 
of smoking20. In an animal model investigated by 
Reed et al., tobacco use was shown to directly reduce 
PON-1 and indirectly lower HDL cholesterol lev-
els21. The rate of smoking was 42.5% in the patients 
in our study, but no significant decrease was found 
on comparison of PON-1, NIHSS and ischemic vol-
ume values. In a study conducted by Chawhan et al., 
PON-1 was evaluated as a risk factor for cerebrovas-
cular disease in patients with ischemic stroke and in 
healthy subjects22. 

In another study, 48 ischemic stroke patients and 
46 healthy control subjects were compared and PON-
1 was found to be significantly lower in ischemic stroke 
patients23. In a study including 185 ischemic stroke pa-
tients and 185 healthy control subjects, PON-1 was 
found to be significantly lower in the patient group24. 
In our study, PON-1 was found to be significantly 
lower in the patient population, which is consistent 
with the literature. 

In a study conducted by Kim et al., PON-1 and 
ischemic stroke were compared and a statistically sig-
nificant correlation was found25. We investigated the 
relationship between this significant decrease, the af-
fected area and stroke onset. However, no statistically 
significant difference was found between PON-1 and 
the affected brain lobe. PON-1 activity alone in as-
sessing the affected lobe or stroke onset was not suf-
ficient for clinical prediction. As a result of the ROC 
analysis between PON-1 and ischemic stroke, the area 
under the curve in the effectiveness of PON-1 in pre-
dicting ischemic stroke was 0.352; p<0.001; and 95% 
confidence interval 0.276-0.429. These results showed 
the efficacy of PON-1 in predicting ischemic stroke, 
but no diagnostic cut-off value could be determined.
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Fig. 2. ROC curve for paraoxonase-1 variable.



When the relationship between PON-1 and isch-
emic area volume and stroke onset, which were the 
leading parameters of our study, were evaluated, no 
statistically significant difference was found. However, 
we believe that more studies are needed to investigate 
the issue.

Conclusion
This study aimed to investigate the relationship be-

tween serum PON-1 and stroke onset and ischemic 
area volume in acute stroke patients and to evaluate 
its use as a diagnostic biomarker. Thus, we think that 
acute stroke patients can be treated faster and more 
effectively.

In this study, a significant correlation was found 
between PON-1 enzyme activity and the diagnosis 
of acute ischemic stroke. In the patient population, 
PON-1 values were found to be statistically signifi-
cantly lower, but no significant difference was found 
between stroke onset and ischemic area volume. No 
significant cut-off value could be determined for diag-
nostic PON-1 enzyme activity. We believe that PON-
1 enzyme activity may be a valid parameter in the di-
agnosis of acute ischemic stroke, however, warranting 
additional studies on this issue.

Limitations
Our study was carried out in 24-hour stroke cases 

in the emergency department. The number of patients 
included in our study was limited due to this time lim-
itation considering thrombolytic and thrombectomy 
indications.

We could not evaluate the efficacy of PON-1 levels 
in the treatment or survival of stroke patients in the 
diagnostic process in the emergency department. Fur-
ther studies are needed on this issue.
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Sažetak

PROCJENA ODNOSA IZMEĐU AKTIVNOSTI ENZIMA PARAOKSONAZE-1, ZAHVAĆENOG 
VOLUMENA I NASTUPA MOŽDANOG UDARA U BOLESNIKA S AKUTNIM ISHEMIJSKIM MOŽDANIM 

UDAROM

S. Atmaca, S. Eraybar, Y. Nennicioglu, M. Yuksel i H. Kaya

Akutni ishemijski moždani udar zauzima važno mjesto kod prijma na hitni odjel. Poslije brzo postavljene dijagnoze kod 
bolesnika primljenog s preliminarnom dijagnozom moždanog udara treba provesti potrebne pretrage i prvu intervenciju, na-
kon čega se provodi dijagnostička procjena. Cilj ovog istraživanja bio je ispitati je li aktivnost enzima paraoksonaze-1 (PON-
1) dijagnostički biološki biljeg za moždani udar, mjeren u bolesnika s poznatim vremenom nastupa moždanog udara, i to kroz 
procjenu odnosa između dijagnoze moždanog udara, volumena područja zahvaćenog ishemijom i nastupa moždanog udara. 
Studija je uključila 100 bolesnika starijih od 18 godina primljenih na hitni odjel sa simptomima moždanog udara, poznatim 
vremenom nastupa moždanog udara i dijagnosticiranih kao akutna okluzivna cerebrovaskularna bolest unutar 24 sata te 
100 zdravih kontrolnih osoba. Nakon početne procjene, kompjutorizirane tomografije mozga i snimanja magnetskom rezo-
nancijom izmjerena je aktivnost PON-1 u serumu bolesnika kolorimetrijskom metodom. Usporedba razina PON-1 između 
dvije skupine ispitanika pokazala je značajnu razliku. U skupini bolesnika zabilježen je značajan pad vrijednosti PON-1 u 
serumu u usporedbi s kontrolnom skupinom (p<0,001). Prema ovim rezultatima nije zabilježena značajna povezanost di-
jela mozga zahvaćenog ishemijom, PON-1 i vrijednosti volumena zahvaćenog ishemijom. Usporedba moguće povezanosti 
vrijednosti PON-1 i nastupa moždanog udara nije pokazala značajnu razliku (p=0,311). Utvrđena je značajna povezanost 
aktivnosti enzima PON-1 i dijagnoze akutnog ishemijskog moždanog udara. Vrijednosti PON-1 bile su niže kod bolesnika 
s moždanim udarom, ali nije utvrđena korelacija s volumenom područja zahvaćenog ishemijom.
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