
Abstract

Background: Serum paraoxonase (PON1) is an HDL-
associated esterase that hydrolyzes products of lipid
 peroxidation and prevents the oxidation of LDL. Paraox-
onase 1 (PON1) was implicated in susceptibility to
stroke in previous studies. We investigated the correlation
between   the paraoxonase Gln-Arg 192 polymorphism
(PON1Q/R192) and stroke including cerebral hemor-
rhage and cerebral infarction.
Method: The association between the paraoxonase

Gln-Arg 192 polymorphism  (PON1Q/R192) and stroke
was investigated in 1019 subjects, which involved
305 cases with cerebral hemorrhage, 375 cases with cere-
bral infarction and 339 healthy controls.
Results: The PON1Q/R192 genotype distribution in

the cerebral hemorrhage group was QQ13.1%, QR48.2%
and RR38.7% and in the cerebral infarction group was
QQ13.6%, QR44.0% and RR42.4% respectively. There
was no significant difference in PON1Q/R192 allele and
genotype distribution between the patient group and the
control group (P > 0.05). The PON1 polymorphism was
not associated with cerebral hemorrhage or infarction.
Conclusion: Our study suggests that serum para -

oxonase (PON1) is not associated with cerebral
 hemorrhage or infarction, although it is a lipolactonase
which is associated with HDL-apolipoprotein A-I (HDL-
apoA-I) and plays a role in the prevention of atheroscle-
rosis. 
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Introduction

Serum paraoxonase (PON1) is a HDL-associated
enzyme, which belongs to a family of calcium-
 dependent hydrolases (Primo-Parmo SL, 1996). It
can prevent the oxidation of low-density lipoprotein
(LDL) cholesterol which is believed to play an
 important role in the initiation of atherosclerosis.

Serum PON1 levels seem to be inversely related to
the level of cardiovascular disease (Ayub, 1999;
Mackness, 2003; Navab, 1997). Despite the evidence
that PON1 prevents atherosclerosis in animalmodels
(Shih, 2000; Shih, 1998; Tward, 2002; Rozenberg,
2003), it remains to be established whether PON1
possessesatheroprotective and antioxidant properties
in humans (Bhattacharyya, 2008). Several studies
have suggested that PON1 may play an athero -
protective role, but the simultaneous associations
between   PON1 polymorphismsand enzyme activity
with cerebrovascular disease (CVD) risk have been
reported in only some population studies (Mackness
and Mackness, 2004; Li, 2003; Durrington, 2001;
Hegele, 1999; Voetsch, 2002; Yamada, 2002).
The PON1 gene has two common coding-region

polymorphisms, which regulate the concentration
and activity of the enzyme and alter its ability to
 prevent lipid oxidation. Although a meta-analysis
concluded that the PON1-192 R allele was weakly
but significantly associated with an increased risk
of atherosclerosis, other studies, reported a trend
 towards increased atherosclerosis risk in individuals
with the QQ genotype (Aubó, 2002; Zuliani, 2002;
Turban, 2001). 
Cerebral hemorrhage is a life-threatening condi-

tionwhich is associated with substantial morbidity
and mortality. Hypertension is an important risk fac-
tor of cerebral hemorrhage and atherosclerosis,
whereas atherosclerosis is one of the most important
risk factors leading to cerebral infarction. There have
been many case-control studies to test the hypothe-
sis, that the 192R allele of the PON1 gene is associ-
ated with coronaryheart disease (CHD) (Durrington,
2001). But there is less evidence elucidating the
association   between 192R allele of the PON1 gene
and cerebral infarction as well as intracerebral
hemorrhage   (ICH).
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The purpose of this study was to assess the distri-
bution of polymorphisms of the PON1 genes in well-
phenotyped patients with stroke and matched control
subjects, and to find the correlation between the
PON1Q/R192 and stroke in these samples. 

Subjects and Method

1.1. SUBJECTS

Between February 2001 and November 2002,
total of 680 survived patients with stroke, comprised
of 305 patients with cerebral hemorrhage and
375 patients with cerebral infarction, with an average
age of 60.8 ± 11.4 years were referred to the Second
Xiangya Hospital of Central-South University, in
Changsha, China. All the patients were investigated
within 24h after occurrence and all the subjects
enrolled   in the study were Chinese Hans. The diag-
nosis of stroke was based on findings of history and
physical examination and confirmed by CT and/or
MRI of the brain. The control population was 339
apparently healthy people without cardiocerebrovas-
cular diseases, from an outpatient department or
physical check-up department, simultaneously.
Subjects with following incorporated diseases

were excluded as hematopathy, tuberculosis, malig-
nant tumor, hepatic or renal failure, the use of drugs,
eg: anticoagulants, or persons with lipid-lowering
pharmacological therapy prior to hospital admission
less than one week. The study was approved by the
Hospital Ethics Committee and informed consent
was obtained from all subjects or their relatives.

1.2. RESEARCH METHOD

1.2.1. Determination of PON1Q/R192 genotype

Peripheral blood samples were collected after
study subjects’ consent. Genomic DNA was isolated
from white blood cells using standard phenol-
chloroform   extraction. Genotypes were determined
by polymerase chain reaction (PCR) and restriction
enzyme digestion. For the PON1 192 polymorphism,
forward primer 5’-TAT TGT TGC TGT GGG ACC
TGA G-3’ and reverse primer 5’- CAC GCT AAA
CCC AAA TAC ATC TC-3’ were used (Mackness
B, 1998). The amplification cycle for PON1 poly-
morphism genotyping was performed in a Gene
Amp PCR system 2400 with an initial 3-min denat-
uration period at 94°C, followed by 32 cycles of 40s
at 94°C, 50s at 58°C, and 40s at 72°C, with a final
extension of 10 min at 72°C. Digestion of the PCR
production with 3U of BspPI resulted in three frag-
ments of 99bp, 66bp and 33bp. All digested products

were analyzed on 3% agarose gel stained with ethid-
ium bromide and examined under ultraviolet transil-
lumination.

1.2.2. Statistical analysis

Ver.13.0 of the Statistical Package for Social
 Sciences (SPSS) for Windows was used for all
statistical   analyses. Student’s two-tailed t test for
independent   samples, c2 test, or One-way ANOVA
was used to assess the differences between the
groups when appropriate. A conditional logistic
regression   model was used to calculate odds ratios
(ORs) with 95% CIs for the effect of the risk factors
to the early development of clinically manifested
cerebral hemorrhage. Data are presented as a geo-
metric mean ± SEM or percentages.

Results

2.1. GENERAL CHARACTERISTICS IN STROKE CASES AND
RANDOMLY SELECTED CONTROLS

Table 1 shows age, sex, body mass index, risk fac-
tors and alcohol measurements in case groups and
control group. There was no significant difference
among the three groups with respect to age, body
mass index and alcohol measurements. The fre-
quency of some risk factors involved in stroke such
as history of hypertension, diabetes mellitus, systolic
pressure, diastolic pressure, family history with
stroke and smoking were significantly higher in the
two stroke groups than in control group (P < 0.05)
(Table 1).

2.2. DISTRIBUTION OF GENOTYPE AND ALLELE
 FREQUENCIES OF THE PON1-192 GENE IN THE CASE

GROUP AND CONTROL GROUP

The distribution of genotype and allele frequen-
cies of Q192R gene polymorphism between case and
control groups was not significantly different.
The distribution of the PON1 192 genotypes was

in Hardy-Weinberg equilibrium, both in the Cerebral
infarction- controls subjects (c2 = 1.18, df = 1,
p > 0.5) and Cerebral hemorrhage - controls subjects
(c2 = 0.26, df = 1, P > 0.5) (Table 2). Expected geno-
type frequencies were calculated by the Hardy-
Weinberg equation from the allele frequencies. All
these differences failed to reach statistical signifi-
cance (P > 0.05).

2.3. ANALYSIS OF RISK FACTORS FOR STROKE

A conditional logistic regression model was used
to calculate odds ratios (ORs) with 95% CIs for the



effect of the risk factors to the early development of
clinically manifested cerebral hemorrhage. The QQ
genotype yielded an OR of 0.779 (95% CI, 0.502 to
1.211) ,while the RR genotype yielded an OR of
0.965 (95% CI, 0.703-1.325) by univariate analysis.
The distribution of the PON1 192 genotypes and
 alleles did not differ significantly between the two
groups.
The same model was used to calculate odds ratios

(ORs) with 95% CIs for the effect of the risk factors
to the early development of clinically manifested CI.
The QQ genotype yielded an OR of 0.951 (95% CI,
0.423 to 1.003), while the RR genotype yielded an
OR of 1.255 (95% CI, 0.932-1.691) by univariate
analysis. The distribution of the PON1 192 geno-
types and alleles did not differ significantly between
the two groups.

Discussion

Over the past ten years, several studies have
 suggested that PON1 is implicated in the pathogen-
esis of atherosclerosis, coronary heart  disease, and
stroke (Oda, 2002; Tward, 2002). Many factors (for
 example hypertension) affect the development of
atherosclerosis, but these factors and the importance
of each differ between cerebral and coronary arter-

ies. Clinical Research data suggest that PON1 pro-
tects LDL from peroxidation in the intima and plays
an important role in the protection of the develop-
ment of atherosclerosis. But there exists a difference
in the constitution and environment between coro-
nary and cerebral arteries. The protective effect of
the PON1 gene against atherosclerosis seems weaker
in the cerebral than in the coronary arteries. Our
research   is the first report to have examined the effect
of paraoxonase (PON1) Q192R polymorphism in
cerebral hemorrhage. And the data shows no associ-
ation between PON1 Q192R polymorphism and
stroke, suggesting that the PON1 Q192R polymor-
phism and atherosclerosisare not definitive risk fac-
tors for cerebral infarction or hemorrhage in elderly
individuals in china. 
Stroke is a multifactorial disease controlled by

 genetic and environmental factors (Chai, 2008;
Komori  , 2008; Graff-Iversen, 2007). Twin and
 family studies have determined that there is a sig -
 nificant familial or genetic component underlying
the occurrence of stroke. In our study, history of
 hypertension, diabetes mellitus, systolic blood
pressure  , diastolic blood pressure, family history
with stroke and smoking may be the risk factors for
stroke (P < 0.05),whereas among the case groups
and control group, there were no significant
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Table 1

Demographic and clinical characteristics of Patients with Cerebral Infarction and Controls

Variables Control (n = 339) Cerebral infarction Cerebral hemorrhage
patient (n = 375) patient (n = 305)

Mean age (mean ± SD, year) 61.6 ± 7.1 62.7 ± 11.3 60.8 ± 11.4
Sex (M/F) 191/148 222/153 193/112
BMI (kg/m2) 23.4 ± 3.5 23.8 ± 3.4 23.6 ± 4.1
Systolic pressure (mmHg) 139.0 ± 21.6 159.3 ± 29.0 162.3 ± 29.2
Diastolic pressure (mmHg) 81.1 ± 10.5 92.9 ± 16.0 97.5 ± 18.0
Family history of stroke 4.4% 21.1% 28.9%
History of hypertension 38.6% 68.3% 73.8%
History of diabetes 6.2% 19.7% 14.4%
Current smoking 39.8% 49.3% 49.2%
Current drinking 24.5% 28.5% 30.5%

Table 2

Genotype distribution and allelic frequencies of the PON1 gene in CI patient and control group

Group Control (n = 339) Cerebral infarction Cerebral hemorrhage
patient (n = 375) patient (n = 305)

Genotype (%) NS
QQ 55 (16.2) 42 (11.2) 40 (13.1)
QR 150 (44.3) 164 (43.7) 147 (48.2)
RR 134 (39.5) 169 (45.1) 118 (38.7)

Allele frequencies (%)
Q 38.35 33.07 37.21
R 61.65 66.93 62.83
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 differences in age, body mass index and alcohol
measurements. 
In a recent meta-analysis of several studies, one

of which involved 350 cases (Shin, 2008), the studies
elucidated a significant difference between the
apolipoprotein (Apo) B concentration and the
PON1Q192R polymorphism (P = 0.02) but showed
no significant overall associations with ischemic
stroke. The similar result was reported by Schiavon
(Schiavon, 2007) whose study showed similar geno-
type distribution for PON1 Q192R polymorphism in
acute ischemic stroke  patients and healthy subjects.
While there have been fewer studies in ischemic
stroke, the evidence shows the prevalence of the
PON1 192RR genotype (P = 0.006) and significant
increase frequency of the R allele (P = 0.010) among
young acute ischemic stroke patients compared with
controls (Voetsch, 2002). This differs from a study
(Can Demirdöğen, 2008), not included in the meta-
analysis, which suggested that PON1 activity ratio,
PON1 192RR genotype and PON1 status as an
important   risk factors for ischemic stroke. In contrast
to this study, our results are not consistent with
the previous report. The possible explanation why
our results did not support the positive association
 between PON1 and ischemic stroke was that the
association   may be different among the sample
 populations with different ethnic backgrounds. In
the previous study, the patients were selected from
the Turk population, whereas all our samples were
 obtained from Chinese individuals.
The PON1-Q192R polymorphism also displayed

a significant interracial distribution as described by
former reports. The frequencies of the Q/R allele
were 0.6–0.7/0.3–0.4 in the White and 0.3–0.4/0.6–
0.7 (Imai, 2000; Topić, 2001)in the Asian Chinese
and Japanese. Allele frequencies were 0.69 and 0.31
for Q and R genetic variants respectively  in Turkish
population, whose country lies at the junction
between   Europe and Asia (Aynacioglu, 1999). Allele
frequencies also have an association with geograph-
ical location in the same population (Allebrandt,
2002). We investigated the polymorphism of PON1
Glen 192 Arg (A G) genotypes using a PCR-RFLP
technique, and found that QR genotype (44.0%) was
predominant in the total subjects. In our cerebral
 infarction studies, the distribution tendency of Q/R
alleles in Chinese Han population of Hunan was
0.366/0.634, which is consistent with the previous
results of Asian Chinese and Japanese. Allele fre-
quency of R was slightly higher than those reported
in Chinese Hans (0.52 and 0.55).
In conclusion, no significant difference of geno-

type and allelic distribution in both PON1-Q192R
polymorphisms in stroke patients and controls was

revealed, neither significant difference was observed
in lipid profiles among the three genotypes. Further
studies are necessary to expand the sample size and
investigate the definite result.
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