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A b s t r a c t

Introduction: Human paraoxonase (PON1) is a calcium-dependent enzyme 
physically associated with HDL, and it is believed to contribute to the ath-
eroprotective effect of HDL. The aim of the study was to evaluate PON1 
status in patients with atherosclerosis obliterans as an effect of ischemia 
regarding its activity and phenotype distribution.
Material and methods: The study group consisted of patients with chronic 
arterial occlusion of the lower limbs due to atherosclerosis obliterans (AO). 
The patients were divided into two groups according to the degree of isch-
emia: moderate (MI), and critical (CI). The ratio of the hydrolysis of salt-stim-
ulated PON1 activity to the hydrolysis of phenylacetate was used to assign 
individuals to one of three possible phenotypes (low activity – A, medium 
activity – AB, high activity – B). It was observed that PON1 arylesterase ac-
tivity was affected by ischemia of the lower limbs depending on its degree.
Results: The odds ratio and the relative risk analysis showed that the pa-
tients with moderate ischemia are much more often characterized by phe-
notype A  than by phenotype B. The low activity phenotype A  occurs over 
twice as often in patients with chronic ischemia of the lower limbs as in 
individuals from the control group (OR = 2.125; 1.96 to 3.776, p = 0.0143).
Conclusions: This study presents the low activity phenotype A in relation to 
the risk of ischemia of the lower limbs due to atherosclerosis and shows the 
potentially important role of PON1 in conclusion of the process leading to 
intensification of ischemia degree.

Key words: low activity phenotype, risk of ischemia, arylesterase, 
paraoxonase activity.

Introduction

Human paraoxonase (PON1) is a calcium-dependent ester hydrolase 
and the PON gene is a member of a multigene family which includes at 
least two other genes, PON2 and PON3 [1]. The PON1 is an enzyme syn-
thesized in the liver, physically associated with HDL, and it is believed to 
contribute to the atheroprotective effect of HDL [2, 3]. The PON1 inhibits 
oxidation of low-density lipoprotein (LDL) in vitro [4, 5]. Genetic deletion 
of PON1 is associated with increased susceptibility of LDL to oxidation 
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ex vivo, increased measures of macrophage oxi-
dative stress, and increased lesion size in animal 
models of atherosclerosis; conversely, overexpres-
sion of the human PON1 transgene in mice results 
in reduced aortic lesion size [6–9]. Serum PON1 
activity has been found to be reduced in meta-
bolic syndrome, diabetes mellitus, advancing age, 
atherosclerotic vascular disease, chronic ischemia 
of the lower limbs, chronic liver damage, cancer, 
smoking and more [10–18]. It has been postulated 
that PON1 should be treated as a component of 
the plasma antioxidant system [19].

Human PON1 has two main genetic polymor-
phisms both due to amino acid substitutions, one 
involving glutamine (A or Q genotype) and arginine 
(B or R genotype) at position 192 and the other 
leucine (L genotype) and methionine (M genotype) 
at position 55 [20, 21]. The serum activity of PON1 
varies among individuals, and this difference is 
chiefly related to the position-192 polymorphism 
of the PON1 gene [22]. Therefore, the population 
can be subdivided into three phenotypic groups: 
A represents low, AB intermediate, and B high en-
zyme activity of PON1. The ratio of salt-stimulated 
PON1 activity to arylesterase activity is used for 
the definition of phenotypes [20–22]. The PON1-
Q192R polymorphism has been studied more 
extensively and has been shown to affect the ac-
tivity of PON1 alloenzymes with respect to both 
organophosphate detoxification and lipoprotein 
oxidation [23]. Several case-control studies have 
shown the positive association of PON1-Q192R 
polymorphism with coronary heart disease (CHD) 
[24–27]. In contrast, the other studies reported 
no such correlation [28, 29]. The measurement 
of the enzymatic activity of PON1 polymorphic 
forms shows substrate specificity [30]. Arylester-
ase activity with phenyl acetate gives about equal 
weight to both Q and R isozymes, because both 
have about the same specific activity. Diazoxon 
hydrolysis favors somewhat the Q isozyme, and 
paraoxon hydrolysis considerably favors the R 
isozyme; the degree of this bias depends on the 
pH selected for the assay, as well as the salt con-
centration [28]. Further analysis is needed to find 
the substrate that best represents the protective 
role of PON1. The results of past analysis of phar-
macogenetic and hereditary metabolic conditions 
suggest making the use of patient phenotypes to 
identify the critical genotypes at first, and then 
determining the molecular basis of the associa-
tion [28]. In this light, determination of PON1 ac-
tivity in addition to genotype (referred to as PON1 
status) has been postulated to be more important 
than PON1 genotype alone [31–33]. Most of the 
studies in this field are associated with coronary 
artery disease, but we decided to focus our atten-
tion on patients with peripheral artery disease, to 

evaluate the phenotype distribution of PON1 and 
its activities in a  group of patients with athero-
sclerosis obliterans as an effect of ischemia of the 
lower limbs intensity.

Material and methods

Experimental subjects

The group of patients studied consisted of 
47 males with chronic arterial occlusion of low-
er limbs due to atherosclerosis obliterans (AO), 
aged 49–79 years, who were admitted to the De-
partment of General and Vascular Surgery at the 
University of Medical Sciences, Poznan, Poland. 
All patients underwent arteriography of the lower 
limbs and ultrasound measurement of ankle pres-
sure, and were treated surgically (implantation of 
aorto-bi-femoral prostheses). The patients were 
divided into two groups according to the degree of 
ischemia: moderate (MI), n = 22, and critical (CI),  
n = 25. The MI is characterized by intermittent 
claudication, ankle pressure ≥ 50 mm Hg, and 
CI by rest pain, ankle pressure < 50 mm Hg and 
ulcers or necrosis of the lower limbs. The control 
subjects were 20 blood donors, healthy males 
aged 22–49 years, who underwent a  medical 
check-up before having blood taken in the fasting 
state. Overweight subjects and those with diabe-
tes and hypertension were excluded from both 
the study and the control groups. Neither group 
received any special lipid-lowering diet, nor were 
treated with angiotensin receptor blockers or anti-
oxidant drugs. Ninety percent of patients studied 
received acetylsalicylic acid, 70% were on statin 
therapy, and 30% of patients were treated with 
angiotensin-converting enzyme inhibitors. About 
65% of patients were heavy smokers. Biochem-
ical analysis of the subjects in the investigation 
are shown in Table I. Fully informed consent was 
obtained, and the study protocol was approved 
by the Ethics Committee of Poznan University of 
Medical Sciences.

Reagents and apparatus

All the reagents used in the study were of ana-
lytical grade, and purchased from Sigma Chemical 
Company. The spectrophotometric measurements 
were carried out on a Meretech UV/VIS SP 8001 
Spectrophotometer.

Assay for arylesterase activity

The assay for the arylesterase activity of PON1 
was performed according to the Gan method [34]. 
In brief, the assay was run in a cuvette in 20 mM Tris/
HCl buffer containing 1.0 mM CaCl

2, and 1.0 mM  
phenylacetate. The reaction was initiated by the 
addition of the enzyme (5 µl of plasma), and the 
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increase in absorbance at 270 nm was recorded. 
Blanks without enzyme were used to correct the 
spontaneous hydrolysis of phenylacetate. Aryles-
terase activity was calculated from the molar ex-
tinction coefficient (ε = 1310 M–1cm–1) of phenol 
produced. A unit of arylesterase activity is defined 
as 1 µmol of phenylacetate hydrolyzed per minute 
under the above assay conditions. 

Assay for paraoxonase activity

The paraoxonase activity in plasma was mea-
sured with paraoxon as a substrate in a cuvette 
with 50 nM Tris/HCl buffer containing 1.0 mM 
CaCl

2 at pH 10.5 and 1.0 M of paraoxon. The reac-
tion was initiated by the addition of enzyme (5 µl 
plasma), and the increase in absorbance was re-
corded at 412 nm. The activity of PON1 stimulated 
by 1.0 M NaCl was performed as above [34].

Paraoxonase phenotyping

The phenotypes distribution of PON1 was de-
termined by the dual substrate method [28]. The 
ratio of the hydrolysis of salt-stimulated PON1 ac-
tivity to the hydrolysis of phenylacetate was used 
to assign individuals to one of the three possible 
(A, AB, B) phenotypes. Cutoff values between phe-
notypes were as follows: type AA, ratio < 3.0; type 
AB, ratio 3.0–7.0; type BB, ratio > 7.0.

Lipid parameters

Total, HDL- and LDL-cholesterol (TC, chol-HDL, 
chol-LDL) and triacylglycerol (TAG) concentrations 
in plasma were estimated by using enzymatic kits 
from Boehringer Mannheim Biochemica. The con-
centration of uric acid in plasma was determined 
by the reaction with uricase using Sigma Chemical 
Company diagnostic kits.

Statistical analysis

Standard methods (Kolmogorov-Smirnov and 
Shapiro-Wilk) were used to assess distribution 
normality of variables. The values were expressed 
as means ± SD, and differences between the 
means were assessed with Student’s t-test. For 
some of them, medians (minimum-maximum) 
were used when the normality test failed. Non-
parametric methods (Kruskal-Wallis) were used 
to compare data that did not pass the normality 
test. Statistical analysis for the effects of different 
variables on the serum PON1 activity and pheno-
types was carried out by one-way ANOVA. Allele 
frequencies were determined by the gene count-
ing method and departure from the Hardy-Wein-
berg equilibrium was evaluated by the χ2-test. All 
calculated p values were two-sided and p ≤ 0.05 
was considered significant.

Results

Arylesterase activity

Comparison of the results obtained for the con-
trol group with those for the AO group indicates 
the impact of lower limb ischemia on the enzy-
matic PON1 activity due to atherosclerosis prog-
ress. The arylesterase activity of PON1, measured 
with phenyl acetate as a substrate, was found to 
be significantly lower in the AO group in compar-
ison to the control group (49.35 ±27.13 U/ml and 
85.30 ±35.05 U/ml, respectively, p = 0.0001). The 
PON1 arylesterase activity in the AO group was 
affected by ischemia of the lower limbs. In the CI 
group, reduced activity was observed in compar-
ison with the MI group (45.76 ±21.97 U/ml and 
55.17 ±32.20 U/ml, respectively) and with the 
control group (85.30 ±35.05 U/ml; p = 0.0003 
for CI and p = 0.0151 for MI) (Table II). Moreover, 

Table I. Biochemical characteristics of patients

Parameter AO (n = 47) MI (n = 22) CI (n = 25) Value of p

Age 63.2 ±8.8 67.72 ±9.27 66.94 ±7.94 NS

Triacylglycerol (TAG) [mmol/l] 1.99 ±0.9 1.74 ±1.19 2.03 ±0.74 NS

Total cholesterol (TC) [mmol/l] 5.58 ±1.23 5.64 ±0.85 5.39 ±1.39 NS

LDL cholesterol [mmol/l] 3.48 ±1.01 3.50 ±0.88 3.23 ±1.13 NS

HDL cholesterol [mmol/l] 1.24 ±0.27 1.34 ±0.34 1.15 ±0.27 0.0384, NQS

LDL/HDL 2.68 ±1.08 2.37 ±1.03 3.30 ±0.95 0.0328

TC/HDL 4.58 ±1.2 4.56 ±0.99 4.63 ±1.4 NS

Arylesterase/HDL 40.94 ±22.28 46.59 ±27.01 37.86 ±16.87 NS

Uric acid [mg/dl] 5.1 ±1.3 5.2 ±1.2 5.6 ±1.7 NS

CRP [mg/l] 24; 8.88–180 10.95; 8.88–26.6 30.7; 13–177 0.0006

NS – not significant, NQS – not quite significant.
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a positive and significant correlation was found in 
the AO group for HDL-chol and PON1 arylesterase 
activity (r = 0.3804, p = 0.0185). No significant 
correlations were observed for the arylesterase/
HDL ratio either between MI and CI groups or after 
dividing into phenotypes (Tables I and III). 

Paraoxonase activity

The data from the AO group obtained for para-
oxonase and paraoxonase stimulated activities 
were not sampled from the Gaussian distribu-
tion; thus nonparametric methods were used for 
their statistical evaluation. A significant decrease 
in paraoxonase activity was demonstrated in the 
AO group in comparison to the control subjects 
(116.81 ±104.53 U/l and 190.12 ±76.73 U/l, re-
spectively, p = 0.0003). Further investigations of 
paraoxonase activity performed within the AO 
group showed an analogous effect of ischemia, 
as it was found also for the arylesterase activity, 
namely PON1 activity in the CI group did not differ 
significantly from that in the MI group, although 
in both of studied groups the paraoxonase ac-
tivity was significantly reduced when compared 
with the control group (Table II). Significant and 
negative correlation coefficients were found for 
paraoxonase activity and the concentration of uric 
acid in the AO group (r = –0.4922, p = 0.0106). 
Stimulated activity of paraoxonase showed a sig-

nificant difference between the moderate and 
critical ischemia groups (Table II).

PON1 phenotyping

The allelic frequencies were found in the stud-
ied groups using phenotype determination, name-
ly the ratio of the hydrolysis of salt-stimulated 
PON1 activity to the hydrolysis of phenylacetate 
(Figure 1 A). The allelic frequencies presented 
a trimodal distribution (Figure 1 B), and followed 
the Hardy-Weinberg equilibrium (Table IV).

Evaluation of the predictive effect connected 
with the presence of low activity PON1 phenotype 
A showed a significant effect in accordance with 
ischemia intensity (Table V). It was observed that 
the MI subgroup was characterized by a  great-
er number of individuals with phenotype A  than 
observed in the control group, where the phe-
notype distribution showed equal frequency for 
both alleles (expected values according to Har-
dy-Weinberg equilibrium A-8, AB-16, B-8). When 
the AO group was divided by assigning the phe-
notype, ANOVA showed that the patients with 
A  phenotype are characterized by the highest 
concentration of LDL-chol when compared with 
AB and B phenotypes (3.95 ±1.09 mmol/l, 3.09 
±0.79 mmol/l, 3.08 ±0.42 mmol/l, respectively,  
p = 0.0101). Similarly, the concentration of uric 
acid was also significantly higher in the pheno-

Table II. Distribution of PON1 activities in accordance with ischemia intensity

PON1 arylesterase  
[U/ml]

PON1 paraoxonase activity 
[U/l]

PON1 stimulated activity 
[U/l]

MI 55.17 ±32.20* 73.50; 20–391** 130; 50–814

CI 45.76 ±21.97*** 108.50; 7.4–527* 196; 7–1408†

Control group 85.30 ±35.05 190.12 ±76.73 197.5; 118–736

Value of p < 0.0001 0.0016 0.0294

*Vs. control group, †MI vs. CI, **very significant, ***extremely significant.

Table III. Lipid characteristics of phenotypes

Parameter Phenotype A Phenotype AB Phenotype B Value of p

Triacylglycerol (TAG) [mmol/l] 2.03 ±0.98 1.6 ±0.65 2.22 ±0.74 NS

Total cholesterol (TC) [mmol/l] 5.88 ±1.33 5.08 ±0.92 5.73 ±0.89 NS

LDL cholesterol [mmol/l] 3.95 ±1.09 3.09 ±0.79 3.08 ±0.42 0.0101

HDL cholesterol [mmol/l] 1.25 ±0.27 1.19 ±0.28 1.22 ±0.38 NS

LDL/HDL 3.28 ±1.21 2.70 ±0.59 2.76 ±0.99 NS

TC/HDL 4.54 ±1.80 4.42 ±0.84 3.74 ±1.28 NS

Arylesterase/HDL 47.93 ±25.58 32.30 ±17.37 35.86 ±13.13 0.0926, NQS

Uric acid [mg/dl] 5.80 ±1.15 4.97 ±1.52 4.11 ±1.34 0.0361

CRP [mg/l] 26.6; 26.6–177 10.9; 9.68–31.4 96.5; 13–180 0.0171

NS – not significant.
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PON1 activity phenotypes

Figure 1. A – The allelic frequencies based on the ratio of the hydrolysis of salt-stimulated PON1 activity to the 
hydrolysis of phenylacetate. B – The allelic frequencies presented a trimodal distribution
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Table IV. Distribution of paraoxonase phenotypes in AO with respect to Hardy-Weinberg equilibrium (p2 + 2pq + q2 
= 1); Χ2 = ∑(O – E)2/E – the chi-square random variable (Χ2) equation

Observed number  
of individuals

Observed allele 
frequencies

Expected geno-
type frequencies

Expected number 
of individuals

Χ2 = ∑(O – E)2/E

Phenotype A = 23 (48.93%) Allele A (p) = 68% p2 = 46.23% 21.73

Phenotype AB = 18 (38.29%) 2pq = 43.51% 20.45

Phenotype B = 6 (12.7%) Allele B (q) = 32% q2 = 10.23% 4.81

Total = 47 Χ2 = 0.60 NS

NS – not significant.

Table V. PON1 low activity phenotype A association with AO and its intensity

OR; 95% CI RR; 95% CI Value of p

AO vs. control 2.125; 1.96–3.776 1.36; 1.072–1.725 0.0143*

MI vs. control 2.448; 1.336–4.388 1.42; 1.125–1.792 0.00631**

CI vs. control 1.778; 1.009–3.132 1.28; 1.002–1.635 0.0631 (NQS)

MI vs. CI 0.72 0.9 NS

*Significant, **very significant, NS – not significant, NQS – not quite significant.



Magdalena P. Kasprzak, Maria Iskra, Wacław Majewski, Magdalena Budzyń-Napierała, Bogna Gryszczyńska, Krzysztof Strzyżewski, Jakub Kasprzak

1106 Arch Med Sci 6, December / 2014

type A group. Interestingly, the highest concentra-
tion of C-reactive protein (CRP) was found in indi-
viduals with high activity phenotype B (Table III).

Discussion

The present study is a  continuation of the re-
search carried out on the evaluation of the effect of 
chronic ischemia of the lower limbs, of different in-
tensity, on PON1 activity in plasma measured with 
different substrates. The previous results showed 
the relationship between both arylesterase and 
paraoxonase activity of PON1 [12] and the inten-
sity of lower limb ischemia as a  consequence of 
atherosclerosis progress. The present results com-
prise the PON1 status, and provide information on 
PON1 activities, and the levels of the functional 
PON1192 phenotypes of the enzyme in plasma.

This study presents, for the first time, the low 
activity phenotype in relation to the risk of isch-
emia of the lower limbs due to atherosclerosis. 
Many works have focused on CVD and CHD [17, 
23, 27–29]. There is still little research concern-
ing atherosclerosis of peripheral arteries and the 
effect of genetic polymorphism and phenotype. 
Many authors suggest that the PON1 activity phe-
notypes provide additional information about the 
risk of vascular disease, not provided by genotype 
alone [32]. The cardioprotective role of HDL, the 
inhibition or reduction of atherogenic LDL oxida-
tion, appears to be, in a large part, a function of 
PON1, which is associated with HDL [5, 19, 23, 
32]. The PON1 metabolizes mildly oxidized phos-
pholipids, presumably by eliminating hydroperoxy 
derivatives of unsaturated fatty acids [32, 35]. 
Thus, the PON1-CVD association is expected to 
result from the role of PON1 in the metabolism 
of bioactive lipid molecules and protection against 
the damage caused by oxidized LDL [33]. A num-
ber of PON1 polymorphisms have been described, 
with the Q192R polymorphism markedly affecting 
the efficiency of substrate hydrolysis. In relation 
to the Q192R polymorphism, individuals may be 
homozygous for the Q alloenzyme (Q at 192) or 
heterozygous or homozygous for the R alloen-
zyme (R at 192) [15]. This phenotype-determining 
polymorphism is the basis for the dual-substrate 
enzymatic method, which permits inferences con-
cerning PON1’s genotype [20, 21, 25]. The activity 
of PON1 towards paraoxon (paraoxonase activity) 
is believed to reflect the Q192R polymorphism 
(paraoxon is less efficiently hydrolyzed by the 
Q alloenzyme) and the variation in the enzyme 
concentration [15]. Whereas arylesterase activity 
may be a  surrogate for PON1’s antioxidant effi-
ciency, paraoxonase activity has been suggested 
to be a surrogate for its thiolactonase activity [27, 
34, 36, 37]. In contrast to its antioxidant efficacy, 
higher Hcy-thiolactonase activity of PON1 is asso-

ciated with R192 alleles. Arylesterase activity is 
believed to represent the enzyme concentration 
[23], which inclined the authors to apply this activ-
ity measured against phenyl acetate in evaluation 
of PON1 status. Previous research showed that 
arylesterase activity defines the intensity of lower 
limb ischemia much more essentially in compari-
son with paraoxonase activity [12]. The capacity 
of paraoxonase to hydrolyze lipid peroxides was 
found to be the reverse of paraoxon hydrolytic ac-
tivity, showing that phenotype A  with low para-
oxonase activity is more protective against lipid 
modification than phenotype B. The distribution 
of paraoxonase activity in the studied popula-
tion was trimodal and presented low (type A), 
high (type B) and intermediate (type AB) activity, 
which is in accordance with other studies [14, 38, 
39]. The odds ratio and the relative risk analysis 
showed that the patients with moderate ischemia 
are much more often characterized by phenotype 
A than phenotype B and the control group. It was 
shown that low activity phenotype A occurs over 
twice as often in patients with chronic ischemia 
of the lower limbs as in people from the control 
group. Interestingly, phenotype A  was prevalent 
in the group of patients with moderate ischemia. 
Further evaluation of the phenotype A group indi-
cated significantly high concentration of LDL-chol. 
However, the CRP concentration was significantly 
lower in comparison with the phenotype B group, 
which excludes the intensive inflammatory pro-
cess in patients with phenotype A. Moreover, the 
uric acid concentration and arylesterase/HDL ra-
tio, both parameters corresponding to antioxidant 
and antiatherogenic status, were significantly 
higher in phenotype A patients. It may be suggest-
ed that low activity phenotype individuals despite 
the unprofitably high LDL-chol are less susceptible 
to atherosclerosis progression, and resulting in-
tensification of ischemic symptoms. Nevertheless, 
further investigations concerning larger groups of 
patients are required. The analysis of PON1 activi-
ties in relation to ischemia intensity revealed that 
the arylesterase activity is more stable and the 
difference of its level is not significant between 
the studied phenotypes while paraoxonase activi-
ty shows a strong relationship with the genotype. 
This fact leads to a  very wide range of activity 
values that are observed in all studied groups. 
We observed the greatest paraoxonase activity 
towards paraoxon in the phenotype B group and 
the lowest in phenotype A patients. We suggest 
that the PON1 status in patients with ischemia of 
the lower limbs is related to the intensity of the 
process leading to narrowing of the artery lumen, 
and thus it may be a helpful factor in evaluation 
of ischemia of the lower limbs. Therefore we sup-
port the idea of Mirdamadi and coauthors, who 
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postulated that the PON1 phenotype may be 
a  novel predictive factor for the effectiveness of 
statin treatment with respect to PON1 activity and 
serum lipid levels in patients with hyperlipidemia 
[40]. Statin therapy increased serum paraoxonase 
activity and reduced triacylglyceride levels effec-
tively; however, this response seemed to be more 
significant in patients with AB + B PON1 pheno-
type than in those bearing A  PON1 phenotype 
[40]. Further analysis of the PON1 status in the 
AO group, especially with critical ischemia, implied 
invalid ability of the enzyme to reduce the effect 
of oxidative stress and inflammation, which may 
correspond with a  decreased level of HDL-chol, 
and increased LDL/HDL ratio and CRP concentra-
tion. 

Our previous study confirmed the significant 
contribution of oxidative stress as well as inflam-
mation on the paraoxonase activities in patients 
with ischemia of the lower limbs [12]. In the Hel-
sinki Heart Study, it was concluded a  high LDL/
HDL cholesterol ratio (> 5) was the strongest pre-
dictor of cardiac events [41]. The LDL/HDL ratio 
in plasma of patients with ischemia of the lower 
limbs showed a  tendency to increase in parallel 
with the intensity of ischemia, and was found 
to be the greatest in the CI group. The highest 
LDL/HDL ratio was observed in phenotype A pa-
tients, and analogous results were found for TC/
HDL ratio, presented by some authors as anoth-
er predictive parameter of cardiovascular disease 
(CVD). The tendency discussed above might result 
from too low a number of patients studied. How-
ever, the evident relationship of lipid parameters 
and their role in development of atherosclero-
sisis due to drastically decreased concentration  
of HDL fraction observed in, i.e Tangier disease  
or fish-eye disease but not in ischemia of the 
lower limb, which leads to an evident influence 
on PON1 activity [2]. Recently it was suggested 
that the amino acid in position 192 of PON1 par-
ticipates in HDL binding [42, 43]. The Q192 allo-
enzyme was shown to bind to the HDL particle 
with 3-fold lower affinity than the R192 alloen-
zyme, consequently showing lower stability, and 
lipolactonase activity, and a modulatory effect on 
macrophage cholesterol efflux [42, 43]. A similar 
observation was made in the present study as 
well. Both evaluated paraoxonase activities were 
found the greatest in the group of patients with 
phenotype B (thus Q192 alloenzyme), and this 
fact should be helpful to explain the high level 
of LDL cholesterol in patients with A  phenotype  
(R 192 alloenzyme). However, it does not explain 
its protective function against ischemia performed 
by the presence of R192 alloenzyme. Therefore 
the way of binding the PON1 enzyme by the HDL 
particle does not determine the beneficial char-
acter of PON1 in evaluation of ischemia intensity. 

In light of recent reports, the questionable role of 
HDL-chol in protection of atherosclerosis has been 
indicated. These results challenge several estab-
lished views about plasma HDL cholesterol, e.g. 
that raising of plasma HDL-chol should uniformly 
translate into reductions in risk of myocardial in-
farction. Moreover, it is suggested that both acute 
and chronic inflammation may lead to structural 
and functional changes of HDL, which render the 
particles proinflammatory [44]. This discussion on 
functionality of HDL will probably help to under-
stand some unclear aspects of our PON1 research 
too. This study analyzed for the first time the 
PON1 status in ischemia of the lower limbs, show-
ing the potentially important role of PON1 in con-
clusion of the process leading to intensification of 
ischemia degree. However, the small number of 
patients included and some financial limitations 
are the reason for further studies in this field.
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