
Paraoxonase1 55 and 192 Gene 
Polymorphisms in an Egyptian Population 
with Diabetic Complications 

ABSTRACT

Type 2 diabetes mellitus is the most common type of diabetes worldwide with 
serious macro- and microvascular complications. It is a polygenic disease cha-
racterized by interaction of environmental and genetic factors. The paraoxo-
nase 1 gene (PON1) 55 and 192 polymorphisms have been reported to be asso-
ciated with type 2 diabetes and its complications. Our aim is to study the PON1 
55 ,  192 gene  polymorphisms and enzyme activity in type 2 diabetic Egyptian 
population with complications. 100 type 2 diabetic patients with complica-
tions (34 with cardiac and 66 with microvascular complications (neuropathy, 
retinopathy and/or  nephropathy). This was in addition to 100 healthy control 
subjects of matched age and sex were taken. PON1 55 L⁄M  and 192 Q⁄R gene 
polymorphisms and PON1 enzyme activity serum levels were detected. The 
LL genotype of PON1 55 polymorphism and QR and QQ genotypes of PON1 192 
polymorphism were more frequent among the patients with diabetic complica-
tions. The PON1 enzyme activity levels were lower among the diabetic patients 
than in control subjects. PON1 55 and 192 polymorphisms and enzyme activity 
seems to be related to diabetic complications in an Egyptian type 2 diabetic 
patients.
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Diyabetik Komplikasyonları Olan Mısır’lılarda Paraoksonaz1’in 55 ve 192 
Gen Polimorfizmleri

ÖZET

Tip 2 diyabetes mellitus ciddi makro ve mikrovasküler komplikasyonlar ile 
dünya çapında diyabetin en sık görülen tipidir. Çevresel ve genetik faktör-
lerin etkileşimi ile karakterize poligenik bir hastalıktır. Paraoksonaz 1 geni 
(PON1) 55 ve 192 polimorfizmlerinin tip 2 diyabet ve komplikasyonları ile 
ilişkili olduğu bildirilmiştir. Amacımız  tip 2 diyabet komplikasyonları olan 
Mısır’lılarda PON1 55, 192 gen polimorfizmleri ve enzim aktivitesini incele-
mektir. Çalışmaya komplikasyon gelişmiş olan tip 2 diyabetli 100 hasta dahil 
edildi (34’ü kardiyak, 66’sı mikrovasküler komplikasyonlu (nöropati, retinopati 
ve / veya nefropati)) Ayrıca kontrol grubu olarak yaş ve cinsiyet uyumlu 100 
sağlıklı çalışmaya alınmıştır. PON1 55 L/M ve 192 Q / R gen polimorfizmleri ve 
serum PON1 enzim aktivitesi düzeyleri tespit edildi. PON1 55 polimorfizmi’nin 
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MATERIAL and METHODS

Study population

A total of 100 type 2 diabetic patients with complications 
were selected from the outpatient and inpatient sections 
of Diabetes and Cardiology departments, Specialized 
Medical Hospital, Mansoura University. This is in addition 
to 100 healthy age and sex matched control subjects.  
Informed written consents were given by all patients and 
control subjects. They undergone full clinical examina-
tion; including measurement of blood pressure, body 
mass index (BMI= body weight (kg) ÷ height (m)2 . This 
is in addition to ECG, and doppler flow mapping of the 
carotid and peripheral arterial system. Diagnostic coro-
nary angiography was done for all patients for diagnosis 
of coronary artery disease (CAD). All patients and control 
subjects were subjected to thorough history taking, and 
they were questioned regarding hypertension, macro and 
microvascular complications of DM. Assessment of the 
patients for the presence of diabetic microvascular com-
plications was done as the following; diabetic peripheral 
neuropathy was diagnosed by a history of glove and stoke 
hypothesia, dysethia, or pain in limbs. We confirmed this 
by absence of pain sensation using the Symmes-Weinstein 
monofilament (10), loss of vibration sense over malleoli 
using tuning fork and/or loss of ankle reflex (11); and 
electroneuromyography was done in doubtful cases (12).  
Autonomic neuropathy was diagnosed from history of 
orthostasis, prolonged diarrhea or constipation or the 
presence of erectile dysfunction. We confirmed this by 
finding resting tachycardia, postural hypotension and 
lack of R-R variation on ECG during Valsalva maneuver 
(11). Assessment for diabetic retinopathy was done by 
examination of the fundus of the eye bilaterally in fully 
dilated pupils using the ophthamoscope. Diagnosis was 
made when we found retinal hemorrhage, exudates, reti-
nal microaneurysms, new vessels and/or vitreous hemor-
rhage (13). We planned to do renal biopsy for diagnosis of 
diabetic nephropathy (14); but unfortunately, it cannot 
be done. So,  we depend on  detection of urinary  albu-
min ⁄ creatinine ratio in morning spot urine samples for 
diagnosis of diabetic nephropathy, if it is  more than 30  
mg⁄gm  the diagnosis of albuminuria was established (15). 
Laboratory work up was done for all patients and con-
trol subjects including; fasting and post-prandial plasma 
glucose, total cholesterol, low density lipoprotein (LDL), 
high density lipoprotein (HDL), triglyceride (TG), serum 
creatinine and glycosylated hemoglobin. This is in addi-
tion to detection of paraoxonase 1 enzyme activity in the 

LL genotipi  ve PON1 192 polimorfizminin QR ve QQ genotipleri 
diyabetik komplikasyonları olan hastalarda daha sıktı. PON1 
enzim seviyeleri ise kontrol grubuna göre diyabetik hastalarda 
daha düşüktü. PON1 55 ve 192 polimorfizmleri ve enzim ak-
tivitesinin tip 2 diyabetik Mısır’lı hastalarda diyabetik kom-
plikasyonlarla ilişkili olduğu görülmektedir.

Anahtar kelimeler: Diabet, Komplikasyonlar, Paraoksonase 1, 
Polimorfizmler, Mısır

INTRODUCTION

Type  2 diabetes mellitus (DM) is a  multifactorial disease 
characterized by both clinical and genetic heterogeneity 
(1). Chronic complications of type 2 diabetes can be clas-
sified as macrovascular (coronary artery disease (CAD), 
peripheral artery disease, and cerebrovascular disease) 
and microvascular (diabetic nephropathy, retinopathy, 
and neuropathy) (2). Human serum paraoxonase (PON) 
enzyme was characterized as an organophosphate hydro-
lase. In addition to its role in hydrolyzing organophospho-
rus compounds, PON has been shown to play an important 
role in lipid metabolism and thus in cardiovascular dis-
ease and atherosclerosis (3). PON 1 enzyme is a calcium-
dependent antioxidant glycoprotein, is synthesized in the 
liver and secreted into the plasma, where it is associ-
ated with high density lipoproteins (HDL). PON1 enzyme 
is implicated in lipid metabolism and in the elimination 
of carcinogenic lipid-soluble radicals (4). PON1 protects 
both low density lipoprotein (LDL) and high density lipo-
protein (HDL) from oxidation. It prevents the formation 
of oxidized LDL (ox-LDL) and inactivates LDL-derived oxi-
dized phospholipids and prevents oxidation of HDL phos-
pholipids (5). The human PON1 gene has been mapped to 
7q21.3 (6). The most familiar polymorphisms of the PON1 
gene are the glutamine⁄arginine substitution (Q⁄R) at co-
don 192 and the leucine⁄metionine substitution (L⁄M) at 
codon 55 (7). There is a controversy regarding the associ-
ation of PON1 gene polymorphisms with diabetic compli-
cations, some of the studies had suggested that there is 
an association (8), while  others failed to show an associa-
tion (9). Although some of these controversial results can 
be explained by factors such as the type of population 
studied, dietary habits, and   differences in study design.

We aimed to evaluate the relationship between the mac-
rovascular (coronary artery disease) and microvascular 
complications of type 2 DM, PON1 gene polymorphisms, 
and PON1 enzyme activity in an Egyptian population.
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Table 1. Comparison of characteristics of diabetic patients and controls in Egyptian population

serum by the following method:  The activity of para-
oxonase was assayed using paraoxon (Sigma, St. Louis, 
MO) as a substrate. The assay buffer was prepared from 
0.132 M Tris–HCl, pH 8.5, and1.32 mM CaCl2. For each 
set of assays, 6 mM freshly prepared paraoxon substrate 
solution (120 mM paraoxon in acetone diluted with 0.132 
mM Tris–HCl) was used. The assay tube contained 152  Tris 
buffer, 8 serum (1:2 diluted with water) and 40 of 6 mM 
paraoxon. The reaction was initiated at 37.8_C by the 
addition of the substrate solution, and absorbance was 
continuously monitored at 405 nm. A molar extinction 
coefficient of 18050 was obtained and used to calculate 
activity, and units were expressed as micromoles of para-
oxon hydrolyzed per minute (16).

PON1 L55M  and Q192R  polymorphisms were detected by 
the following method: PON 1 -55 L>M gene polymorphism 
typing by restriction fragment length polymorphism 
(RFLP): The PON 1-55 L>M single nucleotide polymor-
phism (SNP; rs854560) in the coding region of the PON 1 
gene (7q21.2) was genotyped using the PCR–RFLP method 
previously reported by Hasselwander et al. 1999 (17). 
DNA was extracted from whole venous blood using the 
EZNA blood DNA extraction kit (Omega bio-tek, Norcross, 
GA, Lot No. D 3392-01). Genomic DNA was amplified using 
PCR with different primers (forward and reverse). The 
sequences of primers (Biolegia) used were as follows: 
forward primer, 5’GAA GAG TGA TGT ATA GCC CCA G 3’; 
and reverse primer, 5’TTT AAT CCA GAG CTA ATG AAA GCC 
3’. The reaction volume was 25 µL: 5 µL DNA at 100 ng /
µL, 15.0 µL DreamTaq Green mater mix (Fermentas, Lot 

No.39428), 0.5 µL of each primer (25 pmoL/µL), and 4.0 
µL H2O. Reaction conditions were carried out in a ther-
mocycler PTC-100 (Bio-Rad) at 95 oC for 4 minutes fol-
lowed by 32 cycles of 95 oC for 60 seconds, 59 oC for 60 
seconds, and 72 oC for 60 seconds. A total of 10 µL of 
PCR products was resolved in 2% agarose gel to check the 
PCR products at the 170-bp fragment. RFLP analysis was 
performed using NlaIII enzyme (Clinilab) in 15.5 µL total 
volume by mixing 10 µL of PCR products + 0.5 µL of NlaIII 
restriction enzyme + 5.0 µL of BSA buffer (0.1 µg/µl final 
concentration). The mixture was incubated at 37 oC for 
overnight. DNA fragments were resolved in 5% agarose 
gels and ethidium bromide staining followed by ultravio-
let visualization. Digestion of PCR products yielded 126 
+ 44 bp fragments (MM), a single 170-bp fragment (LL), 
and 170 + 126 + 44 bp fragments (LM). PON 1 -192 Q>R 
gene polymorphism typing by restriction fragment length 
polymorphism (RFLP): The PON 1 -192 Q>R single nucleo-
tide polymorphism (SNP; rs662) in the coding region of 
the PON 1 gene (7q21.2) was genotyped using the PCR–
RFLP method previously reported by Hasselwander et al. 
1999[17]. Genomic DNA was amplified using PCR with dif-
ferent primers (forward and reverse). The sequences of 
primers (Biolegia) used were as follows: forward primer, 
5’TAT TGT TGC TGT GGG ACC TGA G 3’; and reverse prim-
er, 5’CAC GCT AAA CCC AAA TAC ATC TC 3’. The PCR reac-
tion and cycling was the same as above. A total of 10 µL 
of PCR products was resolved in 2% agarose gel to check 
the PCR products at the 99-bp fragment. RFLP analysis 
was performed using Alw1 enzyme (Clinilab) in 15.0 µL 
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Characterictic   Patients  (N=100)  Control   (N=100)   P value
Age (years)   54.18 ± 7.8  53.1 ± 4.6    0.2
Sex (M⁄F)    44⁄56   45⁄55    0.9
BMI (kg⁄m2)   32.2 ± 3.4   23.0 ± 1.9    0.001
SBP (mmgh)   146 ± 14   122 ± 10.3   0.001
DBP (mmgh)   90.55 ± 7.5  73.5 ± 8.2    0.001
FBG (mg⁄dl)   170.9 ± 37.6  74.99 ± 9.1   0.001
PPBG (mg⁄dl)   242.9 ± 51.7  126.6 ± 9.7   0.001
HbA1c (%)    8.2 ± 1.2   5 ± 0.4    0.001
Cholesterol (mg⁄dl)   199.1 ± 38.1  129.9 ± 15.6   0.001
LDL (mg⁄dl)   122.9 ± 14.6  75.4 ± 11.1   0.001
HDL (mg⁄dl)   39.6 ± 3.5   46.2 ± 4.2    0.001
TG (mg⁄dl)   170.6 ± 22.5  124.7 ± 17.1   0.001
Creatinine   1.2 ± 0.2   0.9 ± 0.2    0.001
PON1 activity (μmol⁄min⁄l)  89.1 ± 11.4  239.6 ± 49.3   0.001

BMI: body mass index,  DBP: diastolic blood pressure, FBG: fasting blood glucose, HbA1c: glycosylated hemoglobin, HDL: high density lipoprotein, LDL: low density lipopro-
tein, PON1: paraoxonase -1, PPBG : post-prandial blood glucose, SBP: systolic blood pressure, TG: triglyceride, μmol⁄min⁄l: micromole⁄minute⁄litre.
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total volume by mixing 10 µL of PCR products + 5.0 µL 
of Alw1 restriction enzyme. The mixture was incubated 
at 37 oC for overnight. DNA fragments were resolved in 
5% agarose gel, visualized by UV after ethidium bromide 
staining. Digestion of PCR products yielded 66 + 33 bp 
fragments (RR), a single 99-bp fragment (QQ), and 99 + 
66 + 33 bp fragments (QR). 

Statistical analysis was performed by SPSS version 16. 
Continuous variables were expressed as mean ± standard 
deviations and were compared by Student’s t-test for two 
groups or ANOVA for more than two groups. Qualitative 
data were compared between groups by the Chi-square 
test. Allele frequencies were estimated by the gene 
counting method, and Hardy-Weinberg equilibrium was 
checked by the Chi-square test. A value of p < 0.05 was 
considered to represent a statistically significant result.

RESULTS

The patients in our study were age and sex matched with 
the control subjects. The patients had a significantly 
higher levels of BMI, systolic and diastolic blood pres-
sures (SBP and DBP respectively), fasting, post-prandial 
plasma glucose, glycosylated hemoglobin, total choles-
terol, LDL, TG, and creatinine. However, the patients had 
significantly lower values of PON1 activity and HDL than 
the control subjects as shown in table 1. Regarding the 
PON1 55 and 192 polymorphisms; the allele frequencies 
were 0.70 for the L allele and 0.635 for the Q allele in 
patients, and 0.72 for L allele and 0.685 for the Q allele 
in the control group. There is no significant difference 
between them as shown in table 2. Also, the cases were 
found to be in Hardy-Weinberg equilibrium, for both the 
PON1 55 and 192 polymorphisms. We had 34 diabetic car-
diac cases, in addition to 66 diabetic cases with microvas-
cular complications.  The genotypes LL and QR frequently 
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Table 2. PON1 55 and  192 polymorphism genotypes and allele frequencies in patients and control groups
Polymorphism  Genotype  N= out of 100  N= out of 100  P value
      Patients (%)  Controls  (%) 
PON 1   LL   50   50   x2= 1.8
55   LM   39   44   P= 0.4
   MM   11   6 
   Allele frequency:
   L   139 (0.70)  144 (0.72)  x2=0.3
   M   61 (0.30)   56 (0.28)   P= 0.6
PON 1   QQ   41   44
192   QR   45   49   x2= 2.6
   RR   14   7   P= 0.3
   Allele frequency:
   Q   127 (0.635)  137 (0.685)  x2= 1.11
   R   73 (0.365)  63 (0.315)   P= 0.3

Complications   PON 1 55 genotype      P value
(N=of patients)   LL (%) LM (%) MM            (%) 
Diabetic  cardiac group  (34 )  17 (50) 12 (35.3) 5 (14.7)  0.7
Diabetics with microvascular  33 (50) 27 (40.9) 6 (9.1)  0.7
Complications (66) 
    PON 1 192 genotype 
    QQ (%) QR (%) RR (%) 
Diabetic  cardiac group    (34 ) 14 (41.1) 16 (47.1) 4 (11.8)  0.9
Diabetics with microvascular  27 (40.9) 29 (43.9) 10 (15.2)  0.9
Complications (66) 

Table 3. Comparison of PON1  55 and 192 genotypes  with diabetic complications
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showed the microvascular and macrovascular complica-
tions of type 2 DM, however, no significant differences for 
the L and M alleles were found between the groups. The 
Q and R alleles in both groups showed no significant dif-
ferences in frequency as shown in table 3. In the diabetic 
cardiac group and in the diabetic group with microvas-
cular complications, the PON1 activity was significantly 
higher in MM genotype of PON1 55 polymorphism in com-
parison to LL and LM genotypes. Moreover, in the diabetic 
group with microvascular complications, it is significantly 
higher in LM in comparison to LL genotype.  In the dia-
betic cardiac group; the PON1 activity was significantly 
lower in QQ genotype of PON1 192 polymorphism than in 
QR and RR genotypes. Moreover, the PON1 activity was 
significantly lower in QR than in RR genotype in the dia-
betic group with microvascular complications and also in 
the control group as shown in table 4.   

DISCUSSION 

PON1 polymorphisms differ with ethnic background, such 
that the incidence of the RR genotype is 42.7% in Japan, 
about 20 % in Caucasians, and 33% in China (18). In our 
study, the incidence of the RR genotype was 7% in control 
group. The frequency of the M allele was 6.9% in Japan, 
15% in Caucasians, and 28% in the control group in our 
study. The R allele is more frequent in Japanese and 
Chinese patients with CAD than in Caucasians (19).  The 
QR polymorphism has been reported to be related to the 
development of CAD. The frequency of the R allele was 
increased in patients with CAD with respect to the con-
trols. In addition, type 2 diabetic patients with LL geno-

type were found to have an increased risk of CAD (20). 
Nonetheless, a recent study has revealed that RR geno-
type may be associated with less production of reactive 
oxygen metabolites in Japanese subjects (21). Moreover, 
another recent  study  have suggested that Paraoxonase-1 
is not associated with coronary artery calcification in 
type 2 diabetes but in this study all patients were asymp-
tomatic for coronary artery disease (22).  In our study, the 
RR genotype was found in 11.8% of the diabetic cardiac 
group, and in 7% of the control subjects. However, the 
QQ and QR genotypes were more frequent in the diabetic 
cardiac group (41.1% and 47.1% respectively). It is worth 
mentioning that PON1 55 genotype was reported to be 
associated a 1.78- fold increase in the risk of ischemic 
stroke in Turkish population (23, 24) with the highest PON 
activities detected in the LL and RR genotypes (24). In our 
study, the LL genotype was more common in the diabetic 
cardiac group but it had no statistically significant dif-
ference from other genotypes LM and MM. On the other 
hand, the QR and QQ genotypes were more prevalent 
than the RR genotype in the diabetic cardiac group, but 
there was no statistically significant difference between 
them.  

The previous studies had suggested that the combined 
genotypes of RR⁄LL increase the risk of CAD (25, 26) and 
it has been reported that the QR genotype was the most 
common in patients with CAD [25]. A positive family his-
tory of CAD was found to be associated with the R allele 
(27). Another study indicated that the RR genotype is sig-
nificantly associated with CAD in a north Indian popula-
tion (28). This does not agree with our study, in which 
the RR genotype is the least prevalent in the diabetic 
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Complications	 	 	 PON	1	55	genotype,	PON	activity	(µmol⁄min⁄l)
    LL  LM  MM  P value
Diabetic  cardiac group  78.2±10.1b 80.4±5.4c  94.4±3.7b,c 0.002
Diabetics  with   microvascular 87.8±56a,b  95.4±7.9a,c 111.7±13.6b,c 0.001
Complications 
Control  group   247.0±49.1 227.98±48.3 262.8±45.6 0.09
    PON	1		192	genotype,			PON	activity	(µmol⁄min⁄l)
    QQ  QR              RR 
Diabetic  cardiac group  75.9±10.3d,e 84.1±5.1d  89.3±12.8e 0.01
Diabetics with  microvascular  93.5±10.3  90.3±7.4f  99.9±13.8f 0.032
Complications 
Control group   241.1±49.7 231.8±46.8f 284.4 ± 44.9f 0.03

Table 4. Serum PON1 activity in diabetic patients with complications and controls according to L⁄M 55 and Q⁄R 
192 genotypes

(a) LL versus  LM  genotype, (b) LL  versus   MM genotype, (c) LM versus  MM  genotype, (d) QQ  versus  QR  genotype, (e) QQ  versus  RR  genotype, (f) QR  versus  RR  geno-
type
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cardiac group, and the QQ and QR genotypes were more 
prevalent. The cause of this difference may because our 
study was done on an Egyptian population with differ-
ent ethnic and genetic background from other nations in 
other countries like India and Turkey. A strong relation-
ship between the LL genotype and the development of 
diabetic retinopathy has been reported (29) and the L 
allele was reported to be associated with retinopathy 
(30). This agrees with our study in which LL and QR geno-
types were more prevalent among diabetic patients with 
microvascular complications, but still with no statisti-
cally significant difference from other genotypes. The Q 
allele is thought to have an important role in the risk 
of developing membranoproliferative glomerulonephri-
tis and may also be associated with the poor prognosis 
of this disease in children (31). The lower PON1 activity 
determined in type 2 diabetic patients has been associ-
ated with micro- and macrovascular complications of DM 
(32). It has been reported that PON1 activity is decreased 
in diabetic nephropathy and neuropathy (33, 34). This 
comes in agreement with our study in which the cases 
had a significantly lower value of PON1 activity than in 
the control group. Moreover, we found that the enzyme 
activity differs with different PON1 polymorphisms, being 
lower in LL and QQ genotypes, intermediate activities in 
LM and QR genotypes, and the highest activities in MM 
and RR genotypes which may indicate that LL, QQ and 
QR genotypes may be related to diabetic complications, 
and on the contrary the MM and RR genotypes may be 
protective in Egyptian population. However, other stud-
ies had found that the relations of the genotypes to the 
enzyme activity were different from our study which may 
be due to different populations studied (35). Our study 
had some limitations; the most important is the small 
sample size because of financial and logistic reasons. In 
addition to that, we did not found in the literature any 
comment about the PON1 polymorphisms in an Egyptian 
population.  Another study on larger number of Egyptian 
population is needed to confirm our results.
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