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Background and Aims: Age-related macular degeneration (ARMD) is a
degenerative retinal disorder that causes progressive loss of central vision in older
adults. The study aimed to determine the effect of asymmetric dimethylarginine
(ADMA) as oxidizing metabolite and paraoxonase (PON1) activity within its
phenotypes as an antioxidant agent in the development of such multifactorial
disease.

Materials and methods: Forty-five exudative ARMD (E-ARMD) patients and 45
healthy controls were enrolled for this case-control study. Serum PONL1 activity was
measured using paraoxon and phenylacetate as substrates. PON1 phenotype was
determined using the double-substrate method. The ADMA and oxidized LDL
(OX-LDL) levels were determined by enzyme-linked immunosorbent assay
method. Blood lipid profile was measured, and nontraditional lipid indexes were
calculated.

Results: Three phenotypes were determined for PON1 among the participants in the
study, including AA, AB, and BB phenotypes with low, moderate, and high activity,
respectively. AA phenotype was more frequent among E-ARMD, while AB and BB
phenotypes were more common among healthy subjects. The mean ADMA and
OX-LDL levels were significantly higher in the patients comparing to the controls
(p=0.02 and p=0.01, respectively). No significant differences were found in ADMA
and OX-LDL levels between phenotypes in each group and also among similar
phenotypes. LDL, cholesterol, and even all comprehensive lipid indexes except
(atherogenic index of plasma) were higher in E-ARMD patients compared with the
healthy group.

Conclusions: It was concluded that high-risk individuals could be identified by
evaluating the blood factors involved in oxidative stress, and antioxidant therapies
may reduce the incidence and progression of the disease.
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Introduction

Age-related macular degeneration (ARMD) is
one of the common causes of blindness among
the elderly around the world. Two forms of
ARMD are nonexudative or dry and exudative or
wet. However, exudative-ARMD (E-ARMD) is
more destructive and is responsible for more
than 80% of the visible damage in such cases.
The pathological cause of this disease is the
formation of choroidal neovascular membranes
below the retina and then, leaking fluid and
blood. If it is left untreated, eventually it leads to
the formation of a centrally blinding disciform
scar in that area. Heredity, genetic factors, and
aging of the retinal pigment epithelium are the
primary causes of E-ARMD. However, some
epigenetic factors such as oxidative stress could
accelerate the pathogenesis and disease
progression [1, 2]. The macula is mainly at risk
of oxidative stress due to its exposure to direct
light, high oxygen consumption, and the
existence of large amounts of polyunsaturated
fatty acids in its cell membranes. As a result, the
imbalance between produced reactive oxygen
species (ROS) and ROS clearance makes the
macula more susceptible to oxidative damage [3,
4]. Evidence shows that a decrease in choroidal
blood flow as well as the increase in
choriocapillaris pressure result in basal deposits
and drusen, calcification, and fragmentation of
the membrane [5, 6].

Nitric oxide (NO) acts as a modulator of vascular
tone and has a vital role in the regulation of both
systemic and ocular blood flow. Endothelium-
derived NO, which is involved in normal

endothelial function, has anti-atherogenic and

anti-proliferative effects on the vascular wall. Its
biosynthesis is altered in cardiovascular disease
[7, 8]. For example, the accumulation of
the endogenous nitric oxide synthase (NOS)
inhibitors such as asymmetric dimethylarginine
(ADMA) and NG-monomethyl arginine
contributes to a decrease in NO generation and
results in vascular disease [9].

Protein-arginine methylation is known as one of
the post-translational modifications of some
proteins. ADMA is a product that comes from
the proteolysis of arginine methylated-proteins. It
is released into the extracellular space and blood
and interferes with L-arginine in the production
of NO [9, 10].

The accumulation of ADMA in the body is
prevented by renal excretion and through
metabolic degradation by dimethylarginine
dimethylaminohydrolase (DDAH). Thus,
impaired renal function or metabolic activity of
DDAH may result in ADMA level elevation,
which halts NO synthesis and causing
vasoconstriction [11]. The action of DDAH is
influenced by oxidative stress. A wide range of
pathologic stimuli such as oxidized LDL (OX-
LDL), inflammatory, hyperglycemia, hyperhomo-
cysteinemia, cytokines, and infectious may induce
endothelial oxidative stress. Each of these
stimulants undermines DDAH activity in vitro and
invivo [12, 13].

PONL1 is an antioxidant enzyme that exclusively
attaches to high-density lipoprotein (HDL),
which can hydrolyze fatty acid peroxides in LDL
as well as atherosclerotic lesions [14]. The

phenotypic features of PON1 depend on the
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genetic, epigenetic, and environmental factors
associated with oxidative stress [15, 16]. It can
metabolize several substrates including some
oxon forms of organophosphate pesticides
(referred to its paraoxonase activity) and some
aryl esters (related to its arylesterase activity).
Therefore, PONL1 is a multifunctional enzyme. In
this regard, several polymorphisms have been
determined for the PON1 gene with different
paraoxonase activity levels, but none of them
exhibit polymorphism in arylesterase activity.
Arylesterase activity could be served as a
quantitative estimation of enzyme protein [17,
18]. Thus, the PON1 phenotypic study of the
enzyme provides more accurate information on
its body state than the genotypic study [18, 19].

Serum ADMA levels and the PON1 activity as
oxidant and antioxidant agents, and OX-LDL as
a by-product of oxidative stress have been
suggested to be promising circulating markers of
endothelial dysfunction. Therefore, in the present
study, endothelial dysfunction in E-ARMD
patients was assessed noninvasively by

measuring such blood markers.
Materials and Methods

The subjects of this case-control study (45 E-
ARMD patients and 45 healthy people in the age
range of 50-80 years) were selected from the
Retina clinic (Department of Ophthalmology,
Tabriz University of Medical Sciences). All
participants were evaluated by a complete
ophthalmic examination including the visual
acuity (using Snellen-Chart and calculated as the
logarithm of the minimal angle of resolution,
notated “logMAR?”), slit-lamp biomicroscopy,
dilated funduscopy (using a Slit-lamp, Haag-

Streit, R 900; Haag- Streit AG, Switzerland with
a super-field indirect lens), fundus photography,
and fundus fluorescein angiography (Imagenet
2000; Topcon TRC 501X; Topcon Corp., Japan).
Selected patients had either a classic form of
choroidal neovascularization or a disciform scar.
To limit the effect of interference factors on the
results, other pathological ophthalmic conditions,
such as trauma and angle-closure glaucoma were
removed. Also, the subjects in an oxidative state
such as smokers, subjects taking antioxidant
supplements, and people with disorders such as
syndrome metabolic, diabetes, any inflammatory
problems, and renal and liver disease were
excluded. The Ethics Committee of Tabriz
University of Medical Sciences confirmed that
the present study was under the Declaration of
Helsinki. Informed consent was taken from all
participants.

Sampling and biochemical tests: Fasting blood
samples were obtained from all participants and
analyzed for biochemical parameters using an
automated chemical analyzer (Abbott Analyzer;
Abbott Laboratories, Abbot Park, IL). LDL was
estimated using the Friedewald equation [20].
The rest of the specimens were kept at -70°C for
further analysis.

Asymmetric dimethylarginine: Serum ADMA
concentrations were determined using Human
ADMA enzyme-linked immunosorbent assay
(ELISA) Kit (MyBioSource, Canada,
Cat.No. MBS264847), according to the
constructor's instruction by double antibody
sandwich method.

Paraoxonase activity: The basic and salt-

stimulated  paraoxonase  activities  were
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measured colorimetrically (at 405 nm) using
paraoxon as a substrate (Sigma-Aldrich, Canada,
Cat.No D9286). The reaction mixture contained
2.0 mM paraoxon and 2.0 mM CaCl, in 0.1 M
Tris buffer with pH 8.0. Then, 1 M NaCl was
added into the above mixture for estimating the
salt-stimulated activity. After adding 20 puL of
serum into 700 uL of the reaction mixture, the
increase in absorbance was estimated at 405 nm
after one minute as the hydrolysis rate of
paraoxon. Paraoxonase activity was stated as
U/ml (one unit of enzyme hydrolyzes one mole
of paraoxon per minute) [21].

Arylesterase activity: It was measured
spectrophotometrically (at 270 nm) using
phenylacetate (Merck-Schuchardt, Germany) as
a substrate. The reaction mixture contained 0.1
M Tris buffer pH 8.0 and 2.0 mM phenylacetate.
After adding 10ul of serum into lcc of the
reaction mixture, the increase in absorbance was
estimated at 270 nm after one minute.
Avrylesterase activity was considered as U/l (one
unit of enzyme hydrolyzes one mole of
phenylacetate per minute) [21].

PON1 phenotypes determination: Double
substrate method, which is the ratio of salt-
stimulated paraoxonase activity to arylesterase
activity was used for PON1 phenotype
determination. Based on the obtained ratios, each
given participant was phenotyped as AA (low
activity), AB (moderate activity), or BB (high
activity) [21].

Oxidized low-density lipoprotein: Serum OX-
LDL levels were assayed using ELISA kit
(Mercodia, Uppsala, Sweden), according to the

manufacturer's instruction by double antibody

sandwich method.

Comprehensive lipid indexes: Non-HDL (total
cholesterol (TC) minus HDL), TC/HDL, LDL
/HDL non-HDL/HDL (atherogenic index, Al),
TG/HDL (atherogenic index of plasma, AIP) and
TC+TG*LDL/HDL (lipoprotein combine index,
LCI) are considered to be predictors for
atherosclerosis.

Statistical analysis

Variables were expressed as mean * standard
deviation. The Shapiro-Wilk normality test
verified the normality of data distribution in
phenotypes. Subsequently, parametric tests
were used. ANOVA test followed by Tukey’s
test for pair-wise comparisons were applied to
determine differences between phenotypes. An
independent-sample t-test was used to compare
the parameters among the two groups. The

significance levels were set at P < 0.05.
Results

The clinical characteristics of both groups of
patients and control have been compared in
Table 1. Both groups were matched in age and
sex distribution. There were no significant
differences in subclinical factors among patients
and healthy people (p> 0.1) except in best-
corrected visual acuity (p= 0.001).

Compared with the controls, E-ARMD
patients had higher levels of TC and LDL.
The values of nontraditional lipid profiles,
including non-HDL-C, TC/HDL, LDL/HDL,
Al, OX-LDL, and OX-LDL/HDL were all
significantly higher in the patient group than
in the control group. Not-significantly, the
level of LCI was higher in E-ARMD patients.
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No significant differences were observed in
the AIP index among both groups.

According to Figure 1, serum paraoxonase and
also NaCl-induced paraoxonase activities were
significantly increased in the order of AA < AB
< BB phenotypes (p=0.01) in both groups, while
no significant differences were observed in
serum arylesterase activity toward phenylacetate
among three phenotypes (p> 0.05).

PONL1 phenotypes were determined by the ratio
of salt-stimulated paraoxonase activity to the
arylesterase activity. The ratios indicated a triple
PONL1 frequency distribution among participants.
The phenotypes were described the ratios below
2.00 as AA phenotype (h=44), the ratios between
2.01 and 4.20 as AB phenotype (n= 34) and the
ratio above 421 as BB phenotype (n=12).
Tukey’s test showed a significant difference in
the distribution of the three PON1 phenotypes

among two study groups (p=0.01). As it is
shown in Fig. 2, the AA phenotype was more
distributed among patients compared to healthy
subjects (62.2% vs. 35.6%, respectively), while
AB and BB phenotypes were more frequent
among healthy subjects compared to ARMD
patients (46.7% vs. 28.9% and 17.8% vs. 8.9%,
respectively).

The serum concentration of ADMA was
significantly higher in the patients than the
healthy group (Table 1, p=0.02). Table 2
compares ADMA levels among the PON1
phenotypes. In each patient and healthy group,
ANOVA multiple comparisons revealed no
significant differences among three PONL1
phenotypes (p=0.7 and p=0.5, respectively) in
mean serum ADMA level, but it tended to be
higher in AA and AB phenotypes and lower in
BB phenotype.

Table 1. Comparison of clinical data of E-ARMD patients and healthy control

Parameters

Number /Sex

Age (year)

Best corrected visual acuity
Pseudophakia

Glucose (mg/dl)
Triglycerides (mg/dl)
Cholesterol (mg/dl)

HDL (mg/dl)

LDL (mg/dl)

Non-HDL

Total Cholesterol/HDL
LDL/HDL

Atherogenic index
Lipoprotein combine index
Atherogenic index of plasma
Oxidized LDL (U/l)
Oxidized LDL /HDL
Asymmetric dimethylarginine (uM)

Patients

(mean+SD)  (mean%SD) P-value
i?/(lS 4, 2 45/(18 M, 27 F) -
717 69+5 0.11
1.18 £0.36 0.10 £0.07 0.001
34 29 -
88.0 +13 85.2+14.9 0.58
1445+ 63.8 153.7+495 0.45
204.0+39.5 181.1+36.3 0.005
43.1+5.0 442 +6.3 0.3
131.6 +40.2 105.1+35.3 0.001
4.2 +0.66 3.54+0.7 0.001
48+0.6 41+05 0.001
3.09+£0.1 2407 0.001
3.8+£0.54 3.1+05 0.006
27.8+0.6 214+04 0.07
1.45+0.09 1.49 £ 0.07 0.5
52.2+13.8 37.8+10.8 0.001
1.2+0.1 0.8 £0.06 0.001
0.83+0.27 0.71+0.21 0.02

Controls

HDL= High-density lipoprotein; LDL= Low-density lipoprotein
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Table 2. Comparison of asymmetric dimethylarginine concentrations (uM) among three phenotypes

Phenotype AA AB BB P-value
Case
Patients 0.86 + 28 0.82+0.26 0.72+0.17 0.7
Control 0.77+0.18 0.75+0.22 0.70+0.2 0.2

(a) Comparision of paraoxonase activity among patients
and controls
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Fig. 1. Comparison of paraoxonase activity (a), salt-stimulated paraoxonase activity
(b), and arylesterase activity (c) among E-ARMD patient and control groups.
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Fig. 2. Distribution of paraoxonase (PON1) phenotypes among exudative- Age-
related macular degeneration patient and control groups.
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Fig. 3. Correlations among oxidized-low-density lipoprotein (OX-LDL), paraoxonase
(PON1) activity, and asymmetric dimethylarginine in patient and control groups. The
results of the Pearson correlation and P-values are indicated in each diagram.

No significant correlation was found between
serum OX-LDL and LDL levels in both groups
of the case (p>0.07, r=0.27) and control groups
(p>0.3, r=0.15). Figure 3 shows the correlations
among the levels of total ADMA, OX-LDL,
and PON1 activity in patient and control

groups. A negative correlation existed between

total OX-LDL and PON1 activity in both
groups, but the correlation was statistically
significant in the patient group (p=0.003). In
both groups, the correlations between total
levels of OX-LDL and ADMA were positively
and statistically significant (P<0.05). No

correlation was observed among PONL1 activity
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and total ADMA level in each of patient and
control groups (p>0.05), even though it was
tended to be negative in both patient and

control.
Discussion

It is approved by several studies that oxidative
stress increase E-ARMD progression to
advanced stages [1, 22]. Thickening of Bruch’s
membrane and degradation of RPE and
photoreceptors in the macula are indexes of
disease progression that cause choroidal
neovascularization. Endothelial dysfunction,
that is occurred in these disorders, makes the
release of some chemoattractant and
inflammatory molecules, some growth factors,
and a decrease in eNOS expression and activity.
Oxidative stress may create a pro-angiogenic
condition in the eye by exacerbating these
phenomena which induce the formation of
choroidal neovascularization [23, 24].

ADMA, as an independent risk factor, seems to
be a predictor of cardiovascular complications
due to the induction of endothelial dysfunction
[25]. Enhanced levels of ADMA have been
reported in several diseases with wvascular
abnormalities in both patients and animal
models. Similar to these reports, increased
serum ADMA concentrations were also
detected in E-ARMD patients compared to the
healthy group. Javadiyan et al., in their study on
patients with advanced glaucoma, reported a
significant increase in the circulation levels of
both symmetric and asymmetric dimethyl-
arginine (ADMA and SDMA) [26]. Although
the mechanism for increasing serum ADMA in

E-ARMD and its role in vascular disorders is

not well understood, studies on cardiovascular
disease have shown its effect on NO
metabolism. As a competitive inhibitor factor
for the arginine/ NO pathway, ADMA inhibits
eNOS by preventing cationic amino acid
transporters and the cellular uptake of arginine.
Endothelial function associates with eNOS
activity and vascular signaling of its product,
NO. In arginine depleted cells, eNOS can
produce superoxide anion (O2"). O2 inactivates
endothelial-derived NO via the formation of
peroxynitrite (ONOO~). ONOO™ is a potent
oxidant that seems to be a major mediator in
NO-mediated  tissue injury  which in
overproduction causes damage to biomolecules
[27, 28].

A negative correlation among oxidative stress
and PONL1 activity and also among some PON1
polymorphism has been reported in exudative
and non-exudative ARMD patients by several
studies [29, 30]. More than 180 gene
polymorphisms have been recognized for
PONL1 that have shown different protective
effects against oxidative stress [31]. Also, the
activity is affected by other factors such as
epigenetics, environment, and lifestyle [15].
Therefore, determining the phenotype provides
more precise information than genotypes for
correlating PON1activity with susceptibility to
E-ARMD disease.

In the present study, the total activity of PON1
was significantly decreased in E-ARMD
patients compared to healthy control group. The
polymorphic distribution of PON1 among the
study population showed that AA, as weak
PONL1 phenotype, was more frequent among E-
ARDM subjects, while AB and BB, as
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moderate and strong PON1 phenotypes,
respectively, were more prevalent among
healthy subjects.

PONL1 which is associated with HDL prevents
the accumulation of lipid peroxides in
OX-LDL and inactivates bioactive oxidized
phospholipids. High OX-LDL levels were
detected in all PON1 phenotypes in E-ARMD
which were equal among them. Similar to
previous studies, the result showed a significant
negative correlation among PON1 activity and
OX-LDL levels in patients who suffer from
oxidative stress [32, 33]. Regarding the high
activity of PONL1, such correlation was not
significant in healthy subjects. That means an
oxidative condition and elevated OX-LDL
levels associate with weak PONL1 phenotype
and low enzyme activity. Elevated blood OX-
LDL in strong PON1 phenotype (BB) of E-
ARMD might be attributed to the high-
oxidative state in E-ARMD disease. Macula
characteristics such as the high amount of
PUFAs in the cell membrane, high consumption
of Oy, and exposure to direct light make it more
susceptible to oxidative stress which accelerates
E-ARMD progression [23, 24]. Elevated vascular
ROS generation inactivates endothelial-derived
NO by forming peroxynitrite (ONOO").
Peroxynitrite can interact with prostacyclin
synthase and inactivate it by nitrosating-
both the reduction in NO and prostacyclin
activity resulted in the development of
hypertension, endothelial dysfunction, and
atherosclerosis [7, 22].

Positive correlations were detected among OX-
LDL and ADMA levels in both patient and

control groups. Oxidative stress indicated by

high OX-LDL levels impairs DDAH activity
and increases ADMA elaboration in endothelial
cells [34, 35]. Therefore, OX-LDL and ADMA
have synergistic effects on each other's
production. In other words, these two factors
are the cause and effect of producing each
other. ADMA, as a main endogenous inhibitor
of NO synthase, reduces NO production and
decreases vasodilator responses. Thus, ADMA
may be considered as a marker of endothelial
dysfunction and a risk factor for vascular
disease.

ADMA, as a competitive inhibitor factor for L-
arginine/  NO pathway, inhibits eNOS by
preventing cationic amino acid transporters and
the cellular uptake of L-arginine. Endothelial
function depends on eNOS activity and
vascular signaling of its product, NO. In L-
arginine depleted cells, eNOS can generate
superoxide anion (O;) that inactivates
endothelial-derived NO due to the formation of
ONOO™. ONOO'is a potent oxidant that its
overproduction can cause oxidative damage to
biomolecules and induce injury in multiple
cell types including epithelial cells. It seems
that peroxynitrite is an important mediator
of NO-mediated tissue damage and involves
in inflammatory and oxidative  stress.
Nevertheless, more researches are required to
understand the mechanism of ADMA's effect
on the progression of vascular disease in
E-ARMD [2, 13].

As was mentioned in results, the total ADMA
level was higher in the patient group compared
to the healthy group, but no significant
differences were observed in ADMA levels

among PONL1 phenotypes. Although it tended to
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be negative, no correlation was detected among
total ADMA and PONL1 activity. No previous
study evaluated circulating ADMA levels, and
PONL1 in patients with E-ARMA disease, but
Soyman et al. in their research on polycystic
ovary syndrome [36] and Locsey et al. in their
study on renal transplant patients [37] reported a
negative correlation among serum ADMA
levels and PONL activity. They suggested that
ADMA levels and PONL1 activity are also
expected to be indicators of endothelial
dysfunction. Our results on E-ARMD indicate
that high blood ADMA and low protective
effect of PONZ1contribute independently and
indirectly to endothelial dysfunction, which
facilitates LDL penetration into the arterial wall
and its oxidation into OX-LDL.

Dyslipidemia and oxidative stress are
independent risk factors that alone or
together can aggravate the development of
atherosclerosis. Previous studies suggested that
atherosclerosis may be involved in the etiology
of E-ARMD [38, 39]. Some lipid indexes were
considered as predictors for the development of
atherosclerosis lesion including non-HDL,
TC/HDL, LDL/HDL, Al, AIP, OX-LDL, OX-
LDL/HDL, and LIC. All these estimated
indexes were higher in the patients compared to
healthy groups except with AIP which was
equal in both groups. These data indicate that
E-ARMD npatients are susceptible to vascular
and sclerotic injury. AIP index reflects the
interaction between atherogenic and protective
lipoprotein. A previous study showed that AIP
had an inverse relationship with the diameter of
the LDL particle [40]. It represents the

concentration of small dense LDL. small dense

LDL easily enters into the arterial wall
compared with LDL and oxidized to OX-
LDL. Although the AIP values were similar
in the E-ARMD patient and control groups,
high levels of OX-LDL in the patient group
were probably due to endothelial dysfunction,
high oxidative stress, and decreased PON1

activity.
Conclusions

E-ARMD is recognized as a multifactorial
disease. In addition to genetic factors and
aging of the retinal pigment epithelium layer,
this disease is affected by the body's intrinsic
oxidative and antioxidant  capacities.
Oxidative stress, as a potent modifier, may
cause early illness or change the structure of
macula and severity of the ARMD phenotype.
Thus, this phenomenon is not a direct agent
for this disorder but it induces the
development and progression of E-ARMD in
elderly subjects. High levels of ADMA, as an
oxidant agent, and more distribution of weak
PON1 phenotypes among the patients
indicate high levels of oxidative stress in E-
ARMD disease. Therefore, increased blood
OX-LDL as an oxidant by-product may
indicate and lipid indexes may predict the risk
of E-ARMD more precisely than other blood
factors. Our results showed that high blood
ADMA and low protective effect of PON1
contribute independently and indirectly to
endothelial ~ dysfunction. However, more
research is required to determine the
mechanism of ADMA in the progression of E-
ARMD. It was concluded that high-risk

individuals could be identified by evaluating the
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blood levels of the factors involved in oxidative
stress, and antioxidant therapies might reduce

the incidence and progression of the disease.
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