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Introduction
Age-related macular degeneration (AMD) is a major cause of vision impairment and
blindness in populations over 65 years of age in developed countries. The disease is categorized in two types: neovascular and non-neovascular.1 Genetic predisposition, age,
hypertension, smoking, and hypercholesterolemia are known risk factors.1,2 Despite
the identification of several risk factors, the etiopathogenesis of AMD is not fully
understood.3–5 As the condition presents in older patients, age-related metabolic and
physiologic factors may be involved in AMD pathogenesis.
In studies evaluating the role of homocysteine in vascular function and disease, high
levels of homocysteine have been found to be an independent risk factor for atherosclerosis, cardiovascular diseases, and venous thrombosis.6–8 Nitric oxide (NO) has been
found to play a role in the formation of vasculature, regulation of vascular tone, and
cell-to-cell interactions within blood vessels.9 Increases in asymmetric dimethylarginine
(ADMA) have been shown to be related to hypertension, atherogenesis, obesity, and
diabetes.10–13
Of these mediators, homocysteine is formed as an intermediate product in methionine metabolism and is the precursor for S-adenosyl methionine, a substrate responsible for methylation in metabolic reactions.14 NO is synthesized from arginine by NO
synthase (NOS) in vascular endothelium and functions as one of the main vasoactive
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Aim: To evaluate levels of homocysteine, asymmetric dimethylarginine (ADMA), and nitric
oxide (NO), as well as activity of endothelial NO synthase (eNOS), in patients with age-related
macular degeneration (AMD).
Methods: The levels of homocysteine, ADMA, and NO and activity of eNOS in patients who
were diagnosed with wet AMD by fundus fluorescein angiography (n=30) were compared to a
control group with no retinal pathology (n=30).
Results: Levels of homocysteine and ADMA were found to be significantly higher in the wet
AMD group than in the control group (P0.001), whereas NO levels and eNOS activity were
higher in the control group (P0.001). In the wet AMD group, we detected a 2.64- and 0.33fold increase in the levels of ADMA and homocysteine, respectively, and a 0.49- and 2.41-fold
decrease in the eNOS activity and NO level, respectively.
Conclusion: Elevated levels of homocysteine and ADMA were observed in patients with wet
AMD. Increased ADMA may be responsible for the diminished eNOS activity found in these
patients, which in turn contributes to the decrease in NO levels, which likely plays a role in
the pathogenesis of AMD.
Keywords: age-related macular degeneration, homocysteine, asymmetric dimethylarginine,
nitric oxide, endothelial nitric oxide synthase activity
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mediators.9,15 ADMA, however, is the primary inhibitor of
endothelial NOS (eNOS).16
The aim of this study was to compare levels of homocysteine, ADMA, NO, and eNOS activity between patients
with wet AMD and a control group consisting of healthy
volunteer subjects, and to use the findings to evaluate the
possible relationship of these parameters to the pathophysiology of wet AMD.

Materials and methods
Thirty wet AMD patients and 30 healthy volunteers were
enrolled in this study. The groups were matched for age,
sex, and detailed medical history (hypertension, diabetes,
coronary heart disease, cerebrovascular disease, medication
use, and smoking). Patients and volunteers with coronary
heart disease, cerebrovascular disease, liver and kidney
dysfunction, vitamin deficiencies, retinal vascular disease,
or anterior optic neuropathy were excluded from the study
due to the possibility of false positive results in serum homocysteine level analysis.
Ophthalmological examination of the patients in both
study groups was carried out (visual acuity, slit biomicroscopy,
intraocular pressure, dilated fundoscopy, optical coherence
tomography [OCT], and fundus photography). Fundus fluorescein angiography was performed on patients who showed
pigment epithelial detachment or subretinal fluid in OCT.
Patients in whom fundus fluorescein angiography revealed
choroidal neovascularization in the macular area in one or both
eyes were included in the study. The control group subjects
had visual acuity of 10/10 in both eyes. Subjects were accepted
to the control group when minimal retinal pigment epithelial
changes were found in fundoscopic examination, under the
conditions that drusen were not present and that OCT did not
show pigment epithelial detachment or subretinal fluid.
All patients provided informed consent for participation
in the study and all procedures involved. The study was
planned according to the ethics guidelines of the Declaration of Helsinki, and the study protocol was approved by
the local ethics committee of Ataturk University’s Faculty
of Medicine (Erzurum, Turkey). Peripheral venous blood
samples were collected and stored at -80°C. The samples
were centrifuged at 4°C.

Biochemical analysis
A Chromsystems Instruments & Chemicals GmbH
(Gräfelfing, Germany) kit was used for total homocysteine
level analysis. Plasma samples (100 µL) underwent
precipitation and derivatization. Homocysteine levels were
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determined using high-performance liquid chromatography
with fluorescent detection. The excitation and emission
wavelengths of the fluorescent detector were set to 385 nm
and 515 nm, respectively. The kit’s limit of detection was
1 µmol/L and limit of linearity was 400 µmol/L. Results
were given in µmol/L.
eNOS activity was measured by enzyme-linked immunosorbent assay using a commercially available kit (Quantakine®; R&D Systems, Inc., Minneapolis, MN, USA). After
plasma samples were processed, color development was
quantified by measuring absorbance at 450 nm and eNOS
activity was calculated. Results were given in IU/L.
Plasma NO levels (nitrite + nitrate) were measured using
Griess reagent, as previously described.17 Briefly, nitrate was
converted to nitrite using nitrate reductase; Griess reagent
containing sulfanilamide and N-(1-naphthyl) was added.
After the reaction of nitrite and Griess reagent, a deep purple
azo compound formed, which can be quantified at 540 nm
(using sodium citrate as a standard). Azo compound concentration was expressed in µmol/L.
ADMA was measured fluorometrically using the Agilent
1100 Series HPLC System (Agilent Technologies, Santa
Clara, CA, USA) and a commercially available kit (EUREKA
srl, Chiaravalle, Italy). The Agilent system consists of an
isocratic pump, column frame, autosampler, and fluorescence
detector. Flow rate was 1 mL/min; excitation and emission
wavelengths of the fluorescence detector were 420 and
483, respectively. ADMA concentration was expressed as
µmol/L.

Statistical analysis
Data were analyzed using SPSS statistics software (v 17.0;
SPSS Inc., Chicago, IL, USA). Data normality was verified by the Kolmogorov–Smirnov test. Independent sample
t-test and Mann–Whitney U-tests were used to analyze the
differences between two independent groups; Pearson’s test
was used for correlation analysis, and chi-square test was
used for qualitative comparisons. Results were accepted as
statistically significant at P0.05.

Results
Seventeen male (56.7%) and 13 female (43.3%) AMD
patients, and 16 male (53.3%) and 14 female (46.7%) control subjects, were included in this study. The average ages
were 64.53±1.65 (range 62–68) years and 63.83±2.53 (range
60–69) years for AMD patients and healthy controls, respectively. There were no statistically significant differences
between AMD patients and controls in terms of age (t=1.267,
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Statistically significant negative correlations were found
between ADMA and eNOS (r=-0.484, P0.01) (Figure 3).
There was a positive correlation between NO levels and
eNOS activity (r=0.438, P0.01) (Figure 4).
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Figure 1 Homocysteine level averages and distributions for both groups.
Abbreviation: AMD, age-related macular degeneration.

P=0.210) or sex distribution (χ2=0.067, P=0.795). There was
a significant difference in visual acuity between AMD and
control groups (Z=-6,744, P0.001). The average visual
acuity scores were 0.99 logMAR ±0.4 (standard deviation
[SD]) and 0.07 logMAR ±0.08 (SD) for AMD group and
controls, respectively.
Levels of homocysteine and ADMA were found to
be significantly higher in the wet AMD group than in the
control group (P0.001) (Figures 1 and 2), whereas NO
levels and eNOS activity were higher in the control group
(P0.001). In the wet AMD group, we detected a 2.64- and
0.33-fold increase in the levels of ADMA and homocysteine,
respectively, and a 0.49- and 2.41-fold decrease in the eNOS
activity and NO level, respectively. Biochemical findings
are summarized in Table 1.
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Figure 2 ADMA level averages and distributions in the two groups.
Abbreviations: ADMA, asymmetric dimethylarginine; AMD, age-related macular
degeneration.
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Several studies have indicated a possible link between
coronary heart disease, which is the most common disease
in elderly patients, and AMD, which affects the same age
group.18–21 Although a causal relationship between atherosclerosis and AMD has not been fully established, atherosclerosis
has been implicated as a potential risk factor.22,23 Therefore, it
is logical to hypothesize that mediators of atherosclerosis may
be involved in AMD pathogenesis. Based on this hypothesis,
the current study aimed to assess several biochemical para
meters in AMD patients: homocysteine levels, an independent
risk factor for cardiovascular disease; NO levels, a mediator
for vascular relaxation; activity of eNOS, an enzyme that
synthesizes NO; and levels of ADMA, an eNOS inhibitor.
Homocysteine has been shown to be an independent risk
factor for cardiovascular diseases and has been especially
associated with coronary heart disease.24–30 Hypercholesterolemia and homocysteine may promote the production of
hydroxyl radicals, superoxide anions, and hydrogen peroxide
by many cells. These radicals may act on various molecules
and result in damage, such as initiating lipid peroxidation
and contributing to cardiovascular disease.31 However, there
are very few studies that have assessed homocysteine levels in AMD. In this study, we found significantly elevated
levels of homocysteine in the AMD group compared to
controls (P0.01). Our findings are in line with previous
studies, which also showed increased homocysteine levels
in AMD patients.32–34 Although the reason for increased
homocysteine is not clear, several studies suggest that it is
age related.35,36 Higher levels of serum homocysteine may
be attributable to excesses of the homocysteine precursor
methionine resulting from the degradation of protein-rich
muscle tissue in older patients.37
NO is synthesized by vascular endothelium and functions as one of the main vasoactive mediators. NO plays
many different roles in the regulation of the cardiovascular
system, including vasodilatation in vascular tone, formation
of vasculature, and cell-to-cell interactions within blood
vessels.9 NO is synthesized from L-arginine by NOS. There
are three types of NOS in humans: eNOS, inducible NOS
(iNOS), and neuronal NOS.38–40 NO has as many regulative
functions in the ocular system as it has in systemic blood
flow.41,42 There is evidence supporting the protective role of
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Table 1 The results of assessed biochemical parameters
Biochemical parameters

AMD patients
n=30

Healthy controls
n=30

Statistical results

Homocysteine (µmol/L)
ADMA (µmol/L)
NO (µmol/L)
eNOS (IU/L)

29.11±8.63 (14.45–52.23)
4.49±2.12 (1.57–8.62)
36.24±12.85 (48.25–193.70)
109.44±86.38 (43.16–377.35)

21.51±4.5 (11.62–29.32)
1.77±1.1 (0.49–5.06)
111.94±35.94 (17.71–65.33)
224.75±40.91 (136.43–301.64)

t=4.272, P0.001a
Z=-5.323, P0.001b
t=10.861, P0.001a
Z=-5.249, P0.001b
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Notes: aIndependent sample t-test. bMann–Whitney U-test.
Abbreviations: ADMA, asymmetric dimethylarginine; AMD, age-related macular degeneration; eNOS, endothelial nitric oxide synthase; NO, nitric oxide.

NO against increase in vascular resistance.43 Previous studies have shown that homocysteine exerts its adverse effect
on endothelial function by increasing oxidative stress and
decreasing the activity of NOS.44,45 In the current study, it
was found that AMD patients had lower NO levels compared to controls (P0.01), which is consistent with a study
by Totan et al46 wherein a decrease in NO levels in AMD
patients compared to controls was also reported. However,
Evereklioglu et al found elevated levels of NO in AMD
patients.47 Elevated levels of NO may be related to increased
iNOS expression. Increased iNOS expression in the endothelium can significantly increase endothelial NO.48 The authors
considered NO to be a free radical and concluded that the
increase in NO levels resulted in greater oxidative damage
in AMD patients.48 Similarly, several studies showed that
NO also reacts with oxygen and superoxide anion to form
nitrogen dioxide and peroxynitrite anion, which are known
cytotoxic oxygen radicals.49 İncreased peroxynitrite concentration causes endothelial dysfunction.50 In another study
examining NO in AMD, the NO levels were found to be
lower in AMD patients than in controls, but the underlying

mechanism was not described. Friedman proposed that
the decrease in NO levels may be a contributing factor
in ocular system damage as well as play a role in AMD
pathogenesis.51
ADMA is one of the two known inhibitors of eNOS. The
circulating level of the other inhibitor, NG-monomethyl-Larginine, is ten times less than that of ADMA; therefore,
ADMA is considered the primary inhibitor of eNOS in
humans.16 ADMA is excreted by the kidneys, and elevated
ADMA has been found in patients with renal dysfunction.52 In
our study, ADMA levels were significantly higher and eNOS
activity was significantly lower in AMD patients than in
controls (P0.01). The increased ADMA and diminished
eNOS activity both contributed to the decreased levels of
NO observed in AMD patients, as increased ADMA inhibits
eNOS, resulting in decreased NO synthesis.

Conclusion
Advancing age is accompanied by increases in ADMA, a
mediator in vasoactive processes. ADMA is responsible for
inhibition of eNOS activity, which in turn causes low NO
levels. Considering the importance of NO as a vasoactive
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Figure 3 The negative correlation between ADMA and eNOS.
Abbreviations: ADMA, asymmetric dimethylarginine; eNOS, endothelial nitric
oxide synthase.
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Figure 4 The positive correlation between eNOS activity and NO levels.
Abbreviations: eNOS, endothelial nitric oxide synthase; NO, nitric oxide.
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agent, this decrease in NO levels may play a role in the
pathogenesis of AMD.
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