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Abstract
Purpose: To evaluate plasma levels of endothelin‑1 (ET‑1) and nitric oxide (NO) in patients with exudative
age-related macular degeneration (AMD).
Methods: In this study, ET‑1 levels, as well as nitrite plus nitrate concentrations as an indicator of plasma
NO level, were measured in the plasma of 20 subjects with exudative AMD and compared with 20 healthy
age and sex matched controls.
Results: Mean plasma ET‑1 level was significantly higher in exudative AMD patients as compared to
control subjects (0.35 ± 0.06 fmol/ml versus 0.17 ± 0.03 fmol/ml, P = 0.015). Patients with exudative
AMD also showed significantly lower mean plasma levels of nitrite plus nitrate as compared to the
controls (58.9 ± 2.7 µmol/l versus 82.6 ± 5.9 µmol/l, P = 0.001).
Conclusion: Increased concentrations of ET‑1 and reduced levels of NO in the plasma may suggest an
imbalance between vasoconstrictor and vasodilator agents, respectively, as a reflection of endothelial
dysfunction in the pathogenesis of AMD. These findings may also imply the role of vasoconstriction in
exudative AMD.
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INTRODUCTION
The precise etiopathogenesis of age-related macular
degeneration (AMD) is still unknown; however, it
is most probably a multifactorial disease of aging.
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Oxidative stress caused by free radicals,[1,2] perfusion
abnormalities[3,4] and nutrition are believed to play a role
in the pathogenesis of AMD. Involvement of oxidative
damage and nitric oxide as a part of the vascular theory in
the development of AMD has been previously reported.[5]
Endothelial dysfunction (ED) is a systemic pathological
condition occurring due to an imbalance between
the vasodilating and vasoconstricting capacity of the
endothelium in response to various physicochemical
stimuli. Increased activity of a potent vasoconstrictor
such as ET‑1 may influence the vasodilating capacity of
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the endothelium along with aging.[6] In an experimental
study on rodents, aging was associated with an
upregulation of ET‑1 and a decrease in nitrite/nitrate
levels in kidneys.[7] Moreover, mRNA expression of the
precursor of ET‑1, pre‑proendothelin‑1, and ET‑1 levels
were increased in the aged rats’ aorta.[8]
Nitric oxide (NO) is influenced by a dynamic
equilibrium between its synthesis and degradation
in tissues. Free radicals rapidly inactivate NO. In
normal physiological conditions, endogenous defense
systems against oxidation maintain the equilibrium
between NO synthesis and degradation by oxygen free
radicals. However, this delicate balance may be altered,
particularly in the course of aging and senile macular
degeneration [1,2,5] resulting in a reduced NO level
and thus impaired vascular relaxation. Furthermore,
various situations have been found to be associated
with increased ET‑1 and decreased NO availability
which implies that these two elements have reciprocal
regulation.[9]
In the present study, we aimed to determine plasma
levels of ET‑1 and NO in patients with exudative AMD
and compare them to age and sex matched controls.

METHODS
This study was performed on 20 patients including
13 female and 7 male subjects with wet type (exudative)
AMD in at least one eye at the retina service of Turgut Özal
University Medical School, Ankara, Turkey. Approval
from the Institutional Review Board was obtained and
all participants provided written informed consent.
A detailed history was obtained from all participants.
Ophthalmological examination included biomicroscopy,
intraocular pressure measurement, dilated fundus
examination, and fluorescein angiography. Exclusion
criteria included ocular diseases such as significant
cataracts and glaucoma, and retinal diseases except
AMD. Subjects with systemic diseases (except controlled
systemic hypertension and atherosclerosis) and patients
using antioxidant vitamins which may interact with
plasma ET‑1 or NO levels were also excluded. Twenty
age and sex matched healthy individuals without AMD
including 11 female and 9 male subjects served as the
control group. No history of smoking was present in
either study group.
Fasting venous blood samples from an antecubital
vein were obtained, centrifuged and stored in Eppendorf
tubes at‑80°C until analysis. Plasma concentrations of
ET‑1 were determined in duplicate by enzyme‑linked
immunosorbent assay (ELISA) (Biomedica
Medizinprodukte GmbH, Wien, Austria) according
to the manufacturer’s instructions.[10] Results were
expressed as fmol/ml.
The measurement method for plasma NO levels
using plasma nitrite plus nitrate concentrations has
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been described previously.[11] In brief, determination
of nitrite and nitrate concentrations was based on the
Griess reaction. In this method, a chromophore with
peak absorbance at 540 nm is formed through nitrite and
naphthylethylenediamine and sulphanilamide mixture
reaction. For quantification of nitrite levels, the absorbance
was measured using a spectrophotometer (Ultraspec
Plus, Pharmacia LKB Biochrom Ltd, Cambridge, UK).
Nitrate concentration was detected by treating the
samples with copperized cadmium in glycine buffer
at pH of 9.7 for reducing nitrate to nitrite. Thus, the
concentration was represented as the total nitrite plus
nitrate. A standard curve was established with a set
of serial dilutions of sodium nitrite. The plasma was
studied in duplicate. The measurements were stated in
µmol/l units.
All statistical analyses were performed using SPSS
Software (Version 15.0; SPSS, Chicago, IL, USA). Data
were shown as mean ± standard deviation for continuous
variables, and frequency with percentage for categorical
variables. Means were compared using Student t or
Mann‑Whitney U test, where appropriate. Pearson
correlation test was used to investigate the relationship
between ET‑1 and NO levels in the groups. Categorical
comparisons were made using Chi‑square test. P values
less than 0.05 were considered as statistically significant.

RESULTS
Mean age in the exudative AMD and control groups was
71.6 ± 5.5 and 69.4 ± 6.6 years, respectively. There was no
significant difference between AMD and control subjects
in terms of age (P = 0.26) and sex (P = 0.52).
Mean plasma ET‑1 level in patients with exudative
AMD was 0.35 ± 0.06 (median, 0.21) fmol/ml which
was significantly higher than that in the control group
which was 0.17 ± 0.03 (median, 0.14) fmol/ml (P = 0.015).
Plasma nitrite plus nitrate levels were significantly lower
in the exudative AMD group (mean, 58.9 ± 2.7; median
57.7 µmol/l) as compared to the control group (mean,
82.6 ± 5.9; median, 77.8 µmol/l, P = 0.001). A significant
negative correlation (r = ‑0.47, P = 0.036) was found
between plasma ET‑1 levels and nitrite plus nitrate levels
in the exudative AMD group. Box plot graphs of plasma
ET‑1 and nitrite plus nitrate levels in the study groups
are shown in Figures 1 and 2, respectively.

DISCUSSION
AMD is the leading cause of blind registration in the
developed world.[12] Despite intensive research, the
precise etiology of molecular events that underlie AMD
is poorly understood. Advanced age is the main risk
factor, however there are other factors associated
with AMD including cigarette smoking, elevated
levels of cholesterol, systemic arterial hypertension,
Journal of Ophthalmic and Vision Research 2015; Vol. 10, No. 2
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Figure 1. Box plot graph of plasma endothelin-1 levels in
patients with exudative age-related macular degeneration and
control subjects.

Figure 2. Box plot graph of plasma nitrite plus nitrate levels
in patients with age related macular degeneration and control
subjects.

ultraviolet exposure, cardiovascular disease, systemic
arterial stiffness, race, gender and family history.[13‑15]
The majority of risk factors for AMD are themselves
age‑related including hypertension, cardiovascular
disease, and total pack‑years of cigarette smoking.[16]
Oxidative stress has been implicated in many chronic
disease processes such as AMD. The retina includes high
levels of antioxidants, e.g., lutein and zeaxanthin to resist
oxidative stress; however, it is particularly susceptible to
oxidative injury due to its high oxygen consumption, high
concentration of polyunsaturated fatty acids, continuous
exposure to visible light, and high levels of blood flow
and oxygen in the choriocapillaris.[17] In an earlier study,
increased levels of malondialdehyde (MDA), a reliable
and commonly used biomarker for lipid peroxidation,
and lower NO levels were detected in the plasma of
patients with AMD as compared with control subjects.[5]
Endothelial cells produce a number of vasoactive
substances to modulate vascular function including the
potent vasorelaxant NO and vasoconstrictor ET‑1. These
cells are also exposed to oxygen free radicals from both
intracellular sources and products in the circulation.
Thus, vascular function can be affected by oxidative
stress through a number of mechanisms, such as the NO
pathway. Oxidative damage to the vascular endothelium
causes endothelial dysfunction with a resultant decrease
in endothelial nitric oxide synthase (eNOS) activity
leading to low levels of plasma NO. Impaired availability
of NO is also associated with enhanced synthesis of
ET‑1 as a potent vasoconstrictor agent.[18] Consequently,
increased ET‑1 and decreased NO levels may induce
vasoconstriction in small caliber blood vessels and thus
be partly associated with choriocapillaris ischemia in
AMD patients.
Vascular endothelial growth factor (VEGF) is a
major mediator of intraocular neovascularization

and permeability.[19] Ischemia of the choriocapillaris
and decreased NO content may cause VEGF
increment and presumably play a role in choroidal
neovascularization (CNV) in an eye with AMD. There
is evidence that the choroidal blood flow is impaired in
patients with AMD; however, the exact nature of damage
has not been elucidated. Computer‑assisted analysis
of angiographic images revealed that the age‑related
decrease in foveal choriocapillaris blood flow is further
attenuated in AMD patients.[20,21] In eyes with AMD, there
are watershed areas or areas of focal hypofluorescence in
the macula; interestingly, CNV develops in these areas.[22]
Sakai et al[23] reported elevated levels of ET‑1 in patients
with AMD as compared to control subjects. Our data
suggest that age‑related reduction of endothelial function
through reciprocal regulation of the NO and ET‑1 levels
may explain decreased choroidal blood flow and to some
extent the development of CNV in AMD.
Cardiovascular risk factors have been hypothesized
as important pathogenetic factors for the development of
AMD.[12] Elevated plasma homocysteine level, a systemic
biomarker of cardiovascular disease, is an independent
risk factor for AMD.[24] Furthermore, increased plasma
homocysteine content is negatively correlated with
decreased antioxidant capacity in subjects with
exudative AMD[25] supporting the results of the present
and previous studies, which suggest the association
of vascular and oxidative stress parameters and thus,
the involvement of a more common basic mechanism
underlying AMD, i.e. endothelial dysfunction.
The main variation attributed to endothelial
dysfunction is reduction of NO availability due to
increased free oxygen radicals. In addition to its
vasodilating property, NO inhibits platelet aggregation
and ET‑1 synthesis and prevents the vascular bed from
events leading to thrombosis and atherosclerosis,[18]
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which are also implicated in the pathogenesis of AMD.[26]
Therefore, endothelial dysfunction accompanied by
overproduction of ET‑1 and decreased NO levels, may
play a key role in the occurrence or progression of AMD.
In conclusion, the increased ET‑1 and reduced NO
levels in patients with exudative AMD may induce
microvascular constriction in the macular area with
subsequent regional ischemia, which may be involved
in VEGF upregulation and CNV formation.
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