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Impaired nitric oxide production in patients with primary open-angle glaucoma
Nitric oxide levels in patients with glaucoma
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RESUME

Introduction : Le glaucome est une neuropathie optique a étiologie multifactorielle. Le dysfonctionnement vasculaire peut y contribuer.

Objectif : Déterminer l'implication du monoxyde d’azote (NO), un facteur vasodilatateur jouant un réle dans la régulation du débit sanguin oculaire
dans le glaucome primitif a angle ouvert (GPAQ). En outre, les taux d’acide urique et du lactate ont été investigués.

Méthodes : Les concentrations du NO, de I'acide urique et du lactate dans le plasma et 'humeur aqueuse (HA) ont été mesurées chez 214 patients
tunisiens (100 patients atteints de GPAO et 114 sujets ayant la cataracte). Les métabolites stables du NO, les nitrates et les nitrites (NOx) ont été
déterminés a 'aide de la réaction de Griess. Les concentrations du lactate et d’acide urique ont été mesurées a travers des méthodes enzymatiques
colorimétriques.

Résultats : Les concentrations du NOx étaient significativement plus faibles chez les patients présentant un GPAO comparés aux sujets atteints
de cataracte dans le plasma (5,23+1,55 pmol/L vs 18,35+6,87 umol/L, p=0,01) et 'HA (20,54+7,41 pmol/L vs 45,25+10,92 pmol /L, p=0,02). En
revanche, les taux du lactate et d'acide urique étaient significativement plus élevés chez les patients glaucomateux que chez les sujets témoins au
niveau du plasma et de I'HA.

Conclusions: Dans la présente étude, une diminution du NO et une augmentation des taux d’acide urique et du lactate dans I'HA et le plasma ont
été observées chez les patients atteints du GPAO, par rapport aux sujets témoins. Ces données suggérent une possible implication de ces facteurs
dans le développement du glaucome.
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SUMMARY

Background: Glaucoma is an optic neuropathy induced by many factors. Vascular dysfunction is involved in the mechanism underlying glaucoma.
Aim: To determine the involvement of nitric oxide (NO), which is implicated in the regulation of ocular blood flow, in primary open angle glaucoma
(POAG). Furthermore, lactate and uric acid (UA) levels were investigated.

Methods: Concentrations of NO, UA and lactate in plasma and aqueous humor (AH) were measured in 214 Tunisian patients (100 patients with
POAG and 114 subjects with cataract as control group). NO metabolites, nitrate and nitrite (NOx) production were determined using the Griess
reaction. UA and lactate concentrations were measured using enzymatic- colorimetric methods.

Results: NOx concentrations in patients with POAG were significantly lower compared to cataract group in plasma (5.23+1.55 umol/L vs 18.35+6.87
pmol/L, p=0.01) and AH (20.54+7.41 umol/L vs 45.25+10.92 pmol/L, p=0.02). Plasma and AH levels of lactate and UA were significantly higher in
glaucoma patients than in control subjects.

Conclusions: In the present study, decreased NO and increased UA and lactate levels were found in the AH and plasma of POAG patients compared
to control subjects. These data suggest a possible involvement of these factors in glaucoma.
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INTRODUCTION

Glaucoma is a multifactorial optic neuropathy leading
to vision loss and blindness (1). Several risk factors are
considered in the pathogenesis of glaucoma, but high
intraocular pressure (IOP) remains the main risk factor
for this disease (2). IOP reflects the balance between
aqueous humor (AH) formation and its drainage from the
eye through the trabecular meshwork and the Schlemm
canal outflow pathway (3). Dysfunction of the outflow
pathway increases IOP, which leads to glaucomatous
optic neuropathy, but normal IOP is also found in patients
with primary open-angle glaucoma (POAG) (4). This
suggests that other factors are involved in the mechanisms
underlying glaucoma. Among these factors, vascular
dysregulation has been implicated in glaucoma pathology.
Indeed, the vascular endothelium plays an important
role in the regulation of ocular blood flow. In this tissue,
nitric oxide (NO) is produced by neuronal and endothelial
NO synthase enzyme (eNOS) to maintain a basal
vasodilator tone in the optic nerve head (5,6). However,
in the pathological conditions, it is well established that
endothelial dysfunction of the microvasculature, decreases
NO release and reduces blood flow in the optic nerve,
which cause the damage seen in glaucoma (4,7,8). In vivo
study reported an association between altered NO system
and reduced blood flow in patients with glaucoma (9).
In contrast, other in vitro studies have shown enhanced
eNOS activity in endothelial cells of glaucomatous optic
nerve head (10,11). In addition, genetic studies have
identified that eNOS gene variants are associated with
POAG in Brazilian and Egyptian populations (12,13).

Furthermore, other factors are directly or indirectly
implicated in NO release as uric acid (UA) and lactate,
which have been shown to be involved in the dysfunction
of endothelial cells. UA, an antioxidant molecule (14), has
been suggested to contribute to endothelial alteration in
human aortic endothelial cells (15). A study has reported
that a high level of UA is associated with decreased NO
levels in human plasma (16).

Moreover, the role of lactate, an important source of
energy in the optic nerve head (17) has been reported in
glaucoma pathogenesis. Indeed, one study has shown that
glaucoma may be linked to disturbed lactate homeostasis
(18). In this manner, besides high IOP, other mechanisms
play a role in glaucomatous optic neuropathy. Clearly,
the pathophysiology of glaucoma has not been well-
elucidated.
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In the present study, in order to investigate the involvement
of NO, UA and lactate in glaucoma, we evaluated the levels
of these biochemical parameters in the AH and plasma of
a sample of Tunisian patients with POAG and compared
them with those of a control group of cataract patients.

METHODS
Patients

Patients were recruited from the Ophthalmology
Department of Rabta Hospital of Tunis. The study was
approved by the Rabta local ethics committee and was
conducted in accordance with the Declaration of Helsinki.
Consent was obtained from each patient. The study
involved 214 patients (100 patients with POAG and 114
patients with cataract). Each patient's medical history
and arterial pressure were obtained. Hypertension was
defined as systolic blood pressure (SBP) = 140 mm Hg
or diastolic blood pressure (DBP) = 90 mm Hg (19). For
all patients, we measured weight and height to calculate
the body mass index (BMI). Obesity was considered on
the basis of a BMI = 30 kg/m? (20). All subjects underwent
ophthalmic examination including best-corrected visual
acuity, I0OP, slit-lamp examination, gonioscopy and dilated
fundoscopic examination. Inclusion criteria for glaucoma
patients were: open- angle glaucoma, IOP higher than 21
mm-Hg (without anti-glaucoma drugs), correlated visual
field loss and glaucomatous optic nerve head changes
criteria. Patients with ophthalmic pathology other than
POAG were excluded.

Since, we could not recruit healthy subjects to collect
samples of AH, we recruited subjects in whom cataract
surgery was indicated as the control group. Patients
enrolled in this group had senile cataract and normal IOP,
and had not received any topical medications.

Methods

Blood and AH samples were collected from POAG and
control patients on the day of surgery. Venous blood
samples were drawn after an overnight fast in vials
containing lithium heparin for the analysis of UA, NO,
calcium, sodium, potassium and chloride. Vials containing
dried fluoride-EDTA were used to measure lactate. The
samples were immediately placed on ice, centrifuged at
3500 rpm for 15 min, and supernatants were stored at
-80°C until analysis. AH samples (0.1-0.2 mL), obtained
from each patient requiring either elective glaucoma
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surgery or elective cataract surgery, were rapidly
collected at the beginning of surgery through paracentesis
with a 27-gauge needle on an insulin syringe. Blood
contamination was meticulously avoided. Samples were
transferred to sterile cryotubes, immediately cooled and
stored at -80°C until analysis.

Lactate concentrations were measured following the
enzymatic-colorimetric method using a Cobas Integra 400
biochemical analyzer (Roche Diagnostics, Mannheim,
Germany). The levels of the more stable NO metabolites,
nitrite (NO,’) and nitrate (NO,’) were measured using a
colorimetric assay kit (R&D Systems, Minneapolis, USA),
which is based on the enzymatic conversion of nitrate to
nitrite by nitrate reductase. The reaction is followed by
colorimetric detection of nitrite as an azo dye product
of the Griess Reaction (21). The other parameters: UA,
calcium, sodium, potassium and chloride were analyzed
with Abbott kits, using the Architect C8000 analyzer
(Abbott Laboratories, Abbott Park, IL, USA).

Statistical analysis

Data were analyzed by SPSS version 18.0 (SPSS Inc.,
Chicago, IL, USA) and presented as mean+SEM. The
student t-test was used to detect differences between
the two study groups. Chi-square tests were used for
categorical variables. A p value less than 0.05 was
considered statistically significant.

RESULTS

The demographic and clinical characteristics of the
population studied are presented in Table 2. There were no
significant differences for age, gender, SBP, DBP and BMI
between the two groups (p=0.34; p=0.55; p=0.31; p=0.23
and p=0.74 respectively). The mean cup-to-disc ratio
and IOP were significantly higher in the POAG patients
compared to the control subjects (p=0.001) (Table 2).

Concentrations of sodium, potassium and chloride in
plasma and AH were not significantly different between
the two groups (p>0.05) (Table 1). However, calcium
levels differed significantly between POAG patients and
control subjects in AH, but not in plasma (Table 1). In
addition, the results revealed that NO,_ concentrations
were significantly lower in patients with POAG compared
to control subjects in plasma (5.23+1.55 pmol/L vs
18.35+6.87 pmol/L, p=0.01) and AH (20.54+7.41 umol/L
vs 45.25+10.92 pmol/L, p=0.02) (Table 1). Moreover,
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UA concentrations were significantly higher in glaucoma
patients than in control subjects in plasma (323.56+25.76
pmol/L vs 270.84+15.20 pmol/L, p=0.01) and in AH
(102.91+23.97 pmol/L vs 62.60+£17.35 pumol/L, p=0.04
(Figure 1). UA levels were lower in AH than in plasma.
Furthermore, lactate concentrations differed significantly
between the POAG group and the control group in plasma
(2.55£0.4 mmol/L vs 1.74+0.25 mmol/L, p=0.03) and in AH
(5.81£0.61 mmol/L vs 4.71+£0.38 mmol/L, p=0.04) (Figure
2). On the other hand, concentrations of lactate and NO
were higher in AH than in plasma.
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Figure 1. Plasma and aqueous humor (AH) concentrations
of uric acid (umol/L) in primary open-angle glaucoma
(POAG) and control groups. Data are expressed as
meant+SEM. *p<0.05 in plasma and 1p<0.05 in AH
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Figure 2. Plasma and aqueous humor (AH) concentrations
of lactate (mmol/L) in primary open-angle glaucoma
(POAG) and control groups. Data are expressed as
mean+SEM. *p<0.05 in plasma and 1p<0.05 in AH
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Table 1. Biochemical parameters in the plasma and AH of the study groups

Plasma AH
Parameters Control group POAG Control group POAG
(n=114) group (n=100) p (n=114) group (n=100) p

ol 137.17£0.59 137.18£0.72 0.99 143714178 143.57+1.20 0.95
Rotassiumi(mmel/L) 454007 463£0,09 043 356+0.17 3.400.25 059
et el 104.23£0.48 105.3120.65 0.17 123.2542.25 126.0442.42 040
Galclumi(mmokL} 2.28+0.01 230002 049 135 +0.03 163+ 0,09 0.04
NO, (pmalL) 18.3546.87 5234155 0.01 45.25+10.92 20544741 0.02

AH: aqueous humor; NO,: nitric oxide metabolites; POAG: primary open-angle glaucoma. Values are expressed as mean+SEM; p<0.05 is considered

significant

Table 2. Demographic and clinical characteristics of the
study groups

Control group

Parameters POAG group (n=100) p

in glaucoma patients (24). Additionally, other reports
have shown that NO is implicated in the regulation of AH
outflow and I0P (25,26). A decreased NO level in POAG
was also reported in genetic studies. Otherwise, eNOS

(n=114) gene variants could predispose the patient to endothelial
dysfunction reducing blood flow in the eye and the optic

Age (years) 70.18+1.14 68.33+1.44 0.34 nerve head (12,13). All these data suggest that low NO
production may contribute to the elevation of IOP and the

Gender, male, n (%) 52 (45.6%) 46 (46.0%) 0.55 progression of glaucoma. Moreover, in both group the

data from the present study show that NO,_ concentrations

Cup-to-disc ratio 0.26+0.03 0.63+0.02 0.001 were higher in AH than in plasma. This suggests that NO is

synthesized in the eye and is not diffused from plasma to

0P (mm Hg) 13.2941.20 20.5141.27 0.001 AH. This observatlf)n |nq|cates that the NO disorder exists
locally and systemically in POAG patients.

SBP (mm Hg) 130.9043.20 132.8042.20 0.31 Furthermore, the data reported herein show that AH
and plasma UA levels were significantly higher in POAG
patients than in control. These findings are compatible

DBP (mm Hg) 80.50+1.40 78.30+1.10 0.23 . )
with a previous study
(27) that reported that serum UA level was higher in

BMI (kg/m?) 25.41+0.59 25.15+0.54 0.74

BMI: body mass index; DBP: diastolic blood pressure; IOP: intraocular
pressure; POAG: primary open-angle glaucoma; SBP: systolic blood
pressure. Values are expressed as meantSEM; p<0.05 is considered

significant

DISCUSSION

In the current study, a significant decrease of NO, levels
was detected in the AH and plasma of glaucoma patients
when compared to control subjects. These results are
in agreement with previous studies, which have also
reported that the NO level in human AH was lower in
the POAG group than in the control group (9,22,23).
We explain the low NO level by endothelial dysfunction

glaucoma patients compared to healthy controls. UA
contributes to the total anti-oxidative status (14,28).
Nevertheless, a study showed that UA decreased NO
levels in rat endothelial cells culture (29). In addition,
another study examining human umbilical vein endothelial
cells, reported that a high UA level increased endothelial
dysfunction by mediating apoptosis and decreasing NO
production under oxidative and endoplasmic reticulum
stress through protein kinase C (PKC)-dependent eNOS
phosphorylation (30). The mechanism by which UA may
reduce NO and induce endothelial dysfunction, particularly
under oxidative stress, is also proposed in human plasma
and aortic endothelial cell lysates (16). Taken together, we
suggest that elevated UA level in AH induces endothelial
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cells dysfunction in POAG and reduces NO production.

Lactate and glucose are identified as an important
energy source in the optic nerve head (17). In this study,
we evaluated the lactate level to determine its possible
implication in the development of glaucoma.

Lactate concentrations in AH and plasma were significantly
higher in patients with POAG compared to control subjects.
These findings are in agreement with a previous study,
which reported increased levels of lactate and lactate
dehydrogenase in the AH of the POAG patients (31).
Disturbed lactate homeostasis may predispose to glaucoma
(18), suggesting that mechanisms other than elevated
IOP are involved in glaucomatous optic neuropathy.
Furthermore, we observed that lactate concentrations
were higher in AH than in plasma. These observations
confirm that lactate is produced in the eye and the optic
nerve head. The elevated lactate concentration in AH
reflected the rate of the glycolytic pathway in the eye (32)
and its relationship with disturbed mitochondrial function
(33,34), which induces the generation of reactive oxygen
species (ROS) and contributes to cell death in glaucoma
(35). Until now, the relation between lactate and NO
remains unclear, but a study reported that hyperglycemia
causes impairment of endothelium-dependent NO-
mediated dilation by activation of interacting-protein-
1/c-Jun N-terminal kinases (JIP1/JNK) signaling in retinal
arterioles (36).

Our findings showed that AH calcium concentrations
were significantly higher in patients with glaucoma than in
control subjects. Calcium dysregulation might be involved
in the pathogenesis of glaucoma by increasing AH outflow
resistance (37). Hong et al. (38) have reported that
hyperuricemia induced endothelial dysfunction by Na*/
Ca* exchanger, which mediated calcium overload.

In summary, the present study shows an impairment of
NO production and increased UA and lactate levels in the
plasma and AH of Tunisian patients with POAG. These
data suggest that these factors are involved in glaucoma.
Further investigations are needed to study the mechanism
underling the UA-induced impairment of NO in POAG.
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