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Glaucoma is characterized by chronic optic neuropathy resulting in progressive vision loss. Not only is glaucoma considered as a
condition of elevated intraocular pressure (IOP), but also other risk factors may play a role in the pathogenesis of glaucomatous
optic nerve damage. Vascular dysregulation in ocular blood flow and oxidative stress are currently suggested as important risk
factors for glaucomatous retinal ganglion cell loss. New treatment modalities that improve ocular blood flow and reduce oxidative
stress have been investigated in many studies. Magnesium (Mg) is thought to be one of the molecules that has a treatment potential
in glaucoma. Mg has been shown to improve blood flow bymodifying endothelial function via endothelin-1 (ET-1) and endothelial
nitric oxide (NO) pathways. Mg also exhibits neuroprotective role by blocking N-methyl-D-aspartate (NMDA) receptor-related
calcium influx and by inhibiting the release of glutamate, and hence protects the cell against oxidative stress and apoptosis. Both
improvement in ocular blood flow and prevention of ganglion cell loss would make magnesium a good candidate for glaucoma
management. Further studies on the effect of Mg may open a new therapeutic era in glaucoma.

1. Introduction

Glaucoma is characterized by chronic optic neuropathy
resulting in progressive vision loss [1]. IOP has been consid-
ered as the main risk factor for glaucoma; thus, medical or
surgical IOP lowering therapeuticmodalities play an essential
role in themanagement of glaucoma [2]. However, IOP, as the
only risk factor for glaucoma, has been considered inadequate
to reveal all the potential underlyingmechanisms.Themajor-
ity of people with increased IOP do not develop glaucoma; on
the other hand, about half of the patients with glaucomatous
optic neuropathy (GON) have IOP in the normal range [3].
Furthermore, the reduction of IOP improves the prognosis
of GON but does not prevent progression in all patients
[2]. IOP lowering treatment is excellent in patients with

angle-closure glaucoma [2], good in primary open angle
glaucoma (POAG) [4], and modest in normal tension glau-
coma (NTG) [5]. Therefore, other risk factors have gained
importance and may have a role in the prevention and
treatment of glaucoma.

Disturbed ocular blood flow and oxidative stress are the
suggested concomitant risk factors that may contribute to
GON [2, 3]. Blood flow reduction was claimed to be more
prominent in patients with NTG than with high tension
glaucoma and may be more pronounced in progressive
types of glaucoma in comparison to stable forms [6, 7].
Therefore, many medications have been studied for their
potential of clinical use depending on their efficiency in the
regulation of ocular blood flow and the reduction of oxidative
stress. Carbonic anhydrase inhibitors have been reported
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to improve ocular blood flow and visual field parameters
in patients with glaucoma [8]. A similar improvement in
ocular blood flow and visual field was also observed in
patients with vascular dysregulation after being treated with
calcium channel blockers [9–12]. Another pharmacological
agent, dipyridamole, a platelet inhibitor, has been shown
to improve ocular blood flow in a group of patients with
impaired ocular blood flow including glaucoma, anterior
ischemic optic neuropathy, vasospastic syndrome, or central
retinal vein occlusion [13]. In terms of decreasing oxidative
stress, aminoguanidine, an oral insulin stimulant for type
2 diabetes mellitus and a specific inhibitor of inducible
nitric oxide synthase (NOS-2), was experimentally shown to
prevent the development of GON [14]. Ginkgo biloba extract,
an antioxidant polyphenolic flavonoid, has been reported to
improve visual field parameters in a double-blinded placebo-
controlled study [15]. Ginkgo biloba extract was shown to
protect the mitochondria from oxidative stress and thereby
might rescue the retinal ganglion cells [16]. Mg may add
a therapeutic value in the field of glaucoma via similar
mechanisms such as improvement in ocular blood flow,
reduction of oxidative stress, and neuroprotection.

Mg is involved in many metabolic processes such as
maintenance of normal cell membrane function, energy
metabolism, and synthesis of nucleic acids [17]. Additionally,
Mg acts as a natural physiologic calcium channel blocker and
is part of many enzymes which play important roles in car-
bohydrate, protein, and fat metabolism [17, 18]. Particularly,
Mg has been shown to improve the ocular blood flow in
patients with glaucoma and may protect the retinal ganglion
cell against oxidative stress and apoptosis [2, 3, 19]. Thereby,
Mg, exhibiting beneficial effects through both neuronal and
vascular mechanisms, may serve as an attractive therapeutic
agent in glaucoma.

2. Physiological and Pharmacological Effects
of Magnesium

Mg is the second most abundant intracellular cation and has
been recognized as a cofactor in more than 300 enzymatic
reactions in the body. Approximately 50% of Mg is present
in bones, 50% in tissues and organs, and 1% in the blood
stream [20]. Some of the processes in which Mg is a cofactor
included, but are not limited to, protein synthesis, cellular
energy production and storage, reproduction, DNA andRNA
synthesis, and mitochondrial membrane stabilization [21].
Magnesium also plays a critical role in maintaining normal
nerve andmuscle function, cardiac excitability (normal heart
rhythm), neuromuscular conduction, muscular contraction,
vasomotor tone, normal blood pressure, bone integrity, and
glucose and insulin metabolism [21–23]. Moreover, physio-
logical extracellular Mg was shown to potentiate adenosine-
mediated inhibition of glutamate release, restore blood-brain
barrier integrity, and noncompetitively antagonize NMDA
receptor activation via blockage of voltage-dependent cal-
cium channels in the nervous system [24]. In this regard, Mg
deficiency has been associated with a number of neurolog-
ical diseases, including migraine, Alzheimer’s diseases, and

cerebrovascular diseases, and Mg therapy has been shown to
have neuroprotective effects after spinal cord injury, lowering
the risk of thromboembolic events due to its antithrombotic
activity [24].

Normal serum Mg level ranges between 1.7 and
2.2mg/dL, and approximately 20% of this cation is bound
to albumin in the intravascular compartment. Under basal
conditions, small intestine absorbs 30–50% of Mg intake
and although 80% of serum Mg is filtered at the glomerulus,
only 3% is finally excreted in the urine [25]. Mg therapy is
associated with some minor side effects such as flushing,
nausea and vomiting, muscle weakness, dizziness, and
somnolence. Serious side effects which included loss of
patellar reflex and respiratory depression are very rare
and occur generally after parenteral application at higher
doses (>13mEq/L). Calcium gluconate is administered
to counteract the effect of Mg in case of levels above the
therapeutic range [26].

3. Magnesium Deficiency and the Impact on
Ocular Tissues

In experimental animal studies, it has been shown that Mg
has a vital role in the development and normal functioning
of the eye. Mg deficiency has been associated with multifocal
necrosis in the retinal pigment epithelium of rats [27] and
hypomagnesemia was also found to be correlated with pig-
mentary retinal degenerations like Kearns-Sayre syndrome
and retinitis pigmentosa [28, 29]. Additionally, in experi-
mental rats Mg deprivation during developmental phase may
cause multifocal necrosis and myelination disorders in the
optic nerve [30]. Furthermore, Mg might be necessary for
maintenance of healthy ocular surface in the prevention of
infections and dryness and in inflammatory conditions of
conjunctiva and cornea local application of Mg sulphate has
shown some benefits [31]. Additionally, in Mg deficient rats
decreased microvilli in corneal epithelial cells and apoptosis-
like nuclear changes in corneal epithelial and endothelial
cells were observed [32]. On the other hand, patients with
keratoconus have also been shown to have low serum Mg
levels [33]. Furthermore, Mg taurate has been reported to
reduce the progression of cataracts [34]. Regarding the rela-
tionship of Mg with retinal disorders, patients with diabetic
retinopathy were reported to have low serum Mg levels
and those with the severest degree of retinopathy had more
prominent hypomagnesemia [35]. Mg deficiency may have a
causative relation with several disorders of the eye and may
point out a potential therapeutic value.

4. Ocular Blood Flow, Vascular Dysregulation,
and the Role of Magnesium in Glaucoma

Vascular dysregulation, an imbalance between vasoconstric-
tion and vasodilatation at microcirculatory level and general
dysfunction of endothelium and autonomic nervous system,
was believed to be a contributing factor for GON [36]. Reduc-
tion in ocular blood flow was reported in various ocular
tissues including the retina, optic nerve, iris, and choroid
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in patients with glaucoma [37–39]. Additionally, ischemia
may damage the outflow system, in particular the trabecular
meshwork, and thereby may increase IOP [40]. Vascular
dysregulation syndromes were divided into two groups as
primary and secondary vascular dysregulation syndromes.
Primary vascular dysregulation is a tendency to respond
differently to stimuli such as coldness or emotional stress. On
the other hand, secondary vascular dysregulation syndrome
is a dysfunction of anatomically normal vessels which are
secondarily induced by an underlying disease [41]. Primary
vascular dysregulation, associated with low blood pressure,
increased venous pressure, and disturbed autoregulation, was
postulated as a major cause of vascular dysfunction in the
pathogenesis of GON. In individuals with primary vascular
dysregulation, ocular blood flow tends to be unstable, and
IOP fluctuates above and blood pressure fluctuates below the
normal capacity of autoregulation. Patients with glaucoma in
general may have a diminished blood flow but it is rather
instability in blood flow that leads to glaucomatous damage
[41, 42].

When autoregulation is disturbed, even normal IOP or
normal blood flow fluctuation leads to ocular blood flow fluc-
tuation outside the normal limits, contributing to optic nerve
damage [41]. The balance of the autonomic nervous system
was found shifted towards sympathetic activity in patients
with NTG [43] and their choroidal vessels were observed to
constrict more than normal ones [44]. Insulin resistance, a
known factor of sympathetic overactivity [45], has also been
reported in association with the pathogenesis of glaucoma.
Patients with glaucoma or central retinal vein occlusion
were demonstrated to be hyperinsulinemic compared to
the control group [46]. In addition, insulin resistance has
been shown to correlate positively with increasing IOP [47].
Furthermore, with proper treatment of insulin resistance-
associated risk factors such as dyslipidemia, systemic hyper-
tension, and obesity, significant IOP reduction was observed
[4]. Mg has been believed to play an important role in insulin
homeostasis. Dietary Mg intake and serum Mg levels were
found to be inversely correlated with fasting serum insulin
levels [23]. Additionally, plasma Mg concentration is known
to be lower in diabetic than in nondiabetic patients [48],
and hypomagnesemia has been found to be associated with
diabetic retinopathy [35]. Furthermore, metabolic syndrome,
a cluster of insulin resistance and glucose intolerance, visceral
obesity, dyslipidemia, and hypertension, has been found to be
associated with glaucoma, even though several studies have
revealed no association between glaucoma and diabetes mel-
litus [49–51]. In subjects with metabolic syndrome and type
2 diabetes mellitus, inflammatory mediators and cytokines in
adipose tissue induced endothelial dysfunction and oxidative
stress which has been believed to be one of the contributing
mechanisms of glaucoma [52, 53]. Therefore, glaucoma may
have a relation with metabolic syndrome, insulin resistance,
or diabetes-related inflammation. Consequently, endothelial
dysfunction, insulin resistance, and chronic inflammation,
as a result of metabolic syndrome, could be the revealing
mechanisms of disturbed ocular blood flow. Mg deficiency
was found to be associated with metabolic syndrome and
related systemic inflammation and endothelial dysfunction

[19]; thereby Mg supplementation, as an add-on therapy,
may have a therapeutic value in glaucoma and may protect
the ocular tissues by regulating the ocular blood flow and
reducing oxidative stress. This could be supported by the
finding that Mg enhances ocular vasodilation and optimizes
the ocular blood flow by reduction of cytokine and free
radical production and prevention of intracellular calcium
entry whichminimizes ganglion cell injury and neuronal loss
[54].

Ocular perfusion instability occurs especially when IOP
or blood pressure fluctuates and causes a repetitive reper-
fusion injury resulting in chronic oxidative stress, especially
in mitochondrial level [2]. It was suggested that oxidative
stress was involved in the pathogenesis of glaucoma [55]
and unstable ocular blood flow may lead to the production
of free oxygen radicals and oxidative damage in the retinal
ganglion cells [2]. Oxidative stress is known to upregulate
the synthesis of neuronal and inducible NOS, leading to
overproduction of NO, which acts as a neurodestructive
agent by the production of peroxynitrites.During reperfusion
injury, a high concentration of superoxide radicals and NO
results in the formation of highly damaging peroxynitrites,
[56] which may lead to retinal ganglion cell loss and GON
[2]. In addition, increased NO damages the membrane per-
meability by the nitrosylation of gap junctional proteins [57].
Besides triggering inducible and neuronal NOS, oxidative
stress is also known to increase the levels of endothelin-1
(ET-1) which is a vasoconstrictor acting against vasorelaxants
in the autoregulation of optic nerve head blood flow. On
the other hand, higher plasma ET-1 levels were reported
in patients with glaucoma despite a normalized IOP [58].
Additionally, aqueous humor ET-1 levels were found elevated
in high tension glaucoma [59]. Increased ET-1 not only
reduces optic nerve bloodflowand interfereswith axoplasmic
transport but also activates astrocytes [60]. Once activated,
astrocytes upregulate the production of free radicals, NOS
and ET-1, thereby creating a microenvironment leading to
axonal damage [3]. Mg also indirectly inhibits the activation
of astrocytes and prevents neuronal loss via the inhibition of
endothelin pathway [61].Thereby, with reduction of oxidative
stress and vasorelaxation, the role of Mg should further be
investigated in the prevention and treatment of glaucoma and
glaucoma-related neuronal loss.

Vascular tone is regulated locally by endothelium derived
vasoactive agents such as ET-1 and endothelial NO. ET-
1 causes the contraction of the retinal and optic nerve
head vessels which is dependent on extracellular calcium
influx through voltage-gated calcium channels, resulting
in decreased ocular blood flow and ischemia [62]. ET-1
may be effectively inhibited by calcium channel blockade;
therefore, calcium channel blockers were investigated for
the management of glaucoma. In this sense, some calcium
channel blockers have shown a positive effect on ocular blood
flow and visual field in NTG [9, 10, 12, 63]. But systemic
side effects such as hypotension and bradycardia restricted
the use of calcium channel blockers for the treatment of
glaucoma [64]. However, Mg acts as a natural physiologic
calcium channel antagonist with minimal cardiovascular
side effects and tends to increase blood flow and decreases
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vascular resistance in various vascular beds [65, 66]. Elevated
levels of Mg inhibit ET-1 induced contraction in porcine
ciliary arteries andmay regulate the perfusion abnormality at
microcirculatory level [67]. Therefore, Mg supplementation
may have a therapeutic effect by decreasing the ocular
vascular tonus via inhibition of the ET-1 induced contraction.
Besides acting as a physiological calcium antagonist, Mg
also has a direct vasorelaxant activity [68]. Furthermore, Mg
therapy has been shown to improve endothelial function
[65, 69] and induce endothelium-dependent vasodilation
mediated by endothelial NO [70]. Unlike inducible NOS
(NOS-2), endothelial NOS (NOS-3), a major regulator of
vascular hemodynamics, may act as a neuroprotective agent
[71]. Endothelial NO, derived from endothelial nitric oxide
synthase (NOS-3), may protect ganglion cells by causing
vasodilation and increasing ocular blood flow in patientswith
glaucoma [71].

5. Oxidative Stress and Role of
Magnesium in Neuroprotection

Vascular dysregulation and repeated reperfusion injury does
not only activate astrocytes and endothelin pathway but also
lead to glutamate retention in retinal tissue as a result of
increased oxidative stress [72]. It is known that glutamate
is the major excitatory neurotransmitter in central nervous
system and in retina [72], and chronic low dose glutamate
exposure may damage retinal ganglion cells [73]. Glutamate
excitotoxicity and oxidative stress have been suggested as one
of the important pathophysiological mechanisms in glauco-
matous neurodegeneration [74, 75]. The glutamate-induced
excitotoxicity in neuronal tissues ismediated throughNMDA
receptors which are coupled with voltage-gated calcium
channels [76]. At normal resting membrane potential, the
pores of these channels are blocked with Mg ions. In Mg
deficiency, NMDA receptors allow excess influx of calcium
ions [19]. Additionally, overstimulation of NMDA receptors
with excessive glutamate leads to excess calcium influx via
NMDA receptor coupled calcium channels and results in
the accumulation of excessive intraneuronal calcium [77].
Calcium overload causes cellular swelling and cell death
[19]. Furthermore, excess calcium influx also causes oxidative
stress with the generation of neurotoxic free radicals and NO
[77]. Calcium influx into retinal ganglion cells seems to have
a major role in producing permanent cellular damage and
calcium channel antagonists have been shown to decrease
NMDA-related neurotoxicity in retinal ganglion cells [78].

As we discussed, Mg, as a physiological calcium channel
blocker, may be a good candidate in the protection of retinal
ganglion cells. Mg ions regulate the conductance of calcium
channels and limit neuronal calcium influx. Additionally, Mg
inhibits the release of glutamate and thereby may participate
in the protection of retinal ganglion neuronal cells against
oxidative stress and apoptosis [78]. Furthermore, Mg is
required for glutathione biosynthesis and its depletion has
been associated with decreased antioxidant activity [79].
Mg also demonstrates antioxidant activity in retinal tissue
by influencing superoxide dismutase [80]. Other than these

pathogenetic interactions, Mg is one of the most important
cofactors of several enzymatic reactions, involving Na+/K+
ATPase, which is responsible for the active transport of Na+
out of the cell membrane in exchange with K+ [81]. Mg defi-
ciency leads to functional loss of Na+/K+ ATPase and causes
intracellular Na+ accumulation and release of mitochondrial
Ca++ ions which results in increased cytoplasmic Na+ and
Ca++ [82]. Increased intracellular Ca++ andNa+ further cause
cellular swelling leading to retinal ganglion cell apoptosis.
In summary, Mg may protect retinal ganglion cells from
oxidative injury by combined effects on voltage-dependent
calcium channels, glutathione synthesis, lipid peroxidation,
andmaintaining the regulation of manymetabolic enzymatic
reactions.

6. Clinical Reflections

Mg supplementation-induced favourable vascular effects
have been demonstrated in diabetic patients and patientswith
coronary artery disease [65, 69]. Therefore, Mg therapy was
believed to have a therapeutic value in patients with glau-
coma due to the potential underlying vascular dysregulation
pathogenesis. Researchers have shown promising results with
Mg in the treatment of patients with glaucoma. Gaspar et
al. [83] evaluated the effect of oral Mg therapy in 10 patients
with glaucoma and 121.5mgMg was given twice daily for one
month. Video-nailfold-capillaroscopy was used to evaluate
peripheral capillary blood flow. At the end of 4 weeks of
treatment, both visual field and peripheral blood flow were
improved. They concluded that Mg supplementation seemed
to have a beneficial effect on the visual field in patients with
glaucoma. In another study, Aydin et al. [84] investigated
the efficacy of oral Mg therapy on visual field perimetry
indices and ocular blood flow in only NTG patients in a
prospective controlled randomized clinical trial. FifteenNTG
patients received 300mg oral Mg for one month and blood
flow velocity of orbital vessels such as ophthalmic, posterior
ciliary, and central retinal arteries was measured by color
Doppler imaging. After one month, the improvements in
visual field mean deviation and pattern standard deviation
were found statistically significant in the study group com-
pared to control group. They did not report any significant
change in ocular blood flow parameters measured by color
Doppler imaging. The authors speculated that mechanisms
other than increased ocular blood flowmay be responsible for
the improvement in the visual field. Regulation of perfusion
abnormality caused by vascular dysregulation may be the
likely mechanism that Mg improved the ocular blood flow.
Although only two clinical studies supported the beneficial
role of Mg in the treatment of glaucoma, further studies with
larger sample size and long term results would be valuable to
better understand the impact of Mg in the management of
glaucoma.

7. Conclusion

In conclusion, Mg is of critical importance in regulating
cellular functions of the ocular tissues.The association of Mg



International Scholarly Research Notices 5

levels with the pathogenesis of glaucoma may be attributed
to Mg serving highly important roles as a cofactor for several
enzymes involving membrane-associated ATPases, modula-
tor of vessel smooth muscle contraction, and regulator in
oxidative stress pathways. Therefore, Mg may have a great
potential to come into clinical use in the management of
glaucoma. The review of current literature supports the need
of further investigations to evaluate the role of Mg as a
supportive approach in glaucoma.
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