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BACKGROUND

One of the most important sight-threatening eye disorders in
ophthalmology is glaucoma. Together with age related macular
degeneration it is the most common cause of irreversible blindness.
Magnesium (Mg) is considered to improve the ocular blood flow in
glaucoma patients and could protect the retinal ganglion cell against
oxidative stress. Membrane potential refersto the difference in electrical
potential between the intracellular and the extracellular of a biological
cell. The objective of this study wasto determine the Mg serum level and
membrane potentia in glucoma subjects.

METHODS

A case-control study was conducted in eighty confirmed glaucomapatients
and eighty normal subjects between 50 to75 years were selected. The
serum sodium, potassium and cal cium were estimated using Randox Kit.
While membrane potential was determined by calculation using Nerst
Equation. Magnesium levels were determined by atomic absorption
spectrophotometer technique. An independent t-test was used to analyze
the data.

RESULTS

The results obtained showed that the level of Magnesium serum (1.11 +
0.14 mg/dL) and membrane potential (176.40 + 42.00 J) was significantly
decreased in glaucoma as compared to the controls (2.4 + 0.68 mg/dL)
and (251.76 + 191.99) (p<0.05). The serum sodium, potassium and
calcium were aso significantly decreased among glaucoma subjects
compared to control (p<0.005).

CONCLUSION

The result probably suggests, that decrease in magnesium aggravates
glaucomawhile decrease in membrane potential could cause poor energy
transmission and hence affect ocular blood flow. Hence, decreased
magnesium and membrane potential levels contributes greatly to
glaucoma.
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INTRODUCTION

Magnesium (Mg) is an abundant
intracellular cation. It isconsidered asacofactor
in most enzymatic reactions in the body. About
50% of Mg is present in bones, tissues and
organs while 1% in the blood stream. It is
associated with many metabolic processes such
as maintenance of normal cell membrane
function, energy metabolism, as well as
production of nucleic acids. Also, Mg tends to
act as a natural physiologic calcium channel
blocker.® Itispart of many enzymeswhich play
essential rolesin carbohydrate, protein, and fat
metabolism. Mg is considered to improve the
ocular blood flow in glaucoma patients and could
protect theretinal ganglion cell against oxidative
stress.? It posses advantageous effects via
neuronal and vascular mechanisms, which could
serve as an attractive therapeutic agent in
glaucoma. Additionally, Mg playsacritical role
in maintaining normal nerve and musclefunction,
normal heart rhythm, neuromuscular conduction,
muscular contraction, vasomotor tone, normal
blood pressure, boneintegrity, aswell asglucose
and insulin metabolism.® Mg isassociated with
many metabolic processes such as maintenance
of normal cell membrane function, energy
metabolism, and production of nucleic acids. On
the other hand, patients with glaucoma could
affect membrane potential.» Membrane potential
refers to the difference in electrical potential
between the intracellular and the extracellular
of a biological cell. The membrane potential
result from the interaction between the membrane
and the actions of two types of trans membrane
proteins embedded in the plasma membrane.®
Thereisareduction of sodiumion and potassium
ion concentration gradients in glaucoma. This
could be associated with increased permeability
of theseions.

Glaucoma is a group of eye disorders in
which the optic nerve at the back of the eyeis
gradually damaged. In some peopl e thisdisorder
could be asaresult of increased pressureinside
theeyeor asaresult of poor blood supply to the
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vital optic nerve fibres. It is characterized by
chronic optic neuropathy leading to gradual loss
of vision.® Glaucoma is considered as a
condition of elevated intraocular pressure (10P),
however, other risk factors may play arolein
the pathogenesis of glaucomatous optic nerve
damage. Vascular dysregulation in ocular blood
flow and oxidative stress are important risk
factors for glaucomatous retinal ganglion cell
loss. In spite of the fact that anyone can get
glaucoma, some people may have an increased
risk, especially those with a family history of
glaucoma, diabetes, migraine, short sightedness
(myopia), long sightedness (hyperopia), eye
injuries, blood pressure, past or present use of
cortisone drugs (steroids).(”

Also, disturbed ocular blood flow and
oxidative stress could contribute to glaucoma.
Itisalsotheleading cause of blindnessin Nigeria
particularly inImo State. Glaucomaistheleading
cause of irreversible blindness globally and a
growing public health concern because of an
aging global population. If glaucomais detected
early enough, it could be possible to arrest the
gradual progression with medical and surgical
means.®

Glaucomatends to induce oxidative stress
which affects the magnesium status.®® Owing to
scarcity of information on magnesium and
membrane potential, thisstudy tendsto determine
the magnesium and membrane potential among
glaucoma patients aged 50 to 75 years:

METHODS

Resear ch design
A case-control study was carried out in the
GeneraHospital Owerri, Imo State Nigeria

Research subjects

Eighty patients attending General Hospital
Owerri who were 50to75 years of age and were
confirmed of glaucoma participated. Exclusions
were defined as having had ocular surgery inthe
month prior to their appointment and/or having
secondary glaucoma associated with ocular or
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systemic disorders. Subjects provided informed
consent prior to enrollment in the study.

M easurements

After obtaining informed consent, subjects
were provided aroutine ophthal mic examination
of both eyesincluding visual acuity assessment,
intraocular pressure measurement, visual field
examination, external slit lamp examination, and
dilated retinal exam to confirm glaucoma.

Biochemical assay

In al subjects, 5ml of venous blood was
collected into a non-anticoagul ated tubes. The
sample were spun in aWisterfuge (model 684),
centrifuge at 1000g for 10 minutes and the serum
collected into a clean dry bijou bottle.
Magnesium and membrane potential were
estimated. The serum sodium, potassium and
calcium were estimated using Randox Kit. While
membrane potential was determined by
calculation using Nerst Equation. Magnesium
levels were determined by atomic absorption
spectrophotometer technique as described by
Addison.9

Satistical analysis

The results were expressed as mean +
standard deviation. The statistical eval uation of
datawas performed by using studentst- test. The
level of significance was calculated at p<0.05.

Ethical clearance

Informed consent of the participants was
obtained and was conducted in line with the
ethical approval of the hospital.
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RESULTS

The serum sodium level in glaucoma sub-
jects (134.00 £ 2.88 nmol/L) was significantly
lower compared to the control healthy subjects
(139.75 + 4.00 nmol/L) (p=0.003). The potas-
sium serum level in glaucoma subjects (3.10 =
2.88 nmol/L) was also significantly lower than
the control healthy subjects (3.58 = 0.41)
(p=0.042). The level of Mg and membrane po-
tential, were significantly affected in glaucoma
when compared with the control (p=0.047)
(Table 1).

DISCUSSION

In this study, it was observed that
Magnesium in glaucoma subjects were
significantly decreased when compared with
control. Theisin linewith the work of De Valk
1) who found that patients with severe
retinopathy have a lower plasma magnesium
level compared to patients without retinopathy.
Mg tendsto play animportant functionininsulin
homeostasis. Dietary Mg intake and serum Mg
levelswerefound to beinversely correlated with
fasting seruminsulinlevels.®? Also, serum Mg
concentration is known to be decreased in
diabetic than in non diabetic patients.*¥ The
reduction in serum magnesium was correlating
with retinopathy and hypertension.®¥ It may be
an added advantage in clinical practice to
periodically monitor serum magnesium levelsin
glaucoma patients. If serum magnesium is
reduced, an interventionto increase dietary intake
of magnesium may be beneficial.

Table 1. Magnesium and membrane potential levelsin glaucomaand control

Parameters Contml (n=80) Glaucoma (n=80) P
Seru 3 odiven (i L) 13075 £4.00 13400 £ 288* 0.003
Serum Potasdum (mamol/L) 358041 3.10+022* 0.042
Red Cel Calciummmol/L) 0.51 £0.02 0.50 £0.07* 0.049
Setn O alciwn (mmold) 2.14£0.04 147 £0.10% 0.039
Serun M agnesiam in gidl) 2.40 £0 68 1.11£0.14%* 0.047

Mem brane potential ()

25176 £ 12899

17640 £4200* 0.019

*Significantly different from control at p<0.05
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Glaucomais characterized by chronic optic
neuropathy leadingtogradual vision loss.
Magnesium is the major intracellular divalent
cation. Itisusually characterized by the presence
of at least two of the three hallmarks including
elevated intraocular pressure, optic disc cupping,
and visual fieldl0ss.® The normal concentrations
of extracellular Magnesium and calcium are
essential for normal neuromuscular activity.
Although, the intracellular magnesium forms a
key complex with ATPanditisacrucia cofactor
for a wide range of enzymes, transporters and
nucleic acidsrequired for normal cellular function,
replication and energy metabolism.®

The serum Mg play an important function
in the development and normal functioning of
the eye. Magnesium decrease has been linked to
multifocal necrosis in the retinal pigment
epithelium. Thelow level of magnesium hasbeen
found to be correlated with pigmentaryretinal
degenerations such as Kearns-Sayre syndrome
and retinitis pigmentosa.>® Magnesium could
be essential for maintenance of healthy ocular
surfacein the prevention of infectionsaswell as
dryness and in inflammatory status of
conjunctiva.?'” The decrease in serum and
erythrocyte magnesium level is associated with
advanced retinopathy.*® Hence, preventing low
serum magnesium in glaucomaby supplementing
magnesium may be beneficial. Inthe same vein,
it was observed that the levels of serum levels
sodium and potassium were significantly
decreased in glaucoma when compared with
healthy controls.

Thisresultswerein line with a prospective
case-control study in a subpopulation of 18
patients with glaucoma, and 24 control subjects
age range 3062 years were selected from the
hospital staff. Thisstudy found the serum sodium
level in glaucoma subjects (138.0 £ 2.1 nmol/L)
was significantly lower compared to the control
healthy subjects (140.0 + 2.4 nmol/L) (p=0.006).
And potassium serum level in glaucoma subjects
(3.7 £ 0.3 nmol/L) was aso significantly lower
than the control healthy subjects (4.0 + 0.4)
(p=0.002).®
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The level of potassium ionsislow in the
extracellular environment while that of sodium
is high. It is relevant to note that the sodium
potassium ATPase and sodium potassium ion
pump maintains the concentration as well as
inherent el ectrochemical equilibrium betweenthe
extracellular and intracellular environment. This
pump takes out three sodium ionsfor every two
potassiumionstaken into the cell. Therefore, this
increased potassium concentration helpsto draw
water moleculesinto the cell.(

Our study showed that the membrane
potential was significantly decreased in
glaucoma patients when compared with the
control. Thisis an agreement with the work of
He et a.? that the mitochondrial membrane
potential level was decreased in glaucomatous
trabecular meshwork cells.

One limitation of this study was that we
did not perform afurther evaluation of the exact
age of glaucoma among the patients. The
decreasein Mg and membrane potential was not
correlated to period of glaucoma. Further studies
on the parameters using acohort design may be
conducted to evaluate the degree of severity of
glaucoma, so that the exact period of the change
may be known.

CONCLUSION

It is quite obvious that the level of serum
magnesium and membrane potential decreased
in glaucoma .Therefore, supplementation with
diets or foods rich in magnesium could be
beneficial to glaucoma patients.
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