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Abstract:
Magnesium (Mg2+) is one of the major elements required to maintain normal metabolism and ionic balances in
ocular tissues. The physiological role of Mg2+ is mediated through maintaining the Na+-K+-ATPase on mem-
brane, favoring energy-generating reactions, replication of DNA and protein synthesis. Despite the wide avail-
ability of this element, hypomagnesemia has been associated with many human ailments. Recent studies high-
lighted the association of hypomagnesemia and, thereby, supplementation of Mg2+ in the management of eye
diseases. Glaucoma, senile cataract and diabetic retinopathy were associated with low level of extracellular
Mg2+. The neurovascular protective effects of Mg2+ mediated through activation of endothelial nitric oxide syn-
thase and inhibition of endothelin-1 eventually result in vasodilatation of retinal vessels. Mg2+ can maintain the
lens sodium pump activity and antioxidant status and block the calcium channels and release of glutamate in
nerve endings. Furthermore, it can prevent the apoptosis of retinal ganglion cells. All these effects contribute
to its being a pharmacological agent against ocular diseases. However, clinical trials are scant. This article dis-
cusses the role of Mg2+ as a possible therapeutic agent in the management of glaucoma, cataract and diabetic
retinopathy.
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Introduction

Magnesium (Mg2+) has long been considered as one of the major elements required in human body to maintain
normal metabolism and health. It functions as a coenzyme in several enzyme catalyzed reactions and involved
in the maintenance of ionic equilibrium in the cells. Among the total Mg2+ present in the body, 50–60% is
present in bone and the remaining is distributed in muscles and nonmuscular soft tissues [1]. Green leafy veg-
etable, pumpkin seed, almond, avocado, figs, black beans, banana, yogurt and dark chocolate are the major
sources of this essential element. The serum normal reference level of Mg2+ in adult is 0.70–0.95 mmol/L (1.7–
2.3 mg/dL). Certain pathological conditions such as diabetes mellitus, obesity, hypertension and metabolic
syndrome are associated with a decreased level of extracellular Mg2+ [2], [3], [4], [5]. Gröber et al. reviewed
the beneficial effects from the supplementation of Mg2+ in the management of migraine, cardiovascular dis-
ease, Alzheimer’s disease, insulin resistance and diabetes mellitus type 2, asthma, eclampsia and preeclampsia
and attention-deficit hyperactivity disorder [6], [7]. Various Mg2+ preparations such as magnesium sulfate,
magnesium taurate, magnesium oxide, magnesium citrate, magnesium chloride, magnesium aspartate or glu-
conate are available for the administration. Among these, Mg2+ complexes with organic molecules like citrate,
aspartate or gluconate are showing high bioavailability [8]. The Mg2+ deficiency has been suggested in ocular
diseases such as glaucoma, cataract and diabetic retinopathy [9]. However, clinical trials are scant to prescribe it
for the management of these eye diseases. Therefore, a discussion on the role of Mg2+ in eye disease is essential
to promote further research in this area. This article discusses the role of Mg2+ in eye disease and its possible
therapeutic role in glaucoma, senile cataract and diabetic retinopathy.

Physiological role of magnesium in ocular tissues

In the eye, Mg2+ is present mainly in cornea, lens, retina, vitreous body and in the anterior chamber [10]. This
major intracellular cation is distributed in the cytosol as well as in subcellular organelles [11]. In the corneal
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surface, it is important for preventing dryness and, thus, renders protection from infections [12]. A high level
of Mg2+ exists in photoreceptors in retina and lens [11]. In the lens, Mg2+ level in the periphery is found higher
than the axial regions [13]. As it is a major cofactor for the normal cellular metabolism to produce ATP, Mg2+

is found to be involved in regulating the intracellular ionic balance and, thus, maintained the functional and
structural integrity of many ocular tissues. The effect is mediated through maintaining the activity of membrane
associated ATPase such as Na+/K+ ATPase and calcium-dependent ATPase [10], [14]. The normal levels of
Mg2+, calcium, sodium and potassium in the lens are 5.5, 0.32, 20 and 60 μmol/g fresh lens weight, respectively
[15]. Thus, physiologically, a low calcium and sodium with an increased potassium level is observed in the
human lens, which is found to be altered during the deficiency of Mg2+ [16]. Therefore, calcium homoeostasis,
ionic balances and appropriate antioxidant status are required for maintaining the lens transparency. In retinal
neurons, Mg2+ act as a neuroprotective agent by inhibiting the elevated inducible nitric oxide synthase (iNOS)
activity, and in the lens, it can maintain the antioxidant status. Furthermore, Mg2+ is a physiological blocker
of calcium channel and N-methyl-d-aspartate (NMDA) receptors, a voltage-dependent channel in the retinal
ganglion cells (RGC) [17], [18].

Potential therapeutic application of magnesium supplements in ocular diseases

Effect in glaucoma

Glandular and surface epithelia of the cornea, conjunctiva, lacrimal gland and accessory lacrimal glands of
the ocular surface system is found to be linked functionally by the vascular, endocrine and immune systems
[19]. Most of the eye diseases including glaucoma are associated with a disturbed ocular blood flow to retina,
optic nerve, iris, choroid and trabecular meshwork due to a primary or secondary vascular defect [20], [21].
Though the exact mechanism has not yet been elucidated, vasospasm was found to be associated with the
incidence of glaucoma [22]. An increased oxidative stress is possible during the disturbed blood flow as well as
following the ischemia-reperfusion injury. The free oxygen radicals such as superoxide anion and nitric oxide
(NO•) produced during the unstable ocular blood flow can lead to oxidative damage in the RGC [23]. The
excess NO• along with superoxide anion favors the formation of peroxynitrite, which is the main culprit for
the endothelial as well as neuronal damages [24]. The oxidation including the nitrosylation of gap junction
protein in ganglion cell will augment the damage further [24]. The disturbed blood flow and oxidative stress
can release the potent vasoactive peptide endothelin-1 (ET-1) from the endothelial cells, which induces the
vasoconstriction of microcirculatory vessels supplied by ophthalmic branches. Furthermore, ET-1 can induce
the proliferation of optic nerve head astrocytes as evidenced from the study using the cultured human optic
nerve head astrocytes [25]. Elevated ET-1 is found to increase the risk for primary open angle glaucoma and
normal tension glaucoma (NTG) [26], [27].

Correlation of optic nerve sheath diameter with the intraocular pressure (IOP) was also reported in pa-
tients with glaucoma [28]. Oxidative stress can damage the trabecular mesh work and, thereby, elevate the
IOP in glaucoma [29], [30]. Oxidative stress can induce the ocular surface inflammation as evidenced in dry
eye disease and is involved in the apoptotic death of RGC, which will be mediated through phosphoinositol-3
kinase/Akt/mitogen activated protein kinase pathway [31], [32]. Influx of calcium through the voltage-gated
calcium channels into the mitochondria of nerves finally activates the caspase-3 to execute apoptosis of RGC.
Glutamate, an excitatory neurotransmitter, was also found to be toxic to RGC, which is mediated through its
effect on NMDA receptor and influx of calcium [33]. Hence, the use of calcium channel blockers along with
maintaining a normal ocular blood flow is essential to alleviate the oxidative stress and inflammation.

The exact role of Mg2+ in the management of glaucoma has not yet been completely elucidated. Mg2+ is
considered as a neurovascular protective agent. As a natural calcium channel blocker, Mg2+ can prevent the
influx of calcium into the nerves with no adverse effect on the cardiovascular system [34]. Improvement in
the visual field was reported in NTG when 300 mg of Mg2+ citrate was administered orally for 1 month [35].
Another study conducted in a small number of patients with primary open angle glaucoma and NTG found
that Mg2+ at 121.5 mg twice a day for a month improved the visual fields [36].

The improved visual field can be ascribed to the increased ocular blood flow favored by Mg2+ therapy. Mg2+

present in the aqueous and vitreous humor has a direct vasodilator effect on the central retinal and posterior
ciliary arteries [37]. Furthermore, Mg2+ supplementation was found to decrease the production of ET-1 in the
arterial endothelial cells [38]. The extracellular Mg2+ is found to be significant for the function of endothelial
NOS of small blood vessels and, thus, the release of physiologically effective level of NO• [39]. The release of
NO• with the decrease in ET-1 level along with calcium channel blockade might contribute to the beneficial
effect of Mg2+ in glaucoma therapy. However, more clinical trials are required to confirm its role as a therapeutic
agent in glaucoma.
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Effect in cataract

Age-related cataract is another major cause of blindness worldwide. The opacification of lens during aging is
one of the major contributing factors for senile cataract due to cumulative modifications of the lens protein,
crystalline. Such structural modification of crystalline can result in its aggregation, which gradually loses its
transparency and becomes opaque [40]. Oxidative stress due to activation of iNOS in epithelial cells can generate
excess NO• and contribute to the cataractogenesis [41], [42]. The excess NO• level can decline the Na+-K+

ATPase activity eventually leading to the development of cataract [42], [43]. An influx of calcium into the lens
activates the calpain, a calcium-dependent enzyme, and mediates the proteolysis of lens proteins, alpha (A and
B chain) and beta B1 crystallin [44], [45]. An ionic imbalance due to an increase of calcium and sodium with the
lowering of potassium was observed in the human senile cataractous lens [18].

Extracellular Mg2+ deficiency in turn lowers its level in the lens, which can be thus associated with the
progression of lens opacification. Study in human lens epithelial cells demonstrated that Mg2+ deficiency was
associated with iNOS-mediated enhanced NO• production and increased oxidative stress in the lens [16]. De-
ficiency of Mg2+ can reduce the ATP level, which finally results in the accumulation of Na+ and Ca2+ [18]. The
alterations in lenticular redox status with an ionic imbalance can be explained for the basis of the association of
Mg2+ deficiency and cataract [46]. Mg2+ in the lens is important for the synthesis of reduced glutathione (GSH)
and antioxidant enzymes such as superoxide dismutase and catalase. An experimental model of cataract proved
that Mg2+ taurate administration is able to restore the normal antioxidant status in the lens [47]. Choudhary
et al. demonstrated that Mg2+ supplementation at 3 and 6 mg/kg/day increased the Na+K+-ATPase and Ca2+-
ATPase activity in the lens and rendered protection against cataractogenesis in experimental animals [48]. In
galactose-fed rats, the topical application of liposomal Mg2+ taurate reduced the oxidative stress by improving
the GSH level and catalase activities. The effect was found to be mediated by increasing the Na+K+-ATPase and
Ca2+-ATPase activities and decreasing the calpain II activity [49]. Despite few studies, well designed random-
ized clinical trials are limited to explore the beneficial effect of Mg2+.

Effect in diabetic retinopathy

Hypomagnesemia is commonly found in diabetic patients and patients with retinopathy [50], [51]. Studies
demonstrated that free radicals released during hyperglycemia in diabetes contribute to oxidative stress in the
retina and its capillary endothelial cells, which is closely associated with the development of diabetic retinopa-
thy [52], [53], [54]. In association to the oxidative stress, the retinal mitochondria dysfunction has also been
observed in diabetes [55]. Mg2-rich diet can reduce the risk of diabetes by about 34% [56]. Similarly, diabetic
retinopathy was decreased by about 20% for every 0.1 mmol/L increase in serum Mg2+ [57]. The effect may
be mediated through its inhibitory effect on iNOS, calcium channel blockade, maintaining the GSH level and
superoxide dismutase activity [58]. Therefore, Mg2+ supplementation has been suggested in diabetic patients
who are proven to have hypomagnesemia.

Conclusion and future perspectives

The biological effects of magnesium such as direct vasodilatation of the retinal vessels, activation of endothelial
nitric oxide synthase, blocking of calcium channels and release of glutamate in nerve endings, maintaining the
sodium pump activity and mitochondrial energy production are all contributing to its pharmacological effect in
ocular disease (Figure 1). Several clinical studies highlighted the importance of magnesium in the management
of hypertension and diabetes. Most of the studies recommend a higher dose supplementation such as 434 or
≥370 mg/day to reduce hypertension [2], [59]. While supplementing magnesium in the form of magnesium
chloride at 638 mg/day for 3 months could improve the insulin levels and insulin resistance [60], [61]. Though
the beneficial effects of magnesium in hypertension and diabetes (known risk factors for ocular diseases) are
established, clinical trials on the effect of magnesium in ocular diseases has not yet been conducted as well.
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Figure 1: Magnesium (Mg2+) inhibits the release of glutamate from the nerve endings and blocks its receptor N-methyl-d-
aspartate (NMDA), which lower the influx of calcium and render neuronal protection.
Magnesium has an inhibitory effect on calcium channels and induces nitric oxide synthase in the epithelial cells (NOS2).
These effects are beneficial in maintaining the sodium pump (Na+/K+ ATPase) in nerves, enhancing the lens superoxide
dismutase (SOD) and endothelial nitric oxide synthase (NOS3) activity, reducing glutathione (GSH) and energy (ATP)
level in lens that can contribute to the possible effect of magnesium in the management of ocular diseases.

The recommended daily intake of magnesium for men is 400–420 and 310–320 mg/day for women [62].
Magnesium complexes with organic molecules such as citrate, aspartate or gluconate are showing high bioavail-
ability [8]. Supplementations of magnesium with a serum concentration of 4.2–6.3 mg/dL (1.74–2.61 mmol/L)
may result diarrhea, gastrointestinal disturbances, hypotension, confusion, lethargy, muscle weakness, distur-
bances in normal cardiac rhythm and deterioration of kidney function [14], [63]. Severe hypermagnesemia may
also lead to cardiac arrest [64]. Therefore, measuring the magnesium level in the serum and co-morbidities
like diabetes, hypertension or the prolonged use of proton pump inhibitors need to be considered [64], [65].
Furthermore, supplementation of magnesium may interfere with other drugs. Itoh et al. demonstrated that
the bioavailability of risedronate, a bisphosphonate, was reduced by a high level of magnesium, whereas hypo-
magnesemia is a known predisposing condition for the appearance of digitalis toxicity [66], [67], [68]. Similarly,
co-administration of magnesium hydroxide or carbonate with an antibiotic, ciprofloxacin, can affect the disso-
lution rate of ciprofloxacin from the tablets, which may affect its absorption [69]. The ability of magnesium to
attenuate epithelial oxidative stress and neuronal inflammation suggests its possible role in the management
of ocular diseases. Despite a few trials of short-term duration and small sample size, a detailed study on the
effect of magnesium in ocular diseases is warranted.
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proved its submission.

Research funding: None declared.

Competing interests: Author states no conflict of interest.

References

[1] Jahnen-DechentW, KettelerM.Magnesiumbasics. Clin Kidney J 2012;5:i3–14.
[2] Song Y, SessoHD,Manson JE, CookNR, Buring JE, Liu S. Dietarymagnesium intake and risk of incident hypertension amongmiddle-aged

and older USwomen in a 10-year follow-up study. Am J Cardiol 2006;98:1616–21.
[3] SchulzeMB, SchulzM, Heidemann C, Schienkiewitz A, Hoffmann K, BoeingH. Fiber andmagnesium intake and incidence of type 2 dia-

betes: a prospective study andmeta-analysis. Arch InternMed 2007;167:956–65.
[4] Song Y, Ridker PM,Manson JE, CookNR, Buring JE, Liu S.Magnesium intake, C-reactive protein, and the prevalence ofmetabolic syn-

drome inmiddle-aged and older USwomen. Diabetes Care 2005;28:1438–44.
[5] Romani AM. Beneficial role ofMg2+ in prevention and treatment of hypertension. Int J Hypertens 2018;2018:9013721.
[6] Gröber U, Schmidt J, Kisters K.Magnesium in prevention and therapy. Nutrients 2015;7:8199–226.
[7] Duley L, Henderson-Smart D.Magnesium sulphate versus phenytoin for eclampsia. CochraneDatabase Syst Rev 2003;4:CD000128.
[8] Kisters K.What is the correctmagnesium supplement?Magnes Res 2013;26:41–2.
[9] Agarwal R, Iezhitsa L, Agarwal P. Pathogenetic role ofmagnesiumdeficiency in ophthalmic diseases. Biometals 2014;27:5–18.

4

http://rivervalleytechnologies.com/products/


A u
to

m
at

ica
lly

ge
ne

ra
te

d
ro

ug
h

PD
Fb

yP
ro

of
Ch

ec
kf

ro
m

Ri
ve

rV
al

le
yT

ec
hn

ol
og

ie
sL

td
DE GRUYTER Ajith

[10] Li XJ, Xie L, Pan FS,Wang Y, Liu H, Tang YR, et al. A feasibility study of using biodegradablemagnesium alloy in glaucoma drainage de-
vice. Int J Ophthalmol 2018;11:135–42.

[11] Volpe SL.Magnesium. In: Erdman JW,Macdonald IA, Zeisel SH, editors. Present knowledge in nutrition, 10th ed. Ames, IA: JohnWiley
and Sons, 2012:459–74.

[12] Kirkpatrick H. The use ofmagnesium sulphate as a local application in inflammation of the conjunctiva and cornea. Br J Ophthal
1920;4:281.

[13]Mulla A, Massey KL, Kalra J. Vitreous humor biochemical constituents: evaluation of between-eye differences. Am J ForensicMed Pathol
2005;26:146–9.

[14] Swaminathan R.Magnesiummetabolism and its disorders. Clin BiochemRev 2003;24:47–66.
[15] Dilsiz N, Olcucu A, AtasM. Determination of calcium, sodium, potassium andmagnesium concentrations in human senile cataractous

lenses. Cell Biochem Funct 2000;18:259–62.
[16] Nagai N, Fukuhata T, Ito Y. Effect ofmagnesiumdeficiency on intracellular ATP levels in human lens epithelial cells. Biol PharmBull

2007;30:6–10.
[17] Dubé L, Granry JC. The therapeutic use ofmagnesium in anesthesiology, intensive care and emergencymedicine: a review. Can J Anesth

2003;50:732–46.
[18] Agarwal R, Iezhitsa IN, Agarwal P, Spasov AA.Mechanisms of cataractogenesis in the presence ofmagnesiumdeficiency.Magnes Res

2013;26:2–8.
[19] Gipson IK. The ocular surface: the challenge to enable and protect vision. Invest Ophthalmol Vis Sci 2007;48:4390–8.
[20] Kaiser HJ, Schoetzau A, StumpfigD, Flammer J. Blood flow velocities of the extraocular vessels in patients with high tension and

normal-tension primary open-angle glaucoma. Am JOphthalmol 1997;123:320–7.
[21] GrieshaberMC, Flammer J. Blood flow in glaucoma. Curr Opin Ophthalmol 2005;16:79–83.
[22] NicolelaMT, Ferrier SN,Morrison CA, ArchibaldML, LeVatte TL,Wallace K, et al. Effects of cold-induced vasospasm in glaucoma: the role

of endothelin-1. Invest Ophthalmol Vis Sci 2003;44:2565–72.
[23]MozaffariehM, Flammer J. New insights in the pathogenesis and treatment of normal tension glaucoma. Curr Opin Pharmacol

2013;13:43–9.
[24] RetamalMA, Yin S, Altenberg GA, Reuss L.Modulation of Cx46 hemi-channels by nitric oxide. Am J Physiol cell Physiol 2009;296:C1356–

63.
[25] Desai D, He S, Yorio T, Krishnamoorthy RR, Prasanna G. Hypoxia augments TNF-alpha-mediated endothelin-1 release and cell prolifera-

tion in human optic nerve head astrocytes. BiochemBiophys Res Commun 2004;318:642–8.
[26] Li S, Zhang A, CaoW, Sun X. Elevated plasma endothelin-1 levels in normal tension glaucoma and primary open-angle glaucoma: a

meta-analysis. J Ophthalmol 2016;2016:2678017.
[27] Shoshani YZ, Harris A, ShojaMM, Rusia D, Siesky B, Arieli Y, et al. Endothelin and its suspected role in the pathogenesis and possible

treatment of glaucoma. Curr Eye Res 2012;37:1–11.
[28] Abegão Pinto L, Vandewalle E, Pronk A, Stalmans I. Intraocular pressure correlates with optic nerve sheath diameter in patients with

normal tension glaucoma. Graefes Arch Clin ExpOphthalmol 2012;250:1075–80.
[29] ChrysostomouV, Rezania F, Trounce IA, Crowston JG. Oxidative stress andmitochondrial dysfunction in glaucoma. Curr Opin Pharmacol

2013;13:12–5.
[30] Zhao J,Wang S, ZhongW, Yang B, Sun L, Zheng Y. Oxidative stress in the trabecularmeshwork (Review). Int JMolMed 2016;38:995–1002.
[31] Seen S, Tong L. Dry eye disease and oxidative stress. Acta Ophthalmol 2018;96:e412–20.
[32] Levkovitch-VerbinH. Retinal ganglion cell apoptotic pathway in glaucoma: initiating and downstreammechanisms. Prog Brain Res

2015;220:37–57.
[33] Vorwerk CK, Lipton SA, Zurakowski D, Hyman BT, Sabel BA, Dreyer EB. Chronic low-dose glutamate is toxic to retinal ganglion cells. Toxi-

city blocked bymemantine. Invest Ophthalmol Vis Sci 1996;37:1618–24.
[34] Levine BS, Coburn JW.Magnesium, themimic antagonist of calcium.N Engl JMed 1984;310:1253–5.
[35] Aydin B, OnolM, Hondur A, KayaMG, Ozdemir H, Cengel A, et al. The effect of oralmagnesium therapy on visual field and ocular blood

flow in normotensive glaucoma. Eur J Ophthalmol 2010;20:131–5.
[36] Gaspar AZ, Gasser P, Flammer J. The influence ofmagnesium on visual field and peripheral vasospasm in glaucoma. Ophthalmologica

1995;209:11–3.
[37] BelfortMA. The effect ofmagnesium sulphate on blood flow velocity in thematernal retina inmild pre-eclampsia: a preliminary color

flowDoppler study. Br J Obstet Gynaecol 1992;99:641–5.
[38] BerthonN, Laurant P, Hayoz D, FellmannD, Brunner HR, Berthelot A.Magnesium supplementation and deoxycorticosterone acetate-

salt hypertension: effect on arterialmechanical properties and on activity of endothelin-1. Can J Physiol Pharm 2002;80:553–61.
[39] Yang ZW, Gebrewold A, NowakowskiM, Altura BT, Altura BM.Mg(2+)-induced endothelium-dependent relaxation of blood vessels and

blood pressure lowering: role of NO. Am J Physiol Regul Integr Comp Physiol 2000;278:628–39.
[40] Sharma KK, Santhoshkumar P. Lens aging: effects of crystallins. BiochimBiophys Acta 2009;1790:1095–108.
[41] Ito Y, Nabekura T, TakedaM,NakaoM, TeraoM,Hori R, et al. Nitric oxide participates in cataract development in selenite-treated rats.

Curr Eye Res 2001;22:215–20.
[42] InomataM,HayashiM, Shumiya S, Kawashima S, Ito Y. Involvement of inducible nitric oxide synthase in cataract formation in Shumiya

cataract rat (SCR). Curr Eye Res 2001;23:307–11.
[43]Miller D, TijerinaML,Mayman C. In vitro production of steroid cataract in bovine lens. Part I: measurement of optical changes. Acta Oph-

thalmol (Copenh) 1979;57:1101–6.
[44] LeeHY,Morton JD, Sanderson J, Bickerstaffe R, Robertson LJ. The involvement of calpains in opacification induced by Ca2+-overload in

ovine lens culture. Vet Ophthalmol 2008;11:347–55.
[45] Sanderson J,Marcantonio JM, Duncan G. A human lensmodel of cortical cataract: Ca2+-induced protein loss, vimentin cleavage and

opacification. Invest Ophthalmol Vis Sci 2000;41:2255–61.

5

http://rivervalleytechnologies.com/products/


A u
to

m
at

ica
lly

ge
ne

ra
te

d
ro

ug
h

PD
Fb

yP
ro

of
Ch

ec
kf

ro
m

Ri
ve

rV
al

le
yT

ec
hn

ol
og

ie
sL

td
Ajith DE GRUYTER

[46] Agarwal R, Iezhitsa I, Agarwal P, Spasov A.Magnesiumdeficiency: does it have a role to play in cataractogenesis? Exp Eye Res
2012;101:82–9.

[47] Agarwal R, Iezhitsa I, AwaludinNA, Ahmad Fisol NF, Bakar NS, Agarwal P, et al. Effects ofmagnesium taurate on the onset and progres-
sion of galactose-induced experimental cataract: in vivo and in vitro evaluation. Exp Eye Res 2013;110:35–43.

[48] Choudhary R, Bodakhe SH.Magnesium taurate prevents cataractogenesis via restoration of lenticular oxidative damage and ATPase
function in cadmium chloride-induced hypertensive experimental animals. Biomed Pharmacother 2016;84:836–44.

[49] Iezhitsa I, Agarwal R, Saad SD, Zakaria FK, Agarwal P, Krasilnikova A, et al. Mechanism of the anticataract effect of liposomalMgT in
galactose-fed rats. Mol Vis 2016;22:734–47.

[50] Arpaci D, Tocoglu AG, ErgencH, Korkmaz S, Ucar A, Tamer A. Associations of serummagnesium levels with diabetesmellitus and dia-
betic complications. Hippokratia 2015;19:153–7.

[51] KunduD, OstaM,Mandal T, Bandyopadhyay U, Ray D, GautamD. Serummagnesium levels in patients with diabetic retinopathy. J Nat
Sci BiolMed 2013;4:113–6.

[52] Kowluru RA, Kowluru A,MishraM, Kumar B. Oxidative stress and epigeneticmodifications in the pathogenesis of diabetic retinopathy.
Prog Retin Eye Res 2015;48:40–61.

[53] Longo-Mbenza B,MvituMuakaM,MasambaW,Muizila Kini L, Longo Phemba I, Kibokela NdembeD, et al. Retinopathy in nondiabetics,
diabetic retinopathy and oxidative stress: a new phenotype in Central Africa? Int J Ophthalmol 2014;7:293–301.

[54] Gürler B, Vural H, YilmazN, OguzH, Satici A, AksoyN. The role of oxidative stress in diabetic retinopathy. Eye (Lond) 2000;14(Pt 5):730–5.
[55] Santos JM, Tewari S, Goldberg AF, Kowluru RA.Mitochondrial biogenesis and the development of diabetic retinopathy. Free Radic Biol

Med 2011;51:1849–60.
[56] Longstreet DA, HeathDL, Panaretto KS, Vink R. Correlations suggest lowmagnesiummay lead to higher rates of type 2 diabetes in in-

digenous Australians. Rural RemoteHealth 2007;7:843.
[57] Lu J, Gu Y, GuoM, Chen P,WangH, Yu X. Serummagnesium concentration is inversely associatedwith albuminuria and retinopathy

among patients with diabetes. J Diabetes Res 2016;2016:1260141.
[58] Sales CH, Pedrosa Lde F.Magnesium and diabetesmellitus: their relation. Clin Nutr 2006;25:554–62.
[59] Kass L,Weekes J, Carpenter L. Effect ofmagnesium supplementation on blood pressure: ameta-analysis. Eur J Clin Nutr 2012;66:411–8.
[60] Guerrero-Romero F, Rodriguez-MoranM.Magnesium improves the beta-cell function to compensate variation of insulin sensitivity:

double-blind, randomized clinical trial. Eur J Clin Invest 2011;41:405–10.
[61]Mooren FC, Kruger K, Volker K, Golf SW,WadepuhlM, Kraus A. Oralmagnesium supplementation reduces insulin resistance in non-

diabetic subjects – a double-blind, placebo-controlled, randomized trial. Diabetes ObesMetab 2011;13:281–4.
[62] Food andNutrition Board, Institute ofMedicine.Magnesium. Dietary reference intakes: calcium, phosphorus,magnesium, vitaminD,

and fluoride.WashingtonDC: National Academy Press, 1997:190–249.
[63]Musso CG.Magnesiummetabolism in health and disease. Int Urol Nephrol 2009;41:357–62.
[64]Wilhelm SM, Rjater RG, Kale-Pradhan PB. Perils and pitfalls of long-term effects of proton pump inhibitors. Expert Rev Clin Pharmacol

2013;6:443–51.
[65] KieboomBC, Kiefte-de Jong JC, EijgelsheimM, FrancoOH, Kuipers EJ, HofmanA, et al. Proton pump inhibitors and hypomagnesemia in

the general population: a population-based cohort study. Am J Kidney Dis 2015;66:775–82.
[66] Itoh A, Akagi Y, ShimomuraH, Aoyama T. Interaction between bisphosphonates andmineral water: study of oral risedronate absorption

in rats. Biol PharmBull 2016;39:323–8.
[67] Abu-AmerN, Priel E, Karlish SJD, Farfel Z,MayanH. Hypermagnesuria in humans following acute intravenous administration of digoxin.

Nephron 2018;138:113–8.
[68] Zanoli L, Lentini P, Fatuzzo P. Digoxin and hypermagnesuria. Nephron 2018;138:89–91.
[69] ArayneMS, SultanaN, Hussain F. Interactions between ciprofloxacin and antacids – dissolution and adsorption studies. DrugMetabol

Drug Interact 2005;21:117–29.

6

http://rivervalleytechnologies.com/products/

