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Diabetes mellitus (DM) is characterized by hyperglycemia and various disorders of
carbohydrate metabolism. In both types of DM numerous changes have been found in
the intracellular and extracellular ionic concentrations. Some metal ions misbalances
could be involved in pathogenesis of DM or in diabetes complications. In a large
number of cases of magnesium and zinc concentrations were low in diabetic patients.
Hypomagnesemia is a risk factor for vascular complications of diabetes. In our
studies magnesium treatment reduced the experimental DM effects on non-pregnant
female genital system. Zinc has an atheroprotective effect in DM patients. Some
clinical studies have demonstrated that some antidiabetes drugs as metformin
increased intracellular magnesium level. Correcting the metal ions misbalances in
diabetic patients must be a target of therapy.
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INTRODUCTION

Diabetes mellitus is one of the most often and dangerous disease for human
pathology. The metabolism of bivalent metal ions (macro and trace elements) is
altered in DM. The DM influences all tissues from our body. The diabetes
complications are important causes of death. Unfortunately, the number of patients
with diabetes grows. The clinical and experimental studies have revealed a large
number of factors involved in the pathogenesis of DM. Bivalent metal ions
concentration imbalances are among these.
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PECULIARITIES IN ION IMBALANCES

Magnesium

Magnesium is the second most abundant intracellular cation and is very an
important factor for about 300 enzymes activity. This metal is a bivalent cation
localized in big part intracellular. Only 0.5 % from total magnesium of the human
body is distributed in human plasma. This cation in involved in insulin secretion
and in tissue sensibility to insulin. There are experimental and clinical data about
the misbalances in magnesium concentration in DM and about the magnesium role
in DM clinical evolution. Mather et al. (1978) involved hypomagnesemia in
pathogenesis of DM. Low Mg levels is correlated in these patients with enhanced
HbAlc levels (Srinivasan, 2012). The low level of magnesium could be considered
as a risk factor for DM. Hypomagnesemia increases insulin resistance. The
activation of TRPM 6 (a membrane magnesium channel) is important for insulin
effects. The glucose level control by insulin involves the activation of TRPM6.In
gestational diabetes pathogeny is involved an impairment of TRPM 6 activation by
insulin (Nair et al., 2012). The low intake of magnesium is associated to type 2 DM
in elderly (Huang et al., 2012) and a higher urine loss of magnesium and zinc was
observed in DM patients compared to healthy control subjects (Walter et al., 1991).
Hypomagnesemia and glomerular hyperfiltration are observed in patients with type
2 DM (Pham et al., 2012). Serum magnesium had significant negative correlations
with glomerular hyperfiltration.

The low intra and extra cell magnesium concentration is correlated with
endothelial dysfunction, insulin resistance and inflammation (Kanbay et al., 2012).
The low intake of magnesium is associated to type 2 DM in elderly (Huang et al
2012). A higher urine magnesium and zinc loss was observed in DM patients
compared to healthy control subjects (Walter et al., 1991). Our data (Dosa et al.
2012) showed a higher magnesium and zinc urinary elimination in adult NIDDM
patients. Metformin treatment three months significantly reduced magnesium
urinary loss but not zinc elimination (Fig. 1). The influence of antidiabetic drugs on
metal cations concentrations and the relationship between glucose level decreasing
effect and cations concentrations changes are important therapeutic problems.
Metformin, one of the most used oral antidiabetic drug increased intracellular
magnesium concentration (Dosa et al., 2011). We consider that change in cell
magnesium level is involved in the antidiabetes biguanids mechanism of action.

The hypomagnesemia is involved also in the development of DM
complication (renal and cardiovascular diseases). Hypertriacylglycerolemia from
type 2 diabetes mellitus, i.e. non-insulin dependent diabetes mellitus (NIDDM)
patients is associated with hypomagnesemia. The magnesium deficit favors the
development of atherogenesis (Altura and Altura, 2006).
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There are some different mechanisms by which magnesium can reduce
atherogenesis in DM:

Reduction of free radical formation and of the oxidative stress
The decrease of proinflammatory cytokines synthesis

The increase of tissue sensibility to insulin

By decreasing the calcium entry in the endothelial cells

The reduction of dyslipidemia

A

Leukocytes, lipid peroxidation and free radicals, the chemokines and
adhesion molecules are involved in atherogenesis in patients with DM (especially
in type 2 DM). Various magnesium organic salts (orotate, pidolate, acexamate and
others) decrease the peroxidic radical generation in different experimental
situations (Nechifor et al., 1998, Rayssiguier et al., 1993).
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Fig. 1. Metformin influence on urinary magnesium loss in NIDDM adult patients
(* p<0.05. * * p<0.01 vs. NIDDM before treatment )

In our studies (Nechifor et al., 2001), magnesium acexamate 0.5 mM/kg/day
significantly reduced the hepatic level of MDA in alloxan-induced diabetes
mellitus in rats and, after 14 day of treatment significantly decreased the blood
glucose level.

Despite a good DM management the vascular complications remain
important therapeutic challenge. The effect of magnesium diet supplementation on
the apparition and development of DM complications is a major and open problem.
Hypomagnesemia is a risk factor for diabetic rethinopathy (McNair et al., 1978).
There are clinical studies that showed that long term additional magnesium intake
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stabilized the evolution of retinopathy in diabetic patients with low magnesium
level (De Leeuw et al. 2006). A similar effect of magnesium was observed
concerning the peripheral diabetic neuropathy progression (De Leeuw et al 2004).
Our data obtained during experimental streptozotocin induced diabetes in female
non-pregnant rats showed that diabetes produced a significant endometrial atrophy
and increased the number of atretic ovarian follicles. MgCl, administration (1
mmol/Kg/day daily) 8 weeks significantly reduced the endometrium atrophic
diabetes effect and diminished the number of atretic ovarian follicles (Gales et al.
2012). Magnesium supplementation positively influences the evolution of neuropathy
in Mg-depleted type I diabetic patients (De Leeuw et al., 2004).

Zinc

Zinc affects glucose homeostasis in animals and humans and zinc metabolism
disorders are risk factors for type 2 DM (NIDDM). This metal ion is involved in
insulin metabolism and in zinc deficient animals and human peoples the insulin
secretion and the tissue sensibility to insulin is decreased (Quarterman et al., 1966;
Arquilla et al., 1978; Kinlaw et al., 1983). An impairment of zinc metabolism is
present in diabetes.The zinc plasma level is lower in DM patients than in normal
adult peoples. This deficit may contributes to polymorphonuclear leukocyte
activation, and by this way in involved in the development of vascular
complications in type 2 DM (Karahan et al. 2001). Zinc deficiency enhances the
generation of proinflammatory cytokines, including IL-1p, IL-2, IL-6, and TNF-a
(Foster and Samman 2012). Some papers have reported increased 1 urinary zinc
excretion in both types of DM (Cunningham et al., 1994, Dosa et al., 2011,
Estakhri et al., 2011). In diabetic patients, after zinc supplementation appears a
tendency for a decrease of HbAlc.

In both types of DM, the inflammatory cytokines reduces pancreatic beta
islets secretion an favors the beta cells apoptosis (Foster and Samman 2012,
Donath et al., 2003). Acting as anti-inflammatory factors, zinc ions block the
pancreatic cells apoptosis and could play a major role in increasing the insulin
secretion. The dislipidemic states are often associated to DM and are involved in
vascular diabetic complication pathogenic mechanisms. A potential high-density-
lipoprotein-raising effect of zinc is other way for zinc atheroprotective effect in
DM patients (Foster et al., 2010).

Copper

The increased copper levels found in NIDDM diabetics (Zargar et al., 1998).
In DM (type I and also type II) were found higher levels of Cu and decreased
concentrations of Zn and Mg compared with controls (Viktorinova et al., 2009;
Dosa et al. 2010). There are positive correlation between the plasma copper levels
and the glycated hemoglobin concentrations.
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Regarding the mechanisms by which copper could be involved in the
pathogenesis of DM surly the enhancement of peroxidation is an important
element. Recently Zang et al. (2012) showed that copper is a potent extracellular
blocker for TRPM2 channel. TRPM2 is a calcium-permeable nonselective cation
channel. This channel is a Na” and Ca®" - permeable melastatin related transient
receptor potential 2 (TRPM?2) channel can be gated by ADP-ribose (Naziroglu, 2011).
The changes of ratio between intracellular cations concentrations could be involved
in DM. Triethylenetetramine (TETA) is the first in a new class of anti-diabetic
substances, which act by targeting copper-mediated pathogenic mechanisms. TETA
prevents tissue damage and suppresses copper-mediated oxidative stress (Cooper,
2012). Another copper chelating compound which clearly decreased the copper
plasma level is tetrathimolibdate. This substance decreases also serum triglyceride
concentration and ROS level (Tanaka et al. 2009). In alloxan-induced diabetes in rats,
copper formazanate administration (3 weeks daily) do not influenced the glycemic
status but slowly increased the rats mortality (Nechifor et al. 2001).

Manganese

This trace element is important for antioxidant defense. Mn-SOD plays an
important role in this process. Manganese superoxide dismutase (MnSOD) is a key
mitochondrial-specific enzyme involved in antioxidant activity of cell. The
elevated mitochondrial level of reactive oxygen species plays a role in some forms
of muscle insulin resistance (Boden et al. 2012). The enhancement of mitochondrial
antioxidant activity decreased the insulin resistance in skeletal muscle induced by
high fat diet. An adequate Mn intake in is indicated to prevent insulin resistance
and diabetes type 2 (Rodriguez-Rodriguez et al., 2011). Manganese-SOD activity
protects the prokaryotic and eukaryotic cells against various types of stress (Benov
and Fridovich, 1995, Stoica et al., 2010). We think that Mn-SOD plays also a role
in human cell protection against the hyperglycemic and oxidative stress from DM.

Calcium

Calcium involvement gluco-lipidic metabolism and glycemia regulation is
complex. L-type calcium channels are important for the stimulation of insulin
secretion by glucose in beta pancreatic cells (Wollheim and Sharp, 1981).
Cytosolic Ca(2+) play an important role in controlling insulin secretion in
pancreatic B-cells. The Na(+)/Ca(2+) exchanger, a carrier that can mediate the
transport of Ca(2+) across the plasma membrane acts as a protector factor against
intracellular calcium overload and is involved in the insulin secretion (Cui et al. 2012).
Ca(2+) influx in the beta cells is crucial(together the stimulation ATP synthesis and
membrane depolarization for glucose induced insulin release (Tarasovet al. 2012).
On the other hand there are data that involve calcium ions in the mechanism of
vascular and renal diabetes complications. L/N-type calcium channel blockers
provide renal protection and reduced the progression of diabetic nephropathy in
diabetic rats (Hayashi, 2011). A calcium channel blocker, azelnidipine decreases



48 Nechifor M. et al. 6

the urinary albumin levels in diabetic patients (Ando et al., 2011). Hypercalciuria is
one of the early manifestations of diabetic nephropathy (Asai et al., 2012).

The formation and accumulation of advanced glycation end products (AGEs)
is one of most important way for induction of diabetes vascular complications.
There are receptors activated by AGEs. Nifedipine and other calcium blockers
inhibit the AGEs receptors activation and by this mechanism reduced the vascular
damages in diabetes (Yamagishi, 2010).

CONCLUSIONS

The metal ion metabolism disorders play an important role the DM evolution
and may contribute to the progression of diabetic complications. The oral
antidiabetic drugs influence the intracellular or/and extracellular bivalent metal
concentrations and also the ratio between different bivalent cation. This is a
significant part of antidiabetes action of drugs. Correcting the metal ions
misbalances in diabetic patients must be a target of therapy.
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