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THE ROLE OF MAGNESIUM IN MUSCLE
FUNCTION
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Institute of General Pathology, Fondazione Policlinico Universitario "Agostino Gemelli” IRCCS,
Universita Cattolica del Sacro Cuore, Rome, Italy
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Muscle tissue deteriorates with aging leading to severe disabilities which are
important medical and social concerns. The reduction of muscle mass and
function is called sarcopenia, a definition that has been associated with the
aging process. Sarcopenia is also observed in several different diseases such as
Inflammatory Bowel Diseases (IBD), neurologic disorders, and cancer to narhe
only few.

Muscle is a high energy requiring tissue to allow actin/myosin contraction
and relaxation. These cytoscheletal structures sustain muscle function and are
regulated by a subtle balance between protein synthesis and protein degrada-
tion. The prevalence of protein degradation over protein synthesis will lead to
sarcopenia. A third cellular mechanisminvolved is autophagy which controls
the correct degradation of damaged or aged protein that needs to be subse-
quently followed by re-synthesis, altogether determining the protein turnover.

We currently know the molecular mechanisms governing these functions,
namely i) energy production by mitochondrial respiration; ii) protein synthesis
induced by hormones, growth factors, or mechanical stress signals activating
cytosolic regulatory pathways such as AKT/mTOR; iii) different autophagic
pathways.

Needless to say, magnesium is a crucial component of all 3 mechanisms
involved in physiologic muscle function thus it is interesting to investigate
how magnesium availability can affect musculoskeletal health.

We will discuss the latest clinical, in vivo and in vitro evidences that support
arole for magnesium on muscle health and whether we may foresee an inter-
vention for reducing aging and other disease-related muscle dysfunctions.
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Anna RUSZCZYNSKA

Faculty of Chemistry, Biological and Chemical Research Center, University of Warsaw,
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The usefulness of the analytical techniques for the investigation of biological
and clinical objects grew significantly over the last years. This is due mainly
to the improved analytical performance and the ability to provide novel set
of the information about the samples. Several instrumental techniques are
considered to be very useful for the investigation of the elemental as well
as isotopic composition of e.g. plants, animal tissues, bacterial strains, urine,
blood or saliva.

In the last years, a lot of attention was focused on the investigation of the
influence of various bio-molecules in plants and animal tissues. Various ana-
lytical scenarios were tested towards investigation of the elements transport
as well as its bio-transformation via examination of the presence of specific
compounds in various tissues.

Several examples will be given toillustrate growing analytical performance.
Commonly used determination of the elemental composition of tissues will be
exemplified by the evaluation of the transport efficiency of selected bioele-
ments in tissues and cells. Chromatographic techniques coupled to IC PMS
were used to identify chemical forms of selected elements. The analytical sce-
nario for speciation studies which was developed toward the evaluation of the
bio-mechanism will be exemplified by the investigation of the selenium, iron,
platinum and zinc.

30

OPENING LECTURE, Thursday, 16:30-17:15

The laser ablation coupled to ICP MS facilitate to perform the elemental
distribution over the solids surface’and subsurface domain. This was used for
the investigation either the cross section of various tissues (e.g. brain, ovary,
uterus) or for the examination of the capillary gel after species separation in
blood or serum. This approach will be exemplified by several projects related
to the Wilson disease as well as investigation of the effect of platinum-based
anticancer drugs.
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COPING OF STRESSWITH MAGNESIUM

Hans-Georg CLASSEN?, Klaus KISTERS®
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e-mail address: H.G.Classen@uni-hohenheim.de

According to H. Selye (1907-1982) stress is defined as “nonspecific response
of the body to any demand”, eliciting the General Adaptation Syndrome which
is characterized by three stages: Alarm Reaction — Adaptation - Exhaustion.
Hence a given stressor, e.g. forced muscular work, can be harmful on acute or
prolonged exposure (“distress”) or beneficial at increased level of resistance
("eustress”). [1, 2]

Magnesium (Mg) acts as physiological NMDA-receptor antagonist, stimu-
lates GABAa-receptors, inhibits glutamate release from presynaptic neurons
by antagonizing Ca* and leads to synaptic strengthening [3-5]. In cats with
chronically implanted electrodes oral Mg caused electrophysiological altera-
tions characteristic for tranquillizing effects. [6] Accordingly, plentiful Mg sup-
ply attenuates the release of stress hormones in man [7] and protects livestock
(piglets, pigs, horses, chicken) against diverse stressors like transportation
stress, restlessness or cannibalism. Positive effects on mood, sleep, depression
and affective disorders have also been reported. [8, 9]

On the other hand, Mg deficiency sensitizes against various stressors, e.g.,
noise stress, [10-13] hearing loss, [14] cardiovascular diseases, [15] functional
disorders in children and man ethanol withdrawal [16, 17]. Mg deficiency also
plays a key pathogenic role in the development of diabetes [18] and osteo-
porosis [19].

Consequently, pathogenic factors causing Mg deficiency need further
studies and, on the other hand, plentiful Mg supply is recommended for cop-
ing with distress either utilizing its pharmacological or its dietary effects.

[1] H.Selye, Stress in Health and Disease, 1976, Butterworth, Boston.
[2] H.Ursin, E. Baade, S. Levine, Psychobiology of Stress, 1978, Academic Press, New York.
[3] M. Nechifor, Magnesium Res., 2008, 21, 97-100.
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[4] H.Murck, J. Psychiatric Res., 2013, 47, 955-965.
[5] J.H.F. De Baaij, J.G.J. Hoenderup, R.J™H. Bindels, Physiol. Rev., 2015, 95, 1-46.
[6] W.Krdmer, E. Holm, S. Dreyer, J.G. Meyer, B. Behari, Magnesium-Bull., 1979, 1, 49-52.
[7]1 S.W.Golf, 0.Happel, V. Graef, K.E. Seim, J. Clin. Chem. Clin. Biochem., 1984, 22,217-721.
[8] K. Kaemmerer, M. Kietzmann, Zbl. Vet. Med., 1984, 31, 251-329.
[9] H.G. Classen, in: H. Sigel, A. Sigel (eds.), Metal lons in Biological Systems, 1990, 26,
321-339.
[10] H.D. Kruse, E.R. Orent, E.V. Mc Collum, J. Biol. Chem., 1932, 96, 519-539.
[11] H.Ising, Magnesium-Bull., 1981, 3, 65-69.
[12] Th.Glnther, H. Ising, H.J. Merker, J. Clin. Chem. Clin. Biochem., 1978, 16, 293-297.
[13] Magpie Trial Follow-Up Study Collaborative Group, Br. J. Obstet. Gynaecol., 2007, 114,
300-309.
[14] J. Vormann, Th. Gunther, Schriftenr. Wasser-Boden-Luft, 1993, 88, 491-502.
[15] K. Kisters, C. Spieker, M. Tepel, W. Zidek, Magnesium Res., 1993, 6, 355-360.
[16] H.F. Schimatschek, H.G. Classen, K. Baerlocher, H. Théni, Der Kinderarzt, 1997, 28,
196-203.
[17] R. Fehlinger, in: B. Lasserre, J. Durlach (eds.), Magnesium — A Relevant lon, 1991, 391-
404.
[18] B.Von Ehrlich, M. Barbagallo, H.G. Classen, Trace Elements and Electrolytes, 2017, 34,
391-404.
[19] H.G. Classen, K. Kisters, Trace Elements and Electrolytes, 2017, 34, 100-103.
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MAGNESIUM AND CALCIUM SIGNALING

Sayuri SUZUKI, Malika FAOUZI, Reinhold PENNER,
Andrea FLEIG

Center for Biomedical Research at The Queen’s Medical Center, and University of Hawaii Cancer
Center and John A. Burns School of Medicine, Honolulu, Hawaii, USA
e-mail address: afleig@hawaii.edu

The Melastatin-related Transient Receptor Potential member 7 (TRPM?7) is
a unique fusion protein between an ion channel and an a-kinase (Reviewed
in [1]). TRPM7 is essential for cellular systemic magnesium (Mg?*) homeostasis
and early embryogenesis. It promotes calcium (Ca?*) transport during global
brain ischemia and emerges as a key player in cancer growth. Store-operated
Ca®* entry is an important signaling mechanism in most immune and other
electrically non-excitable cells (SOCE, reviewed in [2]).

We find that TRPM7 synergistically interlaces with SOCE in the regulation
of intracellular Ca?* homeostasis. [3] Experiments in DT40 B lymphocytes car-
rying various STIM and ORAI combinations and TRPM7 mutations show that
the TRPM7 kinase domain positively regulates SOCE. In addition, the TRPM7
channel domain participates in the maintenance of endoplasmic reticulum
Ca* concentrations in resting cells. While the former mechanism contributes
to receptor-mediated Ca?* signaling, the latter is a homeostatic mechanism
independent of receptor stimulation.

In primary mouse mast cells, we find that the TRPM7 kinase domain, but
not the channel domain, is involved in the regulation of G protein-coupled
receptor (GPCR) stimulation by setting the Ca?* sensitivity of GPCR-triggered
mast cell degranulation. [4]

Finally, we find that the TRPM7 kinase provides negative feedback inhibi-
tion on GPCR-mediated Ca?* release. Heterologous overexpression of human
TRPM7 leads to disruption of protease or purinergic receptor-induced Ca?*
release unless an adequate intracellular supply of adenosine triphosphate
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(Mg-ATP) is guaranteed.The disruption occurs at the level of G,, whichrequires
intact TRPM7 kinase phosphorylatién activity [5].

We propose that the TRPM7 kinase can modulate Ca?* signaling by:
1) enhancing SOCE, 2) fine-tuning the Ca** sensitivity of GPCR signaling, and
3) limiting GPCR-mediated Ca?* signaling during reduced cellular ATP levels.

[1] A.Fleig, V. Chubanov, Handb. Exp. Pharmacol., 2014, 222, 521-546.

[2] J.W.Putney, N. Steinckwich-Besancon, T. Numaga-Tomita, et al., Biochim. Biophys. Acta,
2016, doi: 10.1016/j.bbamcr.2016.11.028.

[3] M. Faouzi,T.Kilch, F.D. Horgen, A. Fleig, R. Penner, J. Physiol., 2017, 595, 3165-3180.

[4] S. Zierler, A. Sumoza-Toledo, S. Suzuki, et al., J. Physiol., 2016, 594, 2957-2970.

[5] S. Suzuki, A. LIs, C. Schmitz, et al., Cell. Mol. Life Sci., 2018, doi: 10.1007/s00018-018-
2786-z.
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THE ROLE OF MAGNESIUM IN THE
PATHOGENESIS OF ALZHEIMER DISEASE

Marta GOSCHORSKA?, Irena BARANOWSKA-BOSIACKA?, Izabela
GUTOWSKA?®, Emilia METRYKA?, Dariusz CHLUBEK?

“Department of Biochemistry and Medical Chemistry,
bDepartment of Biochemistry and Human Nutrition,
Pomeranian Medical University, Szczecin, Poland
e-mail address: rcmarta@wp.pl

Alzheimerdisease (AD) is the most frequent cause of dementias and one of the
most common causes of deaths among the elderly population. It has been
estimated that about 60% to 80% of patients diagnosed with dementia suffer
from the disease. AD morbidity increases with age, and in adults more than
80 years old, exceeds 30%.

AD is an irreversible, neurodegenerative and progressive disease of the
central nervous system. AD pathology includes senile plaques composed
of pathological amyloid-beta, neurofibrillary tangles and reactive gliosis in
the brain parenchyma of affected individuals. Most cases of the newly diag-
nosed AD (95%) are termed sporadic AD, while only about 5% are early onset
AD associated with familial occurrence. Genetic determinants play a pivotal
role in the pathogenesis of AD, but environmental factors are also important.
Magnesium has been described as one of them.

Magnesium is a widely distributed element in nature. It acts as a cofactor
of various enzymes involved in the synthesis of proteins and nucleic acids,
energy processing, carbohydrate metabolism or mitochondrial membranes
stabilization. Researchers pay an increasing attention to the key role of mag-
nesium in the regulation of the central and peripheral nervous systems. Sus-
ceptibility to AD has been linked with a particular sensitivity of the brain to
magnesium deficiency. Significantly decreased plasma magnesium concentra-
tions in patients with AD, in comparison with healthy individuals of the same
age, have been reported. In post-mortem neuropathological studies carried
out in people who died from AD, significantly decreased magnesium levels
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in pathologically changed tissues have been observed. Moreover, positive
effects of magnesium on learning abilities and memory improvement have
been described.

Taking into consideration all the aforementioned data, it seems advisable
to include magnesium in the prevention and support of AD treatment.
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ARE THERE ANAMNESTIC RISK FACTORS FOR
MAGNESIUM DEFICIENCY IN PREGNANCY?
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9FBE Forschung Beratung Evaluation GmbH, Charité, Berlin, Germany
bKlinik fir Geburtshilfe, Charité, Berlin, Germany (Prof. em.)
e-mail address: wolf.kirschner@fb-e.de

Magnesium deficiency is highly prevalent in our populations. This especially
stands for pregnant women, where too low magnesium intakes in and already
before pregnancy and also pregnancy-related metabolic changes may cause
magnesium deficiency. Magnesium deficiency may lead to complications
during pregnancy and birth. However, magnesium deficiency remains often
unrecognized as associated symptoms are not specific, theresults of laboratory
methods are often misleading, and consensual threshold values do not exist.

Based on clinical observations that magnesium deficient patients often
are complaining of diverse symptoms, our aim was to investigate if a short
screening questionnaire operationalizing a set of symptoms and conditions
could predict magnesium deficiency.

In a pretest study, we investigated a sample of n = 193 pregnant women.
They had to fill in a questionnaire with sixty questionsincluding also a diet his-
tory tool as well as a list of unspecific, but magnesium deficit-related symptoms.
Blood samples were taken and magnesium deficiency was assessed using a cut
off value of < 0.76 mmol/L. Participants with and without hypomagnesemia
were compared for all relevant questionnaire items where 11 items showed
significant differences. These items were used for a scoring model.

72% of the pregnant women turned out to have hypomagnesemia. The
model led to an optimal cut off value with a sensitivity of 54% and a specific-
ity of 89%. The positive Likelihood Ratio is 4.92. High scores in the screening
guestionnaire can reliably predict actual magnesium deficiency. In patients
with low and moderate scores the test however is imprecise and not useful.
Using the screening test will however detect a reasonable amount of patients.
The test is already available in the Babycare-App. Further studies with higher
samples could improve and confirm the results.
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TECHNOLOGIES OF PRODUCING MAGNESIUM-
CONTAINING DRINKING WATER

Viacheslav BEREZUTSKY, Nataliia BEREZUTSKA®,
Victorya KHALIL®

aNational Technical University of «KhPl», Kharkov, Ukraine,
®National University of Radio Electronics, Kharkov, Ukraine,
‘National University of Urban Economy in Kharkov name of O. M. Beketov, Kharkov, Ukraine

e-mail address: gwer@kpi.kharkov.ua

Magnesium plays an important role in the development and existence of all
livingorganismsincluding humans as a chemical elementin nature. The meth-
ods currently proposed for replenishing and maintaining the necessary con-
centrations in the body vary greatly. Natural sources of magnesium (vege-
tables, fruits, mineral waters, etc.) as well as artificial (powders, tablets and
others) are offered. It is proposed to consider the methods and technologies
of the production of artificial drinking water which will contain magnesium
ions and other minerals like a natural which are necessary for the human body
for its development. The technologies are developed on the basis of existing
world developments and inventions NTU “KhPI", Kharkov, Ukraine.
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CHROMIUM REDOX SPECIATION IN FOOD
SAMPLES

Krystyna PYRZYNSKA

Department of Chemistry, University of Warsaw, Warsaw, Poland
e-mail address: kryspyrz@chem.uw.edu.pl

Chromium is an element with important biological characteristics, depend-
ing on its different species. Cr(lll) is considered as essential, but Cr(VI) form is
classified as carcinogenic. For this reason speciation analysis in food samples is
avery important question. The proposed in literature analytical procedures for
speciation of chromium can be divided onto two groups. In the first of them,
hyphenated techniques such as high-performance liquid chromatography
or capillary electrophoresis have been utilized. In the second group, selec-
tive separation of one or two chromium species onto a solid phase extrac-
tion column or complexation reactions have been proposed. The extraction
of chromium species from solid food samples is one of the most critical steps
in the whole analytical procedure. The main difficulty is to preserve the initial
distribution of both redox chromium species in a sample as well as to obtain
the high extraction efficiency. The application of the proposed strategies for
determination of Cr(lll) and Cr(VI) content in some food samples will be pres-
ented and discussed.
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MAGNESIUM - A CRITICAL COMPONENT IN
AGRICULTURAL PRODUCTION IN POLAND

Przemystaw BARLOG, Witold GRZEBISZ,
Katarzyna PRZYGOCKA-CYNA

Department of Agricultural Chemistry and Environmental Biogeochemistry,
Poznan University of Life Sciences, Poznar, Poland

e-mail address: przembar@up.poznan.pl

Magnesium plays an important role in plants biochemical and physiological
processes, significantly impacting both crop yield and the yield quality. Unfor-
tunately, the unfavorable soil and climate conditions in most parts of Poland
impede magnesium uptake by crop plants, thus creating a risk of the element
deficiency in plants, and consequently, in animals and humans. The primary
objective of thislectureis to present a range of factors that inhibit magnesium
uptake and disturb its use by plants in terms of the yielding potential and the
yield quality.

The main natural reasons for a poor magnesium supply to crops result
from low contents of i) clay particles in soils (almost 60% of arable land in
Poland consists of light and very light soils), ii) magnesium-bearing minerals,
iii) capacity of the cation adsorption complex, iv) soil acidification and a pres-
ence of exchangeable aluminium (AI**). All these factors contribute to great
magnesium leaching from the soil. [1, 2] Some of the anthropogenic causes
may include an imbalanced fertilization, inappropriate technology, etc. There
has been observed, based on agrochemical analysis, a considerable improve-
ment of soil available magnesium content in soils across Poland in recent
years. However, approximately 1/3 of agricultural areas display either very low
or low content of ready for use forms of magnesium. [3]

In agricultural production, one of the most important factors controlling
yield forming potential of crop plants is the content of mineral nitrogen in soil.
An effective use of N directly from soil, or from N fertilizers, requires not only
an appropriately adopted technology but also a presence of other nutrients,
capable for controlling its uptake and use by crop plants. Magnesium is among
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them one of the most distinctive nutrients. Its presence in the chlorophyll
particle and an ability to activate the enzyme responsible for CO, bond (ribu-
lose-1,5-bisphosphate carboxylase) are considered as particularly important,
yet highly specific functions. [4] Magnesium is, therefore, the basic nutrient
controlling processes responsible for photosynthesis, assimilates production,
and their partitioning among plant organs. [5] The optimal yield forming effect
of magnesium can generally occur under conditions of relatively low nitrogen
supply (soil + fertilizer nitrogen), but high supply of magnesium. This phe-
nomenon can best be described as magnesium-induced nitrogen uptake. [6]

What also deserves attention is the key role of magnesium in the bio-
synthesis of protein compounds, carbohydrates or fats. That is precisely why
magnesium fertilization is recommended as a highly effective treatment for
improving the quality of various crops. [7] Its high concentration in plant
products ensures the appropriate supply of this nutrient to animals as well as
humans. This phenomenon has acquired a real significance in recent years, as,
due to an increased yield forming potential of modern varieties, the magne-
sium concentration in grain and other edible parts of a plant has declined. [8]
Appropriate magnesium fertilization allows for a better environmental pro-
tection, as it limits any non-productive losses of water and nitrogen from the
soil. [9]

[1] J.Bose, O.Babourina, Z. Rengel, J. Exp. Bot., 2011, 62(7), 2251-2264.

[2] K.Gondek, M. Kope¢, Fragmenta Agronomica, 2008, 12(1), 79-89.

(3] IUNG-PIB, GIOS, 2017, https://www.gios.gov.pl/chemizm_gleb/index.php?-
mod=wyniki&cz=E.

4] 0O.Shaul,BioMetals, 2002, 15, 309-323.

5] 1. Cakmak, E. Kirkby, Physiol. Plant., 2008, 133(4), 692-704.

6] W. Grzebisz, Plant Soil, 2013, 368, 23-39.

7] J.Gerendas, H. Fuhrs, Plant Soil, 2013, 368, 101-128.

8] W. Grzebisz, J. Elementol., 2011, 16(2), 299-323.

9] M. Trankner, B. Jakli, E. Tavakol, Ch.-M. Geilfus, I. Cakmak, K. Dittert, M. Senbayram,
Plant Soil, 2016, 406, 409-423.
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CHANGES OF MAGNESIUM CONTENT AND
ACTIVITY OF NITROGENASE IN CULTIVATION OF
ALFALFA FERTILIZED NPKFEMO
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Stanistaw KALEMBASA?, Korneliusz SKWAREK?
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Chemistry, Siedlce University of Natural Sciences and Humanities, Siedlce, Poland
°JARS Sp. z 0.0., Legionowo, Poland

e-mail address: barbara.symanowicz@uph.edu.pl

The aim of the study was to determine the changes in magnesium content in
alfalfa biomass (Medicago sativa L.) and nitrogenase activity under the inftu-
ence of NPK fertilization and differential doses of Fe and Mo.

In a three-year field experiment conducted in a completely random
system, eight levels of fertilizer were considered in the experimental plots
of the Siedlce University of Natural Sciences and Humanities: 0, NPK, NPKFe_,
NPKMo,, NPKFe Mo, NPKFe , NPKMo,, NPKFe Mo, (N - 20, P - 22,K-124.5, Fe,
-0.5,Mo, - 0.5, Fe,-1.0,Mo,-1.0 kg ha™). In the following years, four swaths
of alfalfa were collected in the budding phase. [1] Magnesium content was
determined by ICP-AES method after prior mineralization of plant samples.
Nitrogenase activity was determined by acetylene reduction to ethylene using
a CSl gas chromatograph with an FID detector (flame ionization).

The applied fertilization significantly differentiated the magnesium con-
tent in the first and second year of research. During the first growing season,
in the following cuttings of alfalfa biomass, increased amounts of magnesium
were determined. [2, 3] In the second and third year of the experiment, the
next dates of the test plants collection affected the reduction of the magne-
sium content in alfalfa. In subsequent years of research, significantly lower
amounts of magnesium in the biomass of test plants were determined (2.03
-1.83-1.76 g kg d.m.). Fertilization of NPKFe, and NPKFe Mo in the second
year of research significantly differentiated magnesium content in soil. Only
in the first year of research, the level of magnesium in the soil was reduced,
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in subsequent dates of harvesting of alfalfa. Magnesium content significantly
decreased in soil in subsequent years of research (1.04-0.87 - 0.77 g kg™'). Soil
fertilized with NPKMo, was characterized by the highest nitrogenase activity
(3481 nMCH,). [4]

[1] S.Pietrzak, Woda-Srodowisko—Obszary Wiejskie, 2011, 3(35), 197-207. (in Polish)

[2] B.Symanowicz, S. Kalembasa, W. Skorupka, M. Niedbata, Plant Soil Environ., 2014, 60,
123-128, doi: 10.17221/905/2013-PSE.

[3] B. Symanowicz, S. Kalembasa, M. Niedbata, J. Elem., 2015, 20(4), 1011-1019, doi:
10.5601/jelem. 2015.20.1.833.

[4] A. Mocek-Ptéciniak, A. Niewiadomska, K. Gtuchowska, Acta Sci. Pol. Agricult., 2008,
7(1), 39-45.
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MAGNESIUM IN HYPERTENSION

Klaus KISTERS*®, Bernhard GREMMLER?, Tanja WERNER?,
Uwe GROBER®

“Medical Clinic |, St. Anna Hospital & ESH Excellence Center, Herne, Germany
bInst. f. Micronutrients, Essen, Germany
e-mail address: klaus.kisters@elisabethgruppe.de

An increasing role for intracellular magnesium concentration in vascular tone
has been postulated in essential hypertension. In essential hypertensives
decreased intracellular free magnesium concentrations in red blood cells as
estimated by nuclear magneticresonance spectroscopy were found yearsago.
Analogousfindings were reported in the spontaneously hypertensive rat. Thus
an intracellular magnesium deficiency and possibly a defect in cellular mag-
nesium transport could play a pathogenetic role. On the basis of experimental
data, the mechanisms underlying the magnesium induced vasodilation may
be: a modification of response to vasopressor hormones, and an interaction
with cellular calcium handling. These possible mechanisms are supported by
3lines of evidence. First, the extracellular magnesium concentration can influ-
ence calcium metabolism of vascular smooth muscle by changing the calcium
influx through the plasma membrane. In single myocytes from frog ventricle,
the site of interaction between magnesium and calcium was identified as the
calciuminward current thatis dependent on phosphorylation by cyclicadeno-
sine monophosphatase. Second, changes in the calcium content of vascular
smooth muscle and in exchangeable calcium. Third, a decrease in the intracel-
lular free magnesium concentration results in diminished membrane sodium,
potassium adenosine triphosphatase and calcium ATPase activities, and, as
a corollary, increased sodium-calcium exchange and increased intracellular
sodium and calcium concentrations.

As described earlier a disturbed sodium and magnesium exchange is
involved in the pathogenesis of primary hypertension.

In recent literature the role of TRPM6 and TRPM7 channels is described.
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Inborderline hypertensives decreased intracellular magnesium concentra-
tions have also recently been described, as well as a positive magnesium effect
on hypertensive heart disease. [1-3]

In addition, a magnesium therapy is effective in lowering blood pressure
values in borderline hypertensives and essential hypertensives also prevent-
ing the development of arteriosclerosis. A positive effect of magnesium on
hypertensive heart disease has also been described.

[1] K.Kisters, U. Grober, Plant Soil, 2013, 368, 155-165.

[2] U.Grober, J. Schmidt, K. Kisters, Nutrients, 2015, 7(9), 8199-8226.
[3] K.Kisters, B. Gremmler, J. Schmidt, U. Gréber, F. Tokmak, Metabolomics, 2017, 7(3), 1-4.
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MAGNESIUM STATUS EVALUATION: THE
PRESENT AND THE PERSPECTIVES

Andrzej MAZUR, Edmond ROCK

Unité de Nutrition Humaine, Inra, Université Clermont Auvergne, Clermont-Ferrand, France
e-mail address: andre.mazur@inra.fr

This review focuses on current knowledge and future trends in the magnesium
status evaluation.

Sub-optimal magnesium intake in large part of population in Western
countries supports an increased risk of latent magnesium deficiency. This
chronic mild deficiency can cause a wide spectrum of health disorders that
can be considered nonspecific and may be at the origin of progressive severe
health deterioration, in particular, cardio-metabolic diseases. In turn, several
pathophysiological conditions e.g. metabolic syndrome, obesity, type 2 dia-
betes, stress and aging-related dysfunctions can contribute to and deepen
chronic magnesium deficiency.

Compared with severe magnesium deficiency, the diagnosis of latent defi-
ciency is difficult because of nonspecific clinical symptoms and magnesemia
often within reference intervals. Current clinical laboratory tests are almost
limited to total serum magnesium. Less frequently ionized serum magnesium,
red blood cell magnesium and urinary excretion of magnesium are measured.
Recent meta-analyses have shown that both circulating and urine magnesium
concentrations respond to oral magnesium supplementation and dietary
depletion, confirming their value as markers of magnesium status. However,
the assessment of magnesium status to diagnose latent deficiency is still prob-
lematic because only subtle changes occur in these parameters and there is
a large inter-individual variability. Accurate assessment of magnesium status
remains a major challenge for the clinical laboratory. Magnesium is mainly
an intracellular cation and in the body is mostly found in the bone and soft
tissues. Therefore, to develop rapid and robust test representative for intra-
cellular magnesium or for the whole body magnesium in humans is difficult
to achieve.
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The presentation aims at discussing on significant progress in various areas
(chemistry, molecular biology, mass spectrometry) and the great opportuni-
ties in developing new approaches to the assessment of magnesium status,
e.g. use of stable isotopes of magnesium, new dyes for intracellular magne-
sium or magnesium-metabolism related gene expression measurements.
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Acute lower limbischemia (ALI) is a potential threat to viability of the limb, and
according to the guidelines of TransAtlantic Inter-Society Consensus (TASC II)
[1, 2]itis the clinical manifestation of a sudden decrease in blood flow to a limb
causing complex changes to the limb, also to the patient’s life. The hypoperfu-
sion period induces systemic disturbances and results in the release of highly
toxic free radicals and reactive oxygen species exacerbating mechanisms
of the oxidative stress arose during ischemia, and inducing systemic distur-
bances of acid-base balance, and water and electrolyte balance. [3-5]

The aim of the study was to investigate the effect of the ALI on blood
plasma calcium and magnesium concentration, total antioxidant status (TAS),
serum CRP levels, and the activity of superoxide dismutase (SOD) and glu-
tathione peroxidase (GPx) before and after revascularization of the lower limb
due to ALL.

The study group was 52 patients with symptoms of ALl, divided into
two groups according to classification SVS/ISCVS of acute ischemia degree.
All patients underwent urgent revascularization therapy. Venous blood was
collected in following sequences: after admission and before surgery, 30-40
minutes, 12, 24, and 48 hours after revascularization.

In the study, the mean Ca concentration in plasma was found within the
reference range, similar in patients of different degree of ischemia (2.31-2.49
mmol/L), and remained unchanged during the whole treatment period.
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Mg concentration was found low in both groups as compared to the reference
range (0.69-0.73 mmol/L) and remained low during the postoperative treat-
ment. In patients with a serious degree of acute ischemia, Mg level decreased
significantly after 48 hours of the treatment. The decrease in plasma TAS was
observed in the postoperative period (1.51 mmol/L before surgery and 1.27
mmol/L after 48 h) correlated with the degree and time of acute ischemia. CRP
level, and the activity of SOD and GPx increased significantly after revascular-
ization in comparison to the values found before surgery and correlated with
the degree and time of ALI.

The results showed the lowering effect of ALI on Mg, but not on Ca concen-
tration. Surgery, the degree and time of ischemia in patients with ALI caused
the decrease in the total antioxidant status followed by the increase of the
antioxidative mechanisms: the activity of SOD and GPx. The study confirmed
that the ischemia-reperfusion syndrome induces a systemic inflammatory
response, shown as the significantincrease in CRP level.

It may be assumed that there is a correlation between hypomagnesemia
and the increased risk of ALl. Moreover, magnesium supplementation may
have protective effects on patients with ALl and could improve overall prog-
nosis.

[1] ACC/AHA guidelinesfor the management of patients with peripheral arterial disease
(lower extremity, renal, mesenteric, and abdominal aortic), J. Am. Coll. Card., 2006,
47,1239-1312.

[2] Inter-Society Consensus for the Management of PAD (TASC Il), E. J. Vasa Endovasc.
Surg., 2007, 19,5115-5143.

[3] W.B.Wedlicki, Ann. Rev. Nutr., 2012, 32, 55-71.

[4] K.Jolly, R.Faulconer, R. McEwan, H.Becker, A. Granham, Ann. R. Coll. Surg. Engl., 2015,
97,379-381.

[5] M. Iskra, D. Baratkiewicz, W. Majewski, Magnes. Res., 2005, 18(4), 261-267.
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Magnesium complexes with ligands that are present in biological liquids and
biomembranes are in focus. The ligands studied are: lactate, oxalate, citrate,
hydrogen carbonate and phosphate, asparagine, glutamine, adenosine phqs-
phates (ATP, ADP) and heparin. Conducting polymers, purposely doped with
these ligands, are used as the biomimetic membranes.

The electroanalytical methods employed for characterization of the Mg?*
complexation processes and membrane potential formation are shown, and
the outcomes discussed. Finally, by integrating the thermodynamic and
kinetic properties of Mg?* complexes and the membrane potential mecha-
nism, a method is demonstrated which gives deeper insight into the physio-
logical role of magnesium ion in the biological cell membranes than is thus
far known. This integration is mathematically possible owing to the Nernst-—
Planck-Poisson model, which is also briefly characterized.
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The most frequently used techniques of total magnesiumdeterminationin the
routine analysis are atomic absorption spectrometry (AAS), either with atomi-
zation in graphite furnace (GF AAS) or in flame (F-AAS), and spectrophotomet-
ric methods using magnesium complexing agents, such as Xylidyl Blue, cal-
magite, and 8-hydroxychinoline. X-ray fluorescence can also be used for total
magnesium determination, being the only method that does not destroy the
investigated sample. The other methods, such as potentiometry with ion-se-
lective electrode sensitive to magnesium ions, *'P nuclear magneticresonance
(NMR) investigating chemical shift dependent on complex Mg-adenosine
triphosphate (Mg-ATP) formation, UV/Vis fluorescence using fluorescent dye,
and mainly Mag-Fura 2, all allow to determine ionized, hydrated magnesium.
Potentiometry and NMR do not destroy the investigated sample.Moreover, 3'P
NMR can be used in vivo. X-ray fluorescence, 3'P NMR and UV/Vis fluorescence
are used for mapping magnesium, total or ionized, inside the cell or tissue.
Potentiometry with ion-selective microelectrodes, with a tip diameter of one
micrometer, are used to investigate the local concentration of ionized magne-
sium inside the cell.[1-4] Not only total and ionized magnesium concentration
but also their spatial distribution is of great importance because the different
localization of a specific element within a cell or a tissue often refers to a dif-
ferent biological function. Recently, several novel fluorescent dyes that allow
imaging the distribution of total magnesium inside a cell were synthesized
and investigated. [5]
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The importance of bothionized and total magnesium concentration deter-
mination inside the biological fluids and cells will be discussed.

[11 Magnez - pierwiastek zycia, praca zbiorowa pod redakcja M. Maj-Zurawskiej

i K. Pyrzynskiej, Wydawnictwo Malamut,Warszawa 2016. Magnesium — element of life,

Maj-Zurawska M., Pyrzynska K., Eds., Malamut, Warsaw 2016.

A. Malon, C. Brockmann, J. Fijalkowska-Morawska, P. Rob, M. Maj-Zurawska, Clinica

Chimica Acta, 2004,349,67-73.

M. Ordak, M. Maj-Zurawska, H. Matsumoto, M. Bujalska-Zadrozny, |. Kieres-Salomon-

ski, T. Nasierowski, E. Muszynska, M. Wojnar, Drug and Alcohol Dependence, 2017, 178,

271-276.

K. Torunska, A. Palinska-Saadi, A. Suska, M. Maj-Zurawska, Trace Elements and Electro-

lytes 2017, 34, 131.

[5] E.Malucelli, M. Fratini, A. Notargiacomo, A. Gianoncelli, L. Merolle, A. Sargenti, C. Cap-
padone, G. Farruggia, S. Lagomarsino, S. lotti, Analyst, 2016, 141, 5221-5235.
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Selenium is one of essential trace elements. A lot of effort has been taken
to find out and understand the role of this element in physiological and
pathological processes taking place in a variety of living organisms including
humans. Selenium-containing compounds have been recognized as antioxi-
dant or chemo-preventive agents which at present areapplied in the suppor-
tive therapy for cancer treatment.

Nowadays mass spectrometry is the most powerful technique to identify
and quantify both low- and high-molecular weight chemical compounds in
complex biological samples such as plant and animal tissues.

Here we present the analytical procedures using mass spectrometry
techniques allowing qualitative and quantitative analysis of low-molecular
weight selenium compounds (selenium metabolites) as well as high-molecu-
lar weight compounds such as selenoproteins and selenium-containing pro-
teinsin the plant (garlic, radishand onion) and animal tissues'samples (sheep
and humans).
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