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Abstract. - OBJECTIVE: We conducted an
ex-vivo analysis and a study in healthy subjects
to compare magnesium bioavailability after ad-
ministration of Sucrosomial® magnesium or
commercially available preparations of magne-
sium citrate, magnesium oxide and magnesium
bisglycinate.

MATERIALS AND METHODS: In the ex-vivo
study we simulated magnesium intestinal ab-
sorption after digestion through sections of in-
testinal mucosa isolated from rats. We com-
pared the absorption of magnesium oxide and
Sucrosomial® magnesium at two different con-
centrations: 32.9 mg/ml and 329 mg/mi.

The human study was a single day dou-
ble-blinded repeated crossover study in healthy
subjects. Each subject was administered 350
mg magnesium in different formulations (Sucro-
somial® magnesium, magnesium citrate, magne-
sium oxide or magnesium bisglycinate) after 1
week of washout. We collected blood and urine
samples to measure magnesium concentration
in blood, urine and red blood cells.

RESULTS: The ex-vivo evaluation showed that
magnesium absorption after administration of
Sucrosomial® magnesium was faster and with
higher rates compared to a standard formula-
tion of magnesium oxide. This finding was further
confirmed by the results of the study in healthy
subjects, that showed a more evident increase in
magnesium concentration after administration of
Sucrosomial® magnesium compared to the other
formulations. In particular, the increase in mag-
nesium concentration from baseline to 24 h was
statistically higher in blood and in urine for Su-
crosomial® magnesium compared to magnesium
oxide, while in red blood cells Sucrosomial® mag-
nesium had a statistically significant advantage
compared to magnesium bisglycinate.

CONCLUSIONS: Our findings suggest that
Sucrosomial® magnesium leads to an increased
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bioavailability of magnesium compared to other
formulations. Further studies are needed to in-
vestigate if this advantage turns into more evi-
dent clinical efficacy.
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Introduction

Magnesium is a key regulator of human health.
It is an essential co-factor for hundreds of en-
zymes and it plays a crucial role in a number of
biological reactions and physiological pathways,
including energy production, nucleic acid and
protein synthesis, ion transport and cell signal-
ing'?. Therefore, magnesium is involved in main-
taining correct homeostasis; the deficit of this
ion has been associated with several pathological
conditions, including diabetes mellitus, metabolic
syndrome, osteoarthritis, chronic kidney disease,
bone loss, cystic fibrosis, depression and anxi-
ety*?. Moreover, hypomagnesaemia can be the re-
sult of the use of several drugs, such as diuretics,
epidermal growth factor receptor inhibitors, cal-
cineurin inhibitors, and proton pump inhibitors'’.
Although quality of evidence is mixed, there is
an overall consensus on the potential efficacy of
magnesium supplementation in these conditions,
and also for general well-being'®. However, con-
ventional oral magnesium supplementation ex-
hibits poor absorption and bioavailability, likely
due to the interference of dietary compounds or
digestive factors!'. Of note, enhanced bioavail-
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ability would likely result in more effective sup-
plementation of magnesium''.

In vitro studies have shown that sucrose esters
in non-toxic concentrations increase permeability
of the monolayer barrier in intestine'?. On these
basis, a Sucrosomial® magnesium formulation
[ULTRAMAG?® (Sucrosomial® magnesium) Phar-
manutra S.p.A., Pisa, Italy] in a sustained release
matrix has been developed in order to enhance
magnesium bioavailability. This oral formulation
is an innovative preparation of magnesium oxide,
covered by a phospholipids plus sucrester ma-
trix and can be used as an alternative to common
magnesium salts to improve magnesium supple-
mentation effectiveness. Thanks to the encapsu-
lation of magnesium ions within a Sucrosomial
membrane, the ions can pass through the gastric
and intestinal environment without any interac-
tion with the intestinal mucosa and then reach the
blood stream. However, evidence on bioavailabil-
ity of this product is still poor.

In order to comprehensively investigate mag-
nesium bioavailability after administration of
Sucrosomial® magnesium, we have performed a
permeation study using an ex-vivo model. We also
conducted a study in healthy subjects comparing
magnesium bioavailability after administration of
Sucrosomial® magnesium or commercially avail-
able preparations of magnesium citrate, magne-
sium oxide and magnesium bisglycinate.

Materials and Methods

Ex-vivo Study

We conducted an ex-vivo study in a rat model.
This investigation was conducted in compliance
with the regulations for animal studies applied
in EU. After sacrifice, intestinal mucosa of male
Wistar rats (weight 250-300 g, n=3) was isolated.
The first 20 cm of the jejunum were removed and
cut into 1.5%x1.5 cm large samples. For each sam-
ple, the content of the lumen was then removed
and transferred to an Ussing chamber (surface
0.78 cm?) without removing muscle stratum.
Phosphate-buffered saline (PBS) (1 ml, 0.13 M,
pH 6.8) was added at the apical side (donor medi-
um), while another isotonic buffer solution (3 ml,
0.13 M, pH 7.4) was added at the basolateral side
(acceptor medium). Experiments were carried out
at 37°C by using of external water clamp system
with controlled oxygenation (95%) and stirring.
After 20 min, donor medium was replaced with
a solution of either magnesium oxide or Sucro-
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somial® magnesium (8 ml each) with a known
quantity of magnesium and a definite concentra-
tion determined by spectrophotometry analysis'?.
The experiment was conducted with two different
magnesium amounts (32.9 mg or 329 mg) of both
tested samples. Each solution had been treated
with pepsin (0.2 g in a HCl 0.1 M solution) and
then stored for 60 min at pH 2 in order to simulate
gastric digestion. 1 ml of sample from the accep-
tor medium was taken every 30 min, for a total
period of 240 min, and immediately replaced with
the same volume of fresh medium. Mg*" concen-
tration was then measured by adding FURA-2 (an
indicator) and EGTA (a ion chelator) to the sam-
ple. The spectrophotometer was calibrated using
reference solution with known concentration of
Mg?* (1*=0.9999)".

Permeation Data Treatment

Permeation data were treated as previously
described", assuming that the transport of Mg**
across excised intestine occurred by passive dif-
fusion. Accordingly, for each permeation run a
value of apparent permeability coefficient, P, for
permeant across the excised rat intestinal mucosa
was calculated from the following equation: P’ap-
p=dM/dt 1/(AC,) (1) where dM/dt 1/A, the perme-
ation flux, is the slope of the linear portion of the
cumulative amount permeated per unit surface
area vs. time plot, and C is the iron concentra-
tion introduced into the donor phase, supposed
to be completely dissolved and constant over the
time interval of linear permeation. For each plot,
the linear regression analysis was extended to the
set of data points that gave the best fit, as judged
from the r’-value. This, in all of the cases inves-
tigated, was greater than 0.9. The single P o val-
ues were averaged to calculate the mean apparent
permeability, P (n>6) The significance of the
difference between two P > values was assessed
by the Student’s ¢-test (p < O 05) For the samples
that produced a significant P_ o increase, this was
measured by the enhancement ratio (ER), defined
as the ratio between the P values obtained with
the formulation under test and the reference mag-
nesium oxide.

Human Study

Setting

This was a single-day, double-blinded, repeat-
ed crossover study in healthy subjects using 350
mg (elemental dose) of Sucrosomial® magnesium,
magnesium citrate, magnesium oxide or magne-
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sium bisglycinate. The study was conducted at
the Maze Lab (Purchase, NY, USA) between De-
cember 2016 and March 2017. The protocol was
approved by the local Ethical Committee and all
participants signed an informed consent before
inclusion.

Between each trial day, participants underwent
a l-week washout period. Subjects were switched
either from one experimental to another experi-
mental treatment on a double-blind basis. All for-
mulations of magnesium were identical.

Population

Adult (>18 years) subjects of either gender
were eligible. Other inclusion criteria were as fol-
lows: no current smoking habit; Body Mass Index
(BMI) 18-30 kg/m?; consent to consume standard
meals and not to consume any foods and drinks
with high magnesium level. Patients were exclud-
ed if they had history of bone diseases, diabetes
mellitus, chronic fatigue syndrome, premenstrual
symptoms, peptic ulcer, intestinal resection, in-
flammatory disease of the gastrointestinal tract,
malabsorption/maldigestion, hypertension, gall
bladder disease or any other relevant medical con-
dition; current chronic medication intake; history
or current abuse of drugs, medication or alcohol,
or intake >2 alcoholic beverages/day; known hy-
persensitivity to study product or any ingredient
in the preparation; pregnant or lactating status, or
recent (<6 months) delivery; participation to oth-
er clinical trials within the last four week before
enrolment.

Procedures

Participants were instructed not to consume
any magnesium rich foods or supplement for at
least 1 week before the study.

On Day 1, following overnight fasting blood
samples, participants took the magnesium dose
assigned for that day. Blood and urine samples
were then taken for baseline magnesium concen-
trations (T). A standard breakfast was then of-
fered (approximately 500 kcal, 15% protein, 30%
fat and 55% carbohydrate), and participants were
instructed not to consume any magnesium rich
foods, drinks or supplement for each meal during
the trial day (a food diary was also filled). Further
blood samples and urine samples were then tak-
en at 2, 4, 8, and 24 h. Magnesium content was
then measured in three compartments: blood, red
blood cells (RBCs), and urines. Magnesium abso-
lute and relative concentrations were measured at
baseline and then at each subsequent time-points

(0,2, 4, 8 and 24 h after administration of the sup-
plement).

Blood Sampling

During each trial day, venous blood samples
were drawn at 0, 2, 4, 8, and 24 h time points after
the administration of the magnesium supplement.
A 10-min window was permitted. Blood samples
were collected into BD whole blood tubes with
7.5% EDTA Solution (Lavender top tube; Becton
Dickinson, Franklin Lakes, NJ, USA) for RBCs
sample collection, and in a serum separator tube
(Vacutainer® — SST™, Gel and Clot Activator;
Becton Dickinson, Franklin Lakes, NJ, USA) for
serum sample collection. Both whole blood sam-
ples were stored on ice protected from light.

Sample processing was performed in special-
ized laboratories. The whole blood samples in
Lanvender Top tube were centrifuged at 1500-
2000 rpm for 10-15 min at room temperature to
1solate RBC. For serum collection, the serum
separator tube was inverted five times gently,
and blood was allowed to clot in an upright po-
sition for 30-60 min at room temperature. The
whole blood samples in serum separator tube
were then centrifuged at 3000 rpm for 10 min.
The serum was immediately collected and an-
alyzed. Magnesium content in RBCs was mea-
sured by atomic absorption spectrophotometry
(AAS) with the emission mode at 285.2 nm us-
ing air-acetylene flame.

Urine Sampling

Participants were provided with a kit contain-
ing a 16 Oz urine sample-collecting bottle. The
collected urine samples at the pre-specified time-
points were refrigerated and analyzed as soon as
possible. Urine samples were analyzed for mag-
nesium concentration by Monarch centrifugal an-
alyzer, equipped with an appropriate magnesium
assay kit.

Statistical Analysis

10 patients were planned to participate, in line
with the sample size of previous similar studies'>'°.
Magnesium concentrations were evaluated, for
each compartment, both as absolute values and as
percentage variation from TO to T24. According
to their distribution, as assessed by Kolmogor-
ov-Smirnov test, absolute values were reported
as mean + standard deviation, percentage vari-
ations as median and interquartile range. Com-
parisons between last observation and baseline
value of magnesium were performed with two-
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tailed paired #-test; comparisons across different
formulations were done with one way analysis
of the variance (ANOVA), followed by a Tukey’s
post-hoc test. In each physiological compartment,
the percent changes were studied with the Fried-
man test for non-parametric repeated-measure-
ments one way ANOVA. Subsequently, post-hoc
pairwise comparisons were performed, using a
non-parametric Wilcoxon test with Tukey’s cor-
rection. A p-value <0.05 was considered statisti-
cally significant. All the analyses were performed
using the R statistical software'’.

Results

Ex-vivo Study

In order to understand permeation features of
Sucrosomial® magnesium, tissues were treated
with two different magnesium amounts (32.9 mg
and 329 mg of elemental Mg) and observed ion-
ic magnesium released from apical to basolateral
side of the Ussing chamber.

Treatment of rat isolated intestine with Sucro-
somial® magnesium leads to an increase of Mg*"
concentration in the basal compartment of the
Ussing chamber over time compared to magne-
sium oxide (Figure la). Similar findings were re-
ported in the second test (Figure 1b). The overall
enhancement ratio (ER) was 2.4 for the higher
amount of Mg*, with a 19£3% increase in per-
meability.

Clinical Study

10 subjects participated to the study (4 males
and 6 females with a mean age 34414 years
[range: 21-66]; mean BMI 25.5+2.5 kg/m? [range
21.5-29.3)).

The values of magnesium concentration, in
all compartments and for the four treatments,
are reported in Table I, while Table II displays
% changes at 24 h, as compared with baseline
(Figures S1-S3). All formulations significantly
increased magnesium concentration in all com-
partments (p=0.041, for blood; p=0.011 for RBCs;
p=0.008 for urine). Overall, Sucrosomial® mag-
nesium resulted in a higher magnesium bioavail-
ability compared with the other formulations,
reaching a statistically-significant advantage over
magnesium oxide in terms of magnesium content
in blood and RBC (Table II). In urines, Sucro-
somial® magnesium was superior to magnesium
bisglycinate (Table II). No adverse events were
reported during the study period.
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Figure 1. Ex vivo study: Mg?" quantity that passes intes-
tinal barrier over time (Panel A: administered amount 32.9
mg/ml; Panel B: 329 mg/ml).

Discussion

Magnesium is a key element for human health
and well-being, and its deficit has been associated
with several diseases®®. Magnesium supplemen-
tation appears an attractive and overall safe strat-
egy to help prevent these conditions and increase
well-being'’. Several studies are currently focus-
ing on magnesium supplementation in different
diseases'®2!. Conventional oral magnesium sup-
plementation presents, however, a very poor in-
testinal adsorption, which in turn results in mod-
est bioavailability and limits its efficacy'’.

In line with previous studies, we have devel-
oped a Sucrosomial® magnesium formulation,
based on a proprietary technology able to promote
adsorption of Mg?*" ions, with the aim to increase
intestinal adsorption and, therefore, bioavailabil-
ity. Moreover, we have conducted a comprehen-
sive evaluation of magnesium bioavailability after
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Table I. Magnesium concentrations (expressed as mg/dl) in the study samples.

Treatment T=0h T=2h T=4h T=8h T=24h
Blood
Sucrosomial® magnesium 1.93 £0.20 2.01 £0.17 2.06 £0.14 2.05+0.16 2.09+£0.12
Magnesium citrate 1.99 +0.11 2.00+0.19 2.09 +0.11 2.11£0.18 2.08 +£0.12
Magnesium oxide 2.05+0.11 2.08 £0.11 2.10£0.13 2.14+0.13 2.09 £0.15
Magnesium bisglycinate 2.02+0.13 2.10 £0.11 2.09+0.12 2.11+£0.16 2.13+0.14
Red Blood Cells
Sucrosomial® magnesium 4.84+£0.49 495+047 5.10 + 0.60 5.00 +0.46 520+ 0.67
Magnesium citrate 4.68 +0.57 4.51+£091 4.49 +£0.48 4.60 + 0.54 497 +0.54
Magnesium oxide 491 +0.59 497 +0.74 494 +£0.71 5.00+0.62 5.09+0.66
Magnesium bisglycinate 5.09 +0.59 5.07 +0.62 5.08 +0.69 5.07 +0.64 4.94+0.71
Urines
Sucrosomial® magnesium 5.69 £2.39 7.33 +6.44 7.15+£5.48 399+2.75 9.99 £ 6.24
Magnesium citrate 474 £3.07 7.15+6.11 5.96 + 5.81 2.81+2.13 5.20+3.34
Magnesium oxide 7.88 £3.41 9.11 £7.30 8.23 +4.10 5.78 £3.78 7.53 +4.88
Magnesium bisglycinate 8.04 £5.49 9.67 +£4.95 891 +6.44 4.50 +4.22 7.60 = 4.37
Blood
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Figure S1. Blood. Boxplots for percent variation of magnesium concentration with respect to its initial value, at 24 h. The box
represents the interquartile range, the thick line represents the median value, the whiskers represent the range of the distribu-
tion. The circles represent potential outliers.
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Figure S2. Red Blood Cells. Boxplots for percent variation of magnesium concentration with respect to its initial value, at 24
hours. The box represents the interquartile range, the thick line represents the median value, the whiskers represent the range of

the distribution.

administration of surcosomial® magnesium. First,
we investigated this parameter under controlled
and standardized conditions (ex-vivo). Then, we
evaluated bioavailability in human subjects in or-
der to investigate whether this formulation actu-
ally enhances intestinal absorption and bioavail-
ability when compared with other standard and
commercially-available magnesium salts. Some
limitations inherent to any bioavailability study
must, however, be acknowledged (e.g., overall
small sample size and short follow-up period). We
chose magnesium oxide as control because sur-
cosomial® magnesium is developed starting from
magnesium oxide salt itself. Of note, magnesium
oxide is the least bioavailable form of magnesium
salt that contains the highest percentage of ele-
mental magnesium. However, it is the most used
salt as supplement. Sucrosomial® technology

(patent n°M12013A001483) thanks to the presence
of a phospholipid matrix, is able to increase min-
erals, in particular iron, absorption and bioavail-
ability". Because of it, Sucrosomial® technology
could help to increase Mg?* absorption; therefore,
developing a formulation like Sucrosomial® mag-
nesium would be an optimal nutritional target.
The results of the ex-vivo evaluation, specifically
conducted to simulate intestinal adsorption af-
ter gastric digestion, show higher adsorption of
magnesium after administration of Sucrosomial®
magnesium compared with a standard formula-
tion of magnesium oxide. This enhanced intes-
tinal adsorption was also confirmed under phys-
iological conditions in healthy subjects, without
any noticeable adverse event. Although all the
tested preparations have increased magnesium
concentration 24 h from administration, with re-
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Figure S3. Urine. Boxplots for
percent variation of magnesium

Urine
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Table IlI. Percent changes in magnesium concentrations in
the study samples at 24h versus baseline.

Treatment Percent change

vs. baseline [95% CI]

Blood

Sucrosomial® magnesium
Magnesium citrate
Magnesium oxide
Magnesium bisglycinate

10.53 [4.60-12.32]"
5.13 [4.66-5.73]
2.38 [-3.26-5.00]
4.88 [4.60-5.00]

Red Blood Cells
Sucrosomial® magnesium
Magnesium citrate
Magnesium oxide
Magnesium bisglycinate

6.99 [4.33-9.51]"
6.4 [3.65-9.47]
3.98 [1.96-5.50]*
2.63 [-7.91-2.45]

Urines

Sucrosomial® magnesium
Magnesium citrate
Magnesium oxide
Magnesium bisglycinate

56.48 [13.21-122.20]
10.55 [5.16-36.90]
-2.41 [-44.93-27.97]
18.18 [32.65-32.04]

"p<0.05 vs. Magnesium Oxide; "p<0.05 vs. Magnesium
Bisglycinate.

T T T

Magnesium
Citrate

Magnesium
Bisglycinate

Magnesium
Oxide

spect to baseline, Sucrosomial® magnesium de-
termined the more evident increase. This finding
was evident in all the three compartments tested,
namely blood, RBCs and urines, confirming the
increased magnesium Dbioavailability obtained
with Sucrosomial® magnesium. In particular, the
percentage increase in magnesium concentration
vs. baseline values with this preparation was sig-
nificantly greater than the increase associated
with magnesium oxide in blood and RBC and
the increase seen with magnesium bisglycinate
in urines. Noteworthy, the increase in urine con-
centration (+56%) was 3-4 times higher than what
reported for the other formulations: this finding is
of special interest since magnesium concentration
in this compartment has been recently shown to
accurately indicate overall bioavailability?*.

It is important to consider that magnesium
bioavailability and homeostasis are regulated
by the activity of the intestine, bone and kid-
neys. Absorption occurs mainly in the intestine,
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thanks to passive paracellular mechanisms that
account for 80-90% of the whole intestinal up-
take; adsorption rate is driven by high luminal
magnesium concentrations. Of note, intestinal
absorption is not directly proportional to Mg**
intake but is mainly influenced by magnesium
status, as we observed in our study®. Kidneys
also play a crucial role by regulating magne-
sium excretion and re-absorption; in particular
renal excretion with urines is the main deter-
minant of magnesium serum concentrations'®.
Last of all magnesium concentrations are influ-
enced by various hormones, such as 1,25-dihy-
droxyvitaminD, that stimulates Mg*" absorp-
tion, and estrogen and paratyroide hormones,
which are involved in Mg*" excretion®.

Conclusions

According to the above-described findings, we
can speculated that our comprehensive analysis
conducted both ex-vivo and in healthy subjects,
provides robust evidence of increased magnesium
bioavailability after administration of Sucrosomi-
al® magnesium compared with other commercial-
ly available magnesium supplementations. This
finding is particularly evident in urines, repre-
senting a well-grounded evidence of enhanced
magnesium bioavailability with Sucrosomial®
magnesium. Future studies will evaluate wheth-
er this advantage turns into more evident clinical
efficacy.

Acknowledgments

Medical writing was performed by Luca Giacomelli, PhD,
and Ambra Corti on behalf of BriefingStudio; this assis-
tance was funded by PharmaNutra, Pisa, Italy.

Conflict of Interest

Elisa Brilli and Germano Tarantino are PharmaNutra S.p.A.
employees. The other Authors declare that they have no
conflict of interests.

References

1) Rosanorr A, Dai Q, SHarses SA. Essential nutrient
interactions: does low or suboptimal magnesium
status interact with vitamin D and/or calcium sta-
tus? Adv Nutr 2016; 7: 25-43.

2) BaraGALLO M, DominGuez LJ. Magnesium and type
2 diabetes. World J Diabetes 2015; 6: 1152-1157.

3) GuerrerO-RoMERO  F,  JAQuez-CHAIREZ FO, RODRiG-
uez-MorAN M. Magnesium in metabolic syndrome:
a review based on randomized, double-blind clini-
cal trials. Magnes Res 2016; 29: 146-153.

4) LY, Yue J, Yang C. Unraveling the role of Mg(++) in
osteoarthritis. Life Sci 2016; 147: 24-29.

5) Massy ZA, Drueke TB. Magnesium and cardiova-
scular complications of chronic kidney disease.
Nat Rev Nephrol 2015; 11: 432-442.

6) MaHDAVI-RosHAN M, EBraHiMI M, EBrariMi A. Copper,
magnesium, zinc and calcium status in osteope-
nic and osteoporotic post-menopausal women.
Clin Cases Miner Bone Metab 2015; 12: 18-21.

7) SAnTI M, Mitani GP, SimoNeTTi GD, Fossaul EF, Bian-
cHETTI MG, Lava SA. Magnesium in cystic fibro-
sis--systematic review of the literature. Pediatr
Pulmonol 2016; 51: 196-202.

8) Sererko A, Szora A, WLAD P, Nowak G, RabziwoD-ZAL-
EskA M, SkaLski M, PoLeszak E. Magnesium in de-
pression. Pharmacol Rep 2013; 65: 547-554.

9) Bovie NB, Lawton C, Dye L. The effects of magne-
sium supplementation on subjective anxiety and
stress-a systematic review. Nutrients 2017; 9: E429.

10) bE Baau JH, Hoenberor JG, BinDELs RJ. Magnesium
in man: implications for health and disease. Phy-
siol Rev 2015; 95: 1-46.

11) FArruGGIA G, CasTiGLIONI S, SARGENTI A, MARRAcCINI C,
CaAzzaNIGA A, MEeroLLE L, lotmi S, CAarrPADONE C, MAIER
JA. Effects of supplementation with different Mg
salts in cells: is there a clue? Magnes Res 2014;
27: 25-34.

12) Kiss L, HelunGer E, Piear AM, KitTeL A, ToroK Z,
Forepl A, SzakAcs G, Veszelka S, Sipos P, OzsvArl B,
PuskAs LG, VAsTAG M, SzaBO-REvesz P, Deul MA. Su-
crose esters increase drug penetration, but do not
inhibit p-glycoprotein in caco-2 intestinal epithe-
lial cells. J Pharm Sci 2014; 103: 3107-3119.

13) Touvz RM, Mercure C, ReubetHuser TL. Angioten-
sin Il type | receptor modulates intracellular free
Mg2+ in renally derived cells via Na+-dependent
Ca2+-independent mechanisms. J Biol Chem
2001; 276: 13657-13663.

14) FasiaNO A, BriLLi E, Focu S, Beconaint D, Carei S, TaA-
RANTINO G, ZamsiTo Y. Sucrosomial® iron absorp-
tion studied by in vitro and ex-vivo models. Eur J
Pharm Sci 2018; 111: 425-431.

15) Doiserg MK, Nietsen LP, DaHL R. Pharmacokinetic
profile of oral magnesium hydroxide. Basic Clin
Pharmacol Toxicol 2017; 120: 264-269.

16) Kratka M, GRYwALSKA E, PARTYKA M, CHARYTANOWICZ
M, Rouinski J. Impact of methimazole treatment on
magnesium concentration and lymphocytes acti-
vation in adolescents with Graves’ disease. Biol
Trace Elem Res 2013; 153: 155-170.

17) R Deveopment Core Team. R: A language and envi-
ronment for statistical computing. The R Founda-
tion for Statistical Computing, 2008.

18) CHen Y, Lin J, YanG M, Xu CW, CHen BZ, Li XJ, ZHu
WF, Fu WD, Yu H, Ying MG, CHen G. Expression
and prognostic roles of magnesium-dependent



Biovailability of Sucrosomial® magnesium vs. standard formulations

phosphatase-1 in gastric cancer. Eur Rev Med
Pharmacol Sci 2017; 21: 2617-2625.

19) AxaN M, OzsiGIN S, Boztas N, Ceuik A, OZKARDESLER

20)

21)

S, ErRGUR BU, GuNnELl E, SismAN AR, Akokay P, MESERI
R. Effect of magnesium sulfate on renal ische-
mia-reperfusion injury in streptozotocin-induced
diabetic rats. Eur Rev Med Pharmacol Sci 2016;
20: 1642-1655.

KaN RX, Znang CL, ZHen Q, CHen J. Magnesium
sulfate micro air pump suction for bronchiolitis
treatment in infants under two years old. Eur Rev
Med Pharmacol Sci 2016; 20: 1180-1184.

Vuckovic SM, Savic Vusovic KR, SreBro DP, MEebi¢
BM, Stosanovi¢é RM, VUCETIC CS, Divac N, PROSTRAN

22)

23)

MS. The antinociceptive efficacy of morphine-ke-
tamine-magnesium combination is influenced by
the order of medication administration. Eur Rev
Med Pharmacol Sci 2015; 19: 3286-3294.

ZHANG X, DeL Goseo LC, Hrusy A, RosaNorFr A, HE
K, Dar Q, CosteLlo RB, ZHanGg W, Sona Y. The cir-
culating concentration and 24-h urine excretion of
magnesium dose- and time-dependently respond
to oral magnesium supplementation in a meta-a-
nalysis of randomized controlled trials. J Nutr
2016; 146: 595-602.

GRroOBEr U, ScHmipt J, Kisters K. Magnesium in pre-
vention and therapy. Nutrients 2015; 7: 8199-
8226.



