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Inhibitory and stimulating effect of magnesium on vanadate-induced lipid
peroxidation under in vitro conditions†
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The behaviour of Mg related to vanadium(V)-induced lipid peroxidation (LPO) under in vitro conditions was examined. The
studies performed on the liver supernatants (LS) obtained from control, sodium metavanadate-intoxicated, and sodium
metavanadate-magnesium sulphate-administered male Wistar rats revealed and confirmed the pro-oxidative potential of V.
Simultaneously, they indicated that the improved Mg status may be one of the mechanisms by which the treatment with this
element may contribute to reduction of oxidative stress under the conditions of vanadate exposure. On the other hand, the
results confirmed that Mg may also stimulate LPO and demonstrated that the incubation conditions and the experimental
treatment of the rats from which the liver supernatants were obtained affect the intensity of the examined free radical process.
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Oxidative stress (OS), which is implicated in a
number of human diseases, is well known to occur
when the generation of free radicals (FR) and reactive
oxygen species (ROS) is beyond the scavenging
abilities of the antioxidant system1.
As a transition redox-active metal (mostly occurring
in cationic and anionic forms, predominantly as
vanadyl – VO2+ and vanadate – VO3- ions, the +4 and
+5 oxidation state, respectively), vanadium (V) may
participate in reactions of FR and ROS production,
ultimately leading to an increase in OS in a variety of
cells and tissues2-5. Due to its pro-oxidative properties,
V can lead to oxidative damage to various
macromolecules6. Studies on the mechanisms of
action of its compounds have indicated that V may
not only generate ROS and/or FR but may also
indirectly modify OS in cells, by either releasing
FR-generating metals from tissues, modifying
enzymatic and antioxidant defense2, or interacting
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with mitochondria7. V redox cycling initiated by
one-electron oxidation of VO2+ (V4+) or one-electron
reduction of VO3- (V5+) with a superoxide anion
radical (O2•-) may operate as a chain reaction,
providing FR and ROS6, which in turn may attack
polyunsaturated fatty acids (PUFAs) and initiate lipid
peroxidation (LPO). In turn, as a non-transition
element with antioxidative properties, magnesium
(Mg) may modulate the pro-oxidant-antioxidant
imbalance through reducing FR and ROS formation,
thereby limiting the oxidative damage8-12. Mg
deficiency has been suggested to be an important
factor in enhancement of FR-induced oxidation both
under in vitro and in vivo conditions13,14 but the
mechanism involved in the response to the Mg
deficiency-induced increase in LPO has not been
elucidated yet.
The protective effect of Mg against the sodium
metavanadate (NaVO3, SMV)-induced LPO in the
liver was demonstrated during an 18-week
administration of magnesium sulphate (MgSO4, MS)
to SMV-exposed rats15. In turn, the beneficial effect
of Mg reflected in the limitation of the increase in
LPO both in the liver and kidney was not observed
when MS was supplied to rats together with SMV for
a shorter period of time, i.e. for only 12 weeks3,4. On

722

INDIAN J EXP BIOL, SEPTEMBER 2013

the other hand, a 12-week supplementation of rats
with MS during the exposure to SMV at least partly
decreased the concentration of V in the blood,
normalized to some degree some parameters of the
Fe status, completely prevented reduction in the
erythrocyte Mg level, and restored the erythrocyte Fe
concentration near the control values. Detailed analysis
of those results revealed that in the rats receiving SMV
in combination with MS all these changes resulted
from the tendency toward the independent influence of
Mg or the Mg independent action as well as from the
tendency of Mg toward an interaction with V or from
the V-Mg antagonistic interaction16.
The results from previous studies3,4,15 encouraged
undertaking further investigations to explore more
thoroughly the possible beneficial and unfavourable
Mg impact on LPO. The effect of Mg on LPO was
examined under some what different in vitro
conditions than those used earlier3. In turn, LPO was
evaluated in the same manner as previously – in terms
of malondialdehyde (MDA) production. MDA is a
parameter of FR action and a diagnostic pool for
LPO, the measurement of which, although
nonspecific1, is widely used as a biomarker of this
process. Analyses were performed on supernatants of
the liver, the most important organ connected with
metabolism and playing a crucial role in detoxification
of xenobiotics, obtained from the control,
SMV-exposed, and SMV-MS-administered rats. The
aim of the experiment was to examine the effect of
Mg on LPO under somewhat different in vitro
conditions than those used previously3. Recognition of
possible differences in intensification of the hepatic
MDA generation between the liver supernatants
pre-incubated with selected MS concentrations
and subsequently incubated with selected SMV
concentrations or co-incubated with MS and SMV has
been an area of our interest. Moreover, attention has
also been paid to whether and to what extent an earlier
administration of Mg to rats in combination with SMV
is able to modify the hepatic MDA generation during
additional SMV exposure under the in vitro conditions.
Materials and Methods
Reagents—Sodium metavanadate (NaVO3, SMV),
magnesium sulphate (MgSO4, MS), and thiobarbituric
acid (TBA) were obtained from Sigma Chemicals
(St. Louis, MO, USA), whereas sodium arsenite
(NaAsO2), trichloroacetic acid (TCA) and potassium

chloride (KCl) were purchased from POCH (Gliwice,
Poland). Ultra-pure water was obtained from an
ultra-pure water HLP Spring 5R system* (Hydrolab,
Gdańsk, Poland). All other chemicals and reagents
used were of analytical grade or better and
commercially available.
Collection of liver samples—All the liver samples
used in this in vitro experiment were obtained from 48
selected outbred albino male Wistar rats. Briefly, all
the animals were individually placed in stainless steel
cages (1 rat/cage) kept in a room under standard
laboratory conditions (20-21 °C, 55±5% RH, and
12:12 h light/dark period); every day over a
12-week period they received deionized water
(Control, 16 rats), SMV solution at a concentration of
0.125 mg V/mL (16 rats) or SMV-MS solution at a
concentration of 0.125 mg V/mL and 0.06 mg Mg/mL
(16 rats) to drink. All the rats had unlimited access to
the rodent laboratory chow (Labofeed B; Fodder and
Concentrate Factory, Kcynia, Poland), deionized
water as well as the SMV and SMV-MS solutions.
After 12 weeks of the experiment, all the rats were
sacrificed and livers were dissected, directly washed
in ice-cold physiological saline solution (0.9% NaCl),
and weighed. The biological material that was not
used immediately was stored frozen at –20 °C
or –80 ºC in a deep-freezer HFU 486 Basic * (Thermo
Fisher Scientific, Germany) until further analysis.
The study was approved by the 1st Local Ethical
Committee for Animal Studies in Lublin (Poland).
Analytical procedures—Lipid peroxidation (LPO)
was estimated in liver supernatants (LS) by measuring
the MDA production in the thiobarbituric acid (TBA)
reaction. All details concerning this method and
preparation of LS for MDA determination have
been reported earlier3. Therefore, only a description of
incubation of LS I, II and III obtained from
the control, SMV-intoxicated and SMV-MSadministered rats, respectively, with the two chosen
concentrations of SMV separately and together with
the selected concentrations of MS has been provided.
Part of LS I, II and III was first pre-incubated with
MS at the concentrations of 0.4, 0.8, 1.0, 1.5, 5.0,
————————
Bought as part of the Project entitled: “Building of the Centre
of Interdisciplinary Research” realized within the frame of
the Operating Programme “Development of Eastern Poland”
2007-2013, Priority I: Modern Economy, Action I.3. The
Advancement of Innovation, co-financed by the European
Regional Development Fund

*

ŚCIBIOR et al.: VANADATE-INDUCED LIPID PEROXIDATION & EFFECT OF Mg

50, or 100 mM (Mg pre-incubation) and subsequently
incubated with SMV (as an inductor of LPO)
at the concentrations of 0.2 mM or 0.4 mM.
Another part of the same LS I, II and III was
co-incubated with 0.4, 0.8, 1.0, 1.5, 5.0, 50, or
100 mM MS and 0.2 or 0.4 mM SMV (without Mg
pre-incubation), whereas some other part of LS I,
II and III was only incubated with 0.2 or 0.4 mM
SMV. Finally, part of the above-mentioned
supernatants was incubated without any MS and
SMV concentrations (LPO spontaneous).
Statistical analysis—The results were processed
with the Statistica version 9.0 PL for Windows. To
assess the distribution patterns in the data, the
Shapiro-Wilk normality test was performed. The
homogeneity of variances was carried out employing
Levene’s test. The presence of outliers from a normal
distribution was checked with Grubbs' test and
standardization of the data. The Student’s t-test and
Wilcoxon test were used to compare two dependent
samples when the data met or not the assumptions of
ANOVA, respectively. However, the non-parametric
Mann-Whitney U test was applied to compare two
unpaired groups when the data did not meet the
assumptions of ANOVA. All the results were
presented as mean x ± SEM. A P value of 0.05 or
less was assumed as a criterion for a statistically
significant difference.

()

Results
MDA level in LS I, II and III incubated and not
with 0.2 or 0.4 mM SMV—Spontaneous production
of MDA in LS II and III was significantly higher,
compared with that observed in LS I (Fig. 1).
MDA generation in all the kinds of the supernatants
(LS I, II and III) incubated with 0.2 or 0.4 mM
SMV was also markedly higher in comparison
with the spontaneously formed MDA found in the
above-mentioned supernatants (Fig. 1). LS I, II and III
incubated with 0.4 mM SMV exhibited markedly
elevated the MDA levels as well compared with those
demonstrated during incubation with 0.2 mM SMV
(Fig. 1). Moreover, production of MDA in LS III
incubated with 0.2 or 0.4 mM SMV was distinctly
lower than that observed in LS II incubated under the
same experimental in vitro conditions (Fig. 1).
MDA level in LS I, II and III pre-incubated
with MS and subsequently incubated with SMV or
co-incubated with MS and SMV—The pre-incubation
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of LS I with all the MS concentrations used (0.4, 0.8,
1.0, 1.5, 5.0, 50, and 100 mM) and the subsequent
incubation thereof with two SMV concentrations (0.2
or 0.4 mM; Fig. 2A and B, respectively) led to
elevated generation of MDA compared with that
found in LS I incubated with 0.2 or 0.4 mM SMV
alone. Only in the case of pre-incubation of LS I with
0.4, 1.5 or 5.0 mM MS and the subsequent incubation
thereof with 0.4 mM (Fig. 2B) the elevated MDA
level was not significant in comparison with that
found in LS I incubated with only 0.4 mM SMV.
However, when LS I were co-incubated with all the
above-mentioned MS concentrations and with 0.2 or
0.4 mM SMV (Fig. 2C and D, respectively) without
Mg pre-incubation, the MDA production remained in
the range of the values observed for the MDA level in
LS I incubated with 0.2 or 0.4 mM SMV alone. Only
in the case of incubation of LS I with 0.4 or 1.0 mM
MS and 0.4 mM SMV (Fig. 2D) was the formation of
MDA significantly lower compared with that found in
LS I incubated with 0.4 mM SMV alone. Moreover,
the co-incubation of LS I with 0.4, 0.8, 1.0, 1.5, 5.0,
50, or 100 mM MS and 0.2 (Fig. 2C) or 0.4 (Fig. 2D)
mM SMV resulted in lower production of MDA
in comparison with that observed during the

Fig. 1—MDA level in LS I, II and III obtained from the control,
SMV-intoxicated and SMV-MS-administered rats, respectively,
which were and not incubated with 0.2 mM or 0.4 mM NaVO3.
Differences (1,2,3t-test, Wilcoxon test and U Mann-Whitney test,
respectively) are indicated by: aversus spontaneous LPO; bversus
V 0.2 mM; c,dversus LS II incubated with V 0.2 or V 0.4 mM,
respectively; eversus spontaneous LPO for LS I. P values: †< 0.05;
††
< 0.01; #< 0.001; *= 0.20; **= 0.14. The numerical values in the
bars indicate a percentage decrease (↓) in the MDA level,
compared with that found in LS II not incubated (underline
normal) and incubated with 0.2 mM NaVO3 (normal alone) or
with 0.4 mM NaVO3 (italic alone). Values are mean ± SE.
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pre-incubation of LS I with the aforementioned
MS concentrations and the subsequent incubation
thereof with 0.2 (Fig. 2A) or 0.4 (Fig. 2B) mM SMV.
When LS II were pre-incubated with all the
selected MS concentrations (0.4, 0.8, 1.0, 1.5, 5.0, 50,
or 100 mM) and subsequently incubated with the two
chosen SMV concentrations (0.2 or 0.4 mM; Fig. 3A
and B, respectively), the level of MDA was lower
compared with that found in LS II incubated with
0.2 or 0.4 mM SMV alone. Markedly limited MDA

formation was found when LS II were pre-incubated
with 0.4 or 0.8 mM MS and subsequently incubated
with 0.2 mM SMV (Fig. 3A). However, when LS II
were co-incubated with the aforementioned MS
concentrations and 0.2 or 0.4 mM SMV (Fig. 3C and
D, respectively) without Mg pre-incubation, the level
of MDA turned out to be higher compared with
that observed in LS II pre-incubated with all the MS
concentrations used (Fig. 3A and B) and that found in
LS II incubated with 0.2 or 0.4 mM SMV alone.

Fig. 2MDA level in LS I obtained from the control rats, which were first pre-incubated with the selected concentrations of MgSO4 and
subsequently incubated with 0.2 mM (A) or 0.4 mM (B) NaVO3, and which were co-incubated with the selected concentrations of
MgSO4 and with 0.2 mM (C) or 0.4 mM (D) NaVO3 but without MgSO4 pre-incubation. Differences (Student t-test or Wilcoxon test) are
indicated by: aversus V 0.2 mM; bversus V 0.4 mM; cversus PREINC-Mg 0.4+V 0.2; dversus PREINC-Mg 0.8+V 0.2; eversus PREINCMg 1.0+V 0.2; fversus PREINC-Mg 1.5+V 0.2; gversus PREINC-Mg 5.0+V 0.2; hversus PREINC-Mg 50+V 0.2; iversus PREINC-Mg
100+V 0.2; jversus PREINC-Mg 0.4+V 0.4; kversus PREINC-Mg 0.8+V 0.4; lversus PREINC-Mg 1.0+V 0.4; mversus PREINC-Mg
1.5+V 0.4; nversus PREINC-Mg 5.0+V 0.4; oversus PREINC-Mg 50+V 0.4; pversus PREINC-Mg 100+V 0.4. P values: §< 0.01; ††< 0.05;
”
= 0.05; •= 0.08; #= 0.09; ‡‡= 0.10; **= 0.11; "= 0.12; ˜= 0.13; «> 0.05. Values are mean ± SE.

Fig. 3MDA level in LS II obtained from the SMV-intoxicated rats, which were first pre-incubated with the selected concentrations of
MgSO4 and subsequently incubated with 0.2 mM (A) or 0.4 mM (B) NaVO3, and which were co-incubated with the selected
concentrations of MgSO4 and with 0.2 mM (C) or 0.4 mM (D) NaVO3 but without MgSO4 pre-incubation. Differences (Wilcoxon test) are
indicated by: aversus V 0.2 mM; bversus V 0.4 mM; cversus PREINC-Mg 0.4+V 0.2; dversus PREINC-Mg 0.8+V 0.2; eversus PREINCMg 1.0+V 0.2; fversus PREINC-Mg 1.5+V 0.2; gversus PREINC-Mg 5.0+V 0.2; hversus PREINC-Mg 50+V 0.2; iversus PREINC-Mg
100+V 0.2; jversus PREINC-Mg 0.4+V 0.4; kversus PREINC-Mg 0.8+V 0.4; lversus PREINC-Mg 1.0+V 0.4; mversus PREINC-Mg
1.5+V 0.4; nversus PREINC-Mg 5.0+V 0.4; oversus PREINC-Mg 50+V 0.4; pversus PREINC-Mg 100+V 0.4. P values: *< 0.001;
††
< 0.05; ‡= 0.06; #= 0.09; ‡‡= 0.10; **= 0.11; †= 0.19. Values are mean ± SE.
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Enhanced MDA production was found in LS III
when these supernatants were first pre-incubated with
MS in all the selected concentrations (0.4, 0.8, 1.0,
1.5, 5.0, 50, or 100 mM) and subsequently incubated
with 0.2 or 0.4 mM SMV (Fig. 4A and B) compared
with that observed in LS III incubated with 0.2 or
0.4 mM SMV alone. Moreover, elevated MDA
formation was also demonstrated in the same
supernatants when they were co-incubated with
the aforementioned MS concentrations and 0.2 or
0.4 mM SMV without Mg pre-incubation
(Fig. 4C and D) in comparison with that found
in LS III during incubation thereof with only 0.2 or
0.4 mM SMV alone.
Comparison of the MDA level between LS II and
III co-incubated with MS and SMV—In LS III
incubated with 0.4, 0.8, 1.0, 1.5 or 5.0 mM MS and
with 0.4 mM SMV, the MDA production was
distinctly lowered (Fig. 5D III) compared with that
found in LS II incubated under the same in vitro
conditions (Fig. 5D II) but these differences turned
out to be insignificant. The percentage decrease or
increase in the MDA level for the selected liver
supernatants is presented in Tables 1 and 2.
Discussion
Despite the fact that a lot has already been
written about the effect of Mg on LPO assessed
by MDA/TBARS production, especially about its
protective impact described in humans as well
as both in in vivo and in vitro studies17-37 (Table 3),
there are no data available on the influence of
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Mg on SMV-induced LPO apart from our studies3,4,15.
The scarce data on this issue and the results
obtained from earlier experiments3,15 encouraged
more thorough investigations into the behaviour of
Mg with respect to the pro-oxidant potential of
V under specific in vitro conditions. The lack of
similar reports renders the current results impossible
to discuss widely. Therefore, the discussion rests only
on the results from the present study and some
previous findings3.
As expected, the incubation of LS I with
exogenous SMV concentrations stimulated MDA
generation (Fig. 1), which confirmed previous
results3. This may be explained by the strong
pro-oxidative properties of V and its ability to

Fig. 5MDA level in LS II (D II) and III (D III) obtained from
the SMV and SMV-MS-administered rats, respectively, which
were co-incubated with 0.4 mM NaVO3 and with the selected
concentrations of MgSO4 without MgSO4 pre-incubation. Values
are mean ± SE.

Fig. 4MDA level in LS III obtained from the SMV-MS-administered rats, which were first pre-incubated with the selected
concentrations of MgSO4 and subsequently incubated with 0.2 mM (A) or 0.4 mM (B) NaVO3, and which were co-incubated with the
selected concentrations of MgSO4 and with 0.2 mM (C) or 0.4 mM (D) NaVO3 but without MgSO4 pre-incubation. Differences
(Wilcoxon test) are indicated by: aversus V 0.2 mM; bversus V 0.4 mM. P values: *< 0.001; §< 0.01; ††< 0.05; ∂= 0.05; ∫= 0.09; ‡‡= 0.10; "=
0.16. Values are mean ± SE.
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Table 1
Percentage (%) decrease or increase in the MDA level for LS II and III
LS II obtained from the SMV-intoxicated rats
LS II (A) compared with LS II V 0.2
PREINC-Mg 0.4+V 0.2
↓ 23††
PREINC-Mg 0.8+V 0.2
↓ 18.8#
PREINC-Mg 1.0+V 0.2
↓ 16.6«
PREINC-Mg 1.5+V 0.2
↓ 16.2«
PREINC-Mg 5.0+V 0.2
↓ 13.5«
PREINC-Mg 50+V 0.2
↓ 6.6«
PREINC-Mg 100+V 0.2
↓ 2.5«
LS II (C) compared with LS II V 0.2
Mg 0.4+V 0.2
↑ 3.9#
Mg 0.8+V 0.2
↑ 4.7††
Mg 1.0+V 0.2
↑ 8.9††
Mg 1.5+V 0.2
↑ 5††
Mg 5.0+V 0.2
↑ 10.6*
Mg 50+V 0.2
↑ 13*
Mg 100+V 0.2
↑ 12§
V 0.2

LS II (B) compared with LS II V 0.4
PREINC-Mg 0.4+V 0.4
↓ 18.2**
PREINC-Mg 0.8+V 0.4
↓ 16††
PREINC-Mg 1.0+V 0.4
↓ 15.7«
PREINC-Mg 1.5+V 0.4
↓ 14«
PREINC-Mg 5.0+V 0.4
↓ 10.3«
PREINC-Mg 50+V 0.4
↓ 4.5«
PREINC-Mg 100+V 0.4
↓ 4.3«
LS II (D) compared with LS II V 0.4
Mg 0.4+V 0.4
↑ 7.8§
Mg 0.8+V 0.4
↑ 6.7§
Mg 1.0+V 0.4
↑ 8§
Mg 1.5+V 0.4
↑ 8.8§
Mg 5.0+V 0.4
↑ 12.2*
Mg 50+V 0.4
↑ 13.2*
Mg 100+V 0.4
↑ 15.7*
Compared with
V 0.4
8.5§

LS III obtained from the SMV-MS-administered rats
LS III (A) compared with LS III V 0.2
LS III (B) compared with LS III V 0.4
”
PREINC-Mg 0.4+V 0.2
PREINC-Mg
0.4+V 0.4
↑7
↑ 6"
PREINC-Mg 0.8+V 0.2
PREINC-Mg 0.8+V 0.4
↑ 9††
↑ 6.4‡‡
PREINC-Mg 1.0+V 0.2
PREINC-Mg 1.0+V 0.4
↑ 11††
↑ 8#
§
PREINC-Mg 1.5+V 0.2
PREINC-Mg 1.5+V 0.4
↑ 12
↑ 9”
§
PREINC-Mg 5.0+V 0.2
PREINC-Mg
5.0+V
0.4
↑ 17
↑ 11††
PREINC-Mg 50+V 0.2
PREINC-Mg 50+V 0.4
↑ 24§
↑ 19§
PREINC-Mg 100+V 0.2
PREINC-Mg 100+V 0.4
↑ 24.5§
↑ 24§
LS III (C) compared with LS III V 0.2
LS III (D) compared with LS III V 0.4
Mg 0.4+V 0.2
Mg 0.4+V 0.4
↑ 31††
↑ 25‡‡
§
Mg 0.8+V 0.2
Mg 0.8+V 0.4
↑ 35
↑ 30††
§
Mg 1.0+V 0.2
Mg 1.0+V 0.4
↑ 36
↑ 31§
††
Mg 1.5+V 0.2
Mg 1.5+V 0.4
↑ 35
↑ 31.5††
Mg 5.0+V 0.2
Mg 5.0+V 0.4
↑ 37§
↑ 34§
*
Mg 50+V 0.2
Mg 50+V 0.4
↑ 46
↑ 43*
*
Mg 100+V 0.2
Mg 100+V 0.4
↑ 47
↑ 45*
(A) and (B)= LS pre-incubated with different concentrations of MgSO4 and subsequently incubated with 0.2 mM or 0.4 mM NaVO3,
respectively; (C) and (D)= LS co-incubated with different concentrations of MgSO4 and with 0.2 mM or 0.4 mM NaVO3, respectively,
without Mg pre-incubation; V 0.2 and V 0.4= LS incubated only with 0.2 mM or 0.4 mM NaVO3, respectively. P values: *< 0.001;
«
§
< 0.01; ††< 0.05; >0.05; ”= 0.05; #= 0.09; ‡‡= 0.10; **= 0.11; "= 0.16; ††= 0.19; «> 0.05
↓= decrease; ↑= increase

induce OS6,38-45, which is illustrated in Fig. 6. It
is well known that V may behave as a pro-oxidant6
and stimulate LPO, which may cause oxidative
destabilization of the cell membrane, decrease its
fluidity, increase permeability, and affect its electrical
potential, transport and the activity of membranebound enzymes, consequently leading to impairment
of functions and alterations of cell integrity. It has
been suggested that increased LPO and peroxidative
damage may be significant factors underlying

V toxicity46, and that excessive unregulated LPO
may lead to pathological disorders and diseases.
Evidence has been provided that LPO and its
products, which due to own chemical reactivity can
make modifications of macromolecules, are the basis
of the cardiotoxic and neurotoxic effects of V47 and
may be responsible for the inflammatory and early
fibrotic changes in the lung48 and predictive of renal
dysfunction49. On the other hand, the physiological
levels and biological effects of LPO and its products
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Table 2
Percentage (%) decrease in the MDA level for LS II obtained from the SMV-intoxicated rats
(A) compared with (C)
Mg 0.4+V 0.2
PREINC-Mg 0.4+V 0.2
↓ 26§
Mg 0.8+V 0.2
PREINC-Mg 0.8+V 0.2
↓ 22.5§
Mg 1.0+V 0.2
PREINC-Mg 1.0+V 0.2
↓ 23.5§
Mg 1.5+V 0.2
PREINC-Mg 1.5+V 0.2
↓ 20††
Mg 5.0+V 0.2
PREINC-Mg 5.0+V 0.2
↓ 22§
Mg 50+V 0.2
PREINC-Mg 50+V 0.2
↓ 17.4††
Mg 100+V 0.2
PREINC-Mg 100+V 0.2
↓ 13‡

(B) compared with (D)
Mg 0.4+V 0.4
PREINC-Mg 0.4+V 0.4
↓ 24.2§
Mg 0.8+V 0.4
PREINC-Mg 0.8+V 0.4
↓ 21.2§
Mg 1.0+V 0.4
PREINC-Mg 1.0+V 0.4
↓ 22§
Mg 1.5+V 0.4
PREINC-Mg 1.5+V 0.4
↓ 21§
Mg 5.0+V 0.4
PREINC-Mg 5.0+V 0.4
↓ 20§
Mg 50+V 0.4
PREINC-Mg 50+V 0.4
↓ 15.6‡‡
Mg 100+V 0.4
PREINC-Mg 100+V 0.4
↓ 17.3††

(A) and (B)= LS II pre-incubated with different concentrations of MgSO4 and subsequently incubated with 0.2 mM or 0.4 mM NaVO3,
respectively; (C) and (D)= LS II co-incubated with different concentrations of MgSO4 and with 0.2 mM or 0.4 mM NaVO3, respectively,
without Mg pre-incubation. P values: §< 0.01; ††< 0.05; ‡= 0.06; ‡‡= 0.10
↓= decrease

have not been well elucidated yet45. Till now, their
real powerful biological role in cell signalling
under both pathological and physiological conditions,
mainly in cell cycle regulation, has been suggested1.
The clearly but insignificantly lowered (by 25
and 24 %) hepatic MDA formation in LS III (obtained
from the SMV-MS-administered rats) exogenously
incubated with 0.2 or 0.4 mM SMV, respectively,
compared with LS II (obtained from the SMVintoxicated rats) incubated with the same exogenous
SMV concentrations (Fig. 1), allow a suggestion
that the limited MDA generation in LS III might
be a consequence of earlier administration of Mg in
combination with SMV to rats. The endogenously
administered Mg in conjunction with SMV may also
be the reason for the distinctly lowered MDA level in
LS III compared with that found in LS II during
their co-incubation with exogenous 0.4, 0.8, 1.0, 1.5
or 5.0 mM MS and 0.4 mM SMV (without Mg preincubation). (Fig. 5D II and III). The above-mentioned
findings allow a conclusion that endogenously
administered Mg may, to some degree, limit
LPO under the conditions of SMV exposure. The
protective impact of Mg against the SMV-induced
increase in the hepatic LPO may also be confirmed
by the fall in the level of MDA generated during
the pre-incubation of LS II with exogenous Mg
concentrations, especially with 0.4 or 0.8 mM MS,
which turned out to be the most effective in limiting
the MDA formation in these supernatants during
their later incubation with exogenous 0.2 mM SMV

(Fig. 3A). The latter results suggest that pre-incubation
with some exogenous Mg concentrations may stabilize
the plasma membrane which was thereby able to
withstand the LPO induced exogenously by SMV.
The markedly higher MDA generation found in LS II
during their co-incubation with addition of exogenous
concentrations of MS and SMV (Fig. 3C and D) may
confirm this conclusion. However, similar effects
have not been observed in LS I (Fig. 2A and B), in
which significantly reduced MDA generation was
only demonstrated during co-incubation thereof with
exogenous 0.4 mM SMV and 0.4 or 1.0 mM MS
without Mg pre-incubation (Fig. 2D). The visible
trends toward a decrease in the hepatic LPO in the
presence of some MS concentrations had also been
found previously3.
The beneficial Mg action reflected in the limitation
of the intensity of LPO under the conditions of SMV
exposure (Figs 1, 2D, 3A, 3B, and 5D) could be a
possible outcome of its anti-peroxidative properties50.
Mg has also been suggested to activate the synthesis
of membrane phospholipids and play a pivotal role in
regulating the membrane structure and maintaining
membrane integrity51,52. The probable mechanisms
underlying the inhibitory effect of Mg on LPO and the
scavenging activity of this element8,12,25,31,32,34,36,50,52-56
are presented in Fig. 7. At this stage of the studies, it
is difficult to explain the exact mechanism underlying
the beneficial Mg action. Given the similarity of the
VO2+ ion to the Mg2+ ion57, competition between
V and Mg for binding sites to membrane should not
be excluded.
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Table 3Studies on the influence of Mg administration on the level of MDA/TBARS
Compounds

Species of
animals/Subject
description

Concentration/Dose

Route

Period of
administration/
Treatment

Organs/blood/
supernatants

Ref.

↓ in the liver, kidney,
brain
↓ in the plasma
↓ in the plasma

17

ip

3 d after 72 h DMM
intoxication
4 wk
from 11th to 19th d of
pregnancy
after R
20 min before IRI
after BI
1 h after SCI
single injection
5 and 10 d

↓ in the lung
↓ foetal skin
↓ in the brain
↓ in the spinal cord
↓ in the liver
↓ in the liver, kidney

20
21
22
23
24
24

dw
diet
iv
iv
diet
diet

4 wk
30 min before IRI
5 min
after HT
30 d
42 d

diet

42 d

diet

24 h

↓ in the plasma, liver
↓ in the brain
↓ in the brain
↓ in the brain
↓ in the plasma
↓ in the serum, liver
↓ in the serum, liver
↓ in the liver
↓ in the liver
↓ in the fly supernatants

25
26
27
28
29
30
30
31
31
32

↓ in the erythrocytes

33

↓ in the erythrocyte
ghosts
↓ in the serum

34
35

MDA/TBARS level

Ref.

Animal studies
MgSO4 +
DMM
Fru-MgCl2
MgSO4 +
L-NAME
MgSO4
MgSO4
MgSO4
MgSO4
MgSO4
MgSO4 +
CdCl2
MgSO4
MgSO4
MgSO4
MgSO4
MgSO4
MgO
Mg-PROT
MgO
Mg-PROT
MgCl2 +
1 % sugar
solution

S-D rats (♂)
W rats (♂)
P S-D rats (♀)
S-D rats (♂)
S-D rats (♀)
S-D rats (♀)
rats (♂)
W rats
W-D rats (♂)
P rats
NZ rabbits (♂)
NZ rabbits
Japanese quails
Japanese quails
Broiler chicks
Drosophila
melanogaster (♂)

10 mg/kg +
10 mg/kg
1.0 %
600 mg/kg body wt./24 h +
50 mg/kg body wt./24 h
50 and 100 mg/kg
600 mg/kg
600 mg/kg
600 mg/kg
300 and 600 mg/kg body wt.
300 and 600 mg/kg body wt. +
2.5 mg/kg body wt.
0.9 mg/mL
600 mg Mg/kg
100 mg/kg
100 mg/kg
600 mg Mg/kg
1.0 and 2.0 g Mg/kg
1.0 and 2.0 g Mg/kg
2.0 g Mg/kg
2.0 g Mg/kg
0.1, 0.25 and 0.5 M

-1

Neonates

0.5 mEq kg /d

MgSO4

PEPW

MgSO4

PEW

Compounds

Cell cultures

4 g followed by a maintenance
dose of 1 g/h
4 g followed by a maintenance
dose of 1 g/h
Concentration

MgSO4
MgCl2
MgCl2 +
Et

MixNeurGCC
RHepatC

diet
dw
iv
ip
ip
sc

Human studies
TPN

MgSO4

3 mM
2 and 4 mmol/dm3
2 and 4 mmol/dm3 +
150 mmol/dm3

orally

iv

just after birth
according to PFP
24 h

iv

at delivery and 24 h
postpartum
Incubation time

In vitro studies
26 h
1, 2 and 5 h
5h

↓
↓
↓

18
19

36
37
37

S-D rats= Sprague-Dawley rats; P S-D rats= pregnant Sprague-Dawley rats; W rats= Wistar rats; W-D rats= Wistar diabetic rats;
P rats= pregnant rats; NZ rabbits= New Zealand rabbits; PEPW= preeclamptic pregnant women; PEW= preeclamptic women;
MgSO4= magnesium sulphate; DMM= dimetyl mercury; Fru-Mg= fructose fed Mg supplemented; L-NAME= L-nitro-L-arginine methyl
ester; MgCl2= magnesium chloride; CdCl2= cadmium chloride; MgO= magnesium oxide; Mg-PROT= magnesium proteinate; TPN= total
parenteral nutrition; PFP= parenteral feeding protocol; Et= ethanol; R= reperfusion; SCI= spinal cord injury; IRI= ischemia reperfusion
injury; BI= brain injury; HT= head trauma; MixNeurGCC= mixed neuronal and glial cortical cultures; RHepatC= rat hepatocyte cultures;
dw= drinking water; ip= intraperitoneal; iv= intravenous; sc= subcutaneous; d= day; wk= week; mo= month; h= hour; min= minutes
↓= decrease; ↓= a trend toward a decrease

On the other hand, an unfavourable influence of
exogenous Mg concentrations on the hepatic LPO
reflected in the enhanced MDA generation has also
been revealed. These effects have been demonstrated
in the case of LS I pre-incubated with exogenous

Mg concentrations and incubated later with exogenous
0.2 or 0.4 mM SMV (Fig. 2A and B) as well as
in the case of LS III under both kinds of incubation
conditions used (Fig. 4A-D). Thus, the abovementioned findings point to a stimulating effect of Mg
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Fig. 6Some mechanisms underlying V toxicity illustrated on the basis of the selected literature data6,38-45. VO3-= vanadate ion (V5+= +5
oxidation state); VO2+= vanadyl ion (V4+= +4 oxidation state); O2•-= superoxide radical; HO•= hydroxyl radical; LH= polyunsaturated
lipid; L•= lipid alkyl radical; LO•= lipid alkoxyl radical; LOO•= lipid peroxyl radical; LOOH= lipid hydroperoxide; V4+-OO•= peroxyvanadyl-type intermediate; V4+-OOH= vanadyl hydroperoxide (pervanadate); GSH= reduced glutathione; GSSG= oxidized glutathione;
GS•= glutathionyl radical; GSOO•= glutathionyldioxyl radical; NADPH= reduced nicotinamide adenine dinucleotide phosphate.

Fig. 7Possible mechanisms of the antioxidant Mg action illustrated on the basis of some literature data8,12,25,31,32,34,36,50,52-56. OS=
oxidative stress; FR= free radicals; LPO= lipid peroxidation; NADPH= reduced nicotinamide adenine dinucleotide phosphate; SOD=
superoxide dismutase; CAT= catalase; GSH= reduced glutathione; GHS-P× = glutathione peroxidase; HO•= hydroxyl radical; LOO•=
lipid peroxyl radical. ↑= increase; ↓= decrease.
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on LPO, which was also shown in a previous in vitro
experiment3.
In conclusion, the results of the present study
show that Mg may be beneficial to counteract the
V pro-oxidant potential but on the other hand they
also reveal its stimulating action on the hepatic LPO.
Additionally, they provide evidence that also the
incubation conditions and the experimental treatment
of the rats from which the liver supernatants were
obtained affect the intensity of LPO.
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