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Abstract Reserpine administration results in a predictable an-
imal model of orofacial dyskinesia (OD) that has been largely
used to access movement disturbances related to extrapyrami-
dal oxidative damage. Here, OD was acutely induced by reser-
pine (two doses of 0.7 mg/kg subcutaneous (s.c.)), every other
day for 3 days), which was administered after (experiment 1)
and before (experiment 2) magnesium (Mg) supplementation
(40mg/kg/mL, peroral (p.o.)). In experiment 1,Mgwas admin-
istered for 28 days before reserpine treatment, while in experi-
ment 2, it was initiated 24 h after the last reserpine administra-
tion and was maintained for 10 consecutive days. Experiment 1
(prevention) showed that Mg supplementation was able to pre-
vent reserpine-induced OD and catalepsy development. Mg
was also able to prevent reactive species (RS) generation, thus
preventing increase of protein carbonyl (PC) levels in both
cortex and substantia nigra, but not in striatum. Experiment 2
(reversion) showed that Mg was able to decrease OD and cat-
alepsy at all times assessed. In addition, Mg was able to de-
crease RS generation, with lower levels of PC in both cortex
and striatum, but not in substantia nigra. These outcomes indi-
cate that Mg is an important metal that should be present in the

diet, since its intake is able to prevent and minimize the devel-
opment of movement disorders closely related to oxidative
damage in the extrapyramidal brain areas, such as OD.
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Introduction

Chronic use of typical antipsychotic drugs to treat psychotic
symptoms has been related to development of movement dis-
orders, which are manifested by repetitive involuntary move-
ments, parkinsonism, and tremors [1, 2]. Often, these extrapy-
ramidal symptoms can be incapacitating, while their preven-
tion or reversion remains limited.

Reserpine-induced orofacial dyskinesia (OD) is a well-
known experimental animal model [3–11], which may be
quantified by orofacial movements and catalepsy [7, 12–14].
It has been shown that reserpine is able to deplete catechol-
amines such as dopamine (DA) by exerting a blockade in the
vesicular monoamine transporter (VMAT), thus affecting neu-
ronal transmission or storage. The consequent increase of DA
in the cytosol promotes its auto-oxidation and catabolism by
monoamine oxidase (MAO) [15], events that are closely re-
lated to development of oxidative stress (OS) [16, 17]. There-
fore, extrapyramidal symptoms have been linked to reactive
species generation and oxidative damage in the basal ganglia
of the central nervous system (CNS) [18, 19].

While most studies have focused on antioxidant com-
pounds [3, 20, 21], metals such as magnesium (Mg) are pres-
ent in vegetables, bread and cold cereals, and milk [22], and
their therapeutic potential has been applied clinically to treat
asthma [23], fibromyalgia [24], pain [25], eclampsia [26], and
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cardiac arrhythmias [27]. In fact, Mg is the fourth most abun-
dant divalent cation and the second most abundant intracellu-
lar cation of the body. This metal exerts critical regulation of
cellular and enzymatic functions, thus affecting ion channels,
metabolic cycles, and signaling pathways [28–30].

Increasing evidence indicates that neuronal death may be
closely related to both acute and chronic degenerative disor-
ders; Mg levels have been found to be decreased in some of
these disorders [31, 32]. As a result, considerable research
efforts have been directed toward establishing the mechanisms
of such decline and the potential neuroprotective role for Mg
[33, 34]. In addition, changes in Mg homeostasis and oxida-
tive damage are closely correlated, suggesting a common
mechanism involved in the pathogenesis of different disor-
ders. Some studies have reported that Mg deficiencies may
be related to increased susceptibility to in vivo and in vitro
oxidative stress such as lipid peroxidation (LP), thus promot-
ing immune-inflammatory response and reduced antioxidant
defense systems such as glutathione (GSH), superoxide dis-
mutase (SOD), and ascorbate [35–39].

Considering that acute reserpine is an extensively used an-
imal model of movement disorder, here we propose to evalu-
ate if Mg is able to prevent or minimize the development of
reserpine-induced OD, as well as its beneficial effects on the
oxidative damage in different brain areas such as cortex, stri-
atum, and substantia nigra.

Material and Methods

Animals

Male Wistar rats weighing 250–320 g (about 3 months old)
were used. Groups of three (±1) animals were kept in Plexi-
glas cages with free access to food (standard chow) and water
in a room with controlled temperature (22–23 °C) and on a
12-h light/dark cycle with lights on at 7:00 a.m. Animals were

which contains adequate levels of Mg following recommen-
dations from the National Research Council (NRC, 1995),
during both experiment 1 and experiment 2. The experimental
protocol was approved by the Animal Ethics Committee
(Universidade Federal de Santa Maria – UFSM 064/2013),
which is affiliated to the Council of Animal Experiments
(CONCEA), following international norms of animal care
and maintenance.

Drugs

Reserpine (methyl reserpate 3,4,5-trimethoxybenzoic acid es-
ter; Sigma Chemical, St. Louis, MO) was dissolved in glacial
acetic acid and then diluted to a final concentration of 0.1 %
acetic acid with distilled water. The vehicle consisted of a

0.1 % acetic acid solution. Magnesium aspartate (Fragon do
Brasil Farmacêutica Ltda) was dissolved in deionized water.

Experimental Procedure

Experiment 1: Preventive Effects of Magnesium Supplemen-
tation on the Development of Acute Orofacial Dyskinesia
Induced by Reserpine Twenty-eight rats were randomly
divided in two groups of 14 animals each and orally supple-
mented (by gastric probe) with magnesium aspartate solution
(40 mg/kg of body weight in 1 mL deionized water/kg body
weight [40] or deionized water. After 28 days of oral supple-
mentation, one half of each experimental group was treated
with reserpine solution (0.7 mg/kg of body weight in 1 mL
vehicle/kg body weight, subcutaneous (s.c.); R and Mg+R
groups) or vehicle (0.1 % acetic acid solution; C and Mg
groups) for 3 days (every other day). One day (24 h) after
the last administration of reserpine/vehicle, all animals were
submitted to behavioral evaluations as described in the
BBehavioral Testing^ section.

Experiment 2: Effects of Supplementation with Magnesium
Aspartate on the Reversal of Acute Orofacial Dyskinesia
Induced by Reserpine Twenty-eight rats were randomly di-
vided in two groups of 14 animals each and treated with
reserpine solution (two doses of 0.7 mg/kg of body weight
in 1 mL vehicle/kg body weight, s.c.; reserpine groups) or
vehicle (0.1 % acetic acid solution; C and Mg groups) for
3 days (every other day). Twenty-four hours after the last
administration of reserpine/vehicle, the development of
orofacial dyskinesia was quantified. One half of each experi-
mental group was immediately supplemented once a day
(by gavage) with magnesium aspartate (40 mg/kg of body
weight in 1 mL deionized water/kg body weight) (groups
Mg and reserpine+Mg) or deionized water (groups C and
R). Orofacial dyskinesia was quantified during the subsequent
days (each 48 h). Mg supplementation was maintained
throughout the behavioral assessment period (10 consecutive
days).

Behavioral Testing

Orofacial Dyskinesia

Rats were placed individually in cages (20×20×19 cm) con-
taining one mirror under the floor and one behind the back
wall of the cage to allow behavioral quantification when the
animal was facing away from the observer. To quantify the
occurrence of OD, the frequency (number) of vacuous
chewing movements (VCMs) was recorded for three sets
of 6 min with 5-min intervals, totaling to 18 min of obser-
vation. VCMs were referred to as single mouth opening in
the vertical plane not directed toward physical material [5].
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Observers were blind to the drug treatment. In a preliminary
study (using 5 control and 10 reserpine-treated rats ) of inter-
rater reliability, we found that the use of this method of
observation and parameter definition usually results in
>91 % agreement between the three different observers.
All the calculated p values were significant for p<0.05.

Catalepsy Time

Catalepsy was measured immediately after OD observation in
rats submitted to experiments 1 and 2 using a wire grid (25×
30 cm2) inclined 45° relative to the bench top. Each rat was
placed with its forepaws near the edge of the grid, and the
amount of time spent in this atypical position (motionless)
was recorded for three times, with a 5-min interval between
them. All of the rats treated with reserpine (R and Mg+R of
both experiments) were individually placed on the inclined
grid and observed for 60 s. At the end of the three replications,
the mean time spent by the rat without moving was calculated
for each test. This behavioral test was adapted from Rocha
[41].

Biochemical Assays

After behavioral evaluations, all animals were anesthetized
with sodium thiopental (50 mg/kg body weight, i.p.) and eu-
thanized by exsanguinations. Brains were immediately re-
moved and cut coronally at the caudal border of the olfactory
tubercle. Cortex, striatum, and substantia nigra were dissected
according to Paxinos andWatson [42] and homogenized in 10
volumes (w/v) of 10 mM Tris-HCl buffer (pH 7.4) for deter-
mination of reactive species (RS) generation and protein car-
bonyl (PC).

Reactive Species Generation
with Dichlorofluorescein-Reactive Species (DCH–RS)

RS levels were measured using the oxidant sensing fluores-
cent probe, 2′,7′-dichlorofluorescein diacetate (DCHF-DA)
[43]. Dihydrofluorescein diacetate is superior for detecting
intracellular oxidants: comparison with 2′,7′-dichloro
dihydrofluorescein diacetate, 5 (and 6)-carboxy-2′,7′-
d i c h l o r o d i h y d r o f l u o r e s c e i n d i a c e t a t e , a n d
dihydrorhodamine. Theoxidation (DCHF-DA) to fluorescent
dichlorofluorescein (DCF) was determined at 488 nm for
excitation and 525 nm for emission. After homogenization
of different brain areas (cortex, striatum, and substantia
nigra) in 10 volumes (w/v) of 10 mM Tris-HCl buffer,
pH 7.4, and centrifuged (15 min, 3500 rpm), 3 mL of the
same buffer was added. After 10 s, 10 μM (DCHF-DA)
(prepared in ethanol) was added to the mixture, and the
fluorescence intensity from DCF was measured for 300 s
and expressed as a percentage of the untreated control

group. The protein content was normalized by quantification
according to Lowry [44].

Protein Carbonyl Quantification

PC was quantified by the method of Levine [45], with some
modifications. Soluble protein was mixed with 2,4-
dinitrophenylhydrazine (DNPH; 10 Mm in 2 M HCl) or
HCl (2 M) and incubated at room temperature for 1 h. De-
naturing buffer (150 mM sodium phosphate buffer, pH 6.8,
with 3 % sodium dodecyl sulfate), ethanol (99.8 %), and
hexane (99.5 %) were added, mixed by shaking, and centri-
fuged. The protein isolated from the interface was washed
two times with ethyl acetate/ethanol 1:1 (v/v) and suspended
in denaturing buffer. Each DNPH sample was read at
370 nm in a spectrophotometer against the corresponding
HCl sample (blank). The results were expressed as nmol
carbonyl/g tissue.

Lipid Peroxidation Estimation

Lipid peroxidation of erythrocytes was determined by mea-
suring the generation of thiobarbituric acid reactive substances
(TBARSs) as described by Ohkawa [46], and expressed as
nmol MDA/mL.

Statistical Analysis

In experiment 1, while orofacial dyskinesia (OD) was ana-
lyzed by two-way ANOVA 2 (control/Mg)×2 (control/reser-
pine), catalepsy time was analyzed by the Student’s t test,
because this behavior was observed only in the reserpine-
treated groups (R and R plus Mg groups). In experiment 2,
the Student’s t test was used in the first assessment of OD (C
and R groups), which was quantified 24 h after the last
reserpine administration. From the second day on (when
Mg supplementation was initiated), three-way ANOVA was
applied (2 (control/reserpine)×2 (control/Mg)×5 behavioral
quantifications). This last factor was considered as a repeat-
ed measure followed by pairwise comparisons. Catalepsy
time was analyzed by two-way ANOVA (2 (control/Mg)×
5 behavioral quantifications) and by pairwise test, consider-
ing the behavioral quantification as a repeated measure. Bio-
chemical data from both experiments 1 and 2 were analyzed
by two-way ANOVA 2 (control/Mg or reserpine)×(control/
reserpine or Mg) for each analyzed tissue (cortex, striatum,
substantia nigra, erythrocytes). All the comparisons were
followed by Duncan’s multiple range test when appropriate
(software Statistica 8.0 for Windows was used). Values of
p<0.05 were considered as statistically significant for all
comparisons made.
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Results

Experiment 1: Preventive Effects of Magnesium
Supplementation on the Development of Acute Orofacial
Dyskinesia and Oxidative Damage Induced by Reserpine

Preventive Effects of Mg on Orofacial Dyskinesia (OD)
Development and Catalepsy Time

While Mg supplementation did not change orofacial parame-
ters, reserpine treatment was related to OD development,
which was partially prevented by Mg (Fig. 1a). Similarly,
reserpine-treated rats presented catalepsy, while previous Mg
supplementation was able to reduce the time of this behavior
(Fig. 1b).

Preventive Effects of Mg on Oxidative Status in Cortex,
Striatum, and Substantia Nigra

While Mg decreased RS generation and PC level per se in
both cortex (Fig. 2a, d) and substantia nigra (Fig. 2c, f), reser-
pine treatment was able to increase these oxidative parameters
in all evaluated brain areas (Fig. 2a–c). Reserpine administra-
tion increased RS generation in all evaluated brain areas
(Fig. 2a–c), also increasing PC levels in both striatum
(Fig. 2e) and substantia nigra (Fig. 2f). Previous supplemen-
tation of Mg was able to prevent reserpine-induced RS gener-
ation in both cortex (Fig. 2a) and substantia nigra (Fig. 2c),
while the increase of PC levels was prevented in cortex
(Fig. 2d) and attenuated in substantia nigra (Fig. 2f). In fact,
Mg did not exert protective influence on RS generation and
PC levels in striatum (Fig. 2b, e), whose values were compa-
rable to those of the reserpine-treated group.

Influence of Mg Supplementation Prior to Reserpine
Administration on Lipid Peroxidation in Erythrocytes

Mg did not affect LP per se in erythrocytes, but this supple-
mentation was able to prevent reserpine-induced increase of
this oxidativemarker. In fact, reserpine-treated rats that did not
receive Mg previously showed a significant increase of LP in
erythrocytes (Table 1).

Experiment 2: Effects of Magnesium Supplementation
on the Development of Acute Orofacial Dyskinesia
and Oxidative Damage Previously Induced by Reserpine

Reversion of Reserpine-Induced Orofacial Dyskinesia
and Catalepsy Time

Animals presented increased VCM frequency 24 h after the last
reserpine administration (Fig. 3a). After Mg supplementation
was initiated, paired test comparisons indicated that while
VCM frequency remained increased in all assessments in the
R group, the R+Mg group showed a significant and progres-
sive decrease of VCM frequency from day 2 until day 10. As
expected, control and Mg-treated groups showed unchanged
VCM number at all times observed (Fig. 3b). Reserpine-
treated group showed increased VCM frequency, which was
higher than in R+Mg in all assessments. In fact, this last exper-
imental group (R+Mg) was able to reverse the higher frequen-
cy of VCM induced by reserpine at days 6 and 10, minimizing
this behavior at days 2, 4, and 8, as at these times Mg and R+
Mg showed significant differences from each other (Fig. 3b).

Reserpine-treated group was related to increased catalepsy
time 24 h after the last drug administration (Fig. 4). After Mg
supplementation was initiated, paired test comparisons indi-
cated that while catalepsy time remained increased in all

Fig. 1 Influence of magnesium supplementation (Mg, 40 mg/kg of body
weight in 1 mL deionized water/kg body weight, peroral (p.o.), for
28 days) on the prevention of orofacial dyskinesia (a) and catalepsy time
(b) of rats subsequently injected with reserpine (two doses of 0.7 mg/kg
of body weight in 1 mL vehicle/kg body weight, s.c., every other day).
Animals were maintained with the standard chow during all experimental
procedures. Data are expressed as mean±SEM. Asterisk in (a) indicates
significant difference from control group; cross indicates significant

difference from Mg group; number sign indicates significant difference
from reserpine group, determined by Duncan’s test (P<0.05). Two-way
ANOVA of VCM frequency revealed a significant main effect of
supplementation and drug, and a significant supplementation×drug
interaction (F(1,24)=40.09, 67.22, and 26.31, P<0.001, respectively).
Number sign in (b) indicates significant difference from reserpine
group, determined by Student’s t test (P<0.05)
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assessments in the R group, the R+Mg group showed de-
creased cataleptic behavior from day 6 to day 10. Mg supple-
mentation (R+Mg group) decreased catalepsy time at days 2,
8, and 10 after the last reserpine injection. In fact, at days 4 and
6, both experimental groups (R and R+Mg) showed similar
catalepsy time (Fig. 4).

The Effect of Mg Supplementation on Oxidative Status
in Cortex, Striatum, and Substantia Nigra

While reserpine increased RS generation in all evaluated brain
areas (Fig. 5a–c), this treatment increased PC levels in both

cortex (Fig. 5d) and striatum (Fig. 5e), but not in substantia
nigra (Fig. 5f). Mg supplementation was able to decrease RS
generation in both cortex (Fig. 5a) and striatum (Fig. 5b), but
not in substantia nigra (Fig. 5c). PC levels were also reduced
by Mg supplementation in cortex (Fig. 5d) and striatum
(Fig. 5e), whose values were similar to those of control and
Mg-treated groups. In fact, Mg did not reduce PC levels in the
substantia nigra (Fig. 5f), for in this brain area, reserpine did
not increase the levels of this oxidative marker.

Influence of Mg Supplementation After Reserpine
Administration on Lipid Peroxidation in Erythrocytes

Reserpine administration was able to increase LP per se in
erythrocytes, whose levels were decreased byMg supplemen-
tation. Mg per se did not change the levels of this oxidative
marker, whose value was comparable to that of the control
group (Table 1).

Discussion

The current findings showed that (i) Mg supplementation be-
fore reserpine administration was sufficient to prevent

Fig. 2 Influence of magnesium supplementation (Mg, 40 mg/kg of body
weight in 1 mL deionized water/kg body weight, p.o., for 28 days) on the
prevention of reactive species (RS) generation (a–c) and protein carbonyl
(PC) levels (d–f) in cortex, striatum, and substantia nigra, respectively, of
rats subsequently injected with reserpine (two doses of 0.7 mg/kg of body
weight in 1 mL vehicle/kg body weight, s.c., every other day). Animals
were maintained with the standard chow during all experimental
procedure. Data are expressed as mean±SEM. Asterisk indicates
significant difference from control group; cross indicates significant
difference from Mg group; number sign indicates significant difference

from reserpine group, determined by Duncan’s test (P<0.05). Two-way
ANOVA revealed, for RS generation, a significant main effect of
supplementation in cortex (a) and substantia nigra (c) (F(1,24)=44.28
and 90.52, P<0.001, respectively) and a significant main effect of drug
in cortex (a), striatum (b), and substantia nigra (c) (F(1,24)=5.37,
P<0.05; 45.65, P<0.001; and 6.24, P<0.05, respectively), while for
PC levels, main effect of supplementation in cortex (d) and substantia
nigra (f) (F(1,24)=9.23, P<0.05, and 49.42, P<0.001, respectively) and a
significant main effect of drug in striatum (e) and substantia nigra (f)
(F(1,24)=17.47, P<0.001, and 27.79, P<0.001, respectively)

Table 1 Estimation of lipid peroxidation (LP) in erythrocytes of rats,
which received magnesium (Mg) supplementation before and after
reserpine administration

Control Mg Reserpine Reserpine + Mg

Prevention 11.46±0.65 12.79±0.34 24.08±1.22* 12.92±0.82#

Reversion 28.28±1.47 30.78±0.82 36.29±0.75* 31.23±0.47#

Data are expressed as mean ± SEM

*Difference from vehicle control group (P<0.05)
# Significant difference from reserpine group, determined by Duncan’s
test (P<0.05)
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movement disturbances, as quantified by VCM frequency and
catalepsy time; (ii) Mg supplementation was able to prevent
RS generation and PC levels in both cortex and substantia
nigra, also preventing LP development in erythrocytes; (iii)
Mg supplementation following reserpine treatment was able
to minimize reserpine-induced VCM frequency and catalepsy
time; and (iv) Mg supplementation was able to reduce RS
generation and PC levels in both cortex and striatum, thus
reverting the increased level of LP in erythrocytes, which were
increased in the reserpine-treated group.

Reserpine administration results in a predictable animal
model of orofacial dyskinesia (OD) that has been largely used
to access movement disturbances related to extrapyramidal

oxidative damage, whose mechanism of action is related to
dopamine metabolism, excitotoxicity, and neurodegeneration
[15]. In fact, reserpine depletes monoamine storage, mainly by
blocking their vesicular transporter, thus favoring an excess of
the neurotransmitter in the cytosol and consequently in the
synaptic cleft. In such dopaminergic structures as cortex, stri-
atum, and substantia nigra, DA itself can be a major contrib-
utor for oxidative damage, especially due to dopamine-
quinones and hydrogen peroxide generation, as described
elsewhere [47–49]. Experimentally, OD has been related to
increased oxidative damage in extrapyramidal brain areas [5,
19, 50–54], as also observed here. In the current study, exper-
iment 1 showed that extrapyramidal disorder occurred

Fig. 3 Influence of reserpine (two doses of 0.7 mg/kg of body weight in
1 mL vehicle/kg body weight, s.c., every other day) injection on
development of orofacial dyskinesia (OD). Animals were maintained
with the standard chow during all experimental procedure. Data are
expressed as means ± SEM. a Influence of magnesium (Mg, 40 mg/kg
of body weight in 1 mL deionized water/kg body weight, p.o.)
supplementation or vehicle on OD development in rats previously
treated with reserpine. Daily Mg supplementation was initiated
immediately after the first behavioral assessment (basal), and
maintained at day 10. Asterisk indicates significant difference from
control group, determined by Student’s t test (P<0.05). Asterisk in (b)

indicates a significant difference from control group; cross indicates a
significant difference from Mg group; number sign indicates a
significant difference from reserpine group, determined by Duncan’s
test (P<0.05). Three-way ANOVA of VCM frequency revealed a
s i g n i f i c a n t m a i n e f f e c t o f d r u g ( F ( 1 , 2 4 ) = 7 2 . 5 0 ;
P<0.001)),supplementation (F(1,24)=5.69; P<0.05)), repeated measure
(F(4,108)=5.10; P<0.001), a significant drug×supplementation
(F(4,108=12.83; P<0.001)), a significant repeated measure×drug
(F(4,108)=11.89; P<0.001)), and a significant repeated measure×
supplementation (F(4,108)=2.86; P<0.05)) interaction

Fig. 4 Influence of magnesium supplementation (Mg, 40 mg/kg of body
weight in 1 mL deionized water/kg body weight, p.o.) or vehicle on
reserpine-induced catalepsy time (two doses of 0.7 mg/kg of body
weight in 1 mL vehicle/kg body weight, s.c., every other day), observed
every 2 days during its administration. Animals were maintained with the
standard chow during all experimental procedure. Data are expressed as
means±SEM. Asterisk indicates a significant difference from control

group; number sign indicates a significant difference from baseline,
determined by Duncan’s test (P<0.05). Two-way ANOVA of catalepsy
time revealed a significant main effect of supplementation (F(1,24)=
33.07; P<0.001)), repeated measure (F(4,108)=14.71; P<0.001), and a
significant repeated measure×supplementation (F(4,108)=4.35;
P<0.001)) interaction
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together with an increased generation of reactive species and a
consequent oxidation of proteins in dopaminergic brain areas.
Interestingly, magnesium supplementation was able to prevent
and partially reverse both movement disturbance and oxida-
tive events, which were quantified in brain areas and erythro-
cytes. In fact, increased VCM and catalepsy time were ob-
served 24 h after reserpine treatment, which were decreased
at days 2 and 6, respectively, of magnesium supplementation.
It should be noted that the beneficial properties of magnesium
supplementation were more robust when it was initiated prior
to reserpine treatment, as in the reversion assay, reserpine-
induced behavioral and oxidative damage was more subtly
declined. Such evidence was somewhat expected, as it is more
difficult to reverse damage already done. Nevertheless, this
study confirmed the beneficial effects of magnesium, which
were also observed after the development of such damage.

Of particular importance for our findings, current eating
habits in Western countries include processed foods, whose
chronic consumption has been related to an inadequate supply
of micronutrients like vitamins, essential fatty acids, and min-
erals, including Mg. In fact, a decreased dietary provision of
Mg was experimentally related to cataleptic behavior in ro-
dents, while antiparkinson drugs were able to inhibit this

extrapyramidal disturbance, indicating that this metal exerts
a pivotal role in movement disorders [55]. More exactly, these
authors suggested a relationship between dopaminergic
hypofunction and cataleptic behavior as a consequence of a
low Mg and calcium intake. Additionally, neurodegeneration
of nigroestriatal dopaminergic brain area was linked to longer
catalepsy [56]. Our attention on Mg was fueled by its impor-
tant physiological role in regulating cellular and enzymatic
functions pertaining to ion channels, metabolic cycles, and
signaling pathways. In fact, abnormalities in Mg homeostasis
may lead to biochemical dysregulation and thus contribute to
the development of neurological disorders, such as
Parkinson’s disease [57], among others. Of particular impor-
tance, Mg may influence glutathione levels, especially in
erythrocytes [58], where this metal is an essential cofactor
for synthesis of this antioxidant agent [59]. In this sense, rats
submitted to a low Mg intake showed an increased suscepti-
bility to oxidative damage [58, 60], while its supplementation
showed a cytoprotective effect [61]. So, Mg supplementation
is able to modulate the oxidative/antioxidant status [36, 38]
and contribute to different pharmacotherapies for disorders
involving oxidative damage. The use of antioxidant sub-
stances seems to be effective to reduce experimentally

Fig. 5 Influence of magnesium supplementation (Mg, 40 mg/kg of body
weight in 1 mL deionized water/kg body weight, p.o.) or vehicle on
reactive species (RS) generation (a–c) and protein carbonyl (PC) levels
(d–f) in cortex, striatum, and substantia nigra, respectively, of rats
previously injected with reserpine solution (two doses of 0.7 mg/kg of
body weight in 1 mL vehicle/kg body weight, s.c., every other day).
Animals were maintained with the standard chow during all
experimental procedure. Data are expressed as mean±SEM. Asterisk
indicates significant difference from control group; cross indicates
significant difference from Mg group; number sign indicates significant
difference from Reserpine group, determined by Duncan’s test (P<0.05).

Two-way ANOVA revealed, for RS generation, a significant main effect
of supplementation in striatum (b) (F(1,24)=18.42,P<0.001) and drug in
cortex (a), striatum (b), and substantia nigra (c) (F(1,24)=10.06, P<0.05;
5.93, P<0.05; and 94.43, P<0.001, respectively) and a significant drug×
supplementation interaction in all evaluated brain areas (a–c) (F(1,24)=
23.69, P<0.001; 18.93, P<0.001; and 6.76, P<0.05, respectively), while
for PC levels, a significant main effect of drug in striatum (e) (F(1,24)=
4.74, P<0.05) and a significant main effect of supplementation and a
significant drug×supplementation interaction in cortex (d) (F(1,24)=
30.12, P<0.001; 4.57, P<0.05, respectively)
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induced movement disorders, as previously reported by our
group [3, 4, 67] and other research groups [53, 62–66].

In the current study, when supplemented before reserpine,
Mg seems to have exerted a protective action against the gen-
eration of reactive species and protein oxidation in the cortex
and substantia nigra, preventing as well lipid peroxidation in
erythrocytes. Our findings are therefore consistent with previ-
ous studies showing that reserpine is able to negatively affect
the oxidative status in brain areas involved in movement con-
trol [4, 19, 21, 67]. At this time, we cannot explain the differ-
ences in oxidative status, which were observed in the different
brain structures when Mg was supplemented before and after
reserpine administration. In fact, while the substantia nigra
sends dopaminergic projections to the striatum as a target, this
latter connects to other components of the basal ganglia via
multiple projections involving, besides dopaminergic,
GABAergic, cholinergic, and glutamatergic systems [68],
making somewhat complex the understanding of these find-
ings in each of these brain areas, singly. Moreover, besides
dopamine metabolism, a negative relationship between gluta-
mate transporter and OD manifestation in rats exposed to re-
serpine or haloperidol was reported [5], strengthening rela-
tionships between oxidative stress, excitotoxicity, and move-
ment disorders. Concerning the aim of the current study, Mg
exerts neuroprotective effects on the central nervous system
(CNS). Its action mechanism has been related to a decreased
presynaptic release of glutamate, an important excitatory neu-
rotransmitter of the CNS [69]. Moreover, a blockade of gluta-
matergic N-methyl-D-aspartate (NMDA) receptor has also
been associated with Mg [70–72]. In fact, Mg is able to block
NMDA glutamate receptor ion channels, preventing ionic
flow at typical neuronal resting potentials, thus decreasing
activation of voltage-gated channels and reducing neuronal
excitability. Of particular importance for our findings, contin-
uous stimulation of NMDA receptor could induce a massive
influx of Ca2+ into the cells, promoting cytotoxicity and mi-
tochondrial dysfunction together with a subsequent release of
apoptotic factors, which are precursors of cell death [73–76].
In this sense, Ca2+ dysregulation is decisive for neural death
and degeneration following ischemic stroke, Parkinson’s dis-
ease [77], and Huntington’s disease [78]. In addition, experi-
mental research on spinal cord injuries have shown that Mg
was able to inhibit apoptosis, decreasing reactive species gen-
eration, lipid peroxidation, and caspase activation by blocking
NMDA receptors [79, 80]. Based on all these evidences, it is
possible to propose that Mg supplementation may act as an
antioxidant modulator, whose action mechanism is mediated
by NMDA receptor blockade, thus reducing excitotoxicity
from glutamate. However, molecular studies involving the
NMDA receptor and glutamate cascade should be conducted.

The present study indicates the beneficial influence of Mg
supplementation, as observed by both prevention and rever-
sion of reserpine-induced orofacial dyskinesia and catalepsy.

These experimental protocols may contribute to increase our
understanding of the pathophysiology of movement disorders
and possibly to a preventive treatment.

In conclusion, our study showed that movement disorders
may be prevented or attenuated by dietary Mg or by its sup-
plementation. These findings reinforce the validity of this an-
imal model as a fundamental tool to study motor diseases,
including parkinsonism, dystonias, and akathisia related to
antipsychotic treatment, whose pathophysiology has also been
related to oxidative damage and neurotoxicity.
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