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Monosialoganglioside (GM1) is a neuroprotective agent
that has been reported to scavenge free radicals generated
during reperfusion and to protect receptors and enzymes
from oxidative damage. However, only a few studies have
attempted to investigate the effects of GM1 on enzymatic
antioxidant defenses of the brain. In the present study, we
evaluate the effects of the systemic administration of GM1
on the activity of superoxide dismutase (SOD), catalase
(CAT) and glutathione peroxidase (GSH-Px), and on
spontaneous chemiluminescence and total radical-trapping
potential (TRAP) in cerebral cortex of rats ex vivo. The effects
of GM1 on CAT activity and spontaneous chemilumine-
scence in vitro were also determined.

Animals received two injections of GM1 (50 mg/kg, i.p.)
or saline (0.85% NaCl, i.p.) spaced 24h apart.
Thirty minutes after the second injection the animals
were sacrificed and enzyme activities and spontaneous
chemiluminescence and TRAP were measured
in cell-free homogenates. GM1 administration reduced
spontaneous chemiluminescence and increased catalase
activity ex wvivo, but had no effect on TRAP, SOD or
GSH-Px activities. GM1, at high concentrations, reduced
CATactivity in vitro. We suggest that the antioxidant activity
of GM1 ganglioside in the cerebral cortex may be due to an
increased catalase activity.

Keywords: GM1 ganglioside; Total radical-trapping antioxidant
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INTRODUCTION

Gangliosides comprehend a group of glycosphingo-
lipids characterized by the presence of one or more

sialic acid residues in the oligosaccharide chain,
which are synthesized in the Golgi apparatus and
then transported and incorporated into the plasma
membrane. Gangliosides have been found virtually
in every vertebrate tissue, particularly in the brain,
where they represent about 10% of the lipid content.'!
It has been reported that gangliosides play a
modulatory role in different events associated
with adaptive functions®®~®! neuronal plasticity!”*!
memory formation®~'?! and neuroprotection against
various neurotoxic agents or conditions, such as
excitotoxic amino acid exposure, anoxia/ischemia,
Parkinson’s and Alzheimer’s diseases,'*>~17]
accompanied by an apparent absence of side effects.
Accordingly, GM1 inhibits lipid peroxidation and
intracellular calcium overloading,">'7*®! and it
has been argued that GM1 may directly scavenge
free radicals generated during reperfusion and
protect receptors and enzymes from oxidative
damage.”"”! In addition, we have recently demon-
strated that GM1 attenuates methylmalonate-
induced convulsions and thiobarbituric acid-reactive
substances (TBARS) generation and increases
ascorbic acid levels in the striatum of the rats ex
vivo, further supporting a possible antioxidant role for
gangliosides in the central nervous system (CNS).['”]

Considering that superoxide dismutase (SOD),
catalase (CAT) and glutathione peroxidase (GSH-Px)
constitute the major intracellular antioxidant protec-
tion system of the CNS, and that little is known about
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the effects of GM1 on these antioxidant enzymes,
we decided to investigate whether GM1 alters SOD,
CAT and GSH-Px activities ex wvivo. Since GM1
administration altered CAT activity and spontaneous
chemiluminescence ex vivo, the effects of GM1 on
catalase activity and spontaneous chemilumines-
cence in vitro were also determined.

MATERIALS AND METHODS

Reagents and Equipment

All chemicals were purchased from Sigma Chemical
Co., St. Louis, MO, USA, except for the RANSOD Kkit,
which was purchased from RANDOX, and GM1
ganglioside, which was kindly donated by TRB
Pharma. Chemiluminescence and total radical-trap-
ping potential (TRAP) were assayed using a beta
liquid scintillation spectrometer (Tricarb 2100TR and
Wallac model 1409, respectively) and enzyme
activities were measured with a double-beam
spectrophotometer with temperature control.

Animals

Adult male Wistar rats (105-120 days, 350-380g)
bred in the animal house of the UFRGS, were used.
Rats had free access to water and to a standard
lab chow (Germani, Porto Alegre, RS, Brazil).
Temperature was maintained at 24 = 1°C, with a
12/12h light/dark cycle. The “Principles of labora-
tory animal care” (NIH publication no 85-23, revised
1985) were followed throughout the experiments.

Treatment and Tissue Preparation Ex Vivo

Animals received two injections of GM1 (50 mg/kg,
ip.) or saline (NaCl 0.9%, i.p.) spaced 24h apart.
Thirty minutes after the second GMI1 or saline
injection the animals were killed by decapitation and
the brain was immediately removed. This experi-
mental protocol of GM1 administration has been
shown to be effective in decreasing methylmalonate-
induced TBARS production in rat striatum."”!
The cerebral cortex was dissected, weighed and
homogenized in the incubation medium specified for
each technique and centrifuged at 1000g for 10 min at
4°C. The supernatant was immediately used for the
measurements.

Spontaneous Chemiluminescence

Samples were assayed for chemiluminescence in a
dark room by the method of Gonzalez-Flecha
et al®) Incubation flasks contained 3.5ml of
medium consisting of 20mM sodium phosphate,
pH 7.4, and 140mM KCI. The background

chemiluminescence was measured, and 0.5ml of
cell-free homogenate immediately added. Chemi-
luminescence was measured for 30min at room
temperature. The background chemiluminescence
was subtracted from the total value and the results
are presented as cps/mg of protein. In vitro
experiments were carried out as described above,
except that cell-free cerebral cortex homogenates
were previously incubated for 1h at 37°C in the
absence or presence of GM1 (1072 to 10*nM).

Total Radical-trapping Antioxidant Potential

TRAP represents the total antioxidant capacity of
the tissue and was determined by measuring the
luminol chemiluminescence induced by 2,2'-azo-bis
(2-amidinopropane) (ABAP) at room temperature by
the method of Lissi et al.l*! Tissue was homogenized
1:10 (w/v) in 0.1 M glycine buffer (pH 8.6), and ABAP
was added to the vial and the background chemilu-
minescence measured. Luminol was subsequently
added to the vial and the chemiluminescence was
measured again. The chemiluminescence value
obtained in the presence of luminol was considered
the initial value. Afterwards, Trolox or cerebral
homogenates were added to the medium and
chemiluminescence was measured until it reached
the initial value. The induction time was considered
as the time elapsed between adding Trolox or cerebral
homogenates and the total recovery of initial
chemiluminescence levels. The induction time is
directly proportional to the antioxidant capacity of
the tissue and was compared to the induction time of
Trolox. The results are reported as nmol of Trolox/mg
of protein. In vitro experiments were carried out as
described above, except that cell-free cortex homo-
genates were previously incubated for 1h at 37°C in
the absence or presence of GM1 (1072 to 10* nM).

Catalase Assay

CAT activity was assayed by the method of Aebi,**!

which is based on the disappearance of H,O, at
240 nm. Brain tissue was homogenized 1:10 (w/v) in
10 mM potassium phosphate buffer, pH 7.6. One unit
of enzyme activity was defined as 1umol of
hydrogen peroxide consumed per minute, and the
specific activity reported as units/mg protein.

Superoxide Dismutase Assay

The assay of SOD activity was carried out with the
RANSOD kit (Randox, USA), which is based on
the formation of red formazan from the reaction of
2-(4-iodophenyl)-3-(4-nitrophenol)-5-phenyltetra-
zolium chloride and superoxide radical. The inhi-
bition of the produced chromogen is proportional
to the activity of the SOD present in the sample.
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A 50% inhibition was defined as one unit of SOD and
specific activity reported as units/mg of protein.

Glutathione Peroxidase Assay

GSH-Px activity was measured according to
Wendel,[**! except for the concentration of NADPH,
which was adjusted to 0.1 mM after previous tests
performed in our laboratory. NADPH disappearance
was monitored at 340nm and one GSH-Px unit was
defined as 1 pmol of NADPH consumed per min and
specific activity reported as units/mg of protein.

Protein Determination

Protein was measured by the method of Lowry
et al., ! using bovine serum albumin as standard.

Statistical Analysis

Data were analyzed by the Student’s t-test or by one-
way analysis of variance. Post hoc analysis was
carried out by the Student-Newman-Keuls test,
when appropriate.

RESULTS

Ex Vivo Experiments

Table I shows the effect of systemic GM1 adminis-
tration on the spontaneous chemiluminescence
and on the CAT activity of cerebral cortex of
rats ex wvivo. Statistical analysis revealed that
GM1 administration reduced spontaneous chemi-
luminescence [t(7) =2.64; p < 0.05] and increased
CAT activity [t(14) = 2.72; p < 0.01] in cerebral cortex
homogenates, as compared with saline.

Table II shows that the systemic GM1 adminis-
tration had no effect on TRAP [t(9) = 0.38; p > 0.05],
SOD [t(12) = 1.83; p > 0.05] and GSH-Px [t(10) =
1.29; p > 0.05] activities in cortex homogenates, as
compared with saline.

In Vitro Experiments

Figure 1 shows the effect of GM1 on CAT activity
in wvitro. Statistical analysis revealed that high

TABLE 1 Effect of GM1 ganglioside (50mg/kg, i.p.) on the
spontaneous chemiluminescence (Chem) and catalase (CAT)
activity in brain homogenates from rats ex vivo

Chem (cps/mg protein) CAT (unit/mg protein)

Saline 170 = 10.1
GM1 135 = 5.2*

38+ 15
52+ 1.5*

Data are mean SEM and n=9-10 per group. Saline = NaCl 0.9%;
GM1 = monosialoganglioside. *p < 0.05 compared with saline group
(Student t-test).

TABLE II  Absence of effect of GM1 ganglioside (50 mg/kg, i.p.)
on total radical-trapping antioxidant potential (TRAP), superoxide
dismutase (SOD) and glutathione peroxidase (GSH-Px) activities
in brain homogenates from rats ex vivo

TRAP
(nmol/mg protein) SOD GHS-Px
Saline 12.5 = 1.52 321 +£1.12 325*+18
GM1 11.6 £1.53 344 *+22 36.6 =22

Data are mean SEM and n=6-7 per group. Saline = NaCl 0.9%;
GM1 = monosialoganglioside.

concentrations of GM1 (10 to 10*nM) in the
incubation medium inhibited CAT activity in vitro
[F(7,21) = 6.8; p < 0.001], as compared with saline.
In contrast, GM1 had no effect on spontaneous
chemiluminescence [#(3) = 2.65; p > 0.05] of cortex
homogenates in vitro (data not shown).

DISCUSSION

In the present study, we show that GM1 adminis-
tration increased CAT activity and reduced sponta-
neous chemiluminescence of cerebral cortex
homogenates ex vivo. Conversely, GM1 ganglioside
had no effect on SOD and GSH-Px activities
and on total TRAP. Interestingly, GM1 ganglioside
(10% to 10*nM) addition to the incubation medium
reduced CAT activity in vitro and had no affect
spontaneous chemiluminescence in vitro, suggesting
that GM1-induced CAT activation ex vivo is not due
to a direct effect of the ganglioside on the enzyme.
The brain is particularly susceptible to oxidation by
reactive species because of its dependency on aerobic
metabolism, large content of polyunsaturated lipid in
the mitochondrial and plasma membranes of brain
cells and its low antioxidant defenses.”” Mitochon-
drial dysfunction and consequent ATP depletion area
major cause of oxidative stress and calcium homeo-

stasis alterations!**! in the CNS, ultimately producing
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FIGURE 1 Effect of GM1 on catalase activity in vitro. Data are
mean + SEM and n = 6 per group. *p < 0.05 compared with saline
(Student-Newman-Keuls Test).
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loss of cellular integrity and cell death. Indeed,
various neurodegenerative disorders, including
Parkinson, Huntington and Alzheimer’s diseases
have been associated with mitochondrial dysfunc-
tion, activation of excitotoxic mechanisms and free
radical generation.[?*?”! The integrity and existence of
an organism depend on proper cellular homeostatic
regulation. Under normal physiological conditions,
cellular homeostasis is incessantly challenged by
stressors and, among them, are the products
generated from oxygen metabolism. The cell detoxi-
fies these free radicals via its own antioxidant defense
system,**! which includes the antioxidant enzymes
SOD, CAT and GSH-Px.*®! In fact, most of the
evidence for a protective role for antioxidant defenses
in limiting injury in the CNS depends on the
activation antioxidant enzymes like GSH-Px, %!
SODE?3 or CATEY or both.’>7*%! Various factors
may regulate the expression of antioxidants enzymes,
such as copper deficiency,®”! oxidative stress'*! and
neuronal growth factor (NGF) administration. 13837
In the CNS, NGF stimulates cellular resistance to
oxidative stress, protects PC12 cells from the toxic
effects of reactive oxygen species and increases CAT
and GSH-Px mRNA levels in PC12 cells in a time- and
dose-dependent manner.***"! In addition to NGF,
gangliosides, are also known to exert neuritogenic
and neurotrophic effects both in vitro and in vivo'*!
and further increase the already elevated levels of
catalase after ischemia in the cerebral cortex of rats.[*?!
Exogenously administered gangliosides, particularly
GM1, have been shown to stimulate neurite out-
growth in cell culture.”*3~*¢! Moreover, GM1 has been
shown to potentiate the NGF-induced recovery of
neurochemical markers following cortical devascu-
larisation*”! or others injuries,*®! suggesting
that it can be used as a useful tool to promote
functional recovery of the CNS. It has been suggested
that GM1 promotes neuronal survival by activating
NGF receptor tyrosine kinase activity,*”! what
indicates that GM1 and NGF effects are closely
related. Therefore, it may be speculated that the
presently reported increase in CAT activity by GM1
involves an increased transcription of the enzyme,
which is possibly mediated by neurotrophic factors.
Indeed, the presently reported lack of activating effect
of GM1 ganglioside on CAT activity in vitro supports
the view that GM1 ganglioside activating effect on
CAT depends on the cellular integrity of the system.
This result matches previous studies from our group,
since we have previously reported that the inhibitory
effect of GM1 on methylmalonate-induced striatal
TBARS generation depends on the cellular integrity
of the system.!'"”! Therefore, it is tempting to propose
that the presently reported increase of CAT activity by
GM1 underlies its antioxidant effects in the CNS,
although a GM1-induced increase in the ascorbate
content of the CNS has been also reported."”!

Although some of the antioxidant actions of GM1
(including the presently described increase in CAT
activity) seem to depend on the cellular integrity of
the system, their magnitude seem to afford important
functional effects. For example, systemic adminis-
tration of GM1, at lower doses than or the same doses
as that used in the present study, was effective in
inhibiting methylmalonate-induced convulsions!”!
as well as reserpine-induced orofacial movement' in
rats. Importantly, the physiopathogenesis of these
behavioral phenomena have been extensively related
to increased oxidative stress.>’~°!

At last, it should be pointed out that CAT, due to
its low activity in the CNS, has been considered a
secondary enzyme in controlling free radical-
induced damage,®! a fact that could diminish the
relative importance of the presently reported GM1-
induced increase of CAT activity as the mechanism
underlying GM1-induced antioxidant action. On the
other hand, it has been reported that local enzyme
activities determine regional susceptibility to neuro-
toxic agents.®®! Accordingly, highly immunoreactive
cells for CAT correspond to neurons known to be
resistant to ischemia-reperfusion injury, whereas
weakly stained cells correspond to neurons that are
more susceptible to ischemic damage. This finding
indicates that CAT may be critical for a protective
effect against oxidative stress under pathological
conditions, such as ischemia-reperfusion injury.l””!
Further evidence for a critical role for CAT as a
protective agent against oxidative stress in the CNS
come from the studies that have demonstrated that
inhibition of CAT activity increases Alzheimer’s
B-amyloid peptide neurotoxicity!®™ and that CAT
activity is decreased, but SOD activity is unchanged,
in brains of patients with dementia of Alzheimer
type.l”! Therefore, one might propose that CAT, due
to its decreased activity in the brain, is a point of
vulnerability in the cerebral antioxidant system,
which has had its importance overlooked in the
literature. We think that this is a matter of significant
discussion, and that the relative importance of CAT
activity as a determinant of the CNS susceptibility to
reactive oxygen species is still to be established.
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