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Diabetes mellitus is a disease characterized by persistent hyperglycemia, which may lead to brain tissue damage due to oxidative
stress and also contributes to neuronal death and changes in synaptic transmission. This study evaluated the effect of oxidative
stress and the use of antioxidants supplementation on myosins expression levels in the brains of chronic diabetic rats induced
by streptozotocin. Lipid peroxidation, antioxidant enzymes activities, and myosins-IIB and -Va expressions at transcriptional
and translational levels were examined after 90 days induction. The chronic effect of the diabetes led to the upregulation of
superoxide dismutase (SOD) and catalase (CAT) activities, and the downregulation of glutathione peroxidase (GPx), but there
was no statistically significant increase in the malondialdehyde (MDA) levels.These alterations were accompanied by highmyosin-
IIB and low myosin-Va expressions. Although the antioxidant supplementation did not interfere on MDA levels, the oxidative
stress caused by chronic hyperglycemia was reduced by increasing SOD and restoring CAT and GPx activities. Interestingly, after
supplementation, diabetic rats recovered only myosin-Va protein levels, without interfering on myosins mRNA levels expressed in
diabetic rat brains. Our results suggest that antioxidant supplementation reduces oxidative stress and also regulates the myosins
protein expression, which should be beneficial to individuals with diabetes/chronic hyperglycemia.

1. Introduction

Diabetes mellitus is a multifactorial disease characterized
by chronic hyperglycemia resulting from abnormalities in
insulin action and/or insulin secretion [1]. Research evi-
dences support that both acute and chronic hyperglycemia
produce negative impacts on the central nervous system
leading to tissues damage [2, 3]. One mechanism behind this
neuronal injury is oxidative stress, due to the excessive free
radical generation from the oxidation of elevated intracellular
glucose levels [4].

The brain contains large amounts of enzymes to protect
against oxidative damage [5]. Endogenous antioxidant

system, including enzymatic (glutathione peroxidase, super-
oxide dismutase, and catalase) and nonenzymatic (vitamin
E, vitamin C, glutathione, and uric acid) antioxidants, offers
protection to cells and tissues against glucose-induced
oxidative injury in diabetics [6–10].

The enhancement on oxygen free radical in brain during
hyperglycemia [11] contributes to increased neuronal death
trough protein oxidation, DNA damage, and peroxidation of
membrane lipids [12] as well as changes in synaptic transmis-
sion. These alterations could lead to abnormal synaptic plas-
ticity and cognitive impairments observed in experimental
diabetes [13, 14].

http://dx.doi.org/10.1155/2013/423931


2 ISRN Neuroscience

Myosins have been reported to be sensitive to oxida-
tive damage [15, 16]. These proteins constitute a family of
molecular motors that contains many classes and isoforms,
which differ in their cellular distribution and function [17,
18]. Among the myosin classes identified so far, the family
classes II and V have been best characterized in neurons and
are implicated in a wide variety of cellular functions in the
nervous system, including neuronal migration, growth cone
motility, neuronal morphogenesis, axonal transport, synaptic
and sensory functions, Glut4 vesicle trafficking, and in acute
diabetes mellitus [19–25].

The rationale for using certain vitamins and minerals,
or natural antioxidants, in the prevention and management
of diabetes, is largely based on animal experiments and
epidemiologic studies [26–28]. Diabetes is associated with
increased oxidative stress, and this fact, raises the interest of
using antioxidant supplements in individuals with diabetes in
an attempt to prevent long-term complications [27].

In spite of the recent studies that have shown relationship
between diabetes and the expression of molecular motors,
as myosin-IIB [21], myosin heavy-chain [29], myosin-Va
[23, 25], and myosin-IXB [30], the pathways linked among
myosin expression, oxidative stress, and diabetes mellitus
are still unclear. The present study aimed to evaluate the
effect of the use of antioxidant supplementation on myosins
expression in brain of chronic streptozotocin-induced dia-
betes experimental rat model.

2. Materials and Methods

2.1. Animals. All experimental procedures were conducted
in accordance with the ethical principles of the Brazilian
Academy of Animal Experimentation and approved by the
Committee of Ethics in Animal Experimentation from the
University of Ribeirão Preto, UNAERP (066/09). Twenty-
four maleWistar rats (Rattus norvegicus) (weight: 210–260 g)
were housed under standard conditions (22 ± 1∘C, humidity
60 ± 5%, 12 h light/12 h dark cycle) with food and water ad
libitum on the Central Biotery of UNAERP.

2.2. Induction of Diabetes Mellitus. After one week of accli-
matization, the rats were subjected to a 24-h starvation.
The animals were then anesthetized by intraperitoneal injec-
tion of xylazine/ketamine (1 : 1 v/v), and then streptozotocin
(40mg/kg body weight), freshly dissolved in 0.01M citrate
buffer, pH 4.5, was injected into the penile vein (2mL/kg).
Food was denied for 90min after injection. Ten days after the
streptozotocin or buffer injection, blood glucose was deter-
mined, and animals with blood glucose above 200mg/dL
were scored diabetic. Animal (𝑛 = 24) weight was monitored
daily until the decapitation and surgical removal of brains 90
days after diabetes induction and/or supplementation.

2.3. Group Distribution and Supplementation of the Rats. The
rats were distributed randomly in three groups (𝑛 = 8, each):
nondiabetic (ND), diabetic (D), and diabetic supplemented
(SD). All animals were fed diets based on amodified AIN93G
rodent diet, except the supplemented diabetic group that

was fed with additional calcium (2.5-fold), zinc (500mg), and
vitamin E (20-fold), following the principles of the American
Institute of Nutrition [31].

2.4. Sample Collection and Tissue Preparation. The brains of
all animals were quickly removed and washed with chilled
normal saline and immersed in liquid nitrogen. Simultane-
ously, the blood was also collected from the portal vein to
confirm the glucose levels. For oxidative stress markers and
western blotting analyses, each of the brains was individually
homogenized on ice in homogenization buffer (50mM Tris-
HCl, pH7.5, 2mMdithiothreitol, 1mMbenzamidine, 0.5mM
phenylmethanesulfonyl-fluoride, 0.1M aprotinin, 20𝜇g/mL
leupeptin, 0.1mM pefabloc). The homogenates were cen-
trifuged at 15,000×g for 30min at 4∘C, and total protein
concentration in the supernatant samples was measured
following the Bradford assay [32].

2.5. Oxidative Stress Markers Analysis. Glutathione peroxi-
dase (GPx) and superoxide dismutase (SOD) activities were
measured using kit. CAT activity, Catalase (CAT), activity
was assessed spectrophotometrically monitoring hydrogen
peroxide decomposition at 240 nm [33], and the substrate
concentration was 20mM for brain measurements. Lipid
peroxidation in tissue was determined by measuring the
presence ofmalondialdehyde (MDA)using the thiobarbituric
acid test (TBARS).

2.6. Western Blotting. Aliquots of supernatant samples were
solubilized in a small volume of electrophoresis sample
buffer containing an additional 100mMTris-HCl, pH 8.0,
and 25% glycerol. Supernatant samples containing 20 𝜇g of
protein were analyzed by SDS-PAGE with a 12% acrylamide-
bisacrylamide, and gels were electroblotted on nitrocel-
lulose membranes in Tris-glycine buffer [34]. Blots were
incubated with 5% dried milk in PBS-T (50mMTris-
HCl, pH 8.0, 150mMNaCl, 0.05% Tween 20) then probed
with antimyosin-IIB and antimyosin-Va primary antibodies
diluted to 0.2 𝜇g/mL. The polyclonal antibodies were gen-
erated in rabbits against nonmuscle myosin II purified and
myosin-V head domain from chicken brain and purified by
affinity to antigen immobilized on nitrocellulose strips as
described previously [35–37]. 𝛽-actin antibody was used as
control. Blots were incubated with a peroxidase-conjugated
antirabbit IgG (diluted 1 : 2000). Antibodies bound to the
membranes were visualized by chemiluminescence. The
intensity of the protein bands was analyzed and results were
expressed as percentage of total content.

2.7. mRNA Expression Levels Using qRT-PCR. Total RNA
was isolated from nondiabetic, diabetic, and supplemented
diabetic brains separately and then resuspended in DEPC-
treated water. Its quality and quantity were established by
reading the optical density of each sample at 260 and 280 nm
and agarose gel electrophoresis. Onemicrogram of total RNA
was reverse transcribed at 37∘C for 1 h in a 20𝜇L reaction
mixture containing the first strand buffer, 40U Murine
Monoley Leukemia Virus Reverse Transcriptase, 0.25mM
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Table 1: Effect of diabetes and supplementation on blood glucose and body weight after 90 days (𝑛 = 8 rats/subgroup).

Parameters 90 Days
Nondiabetic Diabetic Supplemented diabetic

Blood glucose (mg/dL)
Initial 89.25 ± 2.28 398.88 ± 19.09

a
552.38 ± 2.38

a

Final 98.38 ± 1.86 362.25 ± 38.45
a

467.13 ± 39.39
a

Body weight (g)
Initial 257.50 ± 3.32 249.88 ± 4.38 221.75 ± 4.48

Final 362.38 ± 18.55
c

222.63 ± 25.69
b

253.75 ± 31.15
b

Data are mean ± SEM.
a
𝑃 < 0.001, significantly different from nondiabetic.

b
𝑃 < 0.05, significantly different from nondiabetic.

c
𝑃 < 0.001 initial versus final.

of each dNTP, 10U RNAsin, 0.5mM DTT, and 126 pmol
hexamer random primers. Standards curves were prepared
by cloning PCR products of MYH10, MYO5A, and the
housekeeping beta-2-microglobulin (B2M) fragments using
TOPO TA Cloning Dual Promoter Kit. The recombinant
plasmid DNA was isolated and sequenced using automatic
sequencer. The sequencing reaction was carried out using
the DyEnamic ET Dye Terminator Cycle Sequencing Kit.
The concentration of plasmid was measured and the copy
numbers were calculated [38]. Serial dilutions of each of
standard curves were made in the range of 10 to 107 copies
per 𝜇L forMYH10,MYO5A, andB2M.The reaction efficiency
was calculated according to the formula 𝐸 = (10−1/slope − 1) ×
100, where the log of the each dilution was plotted with
Δ𝐶
𝑇
of housekeeping and target genes, 𝑅2 ≥ 0.99 and

slope value about 3.32 were admitted to reaction efficiency of
100%. The qPCR assay was performed by using the realtime
PCR system and SYBR Green qPCR Master Mix reagent.
Primers were designed between exons junctions to avoid
amplification of contaminating the genomic DNA. For B2M
fragment amplification, the set of primers were: 5-CGTCGT
GCT TGC CAT TCA-3 and 5-TCC TCA ACT GCT ACG
TGT CTC AG-3. The MYH10 forward and reverse primers
were respectively: 5-CCA TGC CGG AGA ACA CAG T-
3 and 5-AAG CCC AGA CCA AAG AGC AG-3. The
MYO5A forward and reverse primers were respectively: 5-
ATT GAG GCT CGC TCT GTG GA-3 and 5-ACG CAA
AGT GGA TGA GCA GA-3. The relative expression of each
specific product was calculated by 2−ΔΔ𝐶𝑇 (𝐶

𝑇
= fluorescence

threshold value; Δ𝐶
𝑇
= 𝐶
𝑇
of the target gene −𝐶

𝑇
of the

reference gene (B2M); ΔΔ𝐶
𝑇
= Δ𝐶

𝑇
of the target sample

−Δ𝐶
𝑇
of the calibrator sample). All samples were run in

duplicates. For expression analysis of the MYO5A gene, the
cDNA was 4-fold diluted.

2.8. Statistical Analysis. All values obtained are expressed
as mean ± SEM. Data were initially analyzed by one-
way analysis of variance (ANOVA). When differences were
detected by ANOVA, these sets of nondiabetic, diabetic, and
supplemented diabetic rats were compared using Student’s 𝑡-
test or Tukey’s test to determine the statistical significance,

which was assumed to be different when the comparison
showed a significance level of 𝑃 < 0.05.

3. Results

3.1. Blood Glucose Levels and Body Weight. Blood glucose
and body weight (𝑛 = 8 rats/subgroup) were measured
(Table 1). Streptozotocin injection produced diabetic rats
with consistent high levels of blood glucose. The diabetic
and supplemented diabetic rats had significantly higher blood
glucose levels (𝑃 < 0.001) and lower body weight (𝑃 < 0.05)
than nondiabetic rats. When time was compared, before and
after treatment, diabetic rats showed a decreased body weight
after 90 days; however, the nondiabetic and supplemented
diabetic rats showed an increased body weight (𝑃 < 0.001).

3.2. Antioxidant Defense System Enzymes and Lipid Peroxi-
dation. Glutathione peroxidase (GPx), superoxide dismutase
(SOD), and catalase (CAT) activities in brain of nondiabetic,
diabetic and supplemented diabetic rats were presented in
Figure 1 (𝑛 = 4 rats/subgroup). Streptozotocin caused a
noticeable reduce of cerebral GPx levels in diabetic rats
at 90-day post induction (𝑃 < 0.001). Cerebral SOD
activity was higher in diabetic, and supplemented diabetic
rats than nondiabetic (𝑃 < 0.001). Cerebral CAT activity was
significantly elevated in diabetic rats when compared to the
nondiabetic (𝑃 < 0.05). Besides, the increase in CAT activity
in diabetic rats was accompanied by a significant decrease
in the GPx activity in the brain. Moreover, supplementation
protected against hyperglycemic-induced increase in GPx
(𝑃 < 0.001) and CAT (𝑃 < 0.05) activities by maintaining
the enzyme levels in the diabetic rat brains, similar to non-
diabetic. Otherwise, the levels of malondialdehyde (MDA)
were markedly elevated in nondiabetic and diabetic rats. No
difference was observed between rats at the 90-day period,
and supplementation seems to be inefficient and does not
affect the lipid peroxidation status in the brain.

3.3. Determination of Changes in Myosins Protein Expression
Levels. In order to check if the myosin proteins levels could
be altered after 90 days of diabetes or supplementation dura-
tion, the amount of myosins IIB (210 kDa) and Va (190 kDa)
were estimated by Western blotting (𝑛 = 4 rats/subgroup).
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Figure 1: Supplementation effects on antioxidant enzymes activity and lipid peroxidation in diabetic rat brain. Data are mean ± SEM, 𝑛 = 4
rats/subgroup. Significant differences: ∗compared to nondiabetic (ND) (GPx and SOD- 𝑃 < 0.001; CAT- 𝑃 < 0.05); ∗∗diabetic (D) versus
supplemented diabetic (SD) (GPx- 𝑃 < 0.001; CAT- 𝑃 < 0.05).

Figure 2 displays the combined results of immunoblots
and densitometrically quantitatedmyosins immunoreactivity
represented as percentage of nondiabetic from diabetic and
supplemented diabetic rats. In a general manner, diabetes
increased themyosin-IIB protein level in the brain (𝑃 < 0.05)
with 18% higher than nondiabetic values. Myosin-Va protein
level decreased by 45% in diabetic rat brains as compared to
nondiabetics in 90-day period (𝑃 < 0.005). No significant
differences were observed for myosin-IIB protein level in
supplemented diabetic, but the antioxidant supplementation
restored the myosin-Va protein content in the diabetic brain
and increased by 25% as compared to nondiabetics (𝑃 <
0.005).

3.4. Determination of Changes in Myosins mRNA Expression.
Real time PCR (𝑛 = 4 rats/subgroup) was performed to
measure changes inmyosins gene expression for bothMYH10
(myosin-IIB) and MYO5A (myosin-Va) at 90-day period
(Figure 3). Changes in gene expression were calculated based
on the 2−ΔΔ𝐶𝑇 method with beta-2-microglobulin(B2M) as
an endogenous control. Diabetic showed increased MYH10
mRNA expression as compared to nondiabetic (25%, 𝑃 <
0.05).MYO5AmRNAwas decreased in diabetic as compared
to nondiabetic (30%, 𝑃 < 0.05). However, no significant
differences in MYH10 and MYO5A mRNA expression were
observed between diabetic and supplemented diabetic in
both periods. Amplification efficiency was tested by standard
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Figure 2: Supplementation and diabetes effects on myosin-IIB and myosin-Va protein levels in rat brains. The amount of myosin proteins
showed on the immunoblot was determined densitometrically and expressed as a related percentage of the groups (𝑛 = 4 rats/subgroup).
Values represent mean ± SEM. Significant differences: ∗compared to nondiabetic (ND) (Myosin-IIB- 𝑃 < 0.05; Myosin-Va- 𝑃 < 0.005);
∗∗diabetic (D) versus supplemented diabetic (SD) (Myosin-Va- 𝑃 < 0.005).

curves for Rattus novergicus B2M (𝑅2 = 0.9997), MYH10
(𝑅2 = 0.996), and MYO5A (𝑅2 = 0.9999) generated by plot-
ting the value of 𝐶

𝑇
cycle versus the log of plasmid concen-

tration (from 103 to 106 copies).

4. Discussion

Streptozotocin-induced diabetes is awell-documentedmodel
of experimental diabetes in rats. It provides a relevant
example of endogenous chronic oxidative stress as a result
of hyperglycemia [39]. In the present study, streptozotocin
treatment produced a significant increase in blood glucose
levels along with a reduction in body weight.These results are
in accordance with other studies, which showed that diabetes
mellitus increase plasma glucose levels and decrease body
weight of diabetic rats [40–44]. In fact, supplementation did
not reduce blood glucose levels and thismay have contributed
in part to the nonsuppressive effect of antioxidants on

oxidative stress, though the body weight had been reduced
in diabetic rats.

We have also analyzed hyperglycemia-induced oxidative
stress in rat brain. The increase in free radical generation
along with the depletion of antioxidants is the mechanism
involved in diabetes-induced oxidative stress. There are evi-
dences of alterations in free radical metabolism [45] and in
the antioxidant parameters status [46, 47] during diabetes in
various tissues. Moreover, there are contradictory results in
the literature regarding the effect of hyperglycemia-induced
diabetes on antioxidant enzymes activities [48–50].Thus, the
current study show the effects of the concomitant use of
vitamin E, calcium, and zinc as antioxidants on the activities
of defense enzymes, such as glutathione peroxidase (GPx),
superoxide dismutase (SOD), and catalase (CAT) in the rat
brains after 90 days of supplementation.

GPx and SOD are the first line of defense against free
radical attacks. Their function is to catalyse the conversion
of superoxide radicals to hydrogen peroxide [51]. Cerebral
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Figure 3: Diabetes and supplementation effects on MYH10 and
MYO5A mRNAs expression in rat brains. Relative expression of
MYH10 and MYO5A mRNAs in brain samples of diabetic (D) and
supplemented diabetic (SD) compared to nondiabetic (ND) rats. (∗)
𝑃 < 0.05. Values represent mean ± SEM (𝑛 = 4 rats/subgroup).

levels of GPx, a potent endogenous antioxidant, were reduced
in diabetics at 90-day after induction. This result was also
shown in diabetics at 21-day after induction [25]. However,
the activity of GPx that has been shown increased in brain
[42, 52, 53].This increase was also observed after supplemen-
tation. GPx is responsible for the decomposition of hydrogen
peroxide and other lipid peroxides, and it is possible that
supplementations have avoided the GPx activity reduction
in induced hyperglycemia, maintaining the enzyme levels in
brain of diabetics, similar to nondiabetic rats.

The increase in cerebral SOD activity was observed in
diabetic rats at 90-day period, which can lead to an important
elimination of superoxide ions that inhibit the formation of
hydroxyl radical in tissues.The increase SODactivity in type 2
diabetic mice brain has been reported [54, 55] to be a putative
protection mechanism of oxidative stress. In the meantime,
the SOD activity also appears to be decreased in diabetic rats
[42, 56, 57].

GPx activity in the supplemented diabetic rats remained
at same levels as in nondiabetic rats, whereas the SOD
activity increased significantly compared to nondiabetic.The
alteration of antioxidant enzymes GPx and SOD levels in the
diabetic rats could be attributed to peroxidative damage of
the tissues caused by streptozotocin-induced hyperglycemia
[58], while supplementation with antioxidants contributed to
maintaining the optimum condition of enzyme activity in the
cellular organelles, by protecting them from peroxidation in
chronic diabetes.

Besides, the SOD and CAT are also the major antioxidant
enzymes against oxidative stress and appear to be decreased
in diabetic rats [57, 59]. CAT is responsible for the catalytic
decomposition of hydrogen peroxide formed in cellular
metabolism in oxygen and water molecules. Its decreased
activity at the chronic stage (90 days) might indicate a fine
modulation of the CAT activity in order to protect the brain
against free radicals andmay also advocate for the importance
of antioxidant supplementation at this stage for a better tissue
response and protection. Although there are discrepancies
in the levels of antioxidant enzymes reported in diabetic
rats [60, 61], our results have shown an important balance
between GPx and CAT activities.

These antioxidant enzymes have a complementary cat-
alytic activity leading to a reduced MDA concentration,
which represents lipid peroxidation products in tissue and
blood. In the present study, we did not observe that MDA
levels increased in diabetic rats at 90-day period, although
this effect is to be observed in diabetic rats at 21-day after
induction [25]. Nevertheless, supplementation was not suffi-
cient to reverse those elevated levels of lipid peroxidation. It is
well known that hyperglycemia increases lipid peroxidation,
which may contribute to long-term tissue damage [62].
Besides, brain seems to be more sensitive than the other
tissues, and hence the increase in GPx activity after 90
days supplementation was not sufficient to reduce MDA
concentrations and thus to protect this tissue from lipid
peroxidation.

Minerals (calcium and zinc) and vitamin E were added in
diet of the diabetic rats to act as an antioxidant supplement
in animals. Evidence from clinical studies has suggested
that calcium could indirectly affect glucose metabolism,
which would be desirable for diabetes prevention [63, 64].
Similarly, zinc acts as an antioxidant in order to reduce
oxidative stress, it is essential for the function of SOD [65]
and is also involved in insulin synthesis [66] which are
altered in diabetes [67, 68]. Treatment with zinc significantly
reduces astrocytosis [69], elevates SOD activity [70], and
may be able to prevent diabetes effects in brain or against
various damaging effects. Additionally, vitamin E possesses
antioxidant activity [1, 71, 72], and neuroprotective action
[73], it plays a role in hyperglycemia prevention [74, 75]
and reduces lipid peroxidation in the brain [11]. In contrast,
there are evidences that excessive dietary zinc and vitamin
E intake can induce pathological conditions associated with
oxidative stress [76, 77]. In regards to diabetes prevention
through supplementation with micronutrients, the current
evidences do not allow any particular recommendation for
mineral or vitamin supplementation on a large scale. Given
that diabetes is a condition of increased oxidative stress,
antioxidant therapy may represent a potential coadjuvant
to antidiabetic pharmacological treatment by improving the
glucose metabolism [27].

On the other hand, our results have evidenced that
chronic effect of diabetes in brain led to an upregulation
of GPx activity, and a downregulation of SOD and CAT
activities, as well as a higher lipid peroxidation levels in
nondiabetic rats after 90 days. Our findings are consistent
with previous reports [78–81], although another study has
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revealed that GPx and CAT activities are relatively unaffected
by age [79]. Moreover, the supplementation seems to balance
the antioxidant enzymes though no alter lipid peroxidation
levels.

Diabetes affect synaptic plasticity and neurotransmission
in rats, and these results are well recognized such as neuro-
physiological and structural changes associated mainly with
cognitive deficits and Alzheimer disease [14]. Degenerative
changes of neurons and glia have been reported and suggested
that alteration in synaptic transmission could contribute
to cognitive impairments observed in diabetics [13, 43,
80]. Besides, oxidative stress induced by hydrogen per-
oxide induces cytoskeletal reorganization and significantly
enhances the association of myosin to actin filaments [81].
Myosin has also been reported to be a particularly sensitive
target of oxidative damage [15, 16, 52, 82], although a direct
link between oxidative stress and myosin dysfunction has yet
to be established.

Multiple lines of evidence suggest that myosins may
be involved in the regulation of synaptic vesicles. Myosin-
IIB modulates neurotransmitter release from synapses [83]
while myosin-Va mediates synaptic vesicle trafficking [84].
We recently demonstrated that acute diabetes (20 days) alters
protein and mRNA expression of myosin-IIB and myosin-Va
in the rat brains [21, 23]. In the present study, we revealed
an increased protein and mRNA expression of myosin-IIB
and a decreased one of myosin-Va in chronic diabetic rat
brains (90 days). It is possible that these translational and
transcriptional changes are due to low insulin level and high
glucose level in circulation providing a possible dysfunction
in vesicle/organelle movement [21, 23].

Diabetic rats restored protein myosin-Va levels after sup-
plementation when compared to control (nondiabetic rats),
and no differences were found on myosin-IIB. This indicates
that chronic hyperglycemia induces effects in the protein
expression of myosins on brain, and the antioxidant balance
(endogenous and exogenous) and reactive oxygen species
improves myosin-Va protein level. Although supplementa-
tion did not restore the mRNA expression of myosin-Va, it is
possible that it has promoted an increase on the recruitment
of this molecular motor but not an overexpression.

5. Conclusion

In conclusion, this study contributes to yielding some insights
across the association and alterations in myosins expression
and antioxidant enzymes in chronic diabetic rat brains, and it
suggests that antioxidant supplementation reduces oxidative
stress and also regulates the myosins expression levels, which
should be beneficial to individuals with diabetes/chronic
hyperglycemia. Considering the brain tissue is heterogenous
and it is composed of different cell types with diverse
functions, further molecular investigations are needed to
elucidate the regulation pathways of antioxidant enzymes
throughmyosins expression in different brain regions during
diabetes.
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[23] A. V. da Costa, L. K. Calábria, R. Nascimento, W. J. Carvalho,
L. R. Goulart, and F. S. Espindola, “The streptozotocin-induced
rat model of diabetes mellitus evidences significant reduction
of myosin-Va expression in the brain,”Metabolic Brain Disease,
vol. 26, no. 4, pp. 247–251, 2011.

[24] T. Yoshizaki, T. Imamura, J. L. Babendure, J.-C. Lu, N. Son-
oda, and J. M. Olefsky, “Myosin 5a is an insulin-stimulated
Akt2 (protein kinase B𝛽) substrate modulating GLUT4 vesicle
translocation,”Molecular and Cellular Biology, vol. 27, no. 14, pp.
5172–5183, 2007.

[25] A. V. da Costa, L. K. Calabria, F. B. Furtado et al., “Neuropro-
tective effects of Pouteria ramiflora (Mart.) Radlk (Sapotaceae)
extract on the brains of rats with streptozotocin-induced dia-
betes,”Metabolic Brain Disease, vol. 28, no. 3, pp. 411–419, 2013.

[26] C. Beaulieu, R. Kestekian, J. Havrankova, andM. Gascon-Barre,
“Calcium is essential in normalizing intolerance to glucose that
accompanies vitamin D depletion in vivo,”Diabetes, vol. 42, no.
1, pp. 35–43, 1993.

[27] L. A. Martini, A. S. Catania, and S. R. G. Ferreira, “Role of
vitamins andminerals in prevention andmanagement of type 2
diabetes mellitus,”Nutrition Reviews, vol. 68, no. 6, pp. 341–354,
2010.

[28] A. G. Pittas, J. Lau, F. B. Hu, and B. Dawson-Hughes, “Review:
the role of vitamin D and calcium in type 2 diabetes. A system-
atic review andmeta-analysis,” Journal of Clinical Endocrinology
and Metabolism, vol. 92, no. 6, pp. 2017–2029, 2007.

[29] M. F. Essop, W. A. Chan, and S. Hattingh, “Proteomic analysis
of mitochondrial proteins in a mouse model of type 2 diabetes,”
Cardiovascular Journal of Africa, vol. 22, no. 4, pp. 175–178, 2011.

[30] S. Persengiev, B. P. C. Koeleman, K. Downes et al., “Association
analysis of myosin IXB and type 1 diabetes,” Human Immunol-
ogy, vol. 71, no. 6, pp. 598–601, 2010.

[31] P. G. Reeves, F. H. Nielsen, and G. C. Fahey Jr., “AIN-93 purified
diets for laboratory rodents: Final report of the American Insti-
tute ofNutrition adhocwriting committee on the reformulation
of the AIN-76A rodent diet,” Journal of Nutrition, vol. 123, no.
11, pp. 1939–1951, 1993.

[32] M. M. Bradford, “A rapid and sensitive method for the quanti-
tation of microgram quantities of protein utilizing the principle
of protein dye binding,”Analytical Biochemistry, vol. 72, no. 1-2,
pp. 248–254, 1976.

[33] H. Aebi, H. Suter, and R. N. Feinstein, “Activity and stability of
catalase in blood and tissues of normal and acatalasemic mice,”
Biochemical Genetics, vol. 2, no. 3, pp. 245–251, 1968.

[34] H. Towbin, T. Staehelin, and J. Gordon, “Electrophoretic trans-
fer of proteins frompolyacrylamide gels to nitrocellulose sheets:
procedure and some applications,” Proceedings of the National
Academy of Sciences of the United States of America, vol. 76, no.
9, pp. 4350–4354, 1979.

[35] R. E. Larson, J. A. Ferro, and E. A. Queiroz, “Isolation and
purification of actomyosin ATPase from mammalian brain,”
Journal of Neuroscience Methods, vol. 16, no. 1, pp. 47–58, 1986.

[36] D. M. Suter, F. S. Espindola, C. H. Lin, P. Forscher, and M. S.
Mooseker, “Localization of unconventional myosins V and VI
in neuronal growth cones,” Journal of Neurobiology, vol. 42, pp.
370–382, 2000.

[37] E. M. Espreafico, R. E. Cheney, M. Matteoli et al., “Primary
structure and cellular localization of chicken brain myosin-
V (p190), an unconventional myosin with calmodulin light
chains,” Journal of Cell Biology, vol. 119, no. 6, pp. 1541–1557, 1992.

[38] J. L. Yin, N. A. Shackel, A. Zekry et al., “Real-time reverse
transcriptase-polymerase chain reaction (RT-PCR) for mea-
surement of cytokine and growth factor mRNA expression with
fluorogenic probes or SYBR Green I,” Immunology and Cell
Biology, vol. 79, no. 3, pp. 213–221, 2001.

[39] P. A. Low, K. K. Nickander, and H. J. Tritschler, “The roles
of oxidative stress and antioxidant. Treatment in experimental
diabetic neuropathy,” Diabetes, vol. 46, supplement 2, pp. S38–
S42, 1997.

[40] F. Gardoni, A. Kamal, C. Bellone et al., “Effects of strep-
tozotocin-diabetes on the hippocampal NMDA receptor com-
plex in rats,” Journal of Neurochemistry, vol. 80, no. 3, pp. 438–
447, 2002.

[41] E. Coleman, R. Judd, L. Hoe, J. Dennis, and P. Posner, “Effects of
diabetesmellitus on astrocyteGFAP and glutamate transporters
in the CNS,” Glia, vol. 48, no. 2, pp. 166–178, 2004.

[42] S. S. Kamboj, K. Chopra, and R. Sandhir, “Neuroprotective
effect of N-acetylcysteine in the development of diabetic
encephalopathy in streptozotocin-induced diabetes,”Metabolic
Brain Disease, vol. 23, no. 4, pp. 427–443, 2008.



ISRN Neuroscience 9

[43] J. P. Hernández-Fonseca, J. Rincón, A. Pedreañez et al., “Struc-
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