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 i g  h  l  i g  h  t  s

The  uncontrolled  diabetes  mellitus  leads  to  brain  changes  similar  to  neurodegenerative  diseases  like  Parkinson’s  Disease.
Aerobic  exercise  training  can  be used  as treatment  and  prevention  of  neurodegeratives  diseases,  especially  in  patients  with  DM.
Aerobic  training  may  be able  to alters  some  proteins  related  to  insulin/IGF-1  signaling  in  cerebellum  of  DM.
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a  b  s  t  r  a  c  t

The  Diabetes  Mellitus  (DM)  is a  chronic  disease  associated  with  loss of brain  regions  such  as  the cerebel-
lum,  increasing  the  risk  of developing  neurodegenerative  diseases  such  as Parkinson’s  disease  (PD).  In
the  brain  of diabetic  and  PD  organisms  the  insulin/IGF-1  signaling  is  altered.  Exercise  training  is an effec-
tive  intervention  for  the prevention  of  neurodegerative  diseases  since  it release  neurotrophic  factors  and
regulating  insulin/IGF-1  signaling  in the brain.  This  study  aimed  to evaluate  the  proteins  involved  in  the
insulin/IGF-1  pathway  in the  cerebellum  of  diabetic  rats  subjected  to  exercise  training  protocol.  Wistar
rats  were  distributed  in four  groups:  sedentary  control  (SC),  trained  control  (TC),  sedentary  diabetic  (SD)
and trained  diabetic  (TD). Diabetes  was  induced  by Alloxan  (ALX)  (32 mg/kg  b.w.).  The  training  program
consisted  in  swimming  5  days/week,  1 h/day,  during  6 weeks,  supporting  an  overload  corresponding  to
90% of the  anaerobic  threshold.  At the  end,  cerebellum  was  extracted  to determinate  the  protein  expres-
sion  of GSK-3�, IR�  and  IGF-1R  and  the  phosphorylation  of �-amyloid,  Tau,  ERK1  +  ERK2  by Western  Blot
analysis.  All  dependent  variables  were  analyzed  by  one-way  analysis  of  variance  with  significance  level
of  5%.  Diabetes  causes  hyperglycemia  in both  diabetic  groups;  however,  in  TD,  there  was  a  reduction

in  hyperglycemia  compared  to SD.  Diabetes  increased  Tau  and  �-amyloid  phosphorylation  in both  SD
and  TD  groups.  Furthermore,  aerobic  exercise  increased  ERK1  +  ERK2  expression  in TC. The  data  showed
that  in cerebellum  of  diabetic  rats  induced  by alloxan  there  are  some  proteins  expression  like  Parkin-
son  cerebellum  increased,  and  the  exercise  training  was  not  able  to modulate  the  expression  of these
proteins.
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1. Introduction

Diabetes Mellitus (DM) is a chronic disease characterized by
hyperglycemia which may  causes damage to eyes, kidneys, heart

and central nervous system (CNS) [1]. Specifically, DM can causes
damage in brain regions such as cerebellum and hypothalamus,
and as consequence increasing risk of neurodegenerative diseases,
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s Alzheimer’s Disease (AD) and Parkinson’s disease (PD) [2,3,4].
D is characterized by progressive loss of dopaminergic neurons in
he substantia nigra pars compacta accompanied by an expressive
eduction of striatal dopamine levels, an important neurotrans-
itter in neuronal modulation that may  compromise the motor

ircuit [5]. Furthermore, mutations in �-synuclein form part of the
ntracytoplasmic Lewy bodies, contribute to the degeneration of
opaminergic neurons [2,6].

The DM and PD features are distinct, although genetic fac-
ors associated with environmental aspects can trigger a cascade
f uncommon events to both diseases [7]. Kotagal et al. (2013)
valuated patients with PD and DM,  and showed greater postural
nstability and gait difficulty when compared to patients with only
D, concluding that DM exacerbates the symptoms of PD through
echanisms other than nigrostriatal dopaminergic denervation.

esides the typical motor impairment due to because �-synuclein
rotein, previous studies [8,9,10] showed that there is an increase of
au protein in the patient brains with PD, suggesting that tau accu-

ulation increases the risk of developing PD, and as a consequence
ay  occur increase of the risk of cognitive decline. Important to
ention that, in patient brains with DM there are hyperphospho-

ylation of tau protein [11], wich perhaps may  be a risk to PD.
Insulin-like growth factor (IGF-1) appears to be another pro-

ein associated with neurodegenerative diseases. Previous studies
ave showed that IGF-1 can protect the brain against the loss of
opaminergic neurons [12], and that IGF-1 concentration in the
erebellum of diabetic rat is decreased [13], suggesting a relation-
hip between the DM and PD.

Notwithstanding, Arantes et al. [14] showed that diabetic ani-
als have loss body balance and that the aerobic exercise training

educed this loss. Exercise training constitutes an effective inter-
ention in disorders such as DM,  AD and PD, attenuating or
nhibiting their progression [15,16]. Different mechanisms have
een suggested for explaining the benefits of exercise training in
he prevention and management of neurodegenerative disorders,
uch as the release of neurotrophic factors and the angiogenesis,
hereby facilitating neurogenesis and synaptogenesis [17,18]. The
xercise training increases the central concentration of insulin [19],
nd IGF-1 [20], in addition, decreasing the concentrations of Tau
nd amyloid precursor protein (APP) proteins in diabetic rats [21].

For these reasons, the aim of this study was to evaluate the
xpression of the proteins involved in the insulin/IGF-1 pathway
n the cerebellum of diabetic rats submitted to an aerobic exercise
raining protocol.

. Methods

.1. Animals

Thirty-eight male Wistar rats (175–200 g) were housed in cages
45 × 35 × 15 cm;  4–5 animals per cage) with water and food ad
ibitum, under controlled conditions of temperature (23–25◦ C) and
ight/dark cycle (12–12 h, lights were turned on at 7:00 a.m. and
urn off at 7:00 p.m.). All experiments involving animals were
onduct according to the Brazilian law for the use of animals in sci-
ntific research (Law Number 11.794) and all procedures described
eceived the approval of local ethics committee of São Paulo Federal
niversity (# 2012/00217).

.2. Proceedings
Diabetes was induced by i.v. injection of alloxan (ALX-
2 mg/kg b.w.; Sigma, USA). After 5 days, blood samples were
btained from rats in the fed state to determine plasma glucose con-
entration, which were included in the study only animals which
etters 639 (2017) 157–161

presented glycemia between 11 and 28 mmol/L Animals were ran-
domly distributed into four groups: control sedentary (CS), control
trained (CT), diabetic sedentary (DS) and diabetic trained (DT).

2.3. EXERCISE training PROTOCOL

The exercise training consisted in 5 swimming sessions/week,
per 4 weeks, 1 h per session with an overload corresponding to
90% of the anaerobic threshold (AT). All groups were adapted to
swimming training for 5 days before starting the protocol. Before
undergoing the lactate minimum protocol, all the animals were
adapted to water. The water temperature was maintained at
31 ± 1 ◦C. The purpose of the adaptation period was  to reduce stress
in the animals.

2.4. Lactate minimum test

AT was  determined by lactate minimum test (LACmin) adapted
to rats [22,23]. The LACmin consists of performing a short period
of supramaximal exercise to induce hyperlactemia before starting
the incremental exercise phase. To produce hyperlactemia, the rats
were induced to jump into the water for 6 min  (30-s exercise inter-
rupted by 30-s rest) carrying an overload corresponding to 50%
of b.w. (the overload was added using lead fish sinkers strapped
to the chest) ia a cylinder tank, 50 cm deep, and 25 cm in diam-
eter, filled with water at 31 ± 1 ◦C. After 9-min recovery interval,
the rats were submitted to an incremental test consisting of swim-
ming while carrying overloads of 4.5, 5.0, 5.5, 6.0, and 7.0% of body
weight. During this incremental phase, each overload lasted 5 min
and was follow by a 30-s rest, during which, blood samples were
taken for subsequent lactate measurement. The BLM (the load cor-
responding to the nadir of the blood lactate vs. workload, as a% of
body weight plot) was  estimated from the zero-gradient tangent
to a spline function fitting the exercise blood lactate data. The AT,
considered as the parameter for aerobic capacity, was equivalent
to the zero derivative of a second-older polynomial fit, which was
obtain from the ratio between the lactate concentrations and exer-
cise intensity. The LACmin was  performed at baseline and at the
fourth week of training in order to adjust the overload of each rat.

2.5. Euthanasia

The rats were euthanized (by decapitation), 48 h after their last
exercise bout and blood samples were collected for glucose mea-
surements (by a colorimetric method [24].

2.6. Tissue preparation

Cerebellum was carefully excised in ice and weighed on a preci-
sion balance. Afterward, cerebellum tissues were stored at −80 ◦C
until analyses. The protein content of cerebellum was  measured by
the method of Lowry et. al. (1951). The tissue was homogenized
in an extraction buffer (mM)  (1% Triton X-100, 100 Tris, pH 7.4,
containing 100 sodium pyrophosphate, 100 sodium fluoride, 10
EDTA, 10 sodium vanadate, 2 PMSF, and 0.1 mg  of aprotinin/mL),
at 4 ◦C in a Beckman 70.1 Ti rotor (Palo Alto, CA, USA), for 60 s at
maximum speed and for 40 min  by solubilizing, after that the sam-
ples were centrifuged by 15 min  at 12000 rpm to remove insoluble
material. The supernatants of these tissues were used for protein
quantification, using the Bradford method.

2.7. Western blot assay
In direct immunoblotting experiments, 0.2 mg  of protein
extracts was  separated by SDS- PAGE, transferred to nitrocel-
lulose membranes, blocked for 2 h (Basal solution plus BSA
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Fig. 1. Western Blot (arbitrary units ×10−3). A� protein phosphorylation, Tau protein phosphorylation and GSK-3� phosphorylation in cerebellum. n = 4 per group. SC,
sedentary control; TC, trained control; SD, sedentary diabetic; and TD, trained diabetic. (one-way ANOVA, P < 0.05; a compared to TC, b compared to SC).
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ig. 2. Western Blot (arbitrary units ×10−3). IR�  expression, IGF-1R expression and
ontrol; SD, sedentary diabetic; and TD, trained diabetic. (One-way ANOVA, P < 0.05

%), and then blotted with primary antibodies, anti-IRbeta,
nti-IGF-1R, anti-phospho-tau, anti-phospho �-amyloid (A�)  pro-
ein, anti-phospho-ERK1 + ERK2 and anti-phospho-GSK3� (Abcam,
ambridge, UK). Chemiluminescent detection was perform with

orseradish peroxidase-conjugate secondary antibodies (incuba-
ion, 2 h). The visualization of protein bands was performer by
xposure of membranes to RX-films.
 + ERK2 expression in cerebellum. n = 4 per group. SC, sedentary control; TC, trained
mpared to TC, b compared to SC, c compared to SD).

2.8. Statistical analyses

All dependent variables were analyzed by one-way analysis of
variance (one-way ANOVA) and a significance level of p < 0.05 was

use for all comparisons. The Newman- Keuls test was  use for post
hoc comparisons.
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Table  1
Blood glucose (mg/dL) and body weight (g) after 6 weeks of training.

Glucose (mmol/L) Body Weight (g)

SC 5,6 ± 1 379 ± 55
TC  5,8 ± 0,9 343 ± 43
SD  18 ± 1,2 a,b 277 ± 49 a,b
TD  16,6 ± 1,3 a,b,c 327 ± 54
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C, sedentary control; TC, trained control; SD, sedentary diabetic; and TD, trained
iabetic. n = 10 per group. (one-way ANOVA, P < 0.05; a compared to TC, b compared
o  SC, c compared to SD).

. Results

In this study, rats were trained with an overload correspond-
ng to 90% of the AT. The diabetics animals (SD and TD) showed
yperglycemia, but aerobic exercise decreased blood glucose in TD.
iabetes reduced body weight (SD) and the exercise was  able to
ecrease this in TD. Statistical analysis revealed an increase in tau
rotein phosphorylation levels in SD and TD when compared to
T and CS groups in cerebellum. In relation to A� phosphoryla-
ion, there was an increase in diabetic animals (SD and TD) when
ompared to control (TC and SC) (Fig. 1). Tau phosphorylation was
ncreased in SD and TD when compared to TC and SC (Fig. 1). How-
ver, GSK-3� level in the cerebellum was not alters in the groups
D and TD (Fig. 1). The expression of proteins IR� and IGF-1R were
ot significantly different between all groups (Fig. 2). Cerebellar
RK1 + ERK2 phosphorylation increased in TC rats when compared
o other groups (SC, SD and TD) (Fig. 2 Table 1).

. Discussion

This current study it was investigated the role of exercise train-
ng on proteins expressed in cerebellum that are associated to
nsulin/IGF-1 signaling pathway in ALX Type 1 diabetic rats. Previ-
us studies have shown a possible relationship between dementia
rovoked by diabetes and neurodegenerative diseases such as PD
nd AD [25,26].

It is very well known that diabetic rats, induced by alloxan,
ave metabolic changes similar to DM1  in humans, such as hyper-
lycemia, polyuria and weight loss [27]. In our study, diabetic
nimals had significantly lower body weight and higher blood
lucose compared with control groups. Nevertheless, the training
rotocol reduced blood glucose and decreased the body weight

oss in TD. These results reflect the chronic adaptations induced
y exercise training already seen in other studies [28,29].

Some studies have been showed that the insulin and IGF-1 con-
entrations decreased in the cerebellum of diabetic animals and the
xercise training increased the IGF-1 peptide concentration [14,30].
n our study, no differences in insulin and IGF-1 receptors expres-
ions (IGF-1R and IR�)  in the cerebellum of diabetic rats were found.
otwithstanding, Diegues et al. [21] showed that aerobic exercise

raining may  be able to increase the concentration of these proteins
n the hippocampus of diabetic rats [21]. These findings suggested
hat brain areas may  express differently receptors in response to
xercise training.

The potential importance of IGF-1 was highlighted by the find-
ngs that increased Ab clearance from brain to periphery in animal

odels, by upregulating the entry of carrier proteins across the
lood–brain barrier [31]. Blood levels and brain uptake of IGF-1 are
levated with exercise [31,32].

Insulin degrading enzyme (IDE) is also responsible for the degra-
ation of beta amyloid protein preventing the formation of beta

myloid oligomers that are toxic to the central nervous system
CNS) [33]. However, IDE is more sensitive to insulin thus insulin
esistance is responsible for the accumulation A� impairing cog-
itive functions [34]. At the same time the signaling cascade
etters 639 (2017) 157–161

insulin/IGF-1 is responsible for controlling the phosphorylation of
Tau protein, when there insulin/IGF-1 resistance, occurs hyper-
phosphorylation of Tau protein [35]. Tau hyperphosphorylation has
been related to the engine deficit of these pathways [36,8]. It has
been seen that diabetic organisms have decreased IGF-1 and insulin
in the brain and that this is related with the increase of A� and Tau
[37]. As already said, studies in the literature show the increase
in A� and Tau in brain area [37,36], different from our study that
showed increases of these proteins specifically in the cerebellum of
diabetic animal. We  also observed that exercise training for 6 weeks
was not able to reduce the phosphorylation of these proteins. In a
previous study, we showed that diabetic rats also had higher Tau
and A� phosphorylation in the hippocampus, but the same swim-
ming training protocol was  able to decrease the phosphorylation
of Tau protein of diabetic animals [21]. Our findings indicate that
exercise can act differently in different brain areas

There is evidence that high levels of GSK-3� in brain areas
increase the risk of pathologies such as DM [38]. The GSK3- �
phosphorylation is controlled by AKT, moreover, GSK-3� expres-
sion is increased in brain regions associated with PD [39]. Then,
inhibition of GSK-3� has been considered as a therapeutic target
for PD [40]. The other therapeutic target to decrease GSK-3� is the
physical training, by increases Akt phosphorylation and consequent
decreased GSK-3� expression [41]. Nevertheless, in our study, we
did not find significant differences between groups.

The extracellular signal-regulated kinases (ERK1/2) are related
to cell survival, proliferation, differentiation memory formation
and engaged with PD [42,43]. There are three lines of thought with
regard to neurotoxicity A� on ERK, the first line shows that activa-
tion of ERK is able to protect the toxicity of neurons A� (2) [44,45],
other studies have shown that A� had no effect on ERK [46] and
there are also other work showing that ERK activation by Ab pro-
motes cell death [47].

After activation of IR occurs phosphorylation of insulin receptor
substrate 1 (IRS-1), which can be recognized by several kinases, as
ERK. [48] showed by culturing animal hippocampal cells, activation
of ERK inhibits phosphorylation of Akt, while the phosphorylation
of Akt suppresses the activation of ERK, in addition, showed that
insulin acts as protector cells hippocampus. In our study, cerebellar
ERK1 + ERK2 phosphorylation increased in TC rats when compared
to other groups. Our results are in agreement with other studies in
the literature that suggest that exercise training acts as neuropro-
tector agent and the ERK would be acting as anti-apoptotic factor,
modulating survival and cell proliferation [49,50]. Exercises train-
ing does not alter the phosphorylation of ERK1 + ERK2 in diabetcs
groups, maybe because insulin is a regulator of ERK, as shown in a
previous study [48].

In summary, our work demonstrated that aloxan diabetic ani-
mals showed higher cerebellum A� and Tau phosphorylation,
similarly to Parkinsonian cerebellum. Our exercise training proto-
col was  not able to reduce the phosphorylation of tau protein and
A�. On the other hand, we showed that the same training protocol
increased the phosphorylation of ERK in the control group confirm-
ing the neuroprotective function performed by ERK. More studies
should be conducted to better understand the damage of diabetes
mellitus in different brain areas.
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