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Abstract

Alzheimer’'s disease (AD) is the most widespread neurodegenerative disorder which can be induced by
scopolamine, but the underlying molecular mechanism is poorly understood. Recently, differential scanning
calorimetry (DSC) has been used to study healthy and scopolamine-treated mice. A well-expressed exothermic
transition minimum in the range of 35 - 45°C was determined in the DSC profiles of healthy mice supernatants. To
explain this process, using two-dimensional gel electrophoresis (2D-PAGE) coupled with MALDI-TOF-TOF, poorly
soluble membrane proteins in hippocampal proteome of rat brain tissue were identified. The different behavior
of the hippocampal proteome from the healthy rats before and after heating to 45°C was identified. Due to the
demonstrated change in protein level of tau protein and tubulin in the rat hippocampus after heating to 45°C, it was
suggested that the observed exothermic process at 35-45°C in rat may be due to the partial unfolding of tau protein,
which leads to the release of tubulin. Both proteins together are involved in protein fibrillation and aggregation.

Another important result is the discovery of different profiles for the proteome of hippocampal rat homogenates
with scopolamine-induced neurodegenerative disorder and its characteristics of healthy rats.

The reported results from this study can help clarify the molecular mechanisms of scopolamine-induced dementia

and neurodegenerative processes in general.
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Introduction

Alzheimer’s disease (AD) is the most widespread neurodegenerative
disorder affecting more than 5 million people worldwide, mainly
the elderly ones. At present time only symptomatic treatments are
available. Histopathological hallmarks that accompany the diseased
brain are extracellular amyloid plaques and intracellular neurofibrillary
tangles. A number of multiple protocol studies and a combination of
many analytical techniques such as two-dimensional polyacrylamide
gel electrophoresis (2D-PAGE), matrix-assisted laser desorption/
ionization time-of-flight mass spectrometry (MALDI-TOF), and
nuclear magnetic resonance spectroscopy (NMR) allowed to identify
different protein biomarkers [1-3]. From recent data it is suggested
that for the development of AD, mainly P-amyloid peptides and
neurofibrillary assemblies consisting of phosphorylated tau proteins
are responsible for plaque formation. The structure, dynamic behavior
and spatial organization of microtubules in neurons in the brain are
regulated by their associated tau proteins. The microtubule tau protein
is a member of a group of proteins that exist as heterogeneous isoforms
that favor the formation and stabilization of microtubules.

For many years, the linkage between the structure and function of
tau proteins has been intensively studied primarily through molecular
biology and biochemical approaches. Microtubules were found to be
composed of tubulin dimers which are subject to posttranslational
modifications that affect the stability and function of microtubules
[4-7]. In addition to the well-known function in microtubules, tau
proteins play an important role in preserving the genomic integrity in
stressful situations.

Applying 2D-electrophoresis and Western blot analyses,
differential splicing and different phosphorylated tau proteins
have been identified [8-11]. Specific phosphorylation is essential to
modulate protein location and protein-protein interactions [12,13].
Tau hyperphosphorylation can be considered as one of the hallmarks

of Alzheimer’s disease that can cause changes in the hydrophobicity
thereby interacting with a large number of molecular structures.

Approximately 2756 proteins were identified in the hippocampus
of Zucker diabetic fatty rats by 2D-PAGE electrophoresis and
MALDI-TOF [3]. Tau proteins bind to specific microtubule residues
that are essential for the pathological aggregation of tau, suggesting
a competition between physiological interaction and pathogenic
misfolding. The basis of interface binding between the tubulin
heterodimers and the tau proteins is the conservative mechanism
of microtubule polymerization, which is related to the regulation of
axonal stability and cell morphology. The repeating domain of tau by
transversal bonds to a-tubulin is closely related to the flexibility of the
structural elements forming the binding pocket of the a-p-tubulin
heterodimer interface [14,15].

Recently, a transition from 3r to 4r tau in AD was proposed based
on immunohistochemical studies with isoform-specific tau antibodies
rD3 and rD4. The antibodies rD3 and rD4 are suitable for testing the
expression and localization of the three isoforms of three tau replicates
(3r) and four repeats (4r) [16]. Quantitative analysis of nitrophilic
threads of AD type (NFT) and neurofibrillary nodes (NTs) show
that disease progression leads to an increase in the 3R tau fraction in
neurofibrillar brain stem cell changes [17]. Although tau’s structure-
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function dependence of tau proteins has been intensively studied
for many years, little is known about the molecular mechanisms of
interaction between tau proteins and microtubules and promotion of
the assembly of microtubules. The thermal behavior of brain tissues
of animal model (mouse) affected by drug induced neurodegenerative
disorder has been studied by differential scanning calorimetry (DSC)
[18-20]. Differential scanning calorimetry was also used to evaluate
the efficacy of biologically active compounds of plant origin (myrtenal,
elagic acid, lipoic acid and their combinations, including ascorbic acid)
in mice with neurodegenerative disorders. After application of these
drugs a delay or block progression of dementia has been identified
[21]. Also, the significant differences in heat capacity curves on brain
homogenate supernatants isolated from healthy animals in comparison
to animals with scopolamine-induced dementia were observed by DSC
measurements [22,23]. Herein, we present results of changes occurred
at 45-50°C in the brain proteome of an experimental animal model
(rat) with scopolamine-induced neurodegenerative disorder, type AD.
The aim is to explain the observed extremes in DSC measurements
on brain tissue homogenates isolated from healthy animals and from
animals treated with scopolamine.

Methodology
Animals and scopolamine treatment

An experimental animal (rat) model of scopolamine-induced
dementia of AD type was used for experimental induction of cognitive
deficits in doses of 0.3-0.5 mg x kg intraperitoneally [24,25]. Two
groups of 5-7 Male Wistar rats were analyzed in this study. First group
were rats without treatment (control), in the second group rats were
treated daily for 11 days with scopolamine (1 mg x kg body weight
(b.w.) administered intraperitoneally (i.p.). All animals were treated in
accordance with the European Commission standards concerning the
care and use of laboratory animals, and the experiments with animals
were conducted in accordance with the ethical and professional
guidelines established by the Ethics Commission at the Institute of
Neurobiology, Bulgarian Academy of Sciences.

Extraction of proteins from the rat brain

Rat brains were rapidly removed after the animals were sacrificed,
and three fractions were dissected: hippocampus, striatum and cortex.
The samples (3-4 g) were washed with 10 ml of ice cold PBS buffer (0.2
g KCl, 8 g NaCl, 1.44 Na,HPO,, 0.24 g KH,PO), and then the samples
were homogenized in 0.1 M phosphate buffer, pH 7.8, containing
protease inhibitors (Calbiochem Protease Inhibitor Cocktail Set
111). Completely homogenized samples were centrifuged at 10,000
rpm for 15 min at 4°C to sediment large organelles and the obtained
supernatants were centrifuged again at 10,000 rpm for 30 min at 4°C.
From the clear supernatants protein concentrations were assessed using
a Bradford Protein Assay Kit (Bio-Rad, Hercules, CA 94547 USA). The
supernatants were used for examination by 1D- and 2D-PAGE.

2D-PAGE electrophoresis

Brain homogenates from control and experimental groups
were treated with 2D protein clean-up Kit (GE Healthcare, Sweden)
according to the manufacturer’s instructions and the resulting purified
protein pellet was dissolved first in IPG buffer (7M urea, 2M thiourea,
30 mM Tris, 4% CHAPS, 15mM DTT and IPG buffer, pH 3-10
PlusOne, GE Healthcare, Sweden) and then in DeStreak Rehydration
Solution (GE Healthcare, Sweden). This mixture was used to rehydrate
the immobilized pH gradient (IPG) strips (7 cm DryStrip pH 3-10; GE
Healthcare, Sweden) overnight, and IEF electrophoresis was conducted

on Ettan IPGphor 3 IEF System (GE Healthcare, Sweden) according to
the manufacturer’s nstructions. Isoelectric focusing was conducted at
20°C for 5750 Vh at a maximum of 300 V. For the second dimension,
the IPG strips were equilibrated consecutively in 65 mM dithiothreitol
(DTT) for 15min and then in 190 mM iodoacetamide (IAA),
respectively. The IPG strips were then placed on top of a 10% SDS-
PAGE (10 cm gels). Gels were run for approx. 2 h, fixed, stained with
Coomassie blue R-250 (1-2 h), destained overnight and then scanned.

SDS-PAGE electrophoresis

For SDS and 2D-PAGE electrophoreses, D,L-dithiothreitol,
acrylamide/bis-acrylamide (30% olution) and bromophenol blue
sodiumsalt(Sigma-Aldrich, Germany), N,N,N,N-tetramethylethylened-
iamine (TEMED) and ammonium persulphate (APS) (GE Healthcare,
Sweden) were used. Equal volumes containing approximately 25 ug/
lane of the samples, dissolved in Laemmli sample buffer (Tris/HCl pH
6.8, glycerin 20%, SDS 4%, and bromophenol blue 0.02%) and protein
standard mixture (SERVA, Germany) were separated by 10% and 12%
SDS-PAGE (precast gels SERVAGel™ TG PRiIME™) and visualized by
staining with Coomassie Brilliant Blue G-250.

Analyses of proteins after tryptic digestion of spots

A volume of 10 pl digestion buffer (50 mM ammonium
bicarbonate, pH 7.8) containing modified trypsin per microliter
(Promega) was added to the dried gel spots and the tubes were kept
on ice for 45 min to allow the gel pieces to be completely soaked with
the protease solution. Digestion was performed overnight at 37°C, the
supernatants were recovered and the resulting peptides were extracted
twice with 35 pl of 60% ACN / 0.1% DIEA. The extracts were pooled
and dried in the speedvac. The extracted peptides were redissolved in
10 pl of 0.1% formic acid and matrix solution (a saturated solution of
alphacyano-4-hydroxycinnamic acid in acetonitrile/water 50:50 with
0.1% TFA, for peptide measurements of <10 kDa; a saturated solution
of sinapinic acid in acetonitrile/water 50:50 with 0.1% TFA, for protein
measurements >10kDa) and spotted on the MALDI plate.

Protein identification and validation

Extracted peptides from the gel were analyzed by MALDI-TOF-
TOF mass spectrometry on AutoflexTM III, High Performance
MALDI-TOF & TOF/TOF Systems (Bruker Daltonics) which use a 200
Hz frequency-tripled Nd-YAG laser operating at a wavelength of 355
nm. Samples were prepared by mixing 5.0 pl of the sample with 5.0 pl
matrix solution (7 mg/ml a-cyano-4-hydroxycinnamic acid (CHCA)
in 50% ACN containing 0.1% TFA) and 1 ul of the mixture was spotted
on a stainless steel target plate. These were dried at room temperature
and analyzed by MS mode and collision energy of 4200 after a total
of 3500 shots. A solution of protein standards was used to calibrate
the mass scale. The mass spectrometer was externally calibrated with
a mixture of angiotensin I, glu-fibrinopeptide B, ACTH (1-17), and
ACTH.

Database searches

Mass spectral data were searched against different protein
databases using an in-house MASCOT server (Matrixscience, London,
UK). Database SwissProt and NCBIport were used to carry out the
Mascot searches. The generally used parameters were: Type of search:
Peptide Mass Fingerprint; Enzyme: Trypsin; Taxonomy: Rattus (8036
sequences); Mass values: Monoisotopic Peptide Charge State: 1; Max
Missed Cleavages: 1; Peptide Mass Tolerance: + 2.5 Da; Variable
modifications: Phosphorylation on serine (Phospho, ST), threonine
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(Phospho, T) and tyrosine (Phospho, Y); Report top: 5 hits. On-line
submissions were performed using MS-BLAST at the Heidelberg
server (http://dove.embl-heidelberg.de/ Blast2/msblast.html). FAST
(http://fasta.bioch.virginia. edu/fasta_www/cgi/) were carried out
using standard settings, and searches were performed against the
NCBI/BLAST with BLOSUM 50 as search matrix.

Results and Discussion

Various methodologies have been used to elucidate the causes for
the development of Alzheimer's disease (AD). After application of a
number of thermodynamic analyzes, the characteristics of purified
tau protein from human brain supernatants were investigated. From
defined thermodynamic characteristics, such as the equilibrium
constant, changes in free energy, enthalpy and entropy that reflect the
formation of the tau-DNA complex, it has been shown that binding
of unphosphorylated tau protein to DNA is a reversible process
[8]. Differential scanning calorimetry is a very sensitive technique
by which human plasma is analyzed in patients with breast cancer
[21]. Recently, DSC has also been found to be useful in the study of
neurodegenerative disorders in an experimental mouse model of
scopolamine-induced dementia, type AD. Brain homogenates, isolated
from healthy and scopolamine-treated mice, were analyzed, and a well-
expressed exothermic transition minimum in the range of 35 - 45°C
was determined in the DSC profiles of healthy mice supernatants
[18,22,23].

The main objective of the present work was to determine the protein
profile and related proteins with exothermic transitions observed at
35°C - 45°C. For this purpose, the changes in the proteomic profile at
45°C of healthy rat brain homogenates and those of the experimental
animal model of scopolamine-induced dementia, type AD, were
analyzed. There are many published data on tau proteins responsible
for neurodegenerative disorders and AD [26-28], and the role of the
microtubule tau proteins involved in promoting the assembly and
stabilization of microtubules is well known. Predominantly two forms
of tau proteins, phosphorylated and non-phosphorylated forms, are
mainly found in the cytosol of the cells. In a recent study, significantly
increased tau phosphorylation and a number of neurofibrillary tangles
within the hippocampus in mice with adeno-associated virus serotype
6 [29] were described. Six tau isoforms were identified in the human
brain originating from a combination of 0, 1 or 2 amino-terminal
inserts and 3- or 4-microtubule-binding repeats (3Rtau or 4R-tau) in
neurotransmitter threads and neurofibrillary units. A gradual increase
in 3R-tau percentage in the brain hippocampus has been established,
and this preferential accumulation of 3R-tau in the brain stem can be
fundamentally associated with the progression of AD [16]. Also, an
increase in 3R-tau during the progression of neurofibrillary disease
was reported by Uematsu et al., which may be fundamental to the
pathogenesis of Alzheimer's disease [17].

This information was used as a basis for the assays of the proteome
in healthy rats in comparison to that from an experimental model
of scopolamine-induced dementia, type AD. The investigations of
extracted proteins from three different parts (hippocampus, striatum
and cortex) of rat brain were carried out after washing with ice cold
PBS buffer. After homogenization of the samples in medium containing
protease inhibitors and centrifugation at 10,000 g for 15 min at 4°C,
the supernatants were analyzed. The protein concentrations in the
extracted membrane fractions were determined by the Bradford
method and the pure supernatants were subjected to various analyses.

Recently published data show great differences between the heat

capacity profiles of water soluble proteins in the brain of healthy
animals and animals with scopolamine-induced dementia [22,23].
A well-expressed exothermic process with an extremum at 40-45°C
was observed in the brain proteome profile of healthy animals, not
observable in the brain proteome of mice after their treatment with
scopolamine. In the present study, the behavior of a healthy animal
model (rat) and animals with a scopolamine-induced deficiency was
investigated to explain the proteomic profile of this low-temperature
exothermic process. The experimental animals (rats) were divided into
2 groups: Group 1 - rats treated with scopolamine-induced dementia,
type AD; Group 2 - 6 rats without treatment (controls).

Comparative 2D-PAGE analyzes of rat brain homogenates

Proteomic analysis and 2D-PAGE are the most widely used
techniques for protein determination, available at different
concentrations in mixtures. These techniques were also used in the
analysis of poorly soluble membrane proteins in rat brain tissue and
compared with published results on specific structures of expressed
proteins in rat’s brain including their function in the central nervous
system [2]. As demonstrated from Figure 1, approximately 20 protein
stains were detected in the 2D-PAGEs of striatal (Figure 1A and
Table 1A) and 18 proteins of hippocampal (Figure 1B and Table 1B)
homogenates from healthy rat brains. The observed spots of the two gels
after comparative analyses to the presented proteins in the rat brain by
Nam et al. [3], 18 proteins in the rat hippocampus were identified. The
most important proteins associated with the experimental dementia
model were identified as P68370, Q3KRES, P99024 and P60711,
corresponding respectively to tubulin alpha-1A chain, tubulin beta-2B
chain, tubulin beta-5 chain and cytoplasmic 1 actin. Two-dimensional
analysis demonstrated the presence of Tau proteins in striatal and
hippocampal tissues of rat brain. We detected much heterogeneity in
isoelectric points and molecular masses of those proteins. Previously
experiments indicate that much of the heterogeneity in isoelectric
points of the 7 variants of isoforms of MAPs-tau is due to different
degrees of phosphorylation among the variants and the more acidic
variants are the more phosphorylated ones [30,31].

Comparative analyses of native and heated rat brain
homogenates by 1D-PAGE

After homogenization of brain tissue from hippocampus, striatum
and cortex, a comparative 1D-PAGE analysis was performed on
samples with and without heating to 45°C. The reason for this study
is our assumption that the exothermic process observed by Abarova
et al. [22] is associated with a change in the behavior of soluble
proteins as a result of the scopolamine-induced dementia. While no
such analysis has been conducted on human brain tissue, these data
could be correlated to neurodegeneration in general. For the purpose
of clarifying the abovementioned reasons, homogenates from three
rat brain parts (hippocampus, striatum and nucleus) were analyzed
by comparative analysis. After homogenization of the brain tissue, the
supernatants were separated into two fractions by 10 kDa membranes.
Fraction 1, containing components with Mw <10 kDa, was subjected to
additional analysis by MALDI-MS, whereas Fraction 2 (Mw > 10 kDa)
was investigated by 1D-PAGE.

The scheme applied for this analysis is shown in Figure 2 and
includes: centrifugation of the homogenate at 10,000 rpm and dividing
each extract into two samples: one sample was analyzed at 20°C (N)
while the other one after heating for 15 min at 45°C(H). Samples N and
H were subsequently subjected to proteomic comparison by 1D-PAGE,
trypsinolysis of the proteins, mass spectrometric analysis of the
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Figure 2: Conducted analyses on brain homogenates from either 1) Striatum,
2) Hippocampus, and 3) Cortex in phosphate buffered saline (PBS). After
centrifugation at 10000 g the supernatants were taken from the samples and
each was divided into two aliquots. Sample H was heated to 45°C for 15 min (H),
and the other sample (N) was not. Both were subsequently centrifuged at 10000
g for 15 min and their supernatants subjected to 1D-PAGE electrophoresis.
Differentially-expressed protein bands were marked and excised to identify the
proteins by MALDI-TOF mass spectrometry and database searching.

mentioning that these studies did not show any changes in the proteome
profile of the cortex (lanes 5 and 6; bands 3, 4 and 5). Moreover, the
comparative analysis shows a different protein content in the rat brain
cortex, compared to striatum and hippocampus (Figure 3).

It is important to note that these results represent the effect of
heating of homogenates from three parts of healthy rat brains. The
most pronounced effect was observed in the energy profiles of the
brain in scopolamine-induced neurodegenerative disorder. The shown
differences in the separated proteins on lane 2 (band 2) versus lane 1
(band 1) may correspond to the expression of partially unfolded tau
protein after heating to 45°C. These partial conformation changes of
tau lead to a breakdown of the tubules and release of tubulin. As a result
of these processes, the observed more intensive bands 6 and 7 may be
explained with aggregation of the partially-expanded tau protein and
the released tubulin into oligomers. The protein fibrillation is reflected
by the weaker intensity of band 2 from line 2 (Figure 3).

This hypothesis was additionally confirmed by the comparative
analysis of the hippocampal proteome from healthy animals with
the hippocampal proteome from animals with scopolamine-induced
dementia, type AD. Approximately 20 ug samples of hippocampal
extracts were applied on 1D-PAGE, line 1: electrophoregrams of
hippocampal extract of healthy rats (N) in comparison to line 3:
hippocampal extract of rats with scopolamine-induced dementia
(N) (Figure 4). We would like to point out that band 2 in lane 1 and
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Figure 3: 10% SDS-PAGE electrophoresis of homogenates from hippocampus,
striatum and cortex in healthy rats. Equal volumes containing approximately 25
ug/lane of homogenates from: lane 1) Hippocampus (N); lane 2) Hippocampus
(H) after heating at 45°C for 15 min; lane 3) Striatum (N); lane 4) Striatum (H)
after heating at 45°C for 15 min; lane 5) Cortex (N); lane 6) Cortex (H) after
heating at 45°C for 15 min and line 7) standard. All separations were performed
with 25 pg samples of proteins on 10% SDS-PAGE and visualized by staining
with Coomassie Birilliant Blue G-250.

Figure 4: 12% SDS-PAG electrophoresis of equal volumes (~20 ug/lane) of
homogenates from: lane 1) Hippocampal extract of healthy rats (N); lane 2)
Hippocampal extract of healthy rats after heating at 45°C for 15 min (H); lane
3) Hippocampal extract of rats with scopolamine-induced dementia (N); lane 4)
Hippocampal extract of rats with scopolamine-induced dementia after heating
at 45°C for 15 min (H); and line 5) standard.

2 is drastically decreased after heating to 45°C, possibly reflecting a
decrease in tau protein due to heating. This reduction in tau protein
could be associated with the increased intensity of band 4 compared to
band 3, eventually arising from formed oligomers.

To verify this hypothesis, selected bands from the gels were
identified after tryptic digestion and mass spectrometry analyses.
The excised bands from the gel were washed and after reduction and
amidation, the proteins were digested with trypsin. The obtained
peptide mixtures were extracted from the gels with 60% acetonitrile
and after drying and dissolving in 10 pl of MiliQ water several peptides
were identified by MALDI-TOF-TOF. The resulting tryptic peptides

J Proteomics Bioinform, an open access journal
ISSN: 0974-276X

Volume 11(3) 079-086 (2018) - 83



Citation: Voynikov Y, Velkova L, Tancheva L, Mladenov P, Dolashki A, et al. (2018) Proteomic Analyses of Exothermic Processes in Rat Brain
Homogenate. J Proteomics Bioinform 11: 079-086. doi: 10.4172/jpb.1000470

of three proteins are presented by their MS spectra (Figure 5A and B). Two groups of 3R tau species were published in the hippocampus
Following the ions in MALDI-MS spectrum of the hydrolyzed peptides of healthy rats with Mr 48-53 kDa (low molecular weight; LMR 3R
from lane 1, band 1, the microtubulin associated protein tau (MAP) tau) which predominates on the second with Mr 57-63 kDa (high
(Figure 5A) was identified. It is involved in microtubule formation with molecular weight 3R tau) [32]. The total amount of 4R tau with Mr
tubulin subunits and also regulates their stability. 52-68kDa was significantly higher in the hippocampus. Furthermore,
the ratio 7: 1 of the 4R/3R tau isoforms was found in the hippocampus.
It was also found that 4R tau isoforms interact more efficiently than 3R
tau isoforms with microtubules [32]. Therefore, based on the obtained
results we suppose that the same tau isoforms probably participate in
the formation a complex with tubulin in scopolamine-induced AD rat.

Additionally, the MALDI-MS spectrum of peptides from proteins
of band 4 and lane 2 correspond to the resulting ions after tryptic
digestion of tubulin and some tau protein. These tests indicate the
existence of a tau-tubulin complex, identified by MASCOT analysis
against protein databases.

Published results of mice brain homogenate presented great
differences between the heat capacity profiles of water-soluble brain
proteins from healthy animals and from animals with scopolamine-
induced dementia analyzed by DSC [18,22,23]. The brain profiles in
healthy mice show a well-exothermic process reaching a peak at 40-

The rat striatal analysis performed by 2D-PAGE also represents
two spots (1 and 2) corresponding to the tau protein and the tubulin
(Figure 1). Meanly tau-C isoform was detected in lanel, band 1 (Figure
4) and the tau-tubulin complex (isoform tau-B) in lanel, band 4.
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Figure 5: Identification of differentially expressed proteins by MALDI-MS spectra of extracted peptide fractions after trypsinolyses of: A) line 1 / band 1; B) line 2/
band 4.
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45°C, but this low-temperature exotherm was completely eliminated in
scopolamine-treated mice.

The role of scopolamine generating neurodegenerative disorder in
human and mice was presented by several authors [24,25,31]. The effect
of scopolamine on the hippocampal proteome profile in healthy rats
and after induction of neurodegenerative disorder was also investigated.
Significant difference can be noticed on Figure 4 of proteomic profile
of hippocampal brain homogenate from healthy animals after
scopolamine-induced dementia. These results on 1D-PAGE with equal
amounts (~ 20 pg) of hippocampal extracts show the lack of protein on
position 3 and 4, which is shown on line 1 (Figure 4).

Another interesting result is that after heating to 45°C changes
were observed in the proteomic profile of hippocampal brain with
scopolamine-induced dementia in Figure 4 lane 3 with lane 4. This
important result corresponds to the published data of DSC analyses
on mouse brain homogenate where no low temperature exotherm was
observed in scopolamine-treated mice.

Conclusion

The main observation of this study is the different behavior of the
hippocampal proteome from the healthy rats before and after heating
to 45°C. Due to the demonstrated change in protein level of tau and
tubulin in the rat hippocampus after heating to 45°C, it was suggested
that the observed exothermic process at 35-45°C in mice may be due
to the partial unfolding of tau protein which leads to the release of
tubulin. Both proteins together are involved in protein fibrillation and
aggregation.

Another important result is the discovery of different profiles for the
proteome of hippocampal rat homogenates with scopolamine-induced
neurodegenerative disorder and its characteristics from healthy rats.

The reported results from this study can help clarify the molecular
mechanisms of scopolamine-induced dementia and neurodegenerative
processes in general.
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