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Introduction: The surface of the cortex is formed
by bodies of neural cells that process all the information that the brain receives and sends, enabling
man to think, plan, coordinate thoughts and actions, perceive visual and sound patterns and use
languages. The prefrontal cortex (CPF) is a complex and highly developed region of the neocortical regions of the human brain, being considered
the frontal cortex association cortex. Objective:
To analyze the effects of supplementation with
different dosages of Phosphatidylserine on the
neuroprotection and plasticity of nerve cells in the
prefrontal cortex of cultured newborn Wister rats.
Methods: the experimental procedures were conducted under license from the Ethics Committee
on Animal Experimentation (CEEA) of the State
University of Rio Grande do Norte (UERN), with
opinion number 015/2016. The cellular material of
the cerebral cortex was collected from 2 newborn
Wistar rats, 2 days old. Then cultivated in different groups, one control (D10 = G1) and the others,
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containing different concentrations of
phosphatidylserine, PS (G2 = 1 μg, G3 =
2 μg and G4 = 3 μg). Scanning electron
microscopy (SEM) was used to evaluate growth and cell morphology after 72
hours. To verify normality, the Kolmogorov-Smirnov and Shapiro-Wilk tests
were used and to confirm the results, two
post-tests were performed - Tukey and
Bonferroni - with the difference results
with p <0.05 being considered statistically significant. Results: We evidenced
that the group G4 treated with 3 μg of
the phosphatidylserine conditioned medium, presented significant morphological growth when compared to the groups
G1 = D10, G2 = 1 μg and G3 = 2 μg, suggesting that this phosphate may act promoting neuroprotection and plasticity to
neurons of the cerebral cortex, in culture.
Conclusion: The neuroprotective effect
and the preservation of neuroplasticity
of cells in culture are notorious. By the
way, phosphatidylserine promoted the
maintenance of cell expansion in the experimental groups, mainly in the group
treated with conditioned medium of 3μg,
allowing the more expressive identification of the cell morphology, indicating
its action in the neuroprotection of the
cerebral cortex cells.

bound to phosphate through the hydroxyl
group of its group. This compound has
an asymmetric carbon atom and can be
designated either as D-glycerol-1-phosphate or as L-glycerol3-phosphate. This
polar group is composed of a phosphate
group, which binds to the glycerol molecule, and a serine molecule bound to
phosphate through the hydroxyl group of
its group (VANCE et al., 2005).
PS consists of a high fat content and essential biological quality as
a nutrient for the body. It is distributed
throughout the body, as all cells need it
equally and plays a key role in stability
and impulse conduction through the cell
membrane. However, although it is distributed throughout the body, in the brain
accumulates a greater amount of FS, and
within it, in the cerebral cortex or gray
matter. This indicates, in percentage
terms, the importance of this nutrient
in nerve function, as a neurotransmitter
and essential nutrient for the maintenance of sinatic activity (SALEM, 1995).
The main aspect of PS that underlies its known physiological functions
is not its creation or destruction, but its
location: PS exposure on the surface of
mammalian cells is physiologically significant because it is usually completely
absent in extracellular space (BEVERS
& WILLIAMSON, 2016). There are two
basic enzymatic activities that regulate
the distribution of SF between the two
leaflets. One is responsible for removing
PS from the external leaflet by ACTIVE
TRANSPORT DEPENDENT ONP; the
relevant proteins are members of the
type IV subfamily of type P ATPases.

Introduction
Phosphatidylserine is a phosphoglycered composed of two fatty acids
and a polar group bound to a glycerol
molecule. This polar group is composed
of a phosphate group, which binds to the
glycerol molecule, and a serine molecule

79

Trophic Performance of Neurons of the Prefrontal Cortex of Newborn Wistar Rats in
Culture After Addition of Phosphatidylserine

It is known that its importance is
linked to the function of the cell membrane, because phospholipids (such as FS) are
critical elements for its ideal function. The
electrical potential and its transmission to
along the cell wall and this to other membranes, are some of the basic functions of
the membrane. Membrane proteins are essential for performing these processes, and
PS is important to regulate actions of these
proteins. To get an idea, myelin is rich in
PS and the content of this phospholipid increases twice as much gray matter of the
brain, from birth to old age. Under normal
conditions, practically all PS of a cell is
located inside the cell plasma membrane
(HAREL-ADAR et al., 2011).
Thus, the aim of this study was
to analyze the effects of supplementation
with differentiated dosages of Phosphatidylserine on the neuroprotection and plasticity of neurons of the prefrontal cortex of
newborn Wistar rats in culture.

Extraction And Cultivation Of Cells Of
The Prefrontal Cortex
The cells of the prefrontal cortex
were collected from 2 Wistar rats with
2 days of life. The neonates were sedate
with inhalational anesthetic (halothane) at maximum dose and sacrificed,
respecting the principles of the use of
animals in the laboratory, being submitted to incision in the facial region, being
folded the integumentary tissue. Then,
section was performed in the anterior
region of the skull and cut laterally to
the skull cap, resulting in exposure of
the brain. After that, under the laminar
flow with the aid of scissors, tweezers
and spatula, the brain tissue was folded
down and exposed to the prefrontal cortex, thus allowing its removal and inclusion in a petri dish containing 5mL
of Leibovitz-15 medium (L-15: GIBCO
Invitrogen Corporation).
We used new 15mL Falcon conical tubes with 5mL of Low Knockout
DMEM medium (Dulbecco’s modified
Eagle’s medium), supplemented with
10% fetal bovine serum and 100 μl of
gentamicin obtained from Cultilab®
(Medium called D-10) were prepared
and received the prefrontal cortex extracted to perform the cell suspension.
The suspension was centrifuged at 1500
rpm for five minutes at a temperature
of 37oC, after which the sobrentan was
discarded and the cells resuspended in
5mL of medium, a procedure repeated
three times.
Plates for culture of 24 wells for
plating were prepared with 2.0mL of

Methods
To perform the experiment, two
newborn rats (Wistar - Rattus novergicus)
were used, with a age of 02 days to obtain
the hippocampuses. The project met the
standards for carrying out animal research with all procedures, through the Ethics
Committee on the Use of Animals of the
State University of Rio Grande do Norte
(UERN), through a substantiated opinion
of number 015/2016, and the international
standard governing the research was based
on the guide for the care and use of laboratory animals and according to the principle
of 3Rs.
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D-10, then dripping the newly extracted
cells, kept in a humid oven at 37oC with
5% CO2 and 95% air. Inverted phase
contrast light microscopy was used to
observe cell adhering to the bottom of
the plates.

phatidylserine 1μg;
Group 3 (G3): Prefrontal cortex + Phosphatidylserine 2μg;
Group 4 (G4): Prefrontal cortex + Phosphatidylserine 3μg.

Subcultures Of Cells Of The Prefrontal
Cortex And The Experimental Groups

FS dry powder extract was obtained from Evidence Soluções Farmacêuticas Ltda®. The concentration of
the solution was prepared using 500 μg
of FS, dissolved in 500 μl of bidistilled
water (ABD), thus obtaining a concentration of 1 μg per 1 μl.
For cell observation, an inverted
microscope with ckx41 phase contrast
(Olympus®) with moticam 3.0 digital
camera (Motic®) was used.
Regarding cell morphometry,
phase microscopy was performed in 4
non-overlapping fields at the 20x increase. Microphotographs of the 4 groups
were taken in 24 hours, 48 and 72 hours.
After 72 hours of cellular observation,
immunocytochemistry was carried out.

When the cells of the prefrontal
cortex reached 70-90% confluence at the
bottom of the plate, the basic medium
was removed and added to the wells 2
ml trypsin/EDTA (0.25% trypsin containing 1 mM of EDTA-Cutilab/Brazil®). The cell suspension was placed
in a Falcon-type conical tube with the
same volume of D-10 medium for 5 minutes, with the objective of inactivating
trypsin. The suspension was centrifuged at 1500 rpm for five minutes three
times, after which the sobrenatant was
discarded and the cells were resuspended in 5 mL of medium.
These cells were deposited
in plates of 16 wells, 4 wells for each
group, and sterile round lamínulas of 13
mm were added, so the cells were observed in four time periods: 24, 48 and
photographed after 72 hours. With this
procedure it was possible to evaluate
the adhesion and plasticity of the cells
of the prefrontal cortex, in the following
groups:

Electronic Microscopy
After a period of 72 hours of cell
observation, the samples were fixed
through the stabilization of the shape,
which consists of the process of preservation of the original state of such samples in culture, avoiding the introduction of artifacts as much as possible. For
this, the hippocampus cells of each studied group were fixed in glutaraldehyde
at 2.5% buffered with sodium phosphate
0.1M and pH 7.4 and washed in sodium

Group 1 (G1): Prefrontal cortex + D-10
medium;
Group 2 (G2): Prefrontal cortex + Phos-
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phosphate buffer 0.1 M and pH 7.4.
Then, the postfixation was performed in 1% Osmium Tetroxide buffered with Sodium Phosphate 0.1 M
and pH 7.4 for two hours. After postfixation, the samples were submitted to
three washes in the buffer solution, previously mentioned, and to two washes,
only with distilled water. Subsequently,
a series of alcohols (ethanol) was performed with different concentrations
(50%, 70%, 90% and 100%). The final
stages of this processing consisted of
the assembly of the material in support
of the sample point (Stub) and metallic
coating with gold by “sputtring”, for
observation in SEM (LEO VP® 435 –
Carl-Zeis, Oberkochen, Germany and
TESCAN® vega 3 LMU) at UFERSA,
being the most representative images,
electromicrographed.
The analyses were carried out
in the electron microscopy laboratory
of the Plant Science Research Center
of the Semi-arid Northeast (CPVSA) of
the Federal Rural University of the Semi-Arid (UFERSA).
Data Analysis
We used two independent investigators, previously calibrated (kappa =
0.94), assigned the perimeter (μm) and
area (μm²) in visual fields not randomly
overlapping, using cell culture of at least
3 different experiments, with an increase of 20x. The Software Motic Images
Plus 2.0 (Motic®) was used for morphological observation, and the Adobe
Photshop CS 6.0 software (Registry:

PWW600R7105467-948 Adobe®), for
minimal correction of brightness and
contrast of photomicrographies.
The database for cell expansion
(area and perimeter) after 72 hours was
built on the Statistical Package for Social Sciences (SPSS) version 20.0 platform. After verifying the consistency
of the data and finalizing the database,
tests were performed to verify normality through the Kolmogorov-Smirnov
and Shapiro-Wilk procedures, in which
it was found that the data are normal
and, therefore, parametric tests can be
used. For this, the analysis of variance
(ANOVA) was chosen, and for the corroboration of the results two post-tests
were made - Tukey and Bonferroni being statistically significant the results
of difference with p<0.05.
Results
Morphological changes and expansion
of neuronal cells
Regarding the observation of
morphological tropism of neuronal cells
at the end of 72 hours, it was found that
the cell populations presented expansion in perimeter and area progressively.
However, its greater expressiveness arises from the expansion of cells in the
treatment group with 3 microgram conditioning medium, inherent to group 4
(panels D1, D2, D3, D4), as shown in
the graph.
Thus, specifying the differences
between the experimental groups after
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72 hours of cell treatment, a statistical difference was observed between
G4 (P=1.000) and G1 (P=0.043), which showed superior when compared to
group G2 and G3, as highlighted in Figure 01:

Figure 02: Area of neuronal cells observed in each experimental group after 72 hours. P
values: (a= 0.003; b= 0.000; c= 0.003)

Phenotype Of Neuronal And Glial Cells
In this context, after a period of
72 hours of cell observation, the 4 groups
of the experiment were processed for
Observation in SEM.
Regarding the phenotypic alterations observed, it was found that the
groups treated with Phosphatidylserine
presented expansion in perimeter and
area of cellular populations, especially
in the treatment group with 3 microgram
conditioning medium, inherent to group
4 (Figure 3), inferring the results previously observed through phase contrast
microscopy.

Figure 01: Perimeter of neuronal cells observed in
each experimental group after 72 hours. P values:
(a= 0.000).

Then, when observing the neuronal area after 72 hours, differences were
identified, especially in G4 (p= 0.000),
which showed morphological growth
when compared to the other groups: G1
(p= 0.003), G3 (p= 0.003) and G2 not
presenting neuronal growth. Specifying,
statistical similarities were observed between the groups between G1 and G3 (p=
0.003), between G2 and G4 (p=0.000)
and G1 and G4 (p=0.003) demonstrating
that sF provided for the maintenance of
morphological properties (Figure 02).
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Figure 03: Neural and Glial cells of G1 (D-10), G2
(1μg), G3 (2μg), G4 (3μg) submitted to SME. neuronal cells (arrow).

Discussion
Worldwide, millions of people
are affected by neurological disorders.
A global average of 47.5 million people
live with dementia and annually about 7.7
million new cases are recorded, generating an economic impact of high patient
care, with disproportionately scarce neurological services and resources, which
can influence their survival (WHO, 2016).
The clinical and social results of
pathologies involving the cerebral cortex
and its pathophysiological bases reveal an
important theme of study and commitment to structure strategies that can contribute to the quality of life of individuals,
reverting to consequent benefit to society.
Scientific research has incessantly
sought alternatives of therapy and prevention that are capable of slowing or preventing neurodegeneration, and substances
that can contribute to cellular plasticity
and neuroprotection (DARAKHSHANA

et al., 2015).
Based on this, numerous studies
have investigated therapeutic strategies
with the purpose of reducing neurodegeneration, in addition to stimuli and their
respective substances that contribute to
cellular plasticity. The cerebral cortex
is one of the most researched structures
in the brain and attracts the attention of
neuroscientists, as well as its elementary
role in the consolidation of memories, learning and cognition.
In this perspective, the various
physiological and structural changes that
occur throughout life contribute to the
impairment of central nervous system
(CNS) functions, compromising the prefrontal cortex and being the target of neuronal cell death. (ESQUENAZI; SILVA,
U.S.; GUIMARÃES, 2014).
Thus, scientific research has incessantly sought alternatives of therapy
and prevention that are capable of slowing
or preventing neurodegeneration, and
substances that can contribute to cellular plasticity and neuroprotection (DARAKHSHANA et al., 2015).
It is notorious that pharmacological therapies constitute a usual option presented by conventional medicine. However, in recent decades, interest in natural
products has grown significantly, reflecting with the side effects of conventional
medicine and the efficiency of drugs derived from new herbs, and substances have
contributed to the increased use of natural
products as a substitute for synthetic drugs (DARAKHSHANA et al., 2015).
From such a prism, Saki; Bahmani; Rafieian-Kopaei (2014), report that
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about 25% of all drugs prescribed by
physicians in current medicine are obtained from herbs in different forms,
demonstrating efficacy and promising
results in the treatment of various pathologies.
For this purpose, a conditioned
medium with SF was developed for this
study, with the objective of observing the
behavior of CPF cells supplemented with
identical concentrations and different
Amounts of SF. In this approach, it was
expected that the cells would become reactive and naturally secrete factors that
would enable an environment favorable
to neuroprotection and neural plasticity.
Moreover, by evaluating the parameters, relevant points in our study
indicated a higher number of cells and
morphological changes more evident in
group 4 (3 μg - higher dose group), which
theoretically are reflexes of the conditioned medium.
Regarding the D-10 / DMEM
(Dulbecco’s modified Eagle’s medium)
medium, used as a control group, this
was very important to ascertain whether
cpf cells acquired different phenotypes
during the observation time. As the properties of SF are widely discussed and
there were more visible morphological
alterations when compared with cultures devoid of this treatment, especially
in group 4, it is believed that the use of
SF promoted the maintenance of cell expansion in the experimental groups, thus
corroborating previous studies.

protective effect of this substance is notorious. The proposed mechanisms of its
neuroprotective function include anti-inflammatory, antioxidant, antiapoptotic,
anti-ischemic and restorative response,
when mediated microenvironment conducive.
The most important aspect for the
conservation of these cells in a receptor
tissue is the microenvironment. The nature of the cellular microenvironment is
dynamic and changes constantly with
lesions, infections and other factors that
can directly affect the conditions around
a cell or group of cells, compromising
cell behavior and, consequently, the
physiologist integrity of the host, thus
affecting the essential conditions for cell
survival.
The present study analyzed the
neuroprotective behavior of glial and
neuronal cells after 72 hours of Treatment with SF, comtnating these findings
between the groups treated with different concentrations and with the control
group (established with DMEM medium). Previous studies have pointed to
some important functions of neuroglial
cells in the nervous system, such as the
maintenance of a chemical environment
suitable for neuronal signaling, modulation of the rate of propagation of nerve
signal through myelin, sinatic action
through the control of neurotransmitter
absorption, destruction of pathogens, removal of dead neurons and maintenance
of homeotase, exercising, thus, relevant
functions in neuroprotection (JÄKEL;
DIMOU, 2017; Purves et al., 2001).
Glial cells (astrocytes, microglia

Starting for the peculiarities of
the action of SF, the significant neuro-
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and oligodendrocytes) are more numerous than nerve cells in the brain, constitute, depending on the mammalian
species, between 33 and 66% of the total
brain mass. Currently, several studies
have revealed the multifaceted role of
astrocytes in the homeotase of the cerebral parenchyma. They are the most
abundant glial cells in the brain and have
an extremely important structure for the
survival and maintenance of the neurovascular unit (BECERRA-CALIXTO;
CARDONA-GÓMEZ, 2017).
According to Ullian
., (2001),
astrocytes increase the number of functional synapses in CNS neurons by seven
times, and are necessary for in vitro synaptic maintenance. Moreover, the study
also showed that most synapses are generated, concomitantly, with the development of glia in vivo.
On the other hand, cumulative
evidence indicates that hyperactivation
of microglia exacerbates the progression
of neurodegenerative diseases, including AD. Microglial dysfunction favors
neurodegeneration via elevated levels of
pro-inflammatory mediators, oxidative
stress, altered neurotransmitter levels, as
well as sinatic impairment, cognitive decline, neuronal death, reduced memory
and malfunction of the neocortex and hippocampus (CHUN et al., 2018).
In their review, Chun et al. 2018
analyzed the newly developed experimental models and evaluated the roles
of astrocyte-microglial interactions in
neurodegeneration in the context of AD,
allowing a more detailed analysis of glial
versus AD interaction. However, it is not

clear how this degrading function results
in reactivated or hyperactivated astrocytes and microglia, and it is necessary
to understand the roles of glia and the
development of new interventions and
exploratory tools. Therefore, it is reasonable to highlight that, under physiological conditions, its activation is essential,
as it is associated with a reparative inflammatory response, which suppresses
the pro-inflammatory response (CHUN
et al., CUNNINGHAM; HENNESSY,
2015; HOLMES, 2013).
Thus, in view of the promising
functions of glial cells and knowing their
efficacy in the sinatic transmission, it
was observed, in the different treatment
groups with FS conditioning medium,
which groups in which these cells presented greater development over the observation time. In this context, the group
of 3 micrograms presented a superior
response, both when the area and perimeter of glial cells were evaluated, and
when the area and perimeter of neurons
were evaluated. This finding can probably be explained by the modulation of
the cellular microenvironment promoted
by the conditioned environment, as well
as by the action of glial cells in the modulation of neuronal microenvironment.
As previously described, the
area, glial and neuronal perimeter are
important parameters listed in the research, both were evaluated primarily
for morphological description of cells
throughout the days, with relevance in
statistical analysis during the 72 hours of
observation. The size of the cell depends
on the cell type and its stage in the cell

86

Trophic Performance of Neurons of the Prefrontal Cortex of Newborn Wistar Rats in
Culture After Addition of Phosphatidylserine

liver tissue was performed in digitized
SEM images, and the images were more
representative, electromicrographed. In
this context, SME is an excellent method
for visualizing the surface of cells and
organ, providing exquisite details of surface projections.
Thus, important aspects in the
present study corroborate the findings
of the above-mentioned studies, noting
that the groups treated with SF presented
neural and glial area and perimeter superior to the other experimental groups,
acting synergistically on the morphology
of hippocampus cells, proposed mechanisms of their neuroprotective function.

cycle. In cultivation, changes in cell size
and area occur during growth (KHARITONOVA; VASILIEV, 2008).
In the present study, it was found
that the cell populations presented expansion in perimeter and area, progressively, through differentiated dosages of
SF. However, it was observed that, in the
lower dose groups (cells treated with a
conditioned medium of 1μg and 2μg of
SF), there was a lower expressiveness of
growth and expansion of glial and neuronal cells when compared to the group
with higher dosage (3 μg).
One of the techniques used in
this research to accurately elucidate the
results was SSING. A tool that allowed
identifying and analyzing, with greater
accuracy and quality, the cellular microstructures of the hippocampus of each
studied group. At this juncture, a series
of steps were followed to preserve the
original state of the samples, avoiding
the introduction of artifacts as much as
possible. (SANAGUSTIN et al,, 2009).
SEM has been shown to be an
important tool for the study of morphological characters of different species,
allowing to correctly observe the phenomena that occur in the micrometric or
submicrometric scale (SANAGUSTIN et
al,, 2009).
As an example, we have the work
of FU et al., 2008, who used this technique as a tool to investigate whether kavalactona kavain induces ultrastructural
changes and impaired liver function, since there is evidence in the literature that
kava can produce general adverse effects
on the liver. Morphometric analysis of

Conclusion
The cell group that composes the
cerebral cortex, when conditioned to a
medium immersed in SF, showed significant morphological growth when compared to the control group, suggesting
that this phospholipid acts promoting
survival and maintenance of neurons of
the field in culture.
The results presented in this study showed the feasibility of a stimulation
method using SF at doses of 3 micrograms, which were able to guarantee the
neuroplasticity that is the ability presented by the nervous system to modify and
adapt to stimuli.
In addition, we envision cellular
expandability observed in group 4 (higher dose = 3 micrograms), at short intervals of exposure to adequate stimuli,
which we observed in vitro maintenance.
Therefore, the fs-conditioned medium,
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plus the cultivation of cells of the cerebral cortex promoted the maintenance of
neuronal and glial cells, the latter being
responsible for providing the necessary
basis for neurons to exercise functionality in the sinatic conduction. This modality reinforces the capacity exercised
by the SF component, facilitating the occurrence of morphological changes and
causing neuroprotection and neuronal
plasticity.

88

Trophic Performance of Neurons of the Prefrontal Cortex of Newborn Wistar Rats in
Culture After Addition of Phosphatidylserine

Referências
ARENDT Detlev, Alexandru S. Denes, Gaspar Jekely and Kristin Tessmar-Raible. The
evolution of nervous system centralization, Phil. Trans. R. Soc. B (2008) 363, 1523–
1528.
BEAR MF, CONNORS BW, PARADISO MA. Fundamentos. In: Neurociência: Desvendando o Sistema Nervoso. Ed: Artmed. Porto Alegre. 2008, 3º ed.
BECERRA A. CALIXTO., CARDONA G. GOMEZ. The Role of Astrocytes in Neuroprotection after Brain Stroke: Potential in Cell Therapy. Review article, 2017.
BEVERS E.M., WILLIAMSON P.L. Getting to the outer leaflet: physiology of phosphatidylserine exposure at the plasma membrane. Physiol Rev, v. 96, p. 605- 645,
2016.
BUCKI R; Sulpice JC; Giraud F; G ‘orski J. Various functions of human erythrocyte
membrane lipids]. Postepy H ig M ed Dosw, 5 1 (6): 637-50. 1997.
BURLÁ C et al. A perspective overview of dementia in Brazil: a demographic approach. Ciênc. saúde coletiva [Internet]. 2013 [acesso em 2020]; 18(10):
2949-2956. Disponível em: http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1413-81232013001000019.
CERQUEIRA, J. J.; ALMEIDA, O. F. X.; SOUSA, N. The stressed prefrontal cortex.
Left? Right! Brain, Behavior, and Immunity, v. 22, p. 630 – 638, 2008.
CHUN H. Elucidating the Interactive Roles of Glia in Alzheimer’s Disease Using Established and Newly Developed Experimental Models. Front Neurol. 2018.
CORSO, H. V. (2009). Funções cognitivas: convergências entre neurociências e epistemologia genética. In: Educação e Realidade, 34(3), 225-246, 2009.
CRUPI R, MARINO A, CUZZOCREA S. n-3 fatty acids: role in neurogenesis and
neuroplasticity. Curr Med Chem. 2013; 20(24):2953-2963.
DALEKE DL. Regulation of transbilayer plasma membrane phospholipid asymmetry. J Lipid Res. 2003;44(2):233-42.
DALLEY, J. W.; CARDINAL, R. N.; ROBBINS, T. W. Prefrontal executive and

89

Trophic Performance of Neurons of the Prefrontal Cortex of Newborn Wistar Rats in
Culture After Addition of Phosphatidylserine

cognitive functions in rodents: Neural and neurochemical substrates. Neuroscience
and Biobehavioral Reviews, v. 28, p. 771 – 784, 2004.
DARAKHSHANA S et al. Thymoquinone and its therapeutic potentials. Pharmacological Research. 2015; 138–158.
DENG W., Aimone J. B. ,Gage F. H.(2010). Novos neurônios e novas memórias: como
a neurogênese do hipocampo afeta a aprendizagem e a memória? Nat. Rev. Neurosci.
11, 339 - 350. doi: 10.1038 / nrn2822.
ESQUENAZI D, Silva SRB; Guimarães MAM. Aspectos fisiopatológicos do envelhecimento humano e quedas em idosos. Revista HUPE [Internet] 2014; 13(2):11-20.
FU S, Korkmaz E, Braet F, Ngo Q , Ramzan I . Influence of kavain on hepatic ultrastructure. World J Gastroenterol. 2008; 14(4): 541–546. DOI: 10.3748/wjg.14.541.
FUSTER, J. M. Frontal lobe and cognitive development. J Neurocytol, 2002; 31(3-5),
373-385.
FUSTER, J. M. The prefrontal cortex (4th ed.). London: Academic Press, 2008.
GLADE MJ, Smith K. Phosphatidylserine and the human brain. Review. Nutrition.
2015; 31:781–6.
GONZÁLEZ, et all. Fosfatidilserina: argumentos neurobiológicos para su empleo em
la prevención del declive cognitivo relacionado com ele envejecimiento, 2012.
HAREL-ADAR T, Ben Mordechai T, Amsalem Y, Feinberg MS, Leor J, Cohen S. Modulation of cardiac macrophages by phosphatidylserine-presenting liposomes improves
infarct repair. Proc Natl Acad Sci U S A. 2011; Feb 1;108(5):1827-32.
HEIDBREDER CA, Groenewegen HJ - The medial prefrontal cortex in the rat: evidence for a dorso-ventral distinction based upon functional and anatomical characteristics. Neuroscience and biobehavioral reviews, 2003; 27:555-579.
HOLTMAAT, Anthony; SVOBODA, Karel. Experience-dependent structural synaptic
plasticity in the mammalian brain. Nature Reviews Neuroscience, v. 10, n. 9, p. 647658, 2009.
IZQUIERDO, Ivan. Memória. rev. e ampl. Porto Alegre: Artmed, 2011.

90

Trophic Performance of Neurons of the Prefrontal Cortex of Newborn Wistar Rats in
Culture After Addition of Phosphatidylserine

JÄKEL S, Dimou L. Glial Cels and Their Function in the Adult Brain: A Journey through
the History of Their Ablation. Front Cell Neurosci. 2017.
JÄGER, R., PURPURA, M., KINGSLEY, M. Phospholipids and sports performance. J Int
Soc Sports Nutr ,v.4, n.5, 2007.
KAY J.G, GRINSTEIN S. Phosphatidylserine-mediated cellular signaling. Adv Exp Med
Biol ,v. 991, p. 177–193, 2013.
KHARITONOVA MA, VASILIEV JM. Seminars in Cell & Developmental Biology, 25
Jul 2008, 19(6):480-484
KINGSLEY, M. Effects of phosphstidylserine supplementation on exercising humans.
Sports Med. v.36, n.8, p. 657-669, 2006c.
KUGE O, Nishijima M. Phosphatidylserine synthase I and II of mammalian cells. Biochim Biophys Acta. 1997;1348(1-2):151-6.
LENT, R. Cem bilhões de neurônios?: conceitos fundamentais da neurociência. 2. ed. São
Paulo: Editora Atheneu, 2010
LIU K, TEDESCHI A, PARK KK, HE Z.
Neuronal intrinsic echanisms of axon regeneration. Annu Rev Neurosci. 2011; 34:131-152.
MALLOY-Diniz, L. F.; Sedo, M., Fuentes, D., & Leite, W. B. Neuropsicologia das
funções executivas. In: Fuentes, D.; Malloy-Diniz, L. F. & Camargo, C. H. P. & Cosenza,
R. M. (Eds.), Neuropsicologia: teoria e prática. Porto Alegre: Artmed; 2008.
MILLER EK & Cohen. An Integrative theory of prefrontal córtex function. Annu. Rev.
Neurosci; 2001; 24:167-202.
MOURÃO-Júnior, C. A. & Abramov, D. M. Fisiologia essencial. Rio de Janeiro:
Guanabara Koogan; 2010.
NAKAMURA-Palacios EM. Working Memory and Prefrontal Cortex and Their Relation
with the Brain Reward System and Drug Addiction. In: LEVIN, 132 ES (Org.).Working
Memory: Capability, Developments and Improvement Techniques. New York: NOVA Publishers, p. 109-140, 2011.
NELSON David L.; Michael M. Cox. Princípios de Bioquímica de Lehninger – 6ª Ed.
Artmed. 2014.

91

Trophic Performance of Neurons of the Prefrontal Cortex of Newborn Wistar Rats in
Culture After Addition of Phosphatidylserine

NIYTRINI R, Bottino CMC, Albala C, Capuñay NSC, Ketzoian C, Juan J. Prevalence
of dementia in Latin America: a collaborative study of population-based cohorts. Int
Psychogeriatr 2009; 21(4):622-630.
PEZZE MA, Marshall HJ, Domonkos A, Cassaday HJ. Effects of dopamine D1 modulation of the anterior cingulate cortex in a fear conditioning procedure. Prog Neuropsychopharmacol Biol Psychiatry. 2016; 65:60-7.
SALEM N Jr; Niebylski CD. The n ervous system has na absol ute molec u lar spec
i esrequirement for proper function. Mol Membr Biol, 1 2(1): 131-4. 1995, Jan-Mar.
SANAGUSTIN JT et al. Scanning Electron Microscopy to Examine Cells and Organs. Methods in Cell Biology, 2009; 91: 81-87.
SANTOS, F. H. (2004). Funções executivas. In Andrade, V. M.; Santos, F. H. & Bueno,
O. F. A. (Eds.), Neuropsicologia hoje. São Paulo: Artes Médicas.
SANTOS, M.G. Papel funcional da fosfotadilserina de leishmania. (Leishmania
Amazonensis na Infecção de macrófagos. São Paulo, 2008.
SAKI K, Bahmani M, Rafieian-Kopaei M. The effect of most important medicinal
plants on two importnt psychiatric disorders (anxiety and depression)-a review. Asian
Pacific Journal of Tropical Medicine 2014 set [acesso em 2018 maio 18]; 7(1): 34-42. Disponível em: https://www.sciencedirect.com/science/article/pii/S1995764514602017
STARR JM. The older adult with intellectual disability. In: Fillit HM, Rockwood K,
Woodhouse K, organizadores. Brocklehurst’s Textbook of geriatric medicine and gerontology. 7th Edition. Philadelphia: Saunders, Elservier; 2010. p. 445-452.
STEMBERG, R. J. Psicologia Cognitiva. 5 ed. São Paulo: Cengage Learning; 2010.
SWANSON L; Brain Maps: Structure of the Rat Brain, 3rd Edition Edition: Academic
Press; 2003.
UYLINGS, H. B. M.; GROENEWEGEN, H. J.; KOLB, B. Do rats have a prefrontal
cortex? Behavioural Brain Research, v. 146; 2003, p. 3 – 17.
VAN MEER, G. et al. Membrane lipids: where they are and how they behave. Nat Rev
Mol Cell Biol, v.9, n.2 p.112–124, 2008.
VANCE JE, Steenbergen R. Metabolism and functions of phosphatidylserine. Prog

92

Trophic Performance of Neurons of the Prefrontal Cortex of Newborn Wistar Rats in
Culture After Addition of Phosphatidylserine

Lipid Res. 2005;44(4):207-34.
VERTES RP, Interactions among the medial prefrontal cortex, hippocampus and midline thalamus in emotional and cognitive processing in the rat. Neuroscience, 2006;
142:1-20.
YU TW and BARGMANN CI. Dynamic regulation of axon guidance. Nat Neurosci.
2001; 4:1169-1176.
WHO World Health Statistics: Monitoring Health for the SDGs Sustainable Development Goals. WHO, Geneva. Available at: http://www.who.int/gho/publications/world_
health_statistics/2016/en/, 2016.
ZHANG QJ, Li LB, Niu XL, Liu J, Gui ZH, Feng JJ, et al. The pyramidal neurons in the
medial prefrontal cortex show decreased response to 5-hydroxytryptamine-3 receptor stimulation in a rodent model of Parkinson’s disease. Brain Res 2011;1384:69–79.
ZHAO C., Deng W., Gage F. H ( 2008 ). Mecanismos e implicações funcionais da neurogênese adulta. Cell 132 , 645 - 660 . doi: 10.1016 / j.cell 2008.01.033.

93

