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Abstract

Although age is known to be the main risk for developing chronic and neurodegenerative diseases, those illnesses have a
different prevalence depending on the sex. It has been questioned whether genetic and hormonal differences are preserved in
primary cultures from individuals of different genders. Therefore, here we studied the susceptibility of astrocytes, obtained
from female and male Wistar rats of different ages (newborn, 9 and 24 months-old), to the well-known toxin MPP+ after
2 weeks in vitro, at different concentrations and exposure times. Our results showed that there are no variances due to gender,
but that there are important differences associated to age in terms of the viability against this toxin.
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Introduction

It is known that many neuropsychiatric and neurodegenera-
tive diseases have different prevalence depending on sex and
age (Valentino and Bangasser 2016). It has even been rec-
ognized that, although females live longer than males, they
have a higher prevalence in diseases and morbidities associ-
ated with age (Fischer et al. 2016). Even so, that, for many
years, most of the neurobiological studies were conducted
on male animal models, due to the variability of the results
obtained in females, mainly due to the hormonal effects
(Choleris et al. 2018).

As for in vitro research, there are only a few reports
studying cells obtained from animals of both genders. Nev-
ertheless, it is known that both neurons and glia have dif-
ferent properties according to sex. In particular, regarding
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astrocytes, their morphology, number, and cellular responses
vary depending on the gender (Pfau et al. 2016; Schwarz and
Bilbo 2012).

Recently, many scientific journals, as well as numer-
ous grant programs, are beginning to demand that research
should be done on both sexes (Miller et al. 2017). Because of
its great importance, we studied the differences between the
sexes in terms of their survival response against a toxin well
documented and used in neurobiology, such as 1-methyl-
4-phenylpyridinium (MPP+). This toxin is known to impair
mitochondrial function, and to induce ROS production and
cell death in neurons and astrocytes (Przedborski and Vila
2003; Zhang et al. 2010; Alarc6n-Aguilar et al. 2014). We
also compared the results according to age, since there exist
no reports analyzing astrocytes behavior by gender, in adult
and old animals.

Materials and Methods
Chemicals

All chemicals and reagents were purchased from Sigma
Chemical Co.
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Animals

Primary astrocytes were isolated from the frontal cortex
of female and male Wistar rats, divide into: (Rattus nor-
vegicus) newborns (3-days old), adults (9-month old), and
old (24-month old). The animals were obtained from our
institutional closed breeding colony (Universidad Auténoma
Metropolitana-Iztapalapa). The animals’ treating procedures
were always strictly performed according to the Mexican
Official Ethics Standard 062-Z00-1999, and the National
Institutes of Health Guide for the Care and Use of Labora-
tory Animals. This project was approved by the Universidad
Auténoma Metropolitana-Iztapalapa, ethics committee (dic-
tum 1706-2018).

Cortical Astrocytes Isolation and Culture

The astrocytes isolation was performed as reported pre-
viously in Lin et al. (2007) and McCarthy and de-Vellis
(1980), and cultured using MEM supplemented with 10%
FBS, glutamine 0.11%, glucose 0.15% and penicillin/strep-
tomycin 0.1%, as described before in Alarcén-Aguilar et al.
(2014).

MPP+ and H,0, Cytotoxic Treatments

After 2 weeks in culture, the astrocytes were reseeded at
a cellular density of 2.5x 10° cells per well on a 24-well
multi-chamber. Twenty-four hours after that, 10, 25, 50 or
100 uM MPP+ were added to the culture media for 1, 3 or
5hat37°C and 5% CO,. In the case of H,0,, a single con-
centration of 100 uM was assessed for 1 or 3 h under the
same conditions.

Cellular Viability

The trypan blue assay is used to differentiate dead cells (with
membrane disruption) from live cells (with intact mem-
branes). So, the viability was evaluated using this technique
as reported elsewhere (Seifrtova et al. 2013). Briefly, cells
were trypsinized and a 20 pl aliquot was stained with an
equal volume of a 0.4% trypan blue physiological solution.
The number of living cells in 10 pl of this suspension was
counted using the Vi-Cell-XR 2.03 (Beckman-Coulter).

Statistical Analysis

The data are reported as the mean + SD of at least three inde-
pendent experiments in triplicate. A multivariate analysis
of variances (MANOVA) was performed to determine the
effect of sex and treatments on cell viability, and an ANOVA
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test was performed, followed by a Tukey—Kramer multiple
comparisons test, to determine the differences between the
treatments. Values of p <0.05 were considered as statisti-
cally significant.

Results

To determine the effect of MPP+ on the viability of the
primary astrocytes, we performed a multivariate analysis
of variances (MANOVA). The results showed that gen-
der does not affect cellular viability in astrocytes from
newborn rats (Fig. 1a: p=0.4233; Fig. 1b: p=0.7789 and
Fig. 1c: p=0.8590), adult rats (Fig. 2a: p=0.6775; Fig. 2b:
p=0.9041 and Fig. 2c: p=0.9805), or old rats (Fig. 3a:
p=0.6556; Fig. 3b: p=0.0967 and Fig. 3c: p=0.0912). On
the other hand, the results of the exposure to different MPP+
concentrations during diverse times of exposure showed dif-
ferences in all the experiments performed. The results pre-
sented in Fig. la—c show that the astrocytes obtained from
newborn rats significantly decreased their viability propor-
tionally to the increase in the concentration of the toxin and
the time of exposure (p <0.05, p <0.01). This same suscep-
tibility to concentration and time of exposure was observed
in the astrocytes isolated from adults (Fig. 2a—c) and old
rats (Fig. 3a—c).

However, the astrocytes from old rats decreased their cell
viability by a higher percentage, compared to the adult and
newborn astrocytes, in all treatments (p < 0.05). The adult
cells showed significant differences with respect to the new-
borns in the concentrations of 25 and 50 uM after the 1 h
treatment (p <0.05), as well as with MPP+ 50 and 100 uM
for 3 and 5 h (p <0.05).

Additionally, the effect of H,0, 100 uM after 1 and 3 h
treatments was evaluated and, again, no significant differ-
ences were found by gender (Fig. 4a, newborn p=0.8169;
Fig. 4b adult p=0.9589, Fig. 4c old p =0.7904). Therefore,
the exposure time turned out to be the variable that influ-
enced cell viability (p <0.0001) in all the experimental
groups. As in MPP+treatments, cultures of old astrocytes
were more susceptible to the exposure time than adult astro-
cytes and neonates (p <0.05).

Our results suggest that the increased susceptibility to
MPP+ is a function of the age of the organisms from which
the astrocytes come, but it is not related to gender.

Discussion

Gender significantly influences the risk of acquiring differ-
ent illnesses, including cardiovascular, autoimmune and neu-
rodegenerative diseases (Congdon 2018; Ober et al. 2008).
Nevertheless, it has been questioned whether the genetic
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Fig.2 Cellular viability in adult
astrocytes. Cortical astrocytes
isolated from female (dark gray
bars) and male (light gray bars)
9 months-old Wistar rats were
exposed to different MPP+ con-
centrations during different
time-points, 1 h (a), 3 h (b) and
5 h (c). The values repre-

sent the mean + SD of three
independent experiments. The
differences were determined

by the ANOVA test followed
by a Tukey—Kramer multiple
comparisons method. *p <0.05,
**p<0.01, #*p <0.001 with
respect to the control

and hormonal differences are preserved in primary cultures
from individuals of different genders. From this perspective,
we studied the susceptibility of primary astrocytes obtained
from male and female Wistar rats of different ages after
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2 weeks in culture, in order to avoid the effect of circulating
hormones.

Although we found interesting differences in the survival
response among the diverse ages studied, both in time and
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Fig.4 Cellular viability after
H,0, toxic insult. Cortical
astrocytes isolated from female
(dark gray bars) and male
(light gray bars) newborn (a),
adult (b) and old (c) rats were
exposed to 100 uM H,0, during
1 and 3 h. The values repre-
sent the mean + SD of three
independent experiments. The
differences were determined

by the ANOVA test followed
by a Tukey—Kramer multiple
comparisons method. *p <0.05,
*#p <0.01, ***p <0.001 with
respect to the control, *p <0.05
with respect to the newborn
astrocytes; p <0.05 with
respect to the adult astrocytes
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concentration of the toxin exposure, no differences were
found between genders. In other species, similar results
have been reported. For example in mice, it was shown that
when newborn astrocytes of different genders were exposed
to the insecticide dimethoate, no changes in cell viability
were observed (Astiz et al. 2014). However, in that study the
inflammatory profile was higher in males, suggesting that
this pro-inflammatory profile might have significant effects
at the tissue and organism level. Conversely, another study
using microRNA from mice (Mangold et al. 2017) found
that females have more pro-inflammatory processes, which
is in agreement with the increased activity of astrocytes, as
proposed by Chisholm and Sohrabji (2016).

Interestingly, those experiments were performed on
astrocytes only 5 days after cultivation, where the hormo-
nal effects in the animal brain might still be present. Liu
et al. (2008) reported that newborn female astrocytes were
more resistant to oxygen deprivation due to p450 aromatase.
However, other studies have not been able to find differences
related to sex when the astrocytes were deprived of glucose
and oxygen (Johnsen and Murphy 2011). Similarly, Sundar-
Boyalla et al. (2011) used cortical and mesencephalon astro-
cytes of newborn mice exposed to different MPP+ concen-
trations, and found a more significant death rate in astrocytes
from males only in the mesencephalon region, while those
from the cortex did not show differences between the sexes.
They suggested that the differences could have been related
to specific tissue responses related to the physiological and
energetic function of each brain region. Again, those experi-
ments were performed treating the astrocytes 4-5 days after
isolation, unlike our experiments, where the astrocytes were
treated 2 weeks after isolation. One explanation might be
that after a long time in vitro, the effect of the circulating
hormones might no longer be present, and cells might evade
the hormonal-associated effects. However, that idea still
needs to be proved.

Regarding the adult and old animals, it is known that the
rat’s brain presents sexual dimorphism, mainly related to the
astrocytes and neurons quantities and morphology in the dif-
ferent brain regions (Pfau et al. 2016). Sexual differences in
the organization of the brain are essential for the expression
of specific behaviors (Keverne 2008). It has been widely
reported that responses to stress in different brain regions
of adult organisms are gender-dependent on in vivo models
(Lazarus et al. 2015; Morrison and Filosa 2016). However,
it is not known whether these differences can be preserved
in astrocytes cultures of fully sexually developed individu-
als, such as adult or aged organisms when they are extracted
from their hormonal environment. Most of the work that has
been done to demonstrate the different responses to stress
that occur in primary cultures of newborn, adults and old
animals, have been carried out in males, where the main
objective was to demonstrate that the physiological response

to stress is age-dependent and not gender-dependent (Lon-
goni et al. 2018; Santos et al. 2018; Souza et al. 2016, 2017).

As far as we know, there are no studies with astrocytes
obtained from adult or old rats separated by gender. Interest-
ingly, our results showed no differences in gender when we
exposed adult and old astrocytes to H,O, or MPP+ at dif-
ferent concentrations and exposure times. Our results agree
with the idea that the response to stress decreases with age.
It is still possible that gender-related differences might be
preserved in some brain regions or cellular types (other than
the cortical astrocytes studied here) characterized by a spe-
cific function linked to metabolism or sexual functions that
under certain circumstances can be influenced by the hor-
monal environment (Huxley et al. 2018; Jaber et al. 2018;
Santos et al. 2017; Villa et al. 2018). In this sense, it has
been reported that the use of hormonal therapies, including
estrogen and testosterone, has neuroprotective effects in a
variety of contexts (Engler-Chiurazzi et al. 2017; Pike et al.
2009; Rosario et al. 2011).

In summary, our work suggests that the diverse suscep-
tibility to stress in organisms of the same species, given by
features such as age and gender, might be studied in vitro;
and that, at least in rat primary cortical astrocytes, there are
no differences given by gender, but there are significant dif-
ferences associated to age in terms of cell viability against
certain toxins. However, in regards to the inflammatory
response resulting from those differences, it would still be
necessary to perform more experiments to assess whether
or not they depend on gender.
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