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A B S T R A C T

Mitochondria play a major role in the brain. Apart from energy production, mitochondria regulate key factors in
the activation of cell signaling pathways such as survival, proliferation, and differentiation. While all these
processes occur during the physiological development of the brain, it is surprising that the mitochondrial
functions and functioning in the brain during the postnatal development remain poorly explored. In this work,
we collected samples of brainstem and cortex of mice at postnatal ages 3 (P3), 21 (P21), and at adulthood (3
months old) and evaluated the mitochondrial oxygen consumption after complex I activation. To do so, we used
our oxygraph-2 K system (OROBOROS) that measures the mitochondrial bioenergetics in saponin-permeabilized
tissue punches of 2 mg weight. Furthermore, as sex dimorphism in the brain occurs since very early stages of
development, we performed experiments in brain samples of male and female mice. Accordingly, the mi-
tochondrial oxygen consumption rate (OCR) was evaluated under activation of complex I (NADH-linked re-
spiration – mitochondrial state 3), and during the inhibition of the complex V (ATP synthase) with oligomycin
(mitochondrial state 4). In following, the respiratory control ratio (RCR – state 3/state4) was calculated as an
index of mitochondrial oxidative-phosphorylation coupling. Our results show that the activity of the mi-
tochondrial complex I in the brain increases along with the postnatal development in a sex- and tissue-dependent
manner, with males showing higher activity than females, and with brainstem tissue showing higher activity
than cortex. Our data may contribute to a better understanding of the sex-dependent maturation of the cortex
and the cardiorespiratory network located in the brainstem.

1. Introduction

Mitochondria have an extensive role in the neural tissue.
Mitochondrial functions are required to cell growth and reproduction,
to regulate neurogenesis and differentiation, to promote effective neu-
rotransmission, and to maintain cell membrane ionic gradients (Hara
et al., 2014). Furthermore, mitochondria promote the development of
synaptic pruning (Xavier et al., 2016), induce angiogenesis, and reg-
ulate key mechanisms of apoptosis, inflammation, oxidation, and cy-
totoxicity (Hamanaka and Chandel, 2010). Such functions are espe-
cially important at postnatal ages when the neural tissue is in full
process of development and maturation. As such, mitochondria in the
cortex need to be involved in learning, perception and coordination
tasks (Picard and McEwen, 2014). In the brainstem, mitochondria
might be required in the maturation of the neural network controlling

the cardiorespiratory function (Giuffrida et al., 1979). Furthermore,
compared to other tissues, the brain is more vulnerable to oxidative
stress. This particular susceptibility is the consequence of 1) the brain
tissue holding a lower antioxidant enzyme activity (mainly catalase is
weak in the brain (Brannan, 1981), 2) high quantity of lipids (which are
targets of lipid peroxidation)(Milder and Patel, 2012; Souza et al.,
2013), 3) very large amount of metal ions (able to react with H2O2 to
form the hydroxyl radical through the Fenton reaction)(Connor, 1992),
4) consumption of large amount of oxygen that promotes the produc-
tion of ROS (Halliwell, 2001; Lagranha et al., 2017), and 5) the use of
large amounts of glutamate as an excitatory neurotransmitter leading to
an elevation of intracellular Ca2+ that activates pro-oxidant systems
(such as phospholipase A2 and neuronal nitric oxide synthase - nNOS)
(Lagranha et al., 2017). Supplementary complexity of mitochondria in
the brain occurs by the fact that the cerebral mitochondrial functioning
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is sex-dependent. Mitochondria play an essential role in sex steroid
hormone biosynthesis (Gaignard et al., 2017a). On the other way
around, sex steroid hormones (estradiol, progesterone, and testos-
terone) are able to modulate the mitochondrial energy production, cell
signaling, and control of oxidative stress (Gaignard et al., 2017a). These
hormones play a crucial role during the postnatal brain development, as
they promote the development of brain areas (such cortex) involved in
masculine behavior (a process called “masculinization”) and repressing
the development of feminine behavior (or “de-feminization”) (Hsu
et al., 2001; MacLusky and Naftolin, 1981; Toran-Allerand, 1984). Si-
milarly, the incidence of respiratory diseases of neural origin at early
ages is higher in males than in females (Mage and Donner, 2006), and
our understanding of such heterogeneity remains limited (Fournier
et al., 2011). Accordingly, with this background, it is reasonable to
hypothesize that the mitochondrial respiration in the brain during the
postnatal development is region- age- and sex-dependent. Keeping in
mind that (from the five-multi-protein mitochondrial complexes) the
complex I is the largest and most complicated (associated with devas-
tating neural disorders with onset in early childhood) (Distelmaier
et al., 2009), in this work we evaluated the mitochondrial oxygen
consumption rate (OCR) after complex I activation in male and female
C57Bl6 mice at postnatal days 3 and 21, and adulthood (3 months). Our
results suggest that differences in the OCR after activation of the
complex I may be associated with a quicker development of the brain of
females compared to males, and with earlier development of cortex
tissue than brainstem in both sexes.

2. Material and methods

2.1. Animals

C57Bl6 male and female mice at postnatal (P) ages P3 (n = 5–6) and
P21 (n = 8–9), and adulthood (at 3-months-old, n = 8–9) were used in
this work. These ages were chosen because 1) at P3 the brain of mice is
still immature and, compared to females, the brain of males undergoes
into a first stage of masculinization and de-feminization (MacLusky and
Naftolin, 1981), 2) at P21 the brain of mice are mature but not yet
exposed to pubertal hormonal secretion, and 3) adult animals are
sexually mature and thus, brains are already shaped (masculinized and
feminized) by the pubertal hormonal secretion. Animals were pur-
chased from Jackson laboratory and kept and reproduced in our animal
care facility under standard conditions with food and water available
ad-libitum. All experimental procedures were approved at Laval Uni-
versity, Animal Care Committee, Québec, Canada, and the protocols

were in accordance with the guidelines detailed by the Canadian
Council on Animal Care.

2.2. Tissue sampling

At corresponding experimental ages animals were killed by dis-
location, the brainstem and cortex (approximately 2 mg) were rapidly
dissected and immersed in cold (4 °C) respirometry medium MiR05
(0.5 mM EGTA, 3 mM MgCl2*6H2O, 60 mM K-lactobionate, 20 mM
taurine, 10 mM KH2P04, 20 mM HEPES, 110 mM sucrose, and 1 g/l
bovine serum albumin pH = 7). The remaining brainstem and cortex
tissues collected from the same animals were stored (at −80 °C) for
protein content determination.

2.3. Protein content

Frozen samples of cortex and brainstem were thawed, weighed and
placed into pre-chilled Eppendorf tubes containing a 10% w/v solution
of PBS 1X supplemented with EDTA (0.5 mM). The samples were
homogenized and centrifuged at 1500 g for 8 mins at 4 °C. The super-
natant was recovered and the protein concentration was evaluated by
colorimetric methods using the DC™ Protein Assay kit from BIORAD.

2.4. Evaluation of mitochondrial respiration

The Oxygraph-2k (OROBOROS Instruments, Innsbruck, Austria)
was used to measure mitochondrial bioenergetics. Calibration of the
oxygraph was performed prior to every experiment, in accordance with
the manufacturer standardized procedures (Gnaiger, 2008). Based on
previous studies establishing the optimal conditions for measurements
of mitochondrial respiration brain samples (Herbst and Holloway,
2015; Laouafa et al., 2019), tissues were incubated (15 min; 37 °C;
inside the oxygraph recording chamber) in MiR05 medium supple-
mented with saponin (50 μg/ml - used to facilitate substrates and
oxygen diffusion) for allowing permeabilization and thermal stabiliza-
tion. Of note, the concentration of gases in the incubation solution
(MiR05 - inside the respiratory chambers) is determined by the en-
vironmental PO2 and PCO2, the temperature (37 °C), and the O2 so-
lubility factor. As such, the O2 concentration in the MiR05 ranges be-
tween 150 and 200 nmol/ml at the beginning of the experiment. Such
O2 is consumed by mitochondria and will allow evaluating the oxygen
consumption rate (OCR). Data of O2 consumption was obtained by
following the substrate-uncoupler-inhibitor titration (SUIT) protocol
(Gnaiger, 2007). The mitochondrial oxygen consumption was evaluated

Fig. 1. Schematic representation of the mi-
tochondrial oxygen consumption protocol
(SUIT) used in this work. High-resolution
Oxygraph-2k was used to evaluate the mi-
tochondrial respiration after activation of the
complex I in brain samples. Classical recording
of mitochondrial O2 consumption (red line)
derived from the variation of O2 concentration
(blue line) inside the analysis chamber was
performed. Mitochondrial states were reached
by the titration of different substrates: pyr-
uvate, malate (state 2-PM); +glutamate (state
2-PMG); +ADP (state 3), and oligomycin (state
4).
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under different states (schematized in Fig. 1) described in the following:
State 3: is the mitochondrial oxygen consumption rate when the

respiratory substrates to fuel up the mitochondrial complex I (5 mM of
pyruvate, 2 mM of malate, and 10 mM of glutamate) and ADP (2.5
mM) are added to the medium. This procedure allows for evaluating the
OCR of the mitochondrial respiratory chain.

State 4: is the mitochondrial oxygen consumption when oligomycin
(2.5 μM – an inhibitor of ATP synthase) is added to the medium. As the
ATP synthase is inhibited, this procedure allows evaluating the OCR of
the mitochondrial respiratory chain due to a membrane proton leak.

Respiratory control ratio (RCR): The RCR is the ratio between the
state 3 over the state 4. As such, the RCR is a parameter that indicates
the level of coupling between oxidation and phosphorylation process in
the mitochondria. Such coupling may be affected by two parameters: 1)
the activity of the ATP synthase that determines the maximal OCR
(state 3) of the mitochondrial respiratory chain, and 2) the flow of
protons through the inner mitochondrial membrane that can be affected
by the integrity of the membrane itself, or by the presence of un-
coupling molecules (UCPs) (Brand and Nicholls, 2011).

Finally, as part of our verification protocol for this type of experi-
ments, the evaluation of the mitochondrial membrane integrity was
performed on a couple of experiments per group by adding cytochrome
c to the incubation medium. As expected, no changes were observed
(data not shown).

2.5. Statistical analysis

Data on protein concentration were evaluated for each tissue by
separate by 2-way ANOVA with age and tissue as the grouping vari-
ables. Mitochondrial oxygen consumption rates were adjusted by sub-
tracting the non-mitochondrial residual oxygen consumption from the
total oxygen consumption at each respiratory state. Data on oxygen
consumption were normalized by the protein content and analyzed by
RM ANOVA tests using age (P3, P21 or adult) and sex (male or female),
or age and tissue (cortex or brainstem) as grouping variables. When
significant differences in treatments or interactions were found, a post-
hoc Fischer's multiple comparison test was performed. All analyses
were done in Prism v. 6.01 software (GraphPad Software, Inc.). All
experiments have n = 6 to 10. Values are reported as mean ± s.e.m.
and the significance p was set at 0.05.

3. Results

3.1. Age influences total protein concentration in brain samples of male and
female mice

Total protein concentration was evaluated in brainstem and cortex
samples of male and female mice at three different ages, postnatal day 3
(P3), postnatal day 21 (P21) and adulthood (at about 3 months old). As
shown in Fig. 2, a significant effect of age was observed in both tissues
of male and female rats. In the brainstem, however, while P21 and adult
females have sustained significantly elevated levels of protein, males
show a peak of protein concentration at P21 and then return to P3 le-
vels at adulthood. In the cortex, equally higher protein concentrations
are present at P21 and adulthood in comparison to P3 in male and
female animals. No sex-dependent differences were found at any eval-
uated age neither in the brainstem (Fig. 2a) nor the cortex (Fig. 2b).

3.2. Mitochondrial state 3 in the brainstem increases only in adult males

Mitochondrial respiration under activation of the complex I was eval-
uated in male and female brainstem samples of mice at P3, P21, and
adulthood. Sex-related comparisons in the respiratory activity showed
higher OCR in adult males compared to adult females at the mitochondrial
state 3 (Fig. 3a). However, no sex-related differences in the OCR were found
at the mitochondrial state 4 (Fig. 3b) and the RCR (Fig. 3c).

Age-related assessments showed increased OCR in adult males
compared to P3 and P21, but not in females (Fig. 3a). On the other
hand, no differences in the respiratory activity of brainstem samples
between ages were found at the mitochondrial state 4 (Fig. 3b) and the
RCR (Fig. 3c).

3.3. Mitochondrial OCR in the cortex is sex- and age-dependent

Mitochondrial respiration under activation of the complex I was also
evaluated in male and female cortex samples. Sex-related comparisons
revealed higher OCR in state 3 in males compared to females at P21 and
adulthood but not at P3 (Fig. 4a). The RCR was significantly higher in
males than females only at P21 (Fig. 4c). No sex-related differences
were found in the mitochondrial OCR at state 4 (Fig. 4b).

Age-related assessments in cortex samples showed a significant in-
crease in OCR starting at P21 ages continuing to adulthood in males and

Fig. 2. Total protein quantification in the brainstem and cortical samples.
Total protein content increases from P3 to P21 and from there on it remains
constant until adulthood. No sex-related changes were observed at any tested
age. ***: p < 0.001; ### and p < 0.001 versus P3 same sex.
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females at the mitochondrial state 3 (Fig. 4a) and state 4 (Fig. 4b). No
age-related differences were found in RCR (Fig. 4c).

3.4. Mitochondrial respiration in mice is brain-region-dependent

Comparison between brain regions of male animals evidenced that
the mitochondrial OCR under activation of the complex I is higher in
the brainstem than cortex at P3 and adulthood at the mitochondrial
states 3 and 4 (Fig. 5a and b). However, no tissue-related differences

were found in the RCR (Fig. 5c). In females, significant increased mi-
tochondrial OCR state 3 and state 4 was found in the brainstem com-
pared to the cortex at all ages (Fig. 6a and b). However, no differences
were found in the RCR (Fig. 6c).

4. Discussion

In the present study, we have investigated the respiratory activity
with substrates of the mitochondrial complex I in the brain (brainstem

Fig. 3. Mitochondrial respiration after the activation of the
complex I in permeabilized brainstem samples of male and
female mice. Oxygen consumption rate with substrates of (a)
complex I (pyruvate, malate, glutamate, and ADP) (State 3) and
(b) oligomycin (state 4). (c) RCR: respiratory control ratio (state
3/state 4). **: p,0.01; #: p < 0.05, same age.

Fig. 4. Mitochondrial respiration after the activation of the
complex I in permeabilized cortex samples of male and fe-
male mice. Oxygen consumption rate with substrates of (a)
complex I (pyruvate, malate, glutamate, and ADP (State 3) and (b)
oligomycin (state 4). (c) RCR: respiratory control ratio (state 3/
state 4). *, **, ***: p < 0.05, p,0.01, and p < 0.001; #, ##:
p,0.05, and p,0.01, same age.
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and cortex) of male and female mice at postnatal ages (P3, P21) and
adulthood. The main findings of the present report are: 1) the mi-
tochondrial OCR under complex I activation (state 3) in the brainstem is
sex-dependent only at adult ages, with males showing higher mi-
tochondrial respiration than females; 2) OCR with substrates of the
complex I (state 3) in the cortex is sex-dependent at P21 and adulthood,
with males showing higher mitochondrial respiration than females; 3)
significant increase of the OCR under complex I activation (state 3) in
the brainstem occurs at adulthood and in male animals only. While a
significant increase of the maximal OCR (state 3) in the cortex starts at

P21 and remains high at adulthood in male and female animals; 4) fi-
nally, compared to the brainstem, increased OCR with substrates of the
complex I (state 3) occurs in the cortex of male and female animals.
Keeping in mind that at postnatal ages brain tissues are in full process of
development and maturation, and that the OCR with substrates of
complex I can be used as a tracer of developmental activity, our results
suggest that females reach brain maturation earlier than males, and that
the cortex tissue of male and female animals matures earlier than the
brainstem region.

The brain has a very high metabolic rate. In fact, despite accounting

Fig. 5. Mitochondrial respiration after the activation of the
complex I in permeabilized brainstem and cortex samples of
male mice. Oxygen consumption rate with substrates of (a)
complex I (pyruvate, malate, glutamate, and ADP (State 3) and (b)
oligomycin (state 4). (c) RCR: respiratory control ratio (state 3/
state 4). *,**,***: p,0.05, p,0.01, and p < 0.001; #, ###, ###:
p < 0.05, and p < 0.001, same age.

Fig. 6. Mitochondrial respiration after the activation of the
complex I in permeabilized brainstem and cortex samples of
female mice. Oxygen consumption rate with substrates of (a)
complex I (pyruvate, malate, glutamate, and ADP (State 3) and (b)
oligomycin (state 4). (c) RCR: respiratory control ratio (state 3/
state 4). *,**: p,0.05, and p,0.01; #: p < 0.05, same age.
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for only 0.5–2% of the body weight, the brain consumes between 10%
and 20% of the total O2 inspired at rest (Silver and Erecińska, 1998).
Such highly metabolic demand reflects the fact that neurons are highly
differentiated cells needing a large amount of ATP for maintenance of
ionic gradients across the cell membranes and for neurotransmission.
Moreover, paralleling bioenergetics requirements, apoptosis regulation,
cell signaling, and control of oxidative stress processes are also ac-
complished by the mitochondrion. The role of mitochondria in neural
tissue and the impact of sex were extensively investigated at adult ages
(Gaignard et al., 2017a, b; Gaignard et al., 2015). These studies have
been designed to analyze the consequences of aging (Gaignard et al.,
2017a). However, studies determining the mitochondrial respiration in
the brain at postnatal ages are yet scarce. Furthermore, in contrast to
studies performed at adult ages, the impact of sex- and age in the mi-
tochondrial function during the postnatal development of the brain
remains poorly investigated. In this work, we investigated the re-
spiratory rate after activation of the complex I in the brainstem and the
cortex of male and female mice. Our experimental protocol was adapted
from previous ones (Laouafa et al., 2018, 2019). The measurement of
the mitochondrial OCR was performed in 2 mg of tissue punches al-
ways collected from the same brain region. Although we did not per-
form further experiments to test it, the low standard deviation of the
mean in our data suggests that the number and type of cells in punches,
as well as the mitochondrial volume per punch is similar. Furthermore,
apart from classical anatomical and molecular (in terms of pathways)
studies, the aim of this work is to investigate brain development from a
more bioenergetic point of view. It is clear however that the con-
vergence of these different, but complementary, visions needs to be
explored.

4.1. Adult mitochondrial NADH-linked respiration is sex- and brain region-
dependent

Sex differences studies at adulthood in mice and rats show that
compared to male, females have higher protection against oxidative
stress, and produce less free radical species (Gaignard et al., 2017a,
2015). These experiments were performed in 3-months old C57Bl6
mice, in which the whole right hemisphere was used to record the
mitochondrial oxygen consumption in isolated and enriched mi-
tochondrial fractions (Gaignard et al., 2015). Results of this study
showed that in comparison to males, female brain mitochondria had 1)
higher NADH-linked respiration rate; 2) increased pyruvate dehy-
drogenase complex (PDHc); and 3) higher mitochondrial reduced glu-
tathione (GSH). Experiments in humans showed that women had higher
overall cerebral glucose metabolism compared to men (Yoshizawa
et al., 2013), suggesting that glucose-dependent mitochondrial pro-
duction of energy is higher in females compared to males as a result of
an increase of PDHc activity rather than an increase of oxidative
phosphorylation (Gaignard et al., 2017a). In line to these data, our
results show also that the mitochondrial functioning in the adult brain
of mice is sex-dependent. Furthermore, our results show that mi-
tochondrial respiration is brain region-dependent. More specifically,
our results show that the NADH-linked respiration rate in male mice is
higher than in females in brainstem and cortex regions. However, our
results show also no sex differences in the RCR, which indicates that the
oxidative-phosphorylation coupling is similar in males and females
brain mitochondria, thus suggesting that it may exist mayor production
of free radicals in males. Under physiological conditions, the production
of free radicals is not associated with oxidative stress but cell signaling.
As the animals in this study are healthy young adults, it is tempting to
suggest that higher respiratory mitochondrial activity in males covers
also the stimulation of an additional number of molecular pathways
regulated by reactive oxygen species. In line, it is also known that
higher metabolic activity by mitochondria in the brain may lead to slow
and cumulative increase production of reactive oxygen species, oxida-
tive damage, and cell aging (Starkov, 2008). This circumstance matches

with the fact that female mammalian species are known to live longer
than males, and are less susceptible to old age-related neurodegenera-
tive diseases. (Harman, 1956). Apart from these differences between
our results and those of previous works, it is also necessary to consider
that experiments in our laboratory were performed by using permea-
bilized tissue samples and not isolated mitochondria. In fact, the re-
spiratory mitochondrial activity can be drastically altered when it is
outside its cellular environment due to the lack of stimulation of the
different mitochondrial substrates, whose concentrations in vivo might
also depend on sex.

4.2. Mitochondrial NADH-linked respiration during development is sex-,
age-, and brain region-dependent

Mitochondrial respiration during developmental ages extends to
important functions, including mitochondrial biogenesis, mitophagy,
migration, morphogenesis, and Ca2+ balancing, and synaptic pruning
and regulation of synaptic transmission (Hagberg et al., 2014; Leaw
et al., 2017; Picard and McEwen, 2014). Current data demonstrate that
respiratory mitochondrial activity in the injured neonatal brain is sex-
specific. Using a rat model of neonatal hypoxia-ischemia (P7), it was
reported that maximal respiratory mitochondrial activity and GPx ac-
tivity were significantly impaired in males. In addition, a 3- to 4-fold
increase in oxidative protein carbonylation (a marker of oxidative
stress) was observed in the cortex and hippocampus of injured males
but not in that of females (Demarest et al., 2016). In line with this
finding, in a rat model of pediatric traumatic brain injury (P17-P21),
males showed lower mitochondrial glutathione (GSH; an important
antioxidant) content than females (Robertson and Saraswati, 2015).
Sex-based differences were also found in young mice (6–8 weeks); male
brains exhibited a lower respiratory mitochondrial activity, lower re-
serve capacity, higher H2O2 production, and higher NOX production
than female brains (Khalifa et al., 2017). Despite these interesting
findings showing that under injury conditions females are better pro-
tected than male in terms of oxidative stress-induced damages, our
knowledge of respiratory mitochondrial activity under physiological
conditions is yet poor. In fact, control (or shame) data in the above-
described works show increased NADH-linked respiration (state 3) in
cortex of males compared to females at the postnatal age 7 (Demarest
et al., 2016), but no differences in the cortex at postnatal day 17–21
(Robertson and Saraswati, 2015). Our results clearly show that mi-
tochondrial respiration after the activation of the complex I at neonatal
ages is sex and age-specific, depending on the brain region. Compared
to the brainstem region, the respiratory activity of the mitochondrial
complex I (state 3) in the cortex at P3 is sex-specific, with males having
higher activity than females, and region-specific, with double activity in
the brainstem than the cortex. In fact, these results are in line with the
fact that the development/maturation of the respiratory system is one
major task at neonatal ages. On the other hand, it is interesting to ob-
serve that our data show that the mitochondrial NADH-linked respira-
tion in the cortex of male and female mice increases at P21. It is
tempting to suggest that this finding is in line with the concept that
tasks associated with the cortex region (such as memory, attention,
perception, cognition, awareness, and languages) are mainly developed
during the childhood until youth. Similarly, it is interesting to observe
that compared to male mice, females show decreased NADH-linked
respiration rate at P3 and P21. This data suggest that the maturation of
cortical tasks may start (and also finish) earlier in females compared to
males. Finally, results in female animals show also that at P21 the RCR
is lower in the cortex of females compared to males. These results may
also be associated with higher production and action of free radical
species in cell signaling in males, however, more studies are required to
determine its physiological meaning. Moreover, such differences should
correlate with the impact of sex hormones during development (and at
adult ages). In fact, neonatal surges of testosterone promote the de-
velopment of brain areas involved in masculine behavior (a process
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called "masculinization") and repress the development of feminine be-
havior (or "de-feminization") (Hsu et al., 2001; MacLusky and Naftolin,
1981; Toran-Allerand, 1984). These effects are mediated by a dual
mechanism that involves both a direct activation of the androgen re-
ceptor by testosterone (or its active metabolite dihydrotestosterone)
and the aromatization of testosterone to estradiol within target neurons
and the subsequent activation of estradiol receptors (Bodo and Rissman,
2008; Ivanova and Beyer, 2000; Kudwa et al., 2006; Toran-Allerand,
1984). Keeping in mind that testosterone regulates mitochondrial
functions by activating nuclear receptors (while estradiol and proges-
terone do it throughout the activation of nuclear and mitochondrial
receptors), the age-dependent mitochondrial role by sex results in-
tricate and challenging.

In conclusion, the present study shows that the respiratory mi-
tochondrial activity with substrates that fuel up the complex I during
development and at young adult ages changes in life with brains-region
maturation and tasks development. Furthermore, accordingly to dif-
ferences in the physiology of males and females, our results also show
that the mitochondrial respiration after activation of the complex I is
sex-dependent. Our data establish the base platform for better interpret
sex-related differences in mitochondrial and oxidative stress under
pathological conditions, as well as in the sex-based neural therapies, as
mitochondria start to be important targets in the protection of the
brain.
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