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ABSTRACT

Currently, one of the important causes of brain injury in new-borns is the neonatal
anoxia which impacts the perinatology services worldwide. Animal models of anoxia
have been used to assess its effects at cellular and behavioural levels in all ages, but few
studies focus on sex differences. This study aimed to investigate some physical
parameters of development, sensorimotor alterations, early neurological reflexes as well
as the density of cells in motor and sensorimotor cerebral cortex of adolescent rats
submitted to neonatal anoxia. The results presented significant differences in most of
the evaluated parameters, such as body weight and lenght, medio-lateral head axis,
eruption of superior incisor, palmar grasp, auditory startle, negative geotaxis, showing
that neonatal anoxia affects physical parameters and neurological development, with
sex differences. Cellular analysis revealed decreased amount of neurons in motor cortex
and primary sensory hind limb and forelimb regions in anoxic group, along with gender
difference, as compared to control groups. There is an important rationale for
performing early assessment of sensorimotor deficits as there is similarity of the model
with high risk human neonates and the sequelae in later life periods, which can be
inferred from the present results with suggestion of a possible correlation between
sensorimotor development delay and cellular changes in sensorimotor cortex.
Furthermore, these observed sex dependent alterations certainly will address further
studies and should be considered especially in treatments and strategies to avoid or

minimize the neonatal anoxic effects.

KEYWORDS :Sex differences; Ontogeny of neonatal reflexes; Perinatal asphyxia; Physical
development; Sensorimotor developmental reflexes

114



Chapter 4 Neonatal anoxia and neurodevelopment

Introduction

Neonatal anoxia remains a leading global cause of infant’s mortality and lifelong
disability that affects 0.1-0.3% of full-term infants and nearly 60% of low-weight
premature infants [1]. Oxygen deprivation is a major cause of brain injury in preterm
infants which can leads to long term effects on physical, motor, sensory and cognitive
development [2-4].

Severity of brain injury following oxygen deprivation appear to be sex dependent: the
male neonates are more susceptible to the effects of anoxic insult, resulting in more
severe neurological outcomes and poor recovery as compared to females with similar
brain injuries [5,6]. It is established that young male and female rats present asymmetries
in antioxidant system properties [7] and different molecular mechanisms of cell death
[8]. Such differences could possibly alter behavioural and morphological responses to
injury depending on the gender of experimental subjects [9].

Previous studies of our group showed that the used model of neo-natal anoxia [10]
causes hippocampal cell death, reduced hippocampal volume, adult neurogenesis and
spatial memory deficits [11,12]. The mechanisms leading to brain damage after anoxia
are complex and related to the developmental stage of the brain and severity of the
insult. Studies have highlighted that necrosis is the main type of cell death immediately
after the hypoxic or anoxic exposure while delayed cell death is apoptosis [13,14]. The
cell death may lead to acute cellular and molecular alterations in neonate and adult
rodents [11,12,15] as well as cognitive impairments in rodent adult life [11,16]. However,
few studies focused on the effects of neonatal hypoxia or anoxia in postnatal
development and adolescent rodents considering sex differences [17].

The maturation of neurological reflexes and motor coordination during postnatal
development is an index of brain maturation [18,19]. These reflexes are known to be
influenced by various factors, such as genetic background, nutritional state,
environmental enrichment, toxic agents and stress [20], [21], [22], [23]. Short-term neuro
functional outcomes has been described to correlate with long term functional deficits
[24], [25], which emphasize the necessity of early approaches.

On that account, the present study aimed to access whether this model of neonatal
anoxia had detrimental impact on early physical and neurobehavioral outcomes in male

and female pups and explore its persistence at their adolescence stage.
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Materials and methods

Ethical statement

All experimental procedures complied with the Brazilian Guidelines for the Care and Use
of Animals in Education or Scientific Research Activities formulated by the National
Council of Animal Experimentation Control (DBCA — CONCEA, 2016) based on National
Institutes of Health guide for the care and use of Laboratory animals and were approved
by the Ethics Committee of the Institute of Biomedical Sciences of the University of Sao

Paulo (CEUA Protocol No 199/139f, book 2).

Animals and treatment

Male and Female Wistar rats and their offspring (n = 56) from Animal Resource of the
Institute of Biomedical Sciences (Sdo Paulo, Brazil) were kept under temperature-
controlled environment (22 + 2 °C) and strict light—-dark cycle conditions (lights-on at
7:00), with food and water ad libitum. The litters were randomly assigned to the anoxia
or the control treatments such that each of the resulting groups was composed of

subjects coming from at least 2 different litters (to avoid litter effects).

Anoxia

For anoxia, 30h-old pups were exposed to 100% of nitrogen in a chamber at 37 °C for 25
min or remained in the chamber at the same temperature for the same period, but were
not exposed to the gas (n = 14 per group), according to Takada et al. [10]. After that, they

were returned to the dam until weaning (21 days).

Offspring procedures

Somatic growth

It was assessed by daily measuring of body weight using electronic scale and
anteroposterior head axis (distance between snout and head-neck articulation),
mediolateral head axis (distance between the ear holes), body length (distance between
snout and the tail basés) with a Vernier calliper. These measurements were made in each
animal from 2nd to 21st postnatal day.

Developmental milestones
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After exposure to either anoxia or the control treatments, on PND2 all litters were
examined externally and culled to 8 pups that were uniquely identified within each litter

with a small tattoo on one or more of the paws and allowed to breastfeed until PND21.

The observations of the physical features were performed according to Smart and
Dobbing [19] and carried out between 9:00-11:00 a.m. Physical developmental
parameters such as pinna detachment (unfolding of external pinnae of both ears to the
fully erect position), auditory conduit opening (internal auditory conduit opening of
both ears), incisors eruption (the first visible and palpable crest of the lower incisors), fur
development and eye opening (when any visible fissure in the covering membrane of
both eyes were detected). Maturation age of a particular feature was defined as the day

when it occurred for the first time.

Early neurological reflexes

The reflexes were tested according to Smart and Dobbing [19] and were carried out daily
from the 4™ when the maturation of the nervous system is suitable for evaluation of
reflex, to 21st postnatal days, end of weaning period. The following reflexes were
assessed: 1. Surface Righting reflex (SRR) — pup is placed in supine position on a flat
surface and the test was considered positive when pup turned to prone support on four
legs, within a maximum period of 10 s; 2. Palmar Grasp reflex (PG) — pup grasps a thin
metal rod with forepaws when stroked; 3. Vibrissae Placing (VP) —The pup is suspended
by the tail in such a way that its vibrissa lightly touches the edge of a table. It is
considered a positive response when the animal, in the maximum time of 10 s, laid its
forefeet on the table trying to walk; 4. Cliff Avoidance (CA) —the pup is placed with its
front paws on the edge of a flat and height surface to sense the cliff. It is considered a
positive response if the animal in the maximum time of 10s, moved to 45°-side featuring
cliff aversion; 5. Negative Geotaxis (NG) —The pup is placed in the center of a ramp of 45°
tilt and its head will be downward. The reflex response is considered positive when it
turns upright within a maximum period of 10 s, and is able to rotate the body by placing
its head upward; 6. Acoustic Startle Response (ASR). The pup is subjected to a sharp
crack, produced by percussion of two metal structures at a distance of 10 cm from the
animal. The response is considered positive when there is a simultaneous decrease with

rapid and involuntary detention of the animal body, characteristic of fear or scare. 7.
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Free-fall Righting (FFR). The pup is held upside down by four legs with the back facing
down at a distance of 30 cm over a bed of synthetic foam (30 x 12 ¢cm) and then it is
released and its free-fall is observed. The response is considered positive when, during
the fall, the animal completely spun its body leaning on all four paws on foam. The first
of a series of three consecutive days in which the response was present was considered

to be the day of the consolidation of the reflexes.

Tissue processing

Rats in the adolescent period (at postnatal day 41) were deeply anesthetized with a
lethal dose of ketamine and xylazine (100 and 7 mg/kg, respectively by intraperitoneal
injection and perfused transcardially with 0.9% saline followed by 4% paraformaldehyde
in 0.1 MPBS, pH 7.4, at 4 °C.

Their brains were dissected and subjected to overnight post-fixation in the latter fixative
solution, followed by immersion in a cryoprotective solution composed of 0.1 M PBS and
20% sucrose for 48 h. The brains were then frozen in a solution of water-soluble glycols
and resin (Tissue-Tek® O.C.T. ™ Compound, Sakura, Chuo-Ku, Tokyo, Japan) and stored at
—80 °C until sectioning in a freezing sliding microtome (SM 2000R, Leica Bio systems,
Wetzlar, Germany), in serial sections of 40 um thick. Sections were taken from bregma
—1.30 mm to —2.12 mm with reference to Paxinos and Watson Atlas (2004). One out of
every 4th section was mounted on gelatin coated slides, then they were rehydrated in
decreasing concentration of ethanol (100%, 95%, and 70%), stained with 5% cresyl violet
(Sigma-Aldrich, St. Louis, MO, USA) solution for 3 min, dehydrated with increasing

concentrations of ethanol (70%, 95%, 100%), cleared with xylene and cover slipped.

Cell density in sensorimotor cortex

The stereological data were estimated in four animals from each group, using 40-um-
thick serial coronal sections spaced 400 um. The thickness was chosen based on the
minimum thickness accepted for Optical Fractionator probes considering tissue
shrinkage after processing. An optical microscope coupled to a camera (Nikon
Instruments Inc., Melville, NY, USA), connected to a motorized stage (Ludl Electronic
Products, Hawthorne, NY, USA) controlled by Stereo Investigator software (MBF
Biosciences, Williston, VT, USA) was employed. The drawings of cerebral cortical layers

(M2, M1, STHI, and S1FL), were used as anatomical cytoarchitecture reference, according
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Paxinos and Watson Atlas (2004). Nissl reactive cells presenting strong and visible
labelling were counted at 20X magnification. The counting frame size and the sampling

grid were established based on parameters set by Takada et al. [11].

Statistical analysis

Data were assessed for normality and homogeneity of variance to determine whether to
use parametric or non-parametric statistical tests. All statistical analyses were performed
using STATISTICA software version 7 (Tulsa, Oklahoma: Stat Soft Inc.).

For statistical analysis, data related to the somatic growth were analyzed by two-way
repeated-measures ANOVA, considering group and sex as between-subjects factors,
Tukey-Kramer post hoc test was used. Physical development and sensorimotor reflexes
were analyzed by fatorial ANOVA considering group an sex as between-subjects factors
(Tukey-Kramer post-hoc).The histological data were analysed by two-way ANOVA,
considering the groups as between-subject factor and the Cortex (M2, M1, STHL, and
S1FL) as within-subject factors region (Tukey- Kramer post-hoc). Differences were

considered significant when p < 0.05.
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Results

Growth measurements

The results obtained in the evaluation of weight gain (A), medio-lateral head axis (B),
anteroposterior head axis (C) and body length (D) from the 2th to the 20th days of life of
control and anoxia offspring are illustrated in Fig. 1.

Concerning the relation to weight gain, medio-lateral head axis, anteroposterior head
axis, and body length a two-way ANOVA with repeated-measures revealed sex (F(3,92) =
11.62; p < 0.00), group (F(1,19) = 189.; p < 0.00) and time (F(1,19) = 1897.01; p < 0.00)
effects. And also revealed significant interaction effects for group*gender*time.

Post hoc analysis revealed that the average body weight of anoxic male group increased
from PND7 to PND21 (p < 0.05) reaching a higher value than control male and anoxic
female groups. Post hoc analysis revealed that on PND8, PND9, PND13, PND14 and
PND15 control female weighed significantly more than anoxic female (p < 0.05).

The medio-lateral head axis of anoxia group showed significantly higher length than
control group from P2-P6 and from P19-P21, Male and female rats presented sex
difference independent of the control or anoxic group (Fig. 1B). However, in the antero
posterior head axis no difference was found among anoxic and control pups of both
sexes (Fig. 1C). The longitudinal axis, body length, measurement showed significant
difference among the groups (Fig. 1D). Anoxic male pups were smaller than control ones
with significant differences from PND4, PND9, PND10, PND11, PND12, PND19 and
PND20 (p < 0.05). Concerning control males and females, the difference appeared from
PND7 and progressed till PND21. However, between anoxic male and female groups, a

significant difference appeared on last day of suckling.
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Fig. 1. Effects of neonatal anoxia on somatic growth. Data are expressed as mean + SEM,
by daily evaluation of male and female rats during suckling period, anoxia compared to
control groups, n = 14 in each group. (A) Body Weight (B) Medio-lateral head axis (C)
Antero posterior head Axis and (D) Body Length. Results were analyzed by two-way
repeated-measures ANOVA, considering group and sex as between-subjects factors,
Tukey-Kramer post hoc test was used (*p < 0.05).

Physical features maturation

The data related to the evaluation of these parameters are summarized in Fig. 2. Anoxia
did not appear to significantly affect pinna detachment (not showed), and eruption of
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inferior iNCisor teeth under the observed conditions employed in the present study (p >
0.05) (Fig. 2B). On the other hand, other physical features of maturation were affected by
anoxia (Fig. 2A,C and D).
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Fig. 2. Anoxic effects on physical maturation. Data are expressed as mean + SEM, by daily
evaluation of male and female rats during suckling period, anoxia compared to control
groups, n = 14 in each group. (A) Auditory Canal Opening (ACO) (B) Inferior incisor
eruption(llS) (C) Superior incisor eruption (SIE) and (D) Eye opening. Results were
analyzed by factorial ANOVA considering group and sex as between-subjects factors,
Tukey-Kramer post-hoc test was used, *p < 0.05. (EO). ACO: CF #AF; SIE: CF=AF, CF=AM,
CF=CM; EO: AF=CF, AFAM

In relation to eruption of superior incisor, ANOVA revealed group effect (F(1,52) = 10.26;
p = 0.027), trend for sex (F(1,52) = 3.99; p = 0.05) and interaction effects group*sex
(F(1,52) = 20.86; p = 0.0003). Post-hoc analysis indicates differences between anoxia
females and control males. In relation to auditory conduct opening ANOVA revealed
significant group effect (F(1,52) = 5.09; p < 0.02), and lack of effects for sex (F(1,52) =
0.30; p = 0.86).

Group effects were found for eye opening (F(1,52) = 2.14; p = 0.14) and sex (F(1,52)

0.34; p = 0.56), but significant interaction effects group*sex (F(1,52) = 16.818; p
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0.0001). Pos-hoc analysis indicates that Anoxia females delayed the appearance of these
physical milestones from that measured in control females and anoxia males (p < 0.05).
Reflex development

The effects of neonatal anoxia on neurological development may be assessed by
different neurological reflexes. Data on some reflex development is displayed as mean +

SEMin Fig. 3.
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Fig 3. Effects of anoxia on the onset day of neurological reflexes. Data are expressed as
mean £ SEM, by daily evaluation of male and female rats during suckling period, anoxia
compared to control groups, n = 14 in each group. (A) Vibrissae placing (B) Cliff
avoidance (C) Negative geotaxis (D) Acoustic startle, and (E) Palmar grasp. Results were
analysed by fatorial ANOVA considering group and sex as between-subjects factors,
Tukey-Kramer post-hoc test was used, *p < 0.05. VP: AF = CF, AM = CM, F # M; CA: CF =
CM,AM = CM,AM = CF; NG: AF = CF, AM = CM; AS: AF = CF, AM = CM, F = M; PP: AF = CF,
AM = CM, AF =AM, F = M.
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ANOVA revealed significant group effects on vibrissae placing, cliff avoidance negative
geotaxis, acoustic startle reflex, palmar grasp [CA: F(1,52) = 7.01, p < 0.01; NG: F(1,52) =
13.87, p < 0.001; ASR: F(1,52) = 27.26, p < 0.001; PG F(1,52) = 300.6, p < 0.001; VP: F(1,52)
=0.05, p < 0.001]; and sex effects VP: F(1,52) = 9.98, p < 0.001; CA: F(1,52) =39.04, p <
0.001; ASR: F(1,52) = 27.26, p = 0.001; PG: F(1,52) = 66.6, p < 0.001; except NG: F(1,52) =
3.46, p = 0.06; and interaction effects Group * Sex CA: F(1,52) = 29.17, p < 0.00; PG:
F(1,52) = 72.2, p < 0.00. The Surface righting and Free Fall reflexes had no significant
differences between anoxia and control, and between both sexes.

Post hoc analysis indicates that Anoxia female delayed the appearance of these physical
milestones from that measured in control females (p < 0.05) and indicates that anoxic
male has accelerated the maturation of cliff avoidance in relation to control male (p =

0.05).

Stereological quantification of cell density in the sensorymotor cortex

To assess whether neonatal anoxia altered the amounts of neurons in the adolescent
offspring (PND41), the distribution in coronal sections and density of neurons evaluated
by stereology in the different primary motor and sensory cortical regions in anoxic and
control animals (both sexes) are depicted, respectively Fig. 4, Fig. 5.

Consistent with our previous results in cell death in hippocampus [11] neonatal anoxia
caused reduction in the amount of neurons in P41 at brain cortical regions of the rats.
Although the injury affected largely the primary motor cortex of male and female
animals, the sensory hind limb and forelimb region were more affected in female rats. As
shown in Fig. 4B and D. In the stereological analysis of motor and sensory motor al
cortex, the cell density of the four evaluated regions, M2, M1, STHL and S1FL are: M2: CM
(52 + 1.66), AM (46.84 + 1.72), CF(52 + 1.55), AF(45.55 + 1.80),; M1: CM(41.89 + 1.49), AM
(23.70 £ 1.33); CF (43.88 £+ 1.46) AF (25.69 + 0.83).; STHL: CM(30.19 + 1.31), AM(27.93 £
2.69); CF(38.88 + 1.48), AF (23.42 + 2.38); S1FL: CM(33.88 + 0.48), AM(31.85 + 1.09); CF
(32.28 £ 1.70), AF (27.66 + 1.36).

The effects of neonatal anoxia on cortical sensory motor regions, as determined by
stereology, are illustrated on Fig. 5. In spite of individual variability, it is possible to
observe the decrease of cells by the stimulus in both sex (20X), which is accentuated in a

similar way in the primary motor cortex. Sex difference is observed in female primary
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motor and sensory cortex (Fig. 5B, C and D) presenting higher cell density in STHL
control group, where the neonatal injury decreased to almost half of the cells. The S1FL

was also affected by the anoxia injury with sex difference.
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Fig. 4. Effects of anoxia on cell density in the motor and sensory cerebral cortex.
Stereological data are expressed as mean + SEM, of Nissl stained coronal sections of
male and female rats at PND41, between bregma —1.30 mm to —2.12 mm (400 pum
distant), n = 4 in each group. Results were analysed by two-way ANOVA, considering the
groups as between-subject factor and the cortex regions (M2, M1, STHL, and S1FL) as
within-subject factors (Tukey-Kramer post-hoc), *p < 0.05. (A) M2 cerebral cortex (B) M1
cerebral cortex (C) STHL cerebral cortex (D) S1FL cerebral cortex.
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Fig. 5. Representative microphotographs of coronal Nissl stained sections of the
neonatal anoxia effects on male and female rat cerebral cortex at PND41. (A) Control
male (B) Anoxia male (C) Control female and (D) Anoxia female groups (4x). Images at
20X, upper row, depicts the layer Il of primary sensory STHL and at bottom row the layer
VI of primary motor cortex (M1). Image bar = 500 pm for 4x; and 50 um for 20x.
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Discussion

Neonatal oxygen deprivation has been associated with later behavioural and
neurological deficiencies such as impaired development of cognitive abilities and linked
to both acute and long-term health-damaging effects [1], [26], [27], [28], [29]. Although
there is extensive literature regarding the effects of different models of oxygen
deprivation in the immature brain [30], [31], [32], [33], [34], [35], [36], there is a paucity of
data concerning the early neurodevelopmental response to global hypoxia-ischemia.
For this reason, the present paper explores the consequences of global asphyxia extra-
uterus in extremely immature brain (P1-P2 rats) on physical growth and neurological
development observing possible gender differences.

Our results clearly show that neonatal anoxia leads to delayed physical maturation and
neurobehavioral development and had long-term effects on cortex morphology in the
adolescent brain. Gender-dependent developmental responses to neonatal anoxia were
observed such that females were more susceptible.

The maturation of neurological reflexes is evidence of the postnatal development of the
central nervous system, which can be influenced by a variety of factors [37], [38], [39].
Since rats pups are born altricial (i.e. devoid of hair, except vibrissae, with eyes and ears
closed and unable to relocate autonomously or regulate its body temperature) the
maturation of physical characteristics is essential for the acquisition of reflexes [40].

The maturation of physical parameters assessed in this study, revealed that neonatal
anoxia significantly delayed the day of appearance of some of them, mostly in anoxic
females; such as eyes opening, superior incisor eruption and auditory conduct opening
in relation to control females. On the other hand, these physical milestones were not
affected in anoxic male animals.

In accordance with previous studies with different model of neonatal hypoxia—-ischemia
[for review see [41]], we here demonstrated that oxygen deprivation during neonatal
period have retarded physical development [23], [42], [43].

Oxygen deprivation triggers different biochemical pathways that could modulate the
expression of transcription factors or growth factors (e.g. epidermal growth factor — EGF,
alpha transforming growth factor — TGFaq, fibroblast growth factor — FGF) with critical

roles in epithelial development and eye maturation [44], [45], [46]. We presume these
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physical developmental delays are due to excitotoxicity, inflammation and free radical
production induced by oxygen deprivation that might have altered the expression of
transcriptional factors or growth factors levels in the neonate.

Neurological development was also affected by neonatal anoxia. The anoxia pups
showed a significant delay in time maturation of palmar grasp, negative geotaxis and
acoustic startle reflex. These sensory motor responses indicate maturation of
somatosensory, vestibular and/or proprioceptive function. The present findings suggest
a delayed maturation (neurogenesis and/or myelination) of these systems or a
hampered functional organization of the complex synaptic circuitry that underlies these
reflexes, such as the cerebellum, which is important for making postural adjustments in
order to keep balance. In the present study, there was delay in the maturation of most of
the reflexes in the pups, except for placement by the vibrissae placing in which males
and females presented advance, and in the cliff avoidance only males showed advance.
Interestingly, it is similar to adult rats recovering from neocortical damage [47] and [48]
reported induced contralesional synaptogenesis and enhanced skilled forelimb reaching
with ipsilateral forelimb in adult male rats. Anoxic females presented a much greater
delay in palmar grasp than the males. These data suggest that anoxia caused motor and
sensory motor al impairments, already visible in the early stages as some authors put it
[49]. Consistent with these findings, previous studies suggest that neonatal hypoxia—
ischemia could act as a disruptive factor for optimal offspring development, and could
generate consequences in the short and long term, impacting behavioral responses, as
well as the physical growth and development of the offspring [24], [49], [50], [51], [52].
Neonates who undergo birth asphyxia or hypoxia-ischemia tend to have white and gray
matter injury, hippocampus, brainstem, and thalamic regions [53], [54]. It is of note that
neonatal hypoxia—ischemia rodent models, used different postnatal days (PND) to
induce brain damages. The Vannucci’s model uses mice and rats between postnatal day
(PND) 7 and PND 10 [55], [56], [57].

In rodents, the number of premyelinating oligodendrocytes (preOLs) is highest at PND
2-5 and that this number quickly declines after this developmental stage [58], the
oligodendrocyte (OL) maturation occurs on PND 6-7, simultaneously with the onset of
early myelination [59]. We used a PND 1-2 rat model of anoxia preterm brain injury it is
likely that at this age the white-matter vulnerability is high, and the number of preOLs

could declines at this early age and affects the process of myelination.
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In relation to somatic growth, anoxiated animals in both genders exhibit an increase in
body weight, body size and craniofacial dimensions during preweaning compared to
control animal. Although, previous studies have suggested that neonatal hypoxia-
ischemia retarded the development of somatic growth [14], [60], [61], [62], [63]. These
studies probably did not correlate with our observations because of the different nature
and time to induce brain damages. This study used model of anoxia that is global and
non-invasive [10], so the whole body of animal is affected, which is similar to the
majority of the clinical conditions and may lead to different systemic consequences
when compared to focal cerebral ischemia. We can speculate that anoxia may increase

the propensity for metabolic dysregulation and obesity via genetic modifications.

In the current study, sex-dependent developmental responses to the neonatal anoxia
were observed such that females were more susceptible. Previous studies have reported
that females also are at a higher risk for poor perinatal outcome as maternal
inflammation [64]. They are more vulnerable than males in an animal model of
depression and had decreased brain regional 5-hydroxyindoleacetic acid concentrations
particularly in the frontal cortex [65]. On other hand, previous studies have
demonstrated that male rats have more microglia than females early in neural
development [66], which may contribute to the greater vulnerability of males to
neuroinflammation induced by HI [67]. The cresyl violet staining of sensory motor cortex
indicated that neonatal anoxia at 30 h of age has induced damages to brain cortical
neurons including primary motor cortex significantly and also regions of sensory hind
limb and forelimb. Therefore, the related neurological reflexes would be affected by the
decreased cell amount in these areas by the anoxic stimulus.

In conclusion, this study demonstrates that for same degree of anoxia insult male and
female are affected differently. In some parameters male are more affected than female
and vice-versa, contrary to some other data reporting that males are more vulnerable.
The severity of injury will depend on animal model of oxygen deprivation and the
parameters used. So, further investigation on sex differences and developmental stages
are required to enhance the understanding of the involved mechanisms of neonatal
anoxia in relation to these parameters and also to develop specific estrategies and

therapeutic procedures.
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