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Prenatal hypoxia–ischemia decreases spatial memory
and increases aggression during adolescence
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Prenatal hypoxia–ischemia (HI) is a major cause of mortality and chronic neurological diseases in newborns. HI
contributes to the emergence of several neurological disorders such as cognitive and behavioral deficits due to the
atypical brain development. This study aimed at assessing the effects of prenatal HI on the spatial memory and
aggression of rats during adolescence. Pregnant rats were divided into treatment and control groups. The rats of the
treatment groups underwent unilateral ligation of the uterine artery on pregnancy day 7, 12, or 17. The offspring of
these rats were tested for spatial memory and aggression when they reached 33 days of age. It has been found that the
percentages of alternations in the Y-maze and the number of crossings in the Morris water maze tests of the HI groups
were lower than those of the control groups. The total offense and defense aggression scores of the HI groups were
higher than those of the control groups. In conclusion, the longer the duration of HI, the more deficits it causes in the
spatial memory and aggression of rats during adolescence.
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Introduction

Over the past three decades, there has been a growing interest on research about the prenatal
environment as a critical window of fetal development as well as an important factor for the
later outcomes. Epidemiological studies have explored the links between adverse prenatal
conditions and increased risk for diseases, health problems, and psychological outcomes later
in life (6). Prenatal hypoxia–ischemia (HI) can cause brain lesions. Brain damage resulting
from HI is a major cause of mortality and chronic disability, including cognitive and
behavioral disturbances (34). Chronic prenatal HI is a strong prognosis factor for the outcome
of various diseases (5, 12). It has been found that prenatal HI contributes to the emergence of
several neurological disorders such as cognitive and behavioral deficits due to the atypical
brain development (1, 25, 28).
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HI is considered to be associated with the onset of behavioral and cognitive disorders
(10, 17). The effects of HI during the brain embryogenesis and development on the animal or
human brain structure and on behavior in later life depend to a great extent on the period of
pregnancy when the HI occurs. The HI during the embryonic period leads to various structural
and functional abnormalities in the postnatal period (31). Of note, the neurogenesis in the cortex
of mice is very high between embryonic days 12 and 16 (13), whereas the peak of cortical
neurogenesis occurs at embryonic day 14 (27). Cell death begins to occur approximately 3 h
after the induction of HI in rats. The increase in the number of apoptotic cells occurs on the 3rd
embryonic day and reaches a peak 7 days later. Approximately 14–20 days after the induction,
lesions in the brain tissue could be detected in the hippocampus (13). Memory disorder due to
the prenatal HI may be tested using Morris water maze (MWM) procedure to assess long-term
spatial memory disorders, and Y-maze to assess short-term spatial memory disorders.
Aggression can be tested using offensive and defensive aggression procedures.

Long-term effects of HI treatment during early intrauterine development are very
important to be investigated. Moreover, little is known about the relationship between
prenatal HI, spatial memory, and aggression. We were interested in studying the effects of
prenatal HI before, during, and after the peak of neurogenesis on the spatial memory and
aggression.

Materials and Methods

Animals and treatment
This study included 12 confirmed 10- to 12-week-old pregnant Sprague–Dawley rats
weighing 175–200 g. The rats were kept at the animal house of Integrated Research
Laboratory, Universitas Gadjah Mada, under controlled conditions of 12-h light–dark cycle,
with a temperature range of about 30± 2 °C, and humidity of about 50%± 10%. They were
fed food pellets and allowed to acquire reverse osmosis water ad libitum. The animal
handling and experimental procedure were approved by the Medical and Health Research
Ethics Committee (MHREC), Faculty of Medicine, Universitas Gadjah Mada, Yogyakarta
(approval number: KE/FK/1234/EC/2015).

The pregnant rats were grouped randomly into six groups (three treatment and three
control groups), each group consisting of two rats. The rats of the treatment groups underwent
unilateral ligation of the right uterine artery, which supplies one uterine horn, on pregnancy
day 7, 12, or 17 (designated as HI7, HI12, and HI17 groups) under deep anesthesia induced by
a combination of 10 mg/kg ketamine hydrochloride (PT Guardian Pharmatama, Jakarta,
Indonesia) and 15 mg/kg xylazine (PT Guardian Pharmatama) given intramuscularly. Control
groups (C7, C12, and C17 groups) consisted of sham-operated rats, which underwent
laparotomy without unilateral ligation of the uterine artery on the same pregnancy day as
the treatment groups. Upon birth, rat pups weighing over 5.50 g at birth were excluded from
the experiment (7). From each group of dams, five male pups were selected randomly and
therefore there were a total of 30 rats in six groups. The offspring underwent behavioral tests
later during the adolescent period.

Y-maze procedure
The rats were tested for Y-maze test when they were 42 days old. The subjects were
familiarized with the test room at least 1 day prior to the test. The maze consisted of three
symmetrical arms (A, B, and C), each of which had a length of 50 cm, height of 20 cm, and
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width of 10 cm. Those arms were placed at 120° to each other and hence constructed a “Y”
form. The test procedure was conducted according to the protocol of previous studies
(8, 29). In brief, rats were placed at the end part of a randomly chosen arm, and were expected
to move around the maze freely. A 4-min period was given to the rat for exploring the maze.
Data about the sequence of arms entered, total arm entries, and number of alternations were
recorded. “Entry to an arm” was defined as the whole entry of all four limbs of the rat into an
arm. “Alternation” represents a sequence of all entries by the rat in three different arms. For
example, a rat entered the three different arms (A, B, or C) at an arm entry sequence of
CABACBACAB. The alternation of this sequence was CAB BAC ACB CBA BAC CAB,
and the number of alternation was 6. The alternation data were used to calculate the
percentage of alternations, which is defined as the ratio of the number of actual alternations
to possible alternations, multiplied by 100. The number of possible alternations was defined
as the total number of arm entries minus two (8, 29). Therefore, the percentage of alternations
was expressed as:

% alternation=
number of alternation
ðtotal arm entries − 2Þ :

The maze was cleaned using a 70% ethanol solution prior to the test of each rat to ensure
that no odor clues were left by previous rats. The testing sequences of rats in relation to
the treatment category were determined randomly and the examiner of the test was blinded to
the rat groups.

MWM procedure
MWM test was performed 1 day after the Y-maze test. The protocol used in this spatial
memory test was that described by Bouet et al. (2) with a slight modification. The water maze
procedure consisted of three phases: learning phase (hidden platform), retention phase
(no platform), and visual test (visible platform). The tool consisted of a circular pool, which
was divided virtually into four equal-sized quadrants. Two equally distanced starting points
were marked around the inner wall of the pool of each quadrant. The tank was filled with
water and made opaque by adding milk. A circular platform was submerged 0.5 cm below the
surface of the water in the center of one randomly selected (target) quadrant. The position of
the platform was kept constant for each rat throughout the experiment (2).

On the day of trials, the platform was placed in the middle of the target quadrant for each
rat. The trial started by placing any given rat in the tank at a randomly selected starting point.
The rat was forced to swim in order to escape from the water and was expected to accidentally
locate the platform and climb onto it. The time required by the rat from the beginning of
swimming until climbing onto the platform was recorded as “escape latency.” All trials were
recorded using a video camera. The length of the swimming track of the rat was measured
using a curvimeter (Comcurve 10; Koizumi Sokki Mfg, Nagaoka-shi, Niigata, Japan) (14).

The rats were trained four trials a day in the learning phase for 4 days [from postnatal
day (P) 43 to P46]. The data collected were escape latency (s), path length (cm), and speed
(cm/s) to reach the platform. The long-term memory test (retention phase) was performed
24 h after the last learning session. The rats were placed in the tank without platform for 60 s.
The data collected were the latency, path length, number of crossings, and number of
crossings to the quadrant opposite to the target quadrant. The data of the latency were
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transformed into distance percentages, which were the ratio of the path length of rats in the
target quadrant to the total trajectory within 60 s. Time percentage was the ratio of the latency
of rats spent on the target quadrant to 60 s. The number of crossings was the frequency of rats
crossing the border of the target quadrant for 60 s. The number of opposite crossings was the
frequency of rats passing the quadrant border opposite to the test quadrant for 60 s. The visual
test was performed 1 day after the retention phase. The test consisted of three trials with the
platform protruding from the surface of the water and therefore visible to the rats. The
duration of each trial of this test was 60 s.

Aggression test
The rats were tested for offensive and defensive aggression tests using Koolhaas procedure
(16), starting from P33 to P40. The test was performed at night, approximately between
6 and 7 p.m. The rats were placed in cages with their female companions for 1 week before
the test. The beddings of the cages were not changed prior to the test in order to maintain
the olfactory cues, which signified the territoriality of the resident rats. The companion female
rats were taken away from the residential cages 1 h prior to the test. “Intruder”male rats were
introduced into the residential cages and left to stay for 10 min to interact with the resident
rats. All behaviors of the resident rats were recorded during the 10-min period. After
completion of the test, the intruder rats were removed from the cages. The companion female
rats were reunited with the resident male rats in their respective home cages.

The data of offensive aggressive behavior that were recorded and examined included the
duration and frequency of attack latency, direction of movement, social exploration, anogenital
sniffing, rearing, lateral threat, upright posture, clinch attack, keep down, chase, non-social
exploration, and rest or inactivity. The total offense score was calculated from the sum of lateral
threat, upright, clinch, keep down, and chase movement scores. Social exploration score was
calculated from the sum of the social exploration and anogenital sniffing scores.

The data of defensive behavior were obtained from the record of the duration and
frequency of submission latency, submissive posture, move away from the resident rat, flight,
defensive upright posture, freeze, non-social exploration, and rearing. The total defense score
was calculated from the sum of the amount of time spent on flight, defensive upright posture,
submission, and freezing movements.

Statistical analyses
All behavioral tests data were analyzed by one-way analysis of variance (ANOVA)
procedure, followed by Tukey’s post hoc test where appropriate. The birth weight data of
rats were not normally distributed and not homogeneous and therefore were analyzed using
Kruskal–Wallis test, followed by Mann–Whitney’s post hoc test. The spatial memory test
data were analyzed by one-way ANOVA procedure, followed by Tukey’s post hoc test where
appropriate, except for the learning phase data. The learning phase data were analyzed using
general linear model repeated measures (GLM RM) procedure. All statistical analyses were
conducted using SPSS software version 19.0 (SPSS Inc., Chicago, IL, USA).

Results

Body weights
The data of body weights of pups upon birth, which were calculated using Kruskal–Wallis
test, revealed a significant main effect of groups (Table I). Mann–Whitney’s post hoc test

Prenatal hypoxia–ischemia and behavior 213

Physiology International (Acta Physiologica Hungarica) 105, 2018

Unauthenticated | Downloaded 04/22/20 10:42 AM UTC



showed that the birth weights of pups of the HI7, HI12, and HI17 groups were lower than those
of the C7, C12, and C17 groups, respectively (p= 0.002).

Y-maze test
The number of alternations, total arm entries, and percentages of alternations during the Y-
maze test are shown in Table II. One-way ANOVA procedure of these data showed a
significant main effect of groups in the number and percentage of alternation. The Tukey’s
post hoc test revealed that the percentages of alternation, which indicate a spatial memory
capability (8, 29), of HI7, HI12, and HI17 groups were lower than those of the corresponding

Table I. Mean± SD (g) of the birth weights of rats

Groups n Mean± SD p

HI7 5 4.48± 0.31 0.002*

C7 5 6.32± 0.19

HI12 5 4.92± 0.83

C12 5 6.64± 0.37

HI17 5 4.84± 0.36

C17 5 6.46± 0.29

Data are calculated by Kruskal–Wallis test. SD: standard deviation; HI7, HI12, HI17: rat groups with prenatal
hypoxia–ischemia on the 7th, 12th, and 17th days of gestational age, respectively; C7, C12, and C17: sham-operated
controls on the 7th, 12th, and 17th days of gestational age, respectively.
*p< 0.05

Table II. Mean± SD of the number of alternations, total arms entries, and percentage of alternations in Y-maze test

Groups n
Number of
alternations Total arms entries

Percentage of
alternations

HI7 5 1.60± 0.55 9.83± 3.80 9.83± 3.80

C7 5 2.80± 1.79 12.80± 7.01 26.88± 3.87

HI12 5 1.60± 0.55 13.60± 3.65 12.82± 12.82

C12 5 2.60± 1.82 13.20± 9.52 28.27± 6.57

HI17 5 2.80± 1.31 13.20± 9.52 19.11± 2.93

C17 5 4.20± 0.84 16.20± 2.28 29.49± 2.71

One-way ANOVA df= 5, 24 df =5, 24 df= 5, 24

F= 2.93 F= 0.89 F= 19.29

p= 0.03* p= 0.49 p= 0.001*

SD: standard deviation; ANOVA: analysis of variance; n: number of animals; df: degrees of freedom; F: F value; HI7,
HI12, and HI17: rat groups with prenatal hypoxia–ischemia on the 7th, 12th, and 17th days of gestational age,
respectively; C7, C12, and C17: sham-operated controls on the 7th, 12th, and 17th days of gestational age,
respectively.
*p< 0.05
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control (C7, C12, and C17) groups (p= 0.0001, p= 0.0001, p= 0.009, respectively). In
addition, the percentage of alternation of the HI7 group was lower than that of the HI17 group
(p= 0.024). Therefore, the lowest spatial memory capability occurred in the HI7 group.

MWM test
The data of distance traveled during the learning phase of the MWM procedure are presented
in Fig. 1. The average path length of all groups of rats followed an irregular pattern of
fluctuation. The GLM RM multivariance test using Wilks’ lambda of these data revealed a
significant difference (p= 0.012) between groups. The pairwise comparison of these data
showed that the HI12 group traveled at a significantly longer trajectory than the C12 group
(p= 0.010).

The data on latency during the learning phase of MWM test (Fig. 2) show that the
longest latency in the first trial was the latency of the HI17 group (60± 0.01 s), whereas the
shortest was that of the C12 group (51± 3.27 s). The longest latency in the last trial was
the latency of the HI12 (24.6± 8.08 s) group, whereas the shortest was that of the C12 group
(5.2± 2.39 s). The GLM RM multivariance test of Wilks’ lambda of these data showed that
there was a significant difference (p= 0.016) between groups in the latency during the
learning phase. The pairwise comparison of the data revealed that the latency of the HI7 group
was longer than that of the C7 group (p= 0.008).

The average swimming speed of all groups of rats during the learning phase of the
MWM procedure (Fig. 3) also followed an irregular pattern. The fastest group in the first trial
was the HI12 (37.4± 2.86 cm/s) group and the slowest was the C12 group (10.71± 2.73 cm/s).
The fastest group in the last trial was the C7 group (141.14± 12.43 cm/s) and the slowest was
the HI17 group (68.68± 18.02 cm/s). The GLM RM multivariance test of Wilks’ lambda of
these data demonstrated a significant difference (p= 0.008) between groups in the latency
during the learning phase. The pairwise comparison of the data revealed that the swimming
speed of the HI7 group was higher than that of the C7 group (p= 0.010), and it was also higher

Fig. 1. Mean± standard deviation of the distance traveled during the learning phase of the MWM test. HI7, HI12,
and HI17: rat groups with prenatal hypoxia–ischemia on the 7th, 12th, and 17th days of gestational age, respectively;

C7, C12, and C17: sham-operated controls on the 7th, 12th, and 17th days of gestational age, respectively
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in the HI12 group than in the C12 group (p= 0.012), and also higher in the HI17 group than in the
C17 group (p= 0.02).

The data of the distance percentage, time percentage, number of crossings, and number
of opposite crossings in the retention phase of the MWM test are shown in Table III. The one-
way ANOVA test of these data showed a significant main effect of groups in the distance
percentage, number of crossings, and number of opposite crossings. The Tukey’s post hoc
test showed that the distance percentage of the HI7 group was higher than that of the
C7 (p= 0.008), HI12 (p= 0.05), and HI17 (p= 0.007) groups; higher in the HI12 than in

Fig. 3. Mean± standard deviation of swimming speed during the learning phase of the Morris water maze test. HI7,
HI12, and HI17: rat groups with prenatal hypoxia–ischemia on the 7th, 12th, and 17th days of gestational age,

respectively; C7, C12, and C17: sham-operated controls on the 7th, 12th, and 17th days of gestational age, respectively

Fig. 2. Mean± standard deviation of latency during the learning phase of the Morris water maze test. HI7, HI12,
and HI17: rat groups with prenatal hypoxia–ischemia on the 7th, 12th, and 17th days of gestational age, respectively;

C7, C12, and C17: sham-operated controls on the 7th, 12th, and 17th days of gestational age, respectively
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the C12 group (p= 0.001); and also higher in the HI17 than in the C17 group (p= 0.0001). The
post hoc test also showed that the number of crossings of the HI7 group was lower than that of
the C7 group (p= 0.0001), and lower in the HI12 group than in the C12 group (p= 0.017).
Furthermore, the post hoc test revealed that the mean number of opposite crossings of the HI7
group was higher than that of the C7 group (p= 0.0001), and it was higher in the HI12 than C12

in the group (p= 0.0001), and also higher in the HI17 than in the C17 group (p= 0.0001).
One-way ANOVA test of the data of the visual test conducted on the fifth day of the

MWM procedure showed that there was no significant difference between groups in the
average time to reach the platform on the first, second, and third trials. This result indicated
that there was no difference in the sensorimotor ability between groups of rats, and therefore
any difference occurring in the learning and retention phases of MWM might purely arise
from the difference in the memory capability of rats in the various groups.

The offensive aggressive behavior
One-way ANOVA procedure of the data of the offensive aggressive behavior of the rats
(Table IV) showed a significant main effect of groups on the attack latency, rearing, clinch
attack, chase, and rest. The Tukey’s post hoc test revealed that the attack latency of the HI7
group was higher than that of the HI12 (p= 0.012) and HI17 (p= 0.06) groups. The rearing of
the HI7 group was higher than that of the HI12 (p= 0.001) and HI17 (p= 0.013) groups. The
clinch attack of the HI7 group was higher than that of the HI12 (p= 0.024) and HI17 (p= 0.01)
groups. The chase of the HI7 group was higher than that of the C7 (p= 0.039) group. The rest
of HI7 group was higher than that of the C7 (p= 0.028) group.

One-way ANOVA test of the data of the total offense scores (Fig. 4) showed a
significant main effect of groups. The Tukey’s post hoc test of the data revealed that the

Table III. Mean± SD of distance percentage, time percentage, number of crossings, and number of opposite
crossings in the retention phase of Morris water maze test

Groups n % distance % time
Number of
crossings

Number of
opposite
crossings

HI7 5 31.37± 4.49 31.78± 6.13 2.1± 0.002 6.0± 0.71

C7 5 49.26± 7.12 28.14± 6.21 4.2± 0.45 3.2± 0.84

HI12 5 17.48± 5.55 37.41± 4.58 2.4± 0.55 5.8± 0.84

C12 5 39.06± 10.51 35.41± 4.58 3.8± 0.84 3.2± 0.45

HI17 5 13.33± 2.80 29.60± 6.10 2.6± 0.48 5.8± 0.84

C17 5 39.10± 9.80 28.83± 10.96 3.4± 0.89 2.4± 0.55

One way ANOVA df= 5, 24 df= 5, 24 df= 5, 24 df= 5, 24

F= 18.18 F= 1.39 F= 9.74 F= 25.86

p= 0.0001* p= 0.264 p= 0.0001* p= 0.0001*

SD: standard deviation; ANOVA: analysis of variance; n: number of animals; df: degrees of freedom; F: F value; HI7,
HI12, and HI17: rat groups with prenatal hypoxia–ischemia on the 7th, 12th, and 17th days of gestational age,
respectively; C7, C12, and C17: sham-operated controls on the 7th, 12th, and 17th days of gestational age,
respectively.
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total offense score was higher in the HI7 group than in the C7 group (p= 0.001). In addition,
the score of the HI7 group was higher than that of the HI17 (p= 0.016) group.

The social exploration scores of the rats are shown in Fig. 5. One-way ANOVA test of
the social exploration scores showed a significant main effect of groups (p= 0.041). The

Fig. 4. Mean± standard deviation of total offense score of the six groups of rats. The score was calculated from the
sum of lateral threat, upright, clinch, keep down, and chase movement scores. HI7, HI12, and HI17: rat groups with
prenatal hypoxia–ischemia on the 7th, 12th, and 17th days of gestational age, respectively; C7, C12, and C17: sham-
operated controls on the 7th, 12th, and 17th days of gestational age, respectively. Results of one-way ANOVA:

df= 5, 24; F= 2.76; p= 0.001

Fig. 5.Mean± standard deviation of social exploration score of the six groups of rats. The score was calculated from
the sum of the amount of time spent on flight, defensive upright posture, submission, and freezing movements. HI7,
HI12, and HI17: rat groups with prenatal hypoxia–ischemia on the 7th, 12th, and 17th days of gestational age,
respectively; C7, C12, and C17: sham-operated controls on the 7th, 12th, and 17th days of gestational age,

respectively. Results of one-way ANOVA: df= 5, 24; F= 2.76; p= 0.041
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Tukey’s post hoc test of the data revealed that the social exploration score was higher in the
HI7 group than in the HI17 group (p= 0.047).

The defensive aggressive behavior
One-way ANOVA of the defensive aggressive behavior data (Table V) demonstrated a
significant main effect of groups in the submissive posture (p= 0.001) and non-social
exploration behavior (p= 0.008). The Tukey’s post hoc test showed that the submissive
posture score of the HI7 group was higher than that of the HI17 group (p= 0.0001).
The non-social exploration behavior score of the HI7 group was higher than that of the
HI12 group (p= 0.021).

One-way ANOVA analysis of the total defense score data (Fig. 6) showed a significant
main effect of groups. The Tukey’s post hoc test of these data showed that the total defense
score was higher in the HI7 group than in the C7 group (p= 0.005), also it was higher in
the HI12 group than in the C12 group (p= 0.01), and in HI17 group than in the C17 group
(p= 0.02) (15).

Discussion

Y-maze and MWM tests were used to detect the spatial memory of the rats. Y-maze
assesses the short-term spatial memory and MWM procedure examines the long-term
spatial memory. The Y-maze test evaluates the memory capability of rats, based on their
tendency to explore new environments. Rats normally prefer to investigate a new arm of the
maze rather than returning to the ones that were previously visited. Several brain areas
including the prefrontal cortex, hippocampus, septum, and basal forebrain are involved in
solving this task (8, 29).

Fig. 6. Mean± standard deviation of total defense score of the six groups of rats. The score was calculated from the
sum of the amount of time spent on flight, defensive upright posture, submission, and freezing movements. HI7, HI12,
and HI17: rat groups with prenatal hypoxia–ischemia on the 7th, 12th, and 17th days of gestational age, respectively;
C7, C12, and C17: sham-operated controls on the 7th, 12th, and 17th days of gestational age, respectively. Results of

one-way ANOVA: df= 5, 24; F= 3.20; p= 0.023

Prenatal hypoxia–ischemia and behavior 221

Physiology International (Acta Physiologica Hungarica) 105, 2018

Unauthenticated | Downloaded 04/22/20 10:42 AM UTC



In this study, the Y-maze procedure showed that the percentages of alternations of the
HI7, HI12, and HI17 groups were lower than that of the corresponding control groups. The
lowest percentage of alternations was observed in the HI7 group. The MWM test demon-
strated that the distance percentages and the numbers of crossings of the HI7, HI12, and HI17
groups were lower than those of the corresponding control groups. Overall, this study found
that the spatial memory of the HI rats was lower than that of the controls. This is consistent
with the findings of other studies (1, 3, 11, 19, 26, 33) that fetal HI affects typical brain
development and induces atypical cognitive and behavioral presentations. The frontal cortex,
hippocampus, and subventricular zone are the most vulnerable regions to the HI insult (23).

A previous investigation by Chen et al. (3) demonstrated that the spatial memory
capability of HI rats was lower than that of the controls. This low spatial memory
performance may be caused by the neuronal damage and the decrease in the number of
the prefrontal cortex and hippocampal cholinergic neurons (3). The degeneration and necrosis
in the prefrontal cortex and hippocampus were observed to be proportional with the duration
of HI (4). A study by Dubrovskaia and Zhuravin (9) on rats revealed that prenatal HI during
embryonic days 14 and 18 impaired short- and long-term memory, as shown in other studies
(13, 19, 30). Chronic prenatal HI condition has been considered to be associated with the
disruption in neuron production during the late fetal life, but this effect did not last until the
postnatal period (28).

Prenatal HI may cause changes in the brain structure, which underlie adversely
permanent dysfunctions, such as mental retardation, motor disturbances, learning disability,
epilepsy, cerebral palsy, and cardiovascular diseases (5, 28). Cerebral palsy has been reported
to occur in 2 per 1,000 infants. Prenatal HI causes 15%–20% of deaths during the postnatal
period, and 25% will have permanent neuropsychological development disorders (12, 19).

This study also observed that the aggression of the HI rats was higher than that of the
controls. Subjects of this study were male rats. In human studies, aggressive behavior was
associated with male gender, length of stay at wards, legal status, and HI as the cause of brain
injury. Aggression was found to be highly prevalent among male patients with acquired brain
injury (33) and male rats (11). The results of aggression test of this study showed that
offensive and defensive aggression during adolescence was higher in the experimental than in
the control groups. Aggressive behavior aimed at causing damage or pain to another
individual. Aggression has been associated with structural and functional deficits in numer-
ous brain areas, including the dorsolateral region of the prefrontal cortex (DLPFC). Our
results are in agreement with recent studies suggesting that the left DLPFC plays a major role
in aggressive behavior (21, 24). The exact mechanisms of prenatal HI, cognitive deficits, and
behavioral disorders are still being debated. At present, the relationship between prenatal HI
and aggression remains unclear (20). For example, some studies argued that hypoxia
influences social function but not aggressive behavior (18, 32). A rat-model study performed
by Nakazawa and Tang (22) also reported that neonatal HI did not increase the aggressive
behavior.

Conclusions

In conclusion, HI causes deficits in the spatial memory and aggression of rats during
adolescence. The longer the duration of prenatal HI, the lower the spatial memory, and the
higher the aggression during adolescence. Future studies may be warranted to investigate the
precise pathophysiological mechanisms of this behavioral deterioration.
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