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Abstract: Life does not start at birth but at conception. Embryonic development is a particularly
difficult period in which genetic and environmental factors can interact to contribute to risk. In
utero and early neonatal exposure to maternal stress are linked with psychiatric disorders, and the
underlying mechanisms are currently being elucidated. This study examined novel relationships
between maternal noise exposure causing oxidative-stress-induced neurobehavioral changes in
cognition and autism spectrum disorder (ASD) in offspring. Pregnant Wistar albino rats were exposed
to noise (100 dBA /4 h). There were three groups of pregnant rats exposed to noise during gestation,
as well as a control group: early gestational stress (EGS), which occurs between the 1st and 10th days
of pregnancy; late gestational stress (LGS), which occurs between the 11th day and the delivery day;
and full-term gestational stress (FGS), which occurs during the entire pregnancy period. Maternal
stress effects on the offspring were analyzed. This study observed that noise exposure becomes a
psychosocial stressor in the prenatal period of motherhood. In the EGS and LGS groups, female
rats showed continuous midterm abortion and stillbirth during noise exposure. The noise-exposed
group exhibited significant changes in cognition, obsessive-compulsive behavior, fear, and anxiety.
Corticosterone and oxidative stress markers increased, and the antioxidant level was significantly
decreased in the noise-exposed group. Therefore, maternal noise exposure causes recurrent abortions
and stillbirths, increases oxidative stress, and impairs the offspring’s neurodevelopment.
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1. Introduction

A fetus’s early experiences significantly impact its health later in life. An individual’s
pregnancy and motherhood are critical periods because they involve many neurobehavioral
changes, including neuroendocrine, molecular, and physiological changes. These changes
affect the mother’s mood, cognition, and stress regulation during gestation, parturition,
and postpartum [1]. In line with scientific evidence, maternal stress, anxiety, and depres-
sion during pregnancy are associated with adverse mental health outcomes in offspring
throughout their lives [2,3]. Recent research suggests that environmental pollutants are
critical in fetal health [4-7].

Noise is a common environmental pollutant that is more than just a nuisance. Noise
is defined as an unwanted sound; if the noise level exceeds 90decibel (dBA), it becomes
a source of stress and impacts physical and psychological health [8]. The World Health
Organization (WHO) has reported that at least 1 million healthy life years are lost annually
due to environmental noise in high-income Western European nations [9].
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Continuous noise exposure impairs hearing. Besides these auditory consequences,
noise also triggers non-classical auditory-responsive brain areas, e.g., the lateral amygdala
and striatum. It activates the hypothalamic—pituitary—adrenal (HPA) axis via the amygdala
and other circuits, leading to the release of stress-related hormones, corticosterone, and
adrenocorticotropic hormone (ACTH) [1]. During pregnancy, noise-exposure-induced
production of corticosterone enters the placenta. Indeed, placental 113-HSD2 inactivates
the majority of maternal glucocorticoids passed to the fetus, and 11-p-hydroxysteroid
dehydrogenase-type 1 (113-HSD1) generates cortisol from inactive cortisone, which in-
creases the stress hormones in fetal circulation [10]. From this view, this study aimed
to evaluate the association of maternal noise stress with aberrant corticosterone-induced
stillbirth, preterm birth, redox balance, and neurobehavioral alterations in offspring.

2. Results
2.1. Maternal Noise Exposure Altered the Gestational Length in Offspring

Maternal noise exposure altered the gestational period of the offspring (Figure 1).
Recurrent abortions were shown in EGS and FGS groups. Stillbirths were observed in the
progeny of LGS (12.6%) and FGS groups (27.6%). No stillbirths and abortions occurred
in the control group. Figure 1A depicts the stillbirths of the pups, showing that the FGS
group showed significantly higher stillbirths than LGS. Neonatal mortality was observed
in EGS, LGS, and FGS groups. The FGS group had a higher mortality rate (28.6%) than
the EGS (2%) and LGS (14.3%). No neonatal mortality was observed in the control group.
Figure 1B illustrates the neonatal mortality rate. No congenital disabilities occurred in the
offspring of the control or EGS groups. The percentage of congenital disabilities in the LGS
and FGS groups was 23.3% and 10.3%, respectively. The data confirm that the FGS group
has significantly higher congenital disabilities than the LGS group. Figure 1C depicts the
congenital disabilities observed in the offspring of LGS and FGS groups.
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Figure 1. Maternal noise exposure altered the gestational length in offspring. Maternal noise exposure
significantly increased the stillbirth (A), neonatal mortality rate (B), and congenital disabilities (C) in
LGS and FGS groups. The data represent the mean + SD (p < 0.05—significance) (*—versus control,
#—versus EGS, @—versus LGS).

2.2. Maternal Noise Exposure Decreased the Body Weight and Discrete Regions of the Brain in
Offspring

The body weight of the newborn pups on the 1st and 45th postnatal days significantly
differed between the experimental groups (Figure 2). The body weight of the newborn pups
of the FGS group (4.16 &£ 0.25) was substantially lower than either the control (6.6 &= 1.15)
or EGS groups (5.66 &+ 0.50) and the LGS group (4.7 £ 0.25) (Figure 2A). Compared to
LGS, FGS had significantly lower body weight, and EGS had significantly higher body
weight. The body weight of the offspring on the 45th day of postnatal life in the FGS group
(42 £ 2 g) was significantly lower than in the control (76.09 g £ 2.5 g) and EGS groups
(59.6 £ 0.56 g) and LGS group (51 £ 2.64 g) group (Figure 2B). Compared to EGS, LGS
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had significantly lower body weight, and the control group had significantly higher body
weight. In discrete regions of brain weight, prefrontal cortex, and hippocampus, the weight
was significantly reduced in the FGS group compared to the control, EGS, and LGS animals.
The EGS group showed a significantly decreased brain weight, prefrontal cortex, and
hippocampus weight compared to the control and LGS groups (Table 1). All experimental
groups had no significant change in the cerebellum and hypothalamus weight.
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Figure 2. Maternal noise exposure decreased the body weight and discrete regions of the brain in
offspring. On postnatal day 1 (A) and 45th day (B), the weight of the EGS-, LGS-, and FGS-group
animals was significantly reduced compared to the control group. The data represent the mean £ SD.
The significance level was p < 005, * versus control, # versus EGS, and @ versus LGS.

Table 1. Maternal noise exposure decreased weight of the discrete regions of the offspring’s brain.

E;;Eer: mPFC HI HY CB
CON 0.225 + 0.353 0.189 4 0.007 0.091 4 0.002 0.461 4 0.038
EGS 0.189 4 0.007 * 0.179 +£0.001*  0.090 + 0.001 * 0.439 + 0.142 *
LGS 0.183 £0.002**  0.168 = 0.002**  0.092 & 0.002**  0.436 & 0.013 **
FGS 0.173 £ 0.002 **@ 0159 + 0.002 **€  0.091 & 0.012**@  0.439 + 0.023 *#€@

Data are expressed as mean =+ S.D. for six rats in each group. The values are expressed in weight in grams (gm).
* Significant p < 0.05 comparing with control, *—versus EGS, ®—versus LGS. mPFC: medial prefrontal cortex, HI:
hippocampus, HY: hypothalamus, CB: cerebellum.

2.3. Maternal Noise Exposure Altered the Offspring’s Cognitive and Emotional Functioning

Maternal noise exposure alterd the offspring’s neurobehavior, including impaired
spatial learning and memory, increased fear, anxiety, and repetitive behavior (Figure 3). In
this study, the results of the T-maze showed increased latency and number of days taken
to make the correct choice in EGS- and FGS-group animals compared to the control and
LGS animals (Figure 3A). The EGS group’s (11.6 + 1.15) latency significantly increased
compared to the control (7.3 & 0.57) and LGS (14 + 1), and the FGS group’s (18.4 =+ 0.48)
latency was significantly higher than the EGS group. Similarly, the number of days the
EGS (11.3 £ 1.5) group took increased compared to the control (8 & 1) and was lesser than
the LGS group (13 £ 1) and FGS group (16.6 £ 1.52). In the open-field test, the EGS group
(16.3 £ 15.2) showed decreased time spent in the central square when compared to the
control (226.6 & 25.1), and increased time compared to the LGS (126.6 & 7.63) and FGS
group (94.3 £ 9.29). The LGS- (173.6 £ 7.6) and FGS-exposed animals (205 + 9.2) showed an
increased time spent in peripheral squares compared to the control (73.3 & 25.12) and EGS
animals (136.6 & 15.2), which increased the fear and anxiety of the animals (Figure 3B). In
the marble burying test, the number of marbles buried was higher in the LGS (11 & 1) and
FGS (15 + 1) groups compared to the control (5 & 1) and EGS (9 £ 1) groups. Compared
to the control, the number of marbles buried by the EGS group was significantly higher,
while the number buried by the LGS and FGS groups was lower (Figure 3C). In the NST,
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the amount of cotton shredding was significantly increased in the LGS (0.59 £ 0.02) and
FGS groups (0.83 % 0.05) compared to the control (0.06 £ 0.05) and EGS (0.20 + 0.007)
groups (D).
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Figure 3. Maternal noise exposure altered the offspring’s cognitive and emotional functioning. (A) T-
maze results confirmed that maternal noise impairs spatial memory and learning in EGS, LGS, and
FGS groups. (B) The open-field test showed the reduced time spent in the central square indicated
the fear and anxiety-like behavior of the EGS, LGS, and FGS animals compared to the control. MBT
(C) and NSB (D) behaviors showed autistic and repetitive obsessive-compulsive behavior in stress
groups compared to the control animals. The data represent the mean + SD. The significance level
was p < 0.05, * versus control, # versus EGS, and @ versus LGS.

2.4. Maternal Noise Exposure Impairs Corticosterone and the Redox Balance in the
Offspring’s Brain

The CORT level (Figure 4) in plasma was significantly increased in the LGS (56.92 + 0.7)
and FGS (60.41 £ 1.3) groups compared to the control (42.94 £ 0.5) and EGS (51.34 + 1.5)
group animals. The CORT level in the mPFC was significantly increased in EGS (179 + 1.4),
LGS (188 £ 2.8), and FGS (212 £ 2.7) compared to control (157 & 3.5). Similarly, the CORT
level in the CB was significantly higher in the EGS (83.6 & 4.3), LGS (91.2 £ 0.9), and FGS
(108.2 £ 3.6) groups when compared to the control (76.8 + 1.4). The CORT level in the HI
was significantly increased in the LGS (122.7 £ 1.7) and FGS (157 % 4.2) groups compared
to the control- (94.2 & 3.1) and EGS (107.8 & 3.7)-group animals. Additionally, the CORT
level in the HY was significantly increased in the EGS (58 £ 2.8), LGS (66.5 £ 2.1), and FGS
(77 £ 1.4) compared to the control (48.5 & 3.5). The LPO level (Table 2A) was significantly
increased in the FGS group compared to the control-, EGS-, and LGS-group animals. The
mPFC and hippocampus LPO levels were increased compared to the control-, EGS-, and
LGS-group animals. There was no significant change in LPO level in the hypothalamus
and cerebellum. The SOD level (Table 2B) in the hypothalamus was shown to be increased
significantly in the control group when compared to the EGS, LGS, and FGS groups.
In comparison, the prefrontal cortex, cerebellum, and hippocampus were insignificant.
The catalase level (Table 2C) was significantly altered in the mPFC and hippocampus
and no significant change in the hypothalamus or the cerebellum was observed in all
experimental groups.
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Figure 4. Maternal noise exposure altered corticosterone levels in the offspring’s brain: (A) shows
the plasma corticosterone of all experimental groups; (B-E) shows the corticosterone level in discrete
brain regions of EFS, LGS, FGS, and control animals. The data represent the mean + SD. The
significance level was p < 0.05, * versus control, # versus EGS, and @ versus LGS.

Table 2. Maternal noise exposure decreased antioxidant levels and increased oxidative stress in the
discrete regions of the offspring’s brain.

A: LPO

Discrete regions mPFC HI HY CB
CON 6.05 + 0.353 5.90 + 0.785 5.84 4 0.552 5.16 + 0.101
EGS 7.40 £ 0.141* 7.34 £ 0.152 * 712 4£0.314* 6.70 & 0.364 *
LGS 7.62 £ 0.247 7.99 £ 0.135 *# 8.34 £ 0.146 ** 7.27 £ 0.254 *#
FGS 8.78 £ 0.632*€ 9314 0.300*€  10.4 +0.707 ¥ 9.49 + 0.236 €

B: SOD

Discrete regions mPFC HI HY CB
CON 20.05 + 0.098 17.56 + 0.470 24.92 + 0.671 19.83 =+ 0.651
EGS 19.62 + 0.558 * 16.11 + 0.141 * 24.60 + 0.527 19.18 £ 0.219 *
LGS 18.78 £ 0.629 ¥  15.46 + 0.247 ** 24.27 + 2.870 18.87 + 0.749 **
FGS 16.76 4 0.664 **@ 1451 + 0.579 **@ 23,67 + 3.152**@ 19,56 + (.374 *@

C: Catalase

Discrete regions mPFC HI HY CB
CON 1.452 + 0.025 0.941 4 0.064 0.839 4+ 0.010 1.492 + 0.028
EGS 1.358 = 0.043 * 0.840 +0.019*  0.830 + 0.017 * 1.450 =+ 0.025 *
LGS 1.169 4 0.057 **  0.752 £0.059 *  0.810 4 0.018 *¥  1.451 + 0.042 **
FGS 0.896 + 0.062 **@  0.661 + 0.002**®  0.834 + 0.024 **®  1.465 + 0.021 **@

(A) The values are expressed in mol of MDA-formed mg protein—1. (B) The values are expressed in U min—1 mg
protein—1. (C) The values are expressed in mol of HO, consumed min—1 mg protein—1. Data are expressed
as mean + S.D. for six rats in each group. * Significant p < 0.05 comparing with control, #*—versus EGS,
@ _versus LGS.
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3. Discussion

The mother’s body provides the resources and humoral factors essential for the fetus’s
intrauterine development [11]. Several factors have been associated with the stunting of
children and poor neurodevelopment outcomes, including perinatal malnutrition, inflam-
mation, environmental factors, and maternal illiteracy [12]. Noise exposure may adversely
affect health, including birth outcomes. Studies have examined effects such as preterm
birth, low birth weight, small size for gestational age, and congenital malformations. In
addition to causing biological reactions to stress, noise exposure can increase the risk of
adverse prenatal outcomes, including adverse pregnancy outcomes [13].

Our study results show that exposure to noise during early and full-term gesta-
tion causes recurrent abortion, and late gestational periods cause stillbirth, preterm birth,
and congenital disabilities in newborn pups. Various studies confirmed that maternal
stress causes recurrent abortion, stillbirth, preterm birth, and congenital disabilities in
offspring [14-18]. A meta-analysis study has mentioned that high noise exposure during
pregnancy increases the risk of early gestational age, gestational hypertension, and con-
genital disabilities in newborns [19]. Research has shown that activating the HPA axis
increases blood levels of glucocorticoids [20]. It has also been demonstrated that high levels
of glucocorticoids adversely affect the uterus and fetus and inhibit the secretion of pituitary
luteinizing hormone, estrogen, and progesterone by the ovary. A lack of progesterone dur-
ing pregnancy can also be attributed to stress hormone-induced inhibitory effects on female
reproductive organs, resulting in the symptoms known as “hypothalamic” amenorrhea
and fetal loss [21]. Studies have previously shown that noise exposure stimulates HPA axis
activity and increased corticosterone production [22]. Thus, exposure to noise results in
increased glucocorticoid levels, which impair uteroplacental function, resulting in recurrent
abortions and stillbirths among mothers exposed to noise.

Several mediators of the maternal stress response impact the embryonic environment’s
redox balance, such as inflammation and cortisol production. This study also demonstrated
that maternal noise exposure increased the corticosterone and oxidative stress markers and
decreased antioxidant level in plasma and discrete regions of the offspring’s brain. As a
result of gestational noise stress, Zahra Jafari et al. found that offspring of dams exposed to
gestational noise stress exhibited increased corticosterone levels, altered cognitive function,
and amyloid beta development as they aged [23]. Hanafi et al. reported that prenatal noise
exposure (90 dBA) to embryonic chicks and newly hatched chicks caused elevated serum
corticosterone and ceruloplasmin (CPN) levels [24]. Elevated corticosterone suppresses
LTP, synaptic plasticity, and GABAergic modulation, which impairs spatial learning and
memory and increases anxiety-like behavior and neurogenesis in the CA3-CA1 pathway
of the hippocampus [24-27]. The young rats born from dams exposed to noise stress
during the third trimester of pregnancy showed increased corticosterone, impaired spatial
memory, and increased anxiety-like behaviors [28]. Another study showed that prenatal
noise stress significantly increased terminal plasma ACTH concentration, impaired balance
control, locomotion, horizontal and vertical exploration, and increased anxiety levels in
offspring [29]. Therefore, increased CORT levels in the brain and circulation modulates
the release of the neurotransmitter, further suppressing the synaptic functions in the
hippocampus and impairing cognition and emotional behaviors in noise-exposed rats. The
embryonic brain has an exceptionally high risk of oxidative stress, as antioxidant enzymes
are expressed at relatively low levels. High concentrations of catalytic metals, including
Fe?* and Cu*, promote hydroxyl radical production from hydrogen peroxide in the cell
environment. There is also evidence that maternal stress during pregnancy increases lipid
peroxidation (LPO) in the offspring’s postnatal brain, suggesting that redox balance in
the brain may be altered for a long time after the baby is born [30]. Liegelin Kavitha
Bernhardt et al. reported that prenatal stress increased oxidative stress, including increased
malondialdehyde (MDA) levels, reduced glutathione (GSH), superoxide dismutase (SOD),
and total antioxidant activity (TAO), while glutathione reductase (GSS-Rd) levels remained
low in offspring’s brain [31].
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Furthermore, this study confirmed that maternal noise exposure altered spatial learn-
ing and memory, increased fear, and anxiety-like behavior, and increased repetitive behav-
iors in offspring. Scott et al. demonstrated that placental oxidative stress is the critical
mediator in transmitting maternal social stress impacts on the offspring’s brain and behav-
ior, precisely due to the reduction in hippocampal dendrite length, GABA receptor subunits,
and the number of parvalbumin-positive neurons and basolateral amygdala in male off-
spring [32]. A calcium-binding protein, PARValbumin (PV), is expressed by inhibitory
fast-spiking interneurons in the cerebral cortex. It has also been found that changes in the
morphology or function of PV* interneurons are associated with schizophrenia, epilepsy,
bipolar disorder, autism, and many other psychiatric disorders [33]. Our previous studies
have demonstrated that excessive noise exposure altered hippocampal morphology, which
impaired cognition and caused autistic-like repetitive behavior in rats [8]. From the above-
mentioned, excessive CORT-induced oxidative stress and decreased antioxidant levels
in discrete brain regions alter neurons’ structural and functional processing causing neu-
ropsychiatric behaviors in noise-exposed male progeny. A recent study has confirmed that
prenatal and postnatal noise exposure increased plasma corticosterone levels, decreased the
number of neurons, and increased the number of apoptotic cells; a decrease in the volume
of mPFC and non-neuron cells was observed in noise-exposed Wistar albino offspring [34].
Sajjadi et al. mentioned that pregnant rats being exposed to urban traffic noise exposure
during the last trimester of pregnancy led to impaired spatial learning and memory in
their offspring, elevated corticosterone concentration, and reduced GRs and MRs gene
expression in the hippocampus [35]. It was also found that mild prenatal stress (noise,
restraint, strobe lights) changes the structure of the bed nucleus of stria terminals (BNST)
and the hippocampus, decreases norepinephrine and dopamine levels in the BNST, and
lowers serotonin levels in the hippocampus [36]. The research above shows that excessive
CORT-induced oxidative stress and decreased antioxidant levels in discrete brain regions
alter brain function. A new finding in our study was that noise increased CORT, which
further affected redox homeostasis, the main factor limiting brain structural and functional
roles. Therefore, these findings show that noise exposure during pregnancy can lead to
long-lasting structural and neurochemical effects in offspring, affecting adult behavior.

4. Materials and Methods
4.1. Animal Maintenance

Adult Wistar albino rats (Rattus norvegicus) of both sexes, male (180-220 gm) and female
(160-180 gm), were used for this study. The present experimental study was approved by
the institutional animal ethics committee (IAEC No.: 03/03/2019). The Wistar albino rats
were obtained and maintained in clean polypropylene cages at the Central Animal House
Facility, University of Madras (Taramani campus), under a 16 h light/8 h dark cycle at 230 C
with 60% humidity and given ad libitum access to food and water when the experimental
procedures were conducted. Each cage housed five animals.

4.2. Experimental Design

Three female rats were allowed to mate with one fertile, sexually active male rat for
one night. The following day, the vaginal plug was collected from the females. A vaginal
smear was prepared and examined under a microscope for the presence of sperm. The
presence of sperm confirmed pregnancy; that day was recorded as “day zero” of pregnancy.
The pregnant rats were then housed individually in separate cages. Animals were randomly
divided into four groups (1 = 6) and used for the experimental studies. The pregnant rats
were exposed to noise stress using a noise-induction chamber for four hours daily. Male
progeny (n = 6) were used for this experimental study. There were three groups of pregnant
rats exposed to noise during gestation, as well as a control group: early gestational stress
(EGS), which occurs between the 1st and 10th days of pregnancy; late gestational stress
(LGS), which occurs between the 11th day and the delivery day, and full-term gestational
stress (FGS), which occurs during the entire pregnancy period. After the 45th postnatal day,
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infant pups were tested using the T-maze test, marble-burying test (MBT), open-field test,
and nestlet-shredding-behavior test (NST), and sacrificed (Figure 5).

Noise 100dBA/ 4 Hr/ Day

Day 1

vy

Day 22 Day 45 Sacrifice

’
500 Behavioural test

1r ° . o ° °
(| - e o o o
I o o o o o
T-maze OFT NSB MBT

Figure 5. Experimental design for the maternal-noise-induced neurobehavioral changes in offspring.

4.3. Noise Exposure

The noise was produced by a loudspeaker (15 W) installed 30 cm above the cage and
driven by a white-noise generator emitting all the frequencies in the 0-20 kHz range. A
precision sound level meter was used to uniformly set the sound intensity to 100 dB in
the cage. During the experiment, the noise level peaked at 100 dB immediately after the
generator was switched on and lasted 4 h/day [37,38].

4.4. Gestational Length

Gestational length is the number of days taken for parturition from the day of preg-
nancy. Each group’s gestational length was noted and compared.

4.4.1. Stillbirth

Newborn pups were carefully examined after parturition and dead pups were consid-
ered stillbirths. The percentage of stillbirths was calculated as follows:

Nubmer of stillbirths

1
Number of total births in group X100

The percentage of the stillbirths =

4.4.2. Congenital Disabilities

Congenital disabilities are any structural or physiological abnormality present at
birth that develops before or during birth. The newborn pups were carefully inspected
for congenital disabilities, and the percentage of congenital disabilities was calculated
as follows:

Nubmer of congenital defects
Number of total births in group

The percentage of the congenital defects = x 100

4.4.3. Neonatal Mortality Rate

Death of newborn pups (stillborn animals excluded) within three days following
parturition is called neonatal mortality. The percentage of neonatal mortality was calculated
as follows:

Nubmer of neonatal mortality

Number of total births in group X100

The percentage of the neonatal mortality =

4.5. Measurement of Bodyweight

During delivery and after 45 days of postnatal life, the body weight of newborn pups
in all experimental groups was measured. The body weights of infant pups were compared
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among all experimental groups on the day of delivery. Additionally, newborn pups’ body
weights were compared among all experimental groups on the 45th postnatal day.

4.6. Behavioral Analysis
4.6.1. T-Maze

T-mazes are used to study how rodents function with memory and spatial learning
by applying various stimuli. The T-maze consists of a start box (16.5 cm x 16.5 cm), stem
(arm 1) length is 71.1 cm, goal area (arms 2 and 3) lengths are 45.7 cm and arm width is
10.2 cm. A sliding door separates the stem and start box, and T-maze is kept in a dimly
lit, sound-attenuated room. After the 1st day of orientation, the rats were trained for the
rewarded alternation task. The learning performance test followed the same procedure as
the orientation session, except that one arm was baited. The rat must alternate the arms
for the reward. The placement of the reward in the subsequent trial will be opposite to
the rats’ previous arm entry. Each rat underwent 10 trials per day. The intertrial interval
was 30 s, during which the maze was cleaned with 70% alcohol to remove odor cues. The
number of days each rat took to achieve 80% correct choices (8 correct entries to the baited
arm out of 10 trials) and the time taken to reach the goal area were noted. Then, a memory-
retention test was carried out two days after the last training session. Rats underwent
10 trials continuously, with an intertrial interval of 30 s. The number of errors, i.e., entry
into the non-rewarded arm recorded in ten trials, was noted. The movement of each rat was
recorded using a digital camera. Each record was converted to image sequences to track
rat movement using the Image J (V1.53c) plugin, Animal Tracker 14. The latency, correct
choices, and the number of days taken for the correct choice, retention memory, latency
and the correct choice of each rat were measured [39].

4.6.2. Open-Field Behavior

Open-field behavior is a simple test to evaluate the locomotion and emotional status
of the animals. The apparatus used was a large rectangular box (100 cm x 100 cm) with
40-cm-high plywood walls. The floor consisted of a clean, dark plastic material with a grid
painted in white, dividing the field into 25 (5 x 5) equal squares. A 60 W bulb placed 100 cm
above the center of the area provided illumination. A weak cider vinegar solution (10%)
was used to clean the apparatus before the introduction of each animal. The rat was placed
in one corner of the apparatus, and its behavior was observed for 5 min, estimating the time
spent in the central square and time spent in the peripheral square of the offspring [40].

4.6.3. Marble-Burying Behavior Test

The marble-burying behavior test assessed the obsessive-compulsive behavior of
infant rats. The polycarbonate cage (26 cm x 48 cm x 20 cm) was filled with bedding
material to the depth of 5 cm, and in it were kept 20 standard glass marbles (15 mm DM,
5.2 g in weight), in 5 rows of 4 marbles. Then, rats were allowed in that cage for 30 min.
Water and food were withheld during the experiment. Scoring was given when the rat
buried two-thirds of a marbles surface into the bedding material [41].

4.6.4. Nestlet-Shredding Behavior Test

The polycarbonate cage (26 cm x 48 cm x 20 cm) was filled with bedding material,
and 1 g of nestlet (cotton bed) was placed on the bed material. Then, the rat was allowed
in that cage for 30 min. Water and food were withheld during the experiment. Scoring
was given by weighing the remaining unshredded nestlet and dividing this weight by the
starting weight to calculate the percentage of the nestlet shredded [42].

4.7. Biochemical Assay

After the completion of behavioral analysis, rats were killed via cervical dislocation. A
sample collection was conducted between 09:00 and 10:00 AM to avoid variations caused by
circadian rhythms. Plasma and serum were separated via centrifugation at 3000 rpm at 4 °C
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for 15 min. The brain was immediately removed and washed with ice-cold saline. Various
brain parts—like the cerebral cortex, cerebellum, hippocampus, and hypothalamus—were
dissected in ice-cold (4 °C) conditions. A motor-driven Teflon-glass tissue homogenizer
was used to prepare 10% homogenate using ice-cold Tris—HCI (100 mM, pH 7.4) buffer.
The homogenate was centrifuged at 2000 rev min—1, 4 °C for 15 min, and the supernatant
was used for the biochemical analysis. For all experimental groups, previously described
methods were used to estimate the corticosterone (CORT) [43], lipid peroxidation (LPO),
superoxide dismutase (SOD), and catalase levels [37].

4.8. Statistical Analysis

Data are presented as a bar diagram with mean =+ standard deviation. The results were
analyzed using Graph Pad Prism software (Version 8.0). For the multivariable analyses, we
used ANOVA with Tukey’s multiple comparison test; p < 0.05 was considered statistically
significant; “*” refers to “compared to control”, “#” to “compared to EGS group”, and “@”
to “compared to LGS”.

5. Conclusions

This study has demonstrated that maternal noise exposure dysregulated the HPA axis,
increased oxidative stress, and decreased antioxidant levels. This impaired cognition, in-
creased fear, anxiety, repetitive behavior, accelerated oxidative stress, and caused recurrent
abortions, stillbirths, and neurobehavioral changes in offspring. Future studies should
investigate concurrent alternations in levels of oxidative and antioxidant markers, identify-
ing the molecular mechanism behind maternal-noise-exposure-induced neurobehavioral
changes in offspring.
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