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Abstract

Background: Recent studies in the field of Fertomaternal Medicine show that stimulation in the uterus
can support brain growth and development. If in previous studies stimulation using several types of music,
this study uses human voice which aims to analyze the effect of stimulation of male and female voices on
differences in the expression of Brain Derived Neutrotrophic Factor (BDNF) in cerebellum of newborn
Rattus norvegicus. Methods: This type of research is true experimental with post test only control group
design. Rattus norvegicus was given stimulation of men voice and women voice on 6™ day until 17" day
of pregnancy. The expression of BDNF was examined using immunohistochemistry. Results: The mean +
standard deviation of the expression of BDNF in the cerebellum is 4.20 + 1.75 (without stimulation), 6.04
+ 1.58 (male voice stimulation), and 5.60 + 2.43 (female voice stimulation). The results of statistical tests
show that there is a significant difference on BDNF expression between the control group and the group
stimulated with male voice with a significance value <0.05 of 0.045 Conclusion: Giving stimulation using
the male voice during pregnancy shows a significant increase in the expression of BDNF in cerebellum of
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newborn Rattus norvegicus.
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Introduction

One way to measure the progress of a country, is
not only dependent on indicators of economic growth.
The Human Development Index (HDI) measures the
progress of a country based on its human development
dimensions; healthy and long-lived humans, knowledge,
and a high standard of living. In 2019, Indonesia was
ranked 111. Even though UNDP has classified Indonesia
as a country with high HDI, this condition still deserves
our attention, because we are still left behind with
several developing countries such as the Philippines
(106), Thailand (77), and Malaysia (61). Some of these
countries outperformed Indonesia in their education

indicators so that their human development index scores

were better than Indonesia according to UNDP (1),

The high index of education is influenced by the
quality of a country’s generation. Several recent findings
in the field of fetomaternal medicine state that to obtain
a smarter generation, one of which is by enriching
the environment during the gestation, especially the
development of the fetal brain. Giving stimulation can
support brain growth and development by stimulating
the formation of synapses or connections between
nerve cells and also inhibiting apoptosis or cell death.
Apoptosis peaks at around 36-40 weeks of gestation,
therefore it is highly recommended to provide optimal

and routine stimulation during pregnancy ¢=.



2102  Indian Journal of Forensic Medicine & Toxicology, October-December 2021, Vol. 15, No. 4

Cerebellum 1is the second largest part of the
brain after the cerebellum; several findings show the
cerebellum has a more complex function. Most of the
cerebellum is connected with brain association areas
related to intelligence, social cognition, and emotional
control . Brain Derived Neurotrophic Factor (BDNF)
is the main neuronal growth factor in the brain that
regulates neurogenesis, neuron maturation, survival,
and synaptic processes. Although neurogenesis in the
hippocampus occurs until adulthood, most neurogenesis
occurs in the prenatal and early postnatal periods. The
main factor of Neurotrophin that plays a very important
role in the learning process, memory, and behavior in the

hippocampus is BDNF ©),

A frequency of about 8,000 Hz is very useful for
filling (charging) cells in the brain. Music that is rich in
high frequencies and has a high rhythm that is similar
to the rhythm of the fetal heartbeat and can be linked
to simulation and energizing functions (. In the sound
production system in humans, the lungs produce air
pressure which then passes through the windpipe
(trachea). The pressure then vibrates the vocal cord
that is located above the windpipe. The vibration of the
vocal cord (opening and closing) produces sound which
is then pronounced by mouth. The voice characteristics
of each person are different because they are influenced
by variations in the shape, length, and thickness of
the vocal cord. Therefore, the sounds that sounded are
significantly different in each person. The length of the
vocal cord for a human is usually between 12 and 24

millimeters (mm), while the thickness is 3 to 5 mm ®).

In music theory, humans have different types of
voices, both male and female. The types of voices
in male are divided into tenor, baritone, and bass.
Meanwhile, female voices are divided into soprano,
mezzo-osopran, and alto ). The results of the study
using the Backpropagation Neural Network as a system
for identifying the types of human voices show that the
algorithm used is very weak to detect the type of alto
voice and tend to be good for detecting the type of tenor

voice 10,

In recent years, there have been several issues
regarding the brain development of infants that are
given stimulation during pregnancy, such as a significant
increase in the number of cerebral neuron cells of Rattus
norvegicus after stimulation of Mozart music !; Similar
studies on BDNF expression obtain a significant increase
in BDNF expression with stimulation of Mozart’s music
(12) The study uses two different types of human voice
characters, namely male voice and female voice as
stimulation during pregnancy in experimental animal,
Rattus norvegicus, which aims to determine the effect
of Ar-Rahman murottal stimulation on the expression of

BDNF in cerebellum of newborn Rattus norvegicus.
Materials and Methods

This type of research is the experimental laboratory
(true experimental) with a post-test only control group
research design. Ethical eligibility was obtained from
Research Ethics Committee of the Faculty of Veterinary
Medicine, Airlangga University. The research was
conducted at the Animal Experiment Cage and Pathology
Laboratory of the Faculty of Veterinary Medicine,
Airlangga University, Surabaya, from January to March
2021. The research subjects used were 30 pregnant
Rattus norvegicus mothers who were divided randomly
into 3 groups, namely the non-stimulated group (P1),
the group stimulated with Surah Ar-Rahman by male
voice (P2), and the group stimulated with Surah Ar-
Rahman by female voice (P3). Stimulation was started
from 6" until 17 days of pregnancy in a soundproof
box with a sound intensity of 65 dB for 60 minutes at
night. Inclusion criteria: Rattus norvegicus mothers who
had never been used for previous studies, healthy, body
weight of 120-160 g, and give birth 5-9 pups, newborn
Rattus norvegicus born surgically in healthy condition.
Meanwhile, the criteria for drop out were Rattus
norvegicus which was stillborn and had anatomical

abnormalities.

Two newborn Rattus norvegicus were selected from
each mother with the heaviest and lightest weights. Then
sacrificed, the head was weighed and preserved in 10%

formalinsolutionwhichwasthenprepared forexamination
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of BDNF expression by immunohistochemical methods.
Antibodies used were primary antibody, anti-BDNF and
DAB (3.3-diaminobenzidine tetrahydrochloride). BDNF
expression of each subject was assessed according to
the modified Remmele method 13, where the Remmele
scale index (Immuno Reactive Score / IRS) is the
result of the multiplication of the percentage score of
immunoreactive cells and the color intensity score of the
immunoreactive cells. Data of each subject represented
the mean IRS value observed at 5x the field of view
(LP) at 400x magnification. The data obtained were then
statistically tested using the data normality test with the
Shapiro-Wilk test. The data that normally distributed
were analyzed using one way ANOVA followed by the
Least Significant Difference (LSD) test among the three

groups

Results and Discussions

The results of the normality test using the Shapiro-
Wilk test on body weight after treatment are obtained
a significance value (p-value) in the control group of
0.712, the group stimulated by male voice of 0.971, and
the group stimulated by female voice of 0.958. These
results indicate the distribution of parent body weight
data in each group is normally distributed. The results
of the homogeneity test of variety using the Levene test
on data on body weight after treatment are obtained a
significance value of 0.237. These results indicate that
the variance among the three groups is homogeneous.
The results of the normality test using the Shapiro-Wilk
test on the treatment group are obtained a significance
value (p-value) of fetal head weight in the control group
is 0.083, the group stimulated by male voice is 0.243,
and the group stimulated by female voice is 0.124. These
results indicate that the distribution of data on fetal head
weight in each group is normally distributed. The results
of the homogeneity test of variance using the Levene test
on fetal head weight are obtained a significance value of
0.691. These results indicate that the variance among the

three groups is homogeneous.

2103

9.00
8.00

T
J

6.00

5.00 4];0 l
4.00

3.00 1
2.00

1.00
0.00

Ekspresi BDNF di Cerebellum

P1 P2 P3

Kelompok Perlakuan

Figure 1. Graph of Mean and Standard Deviation of
BDNF Expression in Cerebellum of newborn Rattus
norvegicus in the control group (P1), the group
stimulated by male voice (P2), and the group stimulated
by female voice (P3).

Figure 1 shows the mean and standard deviation of
BDNF expression in the cerebellum of newborn Rattus
norvegicus in the control group of 4.20 £ 1.75, the group
stimulated by male voice is 6.04 £ 1.58, and the group
stimulated by female voice is 5.60 + 2.43. The normality
test used the Shapiro-Wilk test, BDNF expression
data on the cerebellum of newborn Rattus norvegicus
shows that the distribution of BDNF expression data
in the cerebellum in each treatment group is normally

distributed. It can be seen in Table 1.

Significance value (p-value)
Group
Male Voice Female Voice
Control 0.045 0.121
Male
Voice 0.619

Table 1. The Results of Shapiro-Wilk Normality
Test and Levene Variety Homogeneity Test on
BDNF Expression in Cerebellum of newborn Rattus

norvegicus
Group Statistic p-value Description
Control (P1) |  0.861 0.079 Diﬂﬁﬁ)n
MalfPZ)Oice 0.904 0.242 Diljt‘r’g?;‘ilon
Uji Levene 3.119 0.060 Homogeneous
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The results of the homogeneity test of variance
using the Levene test on BDNF expression data in the
cerebellum are obtained a significance value of 0.060.
These results indicate that the variance among the three
groups is homogeneous. Based on the results of the
normality test and the homogeneity test of variance, the
data analysis to test whether there are differences in the
treatment groups on BDNF expression in the cerebellum
used the Analysis of Variance (ANOVA) test with the
advanced Least Significant Difference (LSD) test.

Table 2. The Results of ANOVA Test on BDNF
Expression in Cerebellum of Newborn Rattus

norvegicus
Variable Statistic p-value Description
BDNF
Expression in 2418 0.108 Not Significant
Cerebellum

The results of ANOVA test on BDNF expression in
cerebellum of newborn Rattus norvegicus are obtained
a calculated F value of 2.418 with a significance value
of 0.108 which indicates that there is no significant
difference among treatment groups on BDNF expression
in the cerebellum of newborn Rattus norvegicus. The
p-value results of the LSD advanced test among the
control group (P1), the group stimulated by male voice
(P2), and the group stimulated by female voice (P3) can

be seen in Table 3.

Table 3. The Results of LSD Test on BDNF
Expression in Cerebellum of Newborn Rattus

norvegicus
Significance value (p-value)
Group Male Voice Female Voice
Control 0.045 0.121
Male 0.619
Voice

The results of LSD test show a significant difference
in BDNF expression in the cerebellum of newborn Rattus
norvegicus between the group stimulated by male voice

and the non-stimulated group (Control). Meanwhile,

the control group compared to the group stimulated
by female voice shows a less significant difference,
it means that there is less significant difference in
BDNF expression in the cerebellum of newborn Rattus
norvegicus. In the next group, the group stimulated by
male voice compared to the group stimulated by female
voice, the result is less significant. Although the result
in the group stimulated by male voice is higher than the
group stimulated by female voice, the difference is less
significant or insignificant. Among the three groups, it is
known that the group stimulated by male voice is obtained
the highest expression results in BDNF expression in the

cerebellum of newborn Rattus norvegicus

Gender affects the size of the vocal cords. The length
of the female vocal cords is approximately 12.5 mm to
17.5 mm, whereas in male voice it is from 17.5 mm
to 24 mm 9. Because the vocal cords are longer, the
pitch of the male voice is lower, therefore the male voice
sounds heavier than the female voice. Heavy voices
contain more sound intensity. Based on research on
the voice identification system using Backpropagation
Artificial Neural Network (ANN), the results of the
voice identification system tend to be better at detecting
the type of tenor voice compared to the type of alto
voice, in which the tenor voice is one of male voice
types, whereas alto voice is one of female voice types
©), Research with similar results proposing a new feature
for automatic gender detection using modified voice
contour (MVC), found that the area under the MVC for
male speakers is greater than for female speakers (1),
This is because male speakers have a higher intensity

than female speakers.

Automatic gender detection applications have
actually been widely used in the health world, for
example in the health care monitoring system (1617);
and the detection of abnormalities in the vocal cords
(18.19) Various researches on automatic gender detection
(AGD) applications that have been developed have
proven that male voices are easier to identify. Therefore,
this study proves the theory that male voice is known to
have a higher effect as a form of stimulation performed

on experimental animal during pregnancy.
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