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SPECIFIC AIMS 
 
Since the Industrial Revolution, many technological advancements have been made, including 
factories, automobiles, and more. The introduction of new machines has significantly affected 
the world, either by contributing to global warming or increasing noise pollution. In this study, 
urban noise pollution is characterized by the sounds of sirens, cars, trains, and other traffic. It 
can be a nuisance to the average person during their commute. Noise pollution is a prevalent 
environmental issue that contributes to the suffering of millions of people globally (United 
Nations Environment Programme, 2020; Soundproof Cow, 2017). Several diseases and 
negative mental states have been linked to excessive noise, such as cardiovascular disease 
and increased annoyance (Münzel et al., 2018; Jafari et al., 2019). However, while the physical 
effects of noise have been investigated thoroughly, the biochemical effects are yet to be studied. 
Specifically, this means analyzing the effects of persistent noise on neurogenesis and hormone, 
neurotransmitter, and oxidative stress signaling in the brain.  
 
The first specific aim of this study is to analyze the chemical changes in the brain in response to 
varying amplitudes of noise. Currently, it is known that noise increases variability in 
neurotransmitter release (Faisal et al., 2008). Additionally, response to noise results in an 
increase in the stress hormone cortisol (Spreng, 2000). However, there is a significant lack of 
studies on other hormones and neurotransmitters released during exposure to unwanted noise. 
Therefore, this is an area of investigation for this study.  
 
The second specific aim of this study is to determine what chronic noise exposure does to 
oxidative stress in the brain. Specifically, it aims to determine whether levels of oxidative stress 
vary as the time of exposure increases, or remains the same during the whole period, including 
during levels after exposure has concluded. Jafari et al. have suggested the existence of 
transient oxidative stress when trying to induce sensorineural hearing loss in model organisms. 
However, this experiment wants to simulate chronic noise that many people around the world 
have and see what effects it may have on oxidative stress in the brain.  
 
The third specific aim of this study is to analyze what happens to the rate of hippocampal 
neurogenesis during exposure to chronic noise. It has been established that noise exposure 
negatively affects visual and auditory attention span (Jafari et al., 2019). However, not much is 
known about what happens to the neurons involved in these processes during exposure. Since 
noise affects cognitive functions such as learning and memory, this study wants to determine 
whether hippocampal neurogenesis rates slow down to explain this phenomenon. This study will 
analyze the amount of mature and proliferating neurons in the hippocampus to identify specific 
patterns.  
 
With more research about the effects of noise on the nervous system, future generations can 
work on improving current machines and technology to preserve human health. This will 
improve urban planning in the future and provide more discoveries for the world of science.  
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INTRODUCTION AND SIGNIFICANCE 
 
Urban noise pollution is a major environmental issue, contributing to health issues for people of 
all age groups (United Nations Environment Programme, 2020). It is characterized by the sound 
of cars, sirens, trains, and other common noises in urban areas (Urban Noise - an Overview | 
ScienceDirect Topics, n.d.). Around 1 in 5 people living in an urban population are exposed to 
harmful levels of road traffic noise (Noise, 2023). Current bustling cities, including New York 
City, Mumbai, and Tokyo, average around 90-100 dB of noise, which, when exposed to humans 
for a mere 8-hour period, is likely to cause damage to the ear (Soundproof Cow, 2017). With the 
advent of rapid urbanization and development, noise pollution has become even more 
prevalent.  
 
Until the 1960s, neuroscientists were unaware of nor did they accept the human brain’s ability 
for neurogenesis (Kumar et al., 2019). When evidence for neurogenesis first emerged, it was 
ignored because of its implausibility to the scientists of the time. However, over the years, 
scientists have identified the dentate gyrus of the hippocampus as one of the major sites for 
neurogenesis, yielding functional neurons important for memory storage (Eriksson et al., 1998).  
 
Neurogenesis is essential for integrating cognitive processes in aging adults, including 
understanding patterns and encoding memory (Neurogenesis - an Overview | ScienceDirect 
Topics, n.d.). A decline in neurogenesis directly removes these capabilities from an organism, 
leading to dementia and numerous other cognitive issues (Mathews et al., 2017). Various 
factors, including nutrition and environmental conditions, can influence neurogenesis. For 
example, diets high in fat and sugar, alcohol, and opioids have been shown to affect this 
process negatively (Poulose et al., 2017). Some environmental factors, on the other hand, have 
the opposite effect. Introduction to an enriched environment consisting of abundant sensory 
stimuli and physical activity has been found to have a positive impact on the rate of 
neurogenesis in model organisms (Grońska-Pęski et al., 2021). However, increased age and 
oxidative stress significantly decline the rate of neurogenesis (Gemma et al., 2013).  
 
Increasing noise pollution has been proven to have adverse effects on physical well-being. In a 
study conducted in Toronto, Canada, increased exposure to traffic noises was linked to an 
elevated chance of congestive heart failure and acute myocardial infarction (Bai et al., 2020). 
Furthermore, exposure to noise at high volumes (>95 dBA) heavily reduces cognitive functions 
such as mental workload and attention, which are associated with the cerebrum (Jafari et al., 
2019). However, these studies do not shed light on the biochemical effects of chronic noise 
exposure on neurons. Thus, it is important to investigate the effects excessive noise has on the 
nervous system.  
 
There is a gap in research regarding the effects of noise pollution on neurogenesis, especially in 
the absence of sensorineural hearing loss. Sensorineural hearing loss caused by excessive 
noise has been shown to decrease neurogenesis in the hippocampus (Liu et al., 2016). 
However, an investigation into whether the effects of persistent noise pollution without hearing 
loss on neurogenesis is yet to be conducted, underlying the importance of such research as it 
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could have important implications for future urban planning to maintain the health of the human 
population.  
 
This study wishes to identify the mechanisms by which constant noise influences neurogenesis. 
It aims to identify biochemical markers associated with noise and its effects on the brain and 
neurogenesis. Specifically, as proposed by Liu et al., it is hypothesized that oxidative stress 
induced by noise may contribute to the erosion of synapses, thus leading to cognitive decline.  
 
Understanding these mechanisms is crucial for informing public health strategies and urban 
planning to mitigate the effects of noise pollution on brain health. 
 
RESEARCH STRATEGY 
 
Specific Aim 1: Determine chemical changes in the brain in response to varying 
amplitudes of the same noise 
 
While it is understood that continually increased amplitude of noise results in a decrease in 
visual and auditory attention span (Jafari et al., 2019), there is a lack of thorough research on 
the chemical basis of these changes. The decrease in attention span suggests an impairment of 
signaling in the cerebral cortices of the brain. This experiment aims to explain this impairment 
chemically using groups of mice exposed to varying noise levels. Using five groups of 5 mice 
each, each group will be placed into separate sound-controlled chambers. The first chamber, 
serving as the control, will experience no noise (0dBA) playing. The second chamber will play a 
persistent 45 dBA noise consisting of sounds of sirens, cars, and traffic, emulating typical urban 
ambient noise. The third, fourth, and fifth chambers will play increasingly loud levels of the same 
noise at 75 dBA, 85 dBA, and 95 dBA, respectively, simulating more extreme urban 
environments.  
 
Before each group of mice is placed into its chamber, a preliminary cerebral microdialysis will be 
employed near the frontal, occipital, and temporal lobes of the mice to examine extracellular 
levels of all neurotransmitters and stress hormones. After each mouse is placed into its 
designated chamber, microdialyses will be taken at the following intervals: 1 hour, 1 day, 2 days, 
1 week, 2 weeks, and 1 month. Then, the noise will be shut off for all mice after 1 month, and 
another microdialysis will be taken. Microdialyses of the mice will be tested for levels of all 
chemicals (stress hormones and neurotransmitters) and analyzed to show varying levels across 
different groups. 
  
As time increases, it is expected that the levels of stress hormones in the mice increase, 
specifically corticotropin-releasing-factor (CRH) and adrenocorticotropin-releasing-hormone 
(ACTH), as well as markers of oxidative stress such as reactive oxygen species (ROS) (Münzel 
et al., 2018). Current studies have shown that exposure to noise leads to annoyance, which is 
linked to a higher level of stress hormones such as cortisol (Zare et al., 2019). However, as time 
keeps increasing, it is expected that levels of stress hormones decline as the mice acclimate to 
the sound. It is also expected that dopamine levels rise as a stress response, and acetylcholine 
levels rise in response to auditory stimulation. 
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Specific Aim 2 and 3: Understand the changes in oxidative stress (Aim 2) and the rate of 
neurogenesis (Aim 3) in the hippocampus in response to prolonged noise exposure 
 
The second specific aim of this project is to understand the effect of persistent noise on levels of 
oxidative stress. Oxidative stress is caused by an inability to detoxify the free radical ROS 
accumulated due to an imbalance between its accumulation and production (Pizzino et al., 
2017). While free radicals have some benefits, such as creating cell structures, they also cause 
much harm, and in this form, they are known as oxidative stress. In an organism with high levels 
of oxidative stress, lipid peroxidation is highly likely to occur, destroying cell membranes and 
other vital cell structures. It has even been implicated in cancer and diseases of multiple organ 
systems.  
 
In the nervous system, it is known that oxidative stress and inflammation result in cognitive 
disabilities (Harman, 1981). Transient oxidative stress during noise exposure has been identified 
in the experiments by Jafari et al. on sensorineural hearing loss affecting hippocampal 
neurogenesis. However, while the mentioned study investigates neurogenesis after hearing loss 
is induced, this study investigates the effects on neurogenesis without causing hearing loss. 
 
Three groups of mice, each with 5 mice, will be used for this experiment. Groups will be placed 
into separate chambers similar to the last experiment. The control group will not be exposed to 
any urban noise (0dBA) to assess for natural changes in neurogenesis and oxidative stress. The 
second group will be placed in a chamber with 75 dBA of consistent noise to simulate normal 
urban noise levels. The third group will be placed in a chamber with 95 dBA of consistent urban 
noise to simulate extremely loud cities. For 4 weeks, the mice will be continually exposed to 
their respective noises.  
 
Levels of oxidative stress in the brain will be measured indirectly by using Thiobarbituric Acid 
Reactive Substances (TBARS). TBARS works by measuring levels of malondialdehyde (MDA), 
which is overproduced in areas of high oxidative stress (Gaweł et al., 2004). This will be 
assessed once before the experiment, and every subsequent week of the duration of the 
experiment. 
 
Neurogenesis in the mice will be measured using Bromodeoxyuridine (BrdU). This is a 
thymidine analog that identifies cell proliferation, and it is instrumental in identifying hippocampal 
neurogenesis (Taupin, 2007). BrdU immunohistochemistry will be used to mark proliferating 
neurons in the dentate gyrus, signifying areas of neurogenesis.  
Next, to identify already mature neurons in the hippocampus, neuronal nuclei (NeuN) will be 
used as a marker. NeuN has been used to identify the functionality of differentiated cells 
(Gusel’nikova & Korzhevskiy, 2015). In this experiment, it will be used to identify stagnant, 
shrinking, or growing areas of functional neurons in the hippocampus at the measured points in 
the study.  
 
It is hypothesized that increased noise exposure will result in higher levels of oxidative stress, 
leading to an increase in MDA marked by TBARS. However, it may also be possible that the 
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levels of oxidative stress remain the same for as long as the exposure to noise, indicating a 
constant and sustained biochemical alteration in the brain due to chronic noise.  Additionally, it 
is expected that with more noise, there is less neuronal proliferation, and therefore a lower 
number of BrdU-positive cells and a stagnant, if not decreasing, amount of NeuN-positive cells 
in the hippocampal tissue.  
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