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ABSTRACT

Introduction: Combined exposures, such as noise and aluminum exposure, are present in many
occupational workplaces. Nevertheless, the neurocognitive effects resulting from this co-exposure have
been scarcely investigated. The present study aimed to determine the effects of noise and aluminum
co-exposure on behavioral and cognitive indices and biomarkers in a Wistar rat model.

Material and Methods: This experimental study investigated 20 adult male Wistar rats over a period
of 45 days, divided into four groups: 1. Control group (no exposure), 2. Noise exposure group (95 dB,
4 hours daily), 3. Aluminum chloride exposure group (10 mg/kg, daily intraperitoneal injection), and
4. Combined noise and aluminum exposure group (a combination of Group 2 and Group 3). Spatial
memory performance was assessed using the Morris Water Maze test. The serum concentrations of total
tau protein and beta-amyloid 42 were measured in blood samples using the ELISA method. Data were
analyzed using SPSS software, version 27.

Results: Behavioral test results indicated that the control group spent the least time searching for the
platform. Exposure to aluminum and the combination of noise + aluminum led to a significant decrease
in cognitive performance. Furthermore, serum levels of tau protein and beta-amyloid were significantly
increased in all exposed groups (p<0.01), and a strong positive correlation was observed between these
two biomarkers (r=0.70, p<0.001).

Conclusion: Findings demonstrated concurrent noise and aluminum exposure can synergistically impact
cognitive performance and neurodegenerative biomarkers. These alterations likely occur through
shared mechanisms such as oxidative stress, neuroinflammation, and disruption of protein homeostasis.
Increased tau and amyloid, coupled with memory decline, underscore this combined role in worsening
neurodegeneration. These results suggest monitoring combined exposure and using blood biomarkers for
early cognitive assessment.
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1. INTRODUCTION

In industrial environments, workers are usually
exposed to physical and chemical harmful agents.
Each of these, alone or combined, can threaten
people’s physical and mental health. Noise is one
of the most common factors. It not only causes
hearing disorders but also non-hearing effects.
These non-hearing effects happen through
biological ways like increased oxidative stress,
neuronal destruction, amyloid plaque formation,
and neurofibrillary tangle creation. Besides this
physical agent, aluminum is a widely used metal in
industries such as foundry, metal production and
aerospace, and at the same time, it is considered
one of the potentially harmful agents in working
environments. Even though the exact way
aluminum causes neurotoxicity is not fully clear,
research confirms that this element impacts the
neuro-cognitive system. In recent years, worries
about aluminum’s damaging effects on cognitive
processes have grown, and many studies link it
to memory and learning problems (cognitive
disorders).

From an occupational health view, cognitive
disorder is an important result of neurological
damage. It affects abilities like learning, memory,
and perception. Cognitive decline not only reduces
quality of life, but also directly impairs individual
productivity and workplace safety, and increases
the likelihood of errors and accidents.

Studies have shown that Mild Cognitive
Impairment (MCI) might appear years before
clinical dementia symptoms. Therefore, early
detection of these changes using biomarkers is vital
for prevention and intervention. In this regard,
two biomarkers, tau protein and beta-amyloid, are
among the most widely used biomarkers in this
field, both of which play key roles in microtubule
stability and synaptic transmission.

Although there is good information about
the separate effects of noise and aluminum, a
significant but less studied feature in industrial
environments is simultaneous exposure to multiple
harmful agents (Co-Exposure). Workers in metal
smelting industries usually face co-exposure to
both noise and aluminum fumes or particles. These
simultaneous exposures might worsen the effects of
each agent and increase the risk of neurocognitive
impairment. However, a review of existing studies
shows that most research has looked at the effects
of noise and aluminum separately. Systematic data
about the synergistic or interaction effects of these
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two factors on cognitive functions and related
molecular pathways is very limited. Especially
in animal models like the Wistar rat, very few
studies have checked the combined effects of these
exposures on behavioral and biological indicators.
This scientific gap stops us from creating effective
preventive strategies in industries. Therefore, this
research was designed to check the effects of co-
exposure to noise and aluminum on behavioral/
cognitive indicators and markers in a Wistar rat
animal model, to give a better understanding of the
possible synergistic effects of these two factors.

2. MATERIAL AND METHODS
Study Design

This experimental study was conducted on 20
adult male Wistar rats weighing 200-250 grams
and aged over 8 weeks. All animals were maintained
under controlled temperature (20-25°C), humidity
(40-70%), 12-hour light/dark cycles, adequate
ventilation, free access to food and water, and
background noise below 50 dB for non-noise
groups. All procedures adhered to the guidelines
for laboratory animals and were approved by the
Ethics Committee of Tehran University of Medical
Sciences (IR.TUMS.AEC.1404.002) in accordance
with the Helsinki Declaration.

Experimental Procedure

The study consisted of four primary stages:

1. Exposure to Harmful Agents for 45 Days:

a) Noise Exposure: Rats were subjected to 95 dB
white noise for 4 hours per day via four overhead
speakers in soundproof chambers measuring
50%x60 cm, equipped with ventilation and 20x30
cm doors.

b) Aluminum Exposure: Rats received daily
intraperitoneal injections of 10 mg/kg aluminum
chloride (AICI3) dissolved in saline.

¢) Combined Exposure: Rats received
simultaneous noise and aluminum exposure.

d) Control Group: No exposure or intervention.

2. Cognitive Testing: Spatial memory was
assessed using the Morris Water Maze (MWM).
The circular pool (120-200 cm diameter, 25-30
cm depth, 25+2°C) contained a hidden platform
submerged 1-5 cm below the surface. Rats
underwent four daily trials for five consecutive
days. A 60-second probe trial was conducted one
day post-training.

3. Blood Sampling: One day after exposure,
rats were anesthetized with ketamine (100 mg/kg)
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and xylazine (10 mg/kg), and 5 mL of blood was
collected from the heart. Serum was separated and
stored at -20°C.

4. Biomarker Analysis: Serum total Tau protein
(t-Tau) and Beta-amyloid 42 (AP1-42) levels
were measured using ELISA kits (ZellBio GmbH,
Germany) following the double-antibody sandwich
protocol with biotin-streptavidin-HRP detection.

Statistical Analysis

Data were expressed as mean * standard
deviation. Repeated-measures ANOVA evaluated
cognitive performance over days, with Bonferroni
post hoc test for group comparisons. Pearson
correlation assessed associations between t-Tau
and AP1-42. Graphs were generated using
GraphPad Prism 9 and heatmaps via Python 3.8.
Statistical analyses were performed using SPSS v27
at a significance level of 0.05.

3. RESULTS AND DISCUSSION
Cognitive Testing (Morris Water Maze)

The results indicated a significant improvement
in animal performance over four consecutive days
(Row factor: P-Value < 0.001). Furthermore, a
significant difference was observed between the
groups (P-Value = 0.03). Conversely, the interaction
between day and group was not significant (P-Value
= 0.07), suggesting that the pattern of learning
changes across days was similar among the different
treatment groups.

The statistical test results demonstrated a
significant difference in the time spent in the
hidden platform zone between the AL and
AL+Noise groups when compared to the Control
group (F(df1, df2) = 11.88, P < 0.001)

Biomarker Analysis

Serum t-Tau concentrations were significantly
elevated in all exposure groups compared to
controls (ANOVA F=24.877, P<0.01). Ap1-42
levels were similarly increased in exposed groups
(ANOVA F=25.014, P<0.01). Pearson correlation
demonstrated a strong positive association between
t-Tau and AP1-42 (r=0.708, p<0.001).

4. DISCUSSION

The present study investigated the effects of
simultaneous exposure to noise and aluminum
on cognitive performance and neurodegenerative
biomarkers in male Wistar rats. The findings showed
that body weight changes were significant only in
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the aluminum-exposed group, which is consistent
with previous studies suggesting that aluminum
may induce weight loss through mechanisms such
as oxidative stress, inflammation, and metabolic
disturbances.

In the behavioral section, the results indicated
that the overall learning trend across all groups
over the four-day training period was statistically
significant. Also, statistical analysis revealed that the
pattern of changes across days differed significantly
among the groups. Specifically, on day one, the
control group differed significantly from the Noise
and Noise+AL groups; on day three, from the AL
group; and on day four, from the Noise+AL group.
Baghban et al. reported differences between the
aluminum-exposed group and the control group
on all days, while Qin et al. examining different
aluminum concentrations, observed a significantly
altered learning trajectory compared to the control
group. These findings suggest that exposure to
aluminum and noise can influence learning and
memory processes.

Analysis of the time spent in the target quadrant
(quadrant 4) further confirmed the effects of the
exposures. The control group spent more time in
this quadrant, indicating better acquisition of the
hidden platform location. In contrast, the AL and
Noise+AL groups exhibited a significant reduction
in time spent in the target quadrant (P-values of
0.023 and 0.011, respectively). Although the Noise-
only group did not show a significant difference
compared to controls, multiple human and animal
studies, including the research by Ma et al. (2024),
have shown that chronic noise exposure can induce
Alzheimer-like changes in the hippocampus and
impair spatial memory. In our study, the absence
of a significant effect of noise alone does not
necessarily indicate a lack of impact; it may be due
to insufficient intensity or duration of exposure,
varijability in animal sensitivity, or compensatory
mechanisms in the brain.

Also, the simultaneous effects of noise and
aluminum exposure have not been extensively
investigated. Nevertheless, consistent with the
findings of the present study, Baghban et al.
as well as El-Ganainy and colleagues reported
that aluminum-exposed groups spent less time
in the target quadrant. These results highlight
the detrimental impact of aluminum on spatial
memory and learning and suggest that while noise
alone may not significantly alter learning and
memory variables, its combination with a chemical
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stressor like aluminum can exacerbate cognitive
impairments.

The ANOVA results demonstrated that total Tau
(t-Tau) levels were significantly higher in all three
exposure groups compared to the control group.
This finding is consistent with previous studies by
Al-Bishri, Zhang, and Dey, which have all reported
elevated Tau or phosphorylated Tau following
aluminum exposure. Similarly, AB42 levels were
also increased across all exposure groups, matching
the findings reported by Zhang, Al-Bishri, Dey,
and Promyo. Evidence suggests that aluminum
contributes to the accumulation of AP leading
to the formation of neurotoxic plaques, likely by
upregulating BACE1 and decreasing clearance
mechanisms. Ultimately, our findings which include
elevated Tau and AP alongside cognitive decline are
in agreement with the results from studies by Liu
(in rats) and Zawilla and Mohammed (in humans),
which confirm the role of aluminum in inducing
neurodegenerative changes.

From a mechanistic perspective, several
pathways might explain the neurotoxic effects that
arise when noise and aluminum exposure occur
simultaneously. Firstly, oxidative stress stands out
as a primary mechanism. Both noise and aluminum
are known to crank up the production of Reactive
Oxygen Species (ROS), which subsequently
damages DNA, proteins, and cell membranes,
ultimately derailing normal neuronal function.
Another crucial factor is neuroinflammation.
When microglia become activated in the presence
of these stressors, they release pro-inflammatory
cytokines such as IL-1p and TNF-a which directly
lead to neuronal damage and cognitive deficits.

The findings of this research can be helpful
in establishing foundations for occupational
monitoring. The adverse effects stemming from
the simultaneous exposure to two common
environmental factors in industrial settings (noise
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and aluminum exposure) on cognitive function
can lead to the necessity of reviewing occupational
safety standards and protocols.

5. CONCLUSIONS

This study revealed that the simultaneous
exposure to noise and aluminum can have
synergistic effects on cognitive function and
neurodegenerative biomarkers. The significant
increase observed in Tau and beta-amyloid protein
levels, coupled with diminished performance in
spatial memory and learning tasks, clearly indicates
the crucial role these combined exposures play in
exacerbating neurodegenerative processes. The
findings further suggest that even factors that do not
induce significant changes on their own—such as
noise in this specific study—can exhibit synergistic
effects when present alongside a chemical agent
like aluminum. Moreover, monitoring blood
biomarkers stands out as a simple, cost-effective,
and practical method that could prove valuable
for the early detection of cognitive impairments
arising from occupational exposures
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