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ABSTRACT

Arsenic is an element that raises much concern from the both environmental and human health. The
effects of As on learning behavior, neurotransmitters, and oxidative stress indicators were studied in male
Swiss white mice. The purpose of this study was to explore into the preliminary work described concern-
ing memory, biochemical changes, and learning impairment in mice exposed to arsenic. The study results
in the Shuttle box, Water-maze, T-Maze tests and body weight measurements, As-treated males demon-
strated decreased body weight and learning behavior. Dopamine, DA, serotonin, 5-HA, and cholinester-
ase, AchE levels were all decreased. When compared to the control, GSH and the enzymes GST, CAT,
and SOD activity were decreased, while TBARS was raised. This study concludes as the essential reasons
that explain the causes of As influence on learning and other data, based on the results collected and
other previous studies in this field. In general, additional research is required to determine As negative
effects on various elements of human and animal health.
© 2022 The Author. Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction

Arsenic (As)is the 33rd element in the Periodic Table of Elements,
a metalloid found in nature such as water, soil, and air. It can be
found in both inorganic and organic forms, and in a variety of oxida-
tion states (3, 0, + 3, + 5) (Singh et al., 2022). As a well-known haz-
ardous metalloid element in the environment and as a human
carcinogen (Kaur et al., 2022). As can create both inorganic and
organic molecules in the environment and the human body
(Sharma et al., 2022). There are numerous anthropogenic uses for
as a natural occurring element, such as the production of computer
chips, glass, mining waste, agrochemicals (insecticides, rodenti-
cides, herbicides), and wood preservatives, in addition to its wide-
spread occurrence in the Earth crust. Drinking water is the
primary method of As exposure, whereas eating is the second
(Moreno Avila et al., 2016). Locomotor activity in rats exposed to
As is affected by the dose, route, and time of exposure as well as
the strain of rat employed in behavioral experiments. Studies on
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mice have shown that the dose, duration of exposure, strain, and
gender all affect locomotor activity, with both increases and
declines. Dopaminergic effects of As exposure have also been stud-
ied in these and other studies, and the results show that dopamine
(DA) metabolite levels in the striatum are either reduced or
increased (DA content in striatal homogenates or decreased) with
increasing doses of As exposure. An increase in reactive oxygen spe-
cies (ROS), nitric oxide, enzyme and mitochondrial dysfunction, as
well as a number of stress genes, is a result of exposure. Microorgan-
isms’ intracellular survival is increased when As is exposed to in vivo
in murine splenic macrophages, according to research. In a previous
study, the activity of acetylcholinesterase in the hippocampus was
significantly reduced after treatment with As (Aktar et al., 2017).
In human, early clinical symptoms at acute arsenic intoxication
may be muscular pain, weakness with flusking skin. Severe nausea
and vomiting, colicky abdominal pain, and profuse diarrhoea with
rice-water stools abruptly ensure (Moreno Avila et al., 2016). This
study examined into memory and learning impairment, as well as
biochemical changes in mice exposed to arsenic.

2. Materials and methods
2.1. Animal maintenance

In this study, 12 Swiss white male mice ranging in age from 10
to 12 weeks e (weighing 25-30 g) were recruited. The mice were
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transported from Central Animal House at King Saud University to
Jazan University. The entire animal procedure was carried out in
accordance with the National Institutes of Health protocol. This
study was also granted ethical approval. Animals are housed in
dedicated climatic rooms where the ambient temperature ranges
between 18 and 22°C and the lighting length is 12 h, from 22.30
to 10.30, followed by darkness for a similar period. The animals
were housed in special plastic cages with dimensions of 30 x 12
11 cm, and they were given sawdust to absorb moisture and offer
warmth to the mice, as well as to help clean the cages on a regular
basis. Food (Pilsburyes Diet, Grain Silos, Riyadh) and water are pro-
vided to animals on an ad libitum or as needed basis. Furthermore,
all animal care and care, as well as all other behavioral tests, are
performed under a dim red light.

2.2. Administration of arsenic and experimental design

Arsenic was prepared in two concentrations (1.0 and 5.0 mg/L).
The experimental animals were separated into three groups, and
either distilled water or arsenic dosages were administered orally
through a stomach tube for 30 days as follows:

The first group includes: Distilled water was provided as the
control.

Arsenic (1.0 mg/L) was given to the second group.

Arsenic (5.0 mg/L) was given to the third group.

2.3. Body mass index of mice

Weight is an indicator of the body’s natural growth (Abu-
Taweel and Rudayni, 2022). Use an electronic scale (to determine
the weights of animals in groups, so that the animals were weighed
before exposure, then every five days) in the current study.

2.4. Behavioral assessment

2.4.1. Avoidances of active responses

A “shuttle box” is an automatic reflex conditioner, which was
used to measure the animals’ active avoidance responses. A
stainless-steel wall with a gate allowing entrance to the adjacent
compartment divided the rectangular shuttle-box into two equal-
sized chambers. Each animal was given two minutes to become
acquainted with the shuttle box before the trial sessions began.
An LED light (21 W) and a buzzer (670-Hz, 70 dB) were utilized
as conditioned stimuli for six seconds each. The conditioned stim-
ulus (CS) began 5 s before the unconditioned stimulus (US). The
grid floor of the United States received an electric scrambler shock
of 1 mA for four seconds. A conditioned avoidance response was
recorded by the shuttle box’s microprocessor recorder if the animal
ran into another compartment within 5 s of the commencement of
the CS and avoided the electric shock. During the experiment, each
animal was given a total of 50 trials with a 15-second inter-trial
pause. The total number of avoidances during the individual ani-
mal’s 50-trial session were counted. To avoid shock treatment,
each animal’s escape latency (also known as latency of avoidance
reaction or escape latency) was timed, and the findings were tab-
ulated for each group. The number of crossings between chambers
when no shock was present during UCS and CS was also used to
assess the mouse’s spontaneous migration to the opposite com-
partment between trials (inter-trial crossing). The automated shut-
tle box’s recorder unit kept track of these variables throughout the
duration of each animal’s experiment (50 trials). Mice’s active
avoidance reflexes were previously measured using a ‘“shuttle
box,” an automatic reflex conditioner (Abu-Taweel, 2018, Abu-
Taweel, 2020, Abu-Taweel et al., 2012, Abu-Taweel et al., 2014,
Ahmed et al., 2016).
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2.4.2. Water-maze testing by morris

Rat and mouse models have been widely studied using this test
(Abu-Taweel, 2018, Abu-Taweel, 2019, Ahmed et al.,, 2016). A
water maze was used to assess the mice visual-spatial memory
after the exposure period had ended. The water-maze was a 90-
cm-diameter, 50-cm-high galvanized white-water tank filled to a
depth of 15 cm with 221 °C clear tap water. A 6x6cm, stainless
steel, adjustable, white, escape platform was put 1 cm below the
water level and 13 cm from the rim of the tank. The platform
couldn’t be seen since the water was made opaque by adding 1 L
of milk. In order to divide the pool into four halves, four places
on the tank’s rim were assigned the letters N, S, E, and W. (NW,
NE, SE and SW). It was on the first day that each animal was able
to swim freely without a platform. The mice were able to acquire
accustomed to the training setting since they were able to swim
freely. It was on days 24 that animals were trained to identify
and escape onto the submerged platform for 24 trials (six trials
per day, inter-trial intervals of 30 s). The mouse was thrown into
the water tank at the beginning of each experiment to ensure that
it was completely submerged. We timed how long it took to get out
of the water and onto the hidden platform (with a trial period of a
maximum of 120 s), and then analyzed the data. A score of 120 s
was recorded for each experiment in which the mouse was termi-
nated by the experimenter because it couldn’t identify the plat-
form in 120 s despite the assistance of a glass rod. Each testing
day’s failure rate was calculated by totaling the number of failed
trials. Each mouse was given 30 s of respite after mounting the
platform so that it could learn and memorize the spatial clues
needed to reach the platform for escape. The animals were permit-
ted to climb onto a wire mesh grid and be transferred to their cage
without further handling at the conclusion of the trials in order to
reduce handling. The platform was removed from the water for a
120-second probe trial on day five of the experiment. On an elec-
tronic time, recorder, time spent in each quadrant (within 120 s
of the probe test period) was recorded Probe trials in a water-
maze test often show that normal animals spend a lot of time in
the quadrant where the platform was previously situated. Tests
conducted over a four-day period to discover where the platform
was hidden provide an indication of hippocampal-dependent spa-
tial reference memory, while the probe trial measures the strength
of spatial learning, the human brain’s closest equivalent to episodic
memory (Jeltsch et al., 2001, Spiers et al., 2001).

2.4.3. The T-maze tests

The three groups of animals were not allowed to eat for the
whole night prior to the examination. The elevated T-maze was
made up of three closed arms that formed a T shape. The main
arm (100 x 10 x 20 cm) and two lateral arms (40 x 10 x 20 cm)
at a 20 cm elevation above the floor. The maze’s arms form a T-
shaped structure. The rodent meal was inserted into the right lat-
eral arm. After each test, the maze was cleaned with 20% ethanol.
The hungry animals were put at the far end of the elevated T-main
maze’s arm, facing the path to the two lateral arms. The mice were
allowed to explore the maze for 1 min before being removed and
kept in their cage for 2 h. The mice were replaced in the same loca-
tion in the main arm, and their behavior was observed for 5 min by
an experimenter who was not aware of the experimental tech-
nique. The frequency and duration of meal and main arm visits
were recorded (under red illumination). The time spent exploring
the arms to get to the food (seconds) and the time spent in the food
arm (seconds) were calculated. According to previous studies, the
frequency and timing of accessing the food lateral arm, rather than
the other lateral arm, was regarded a memory reflector (Maodaa
et al., 2016, Abu-Taweel et al., 2014).
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2.5. Biochemical analysis

At the end of experimental, the animals scarified and the fore-
brain was separated and frozen in liquid nitrogen for biochemical
tests to ensure neurotransmitters. Using HPLC, Monoamine neuro-
transmitters dopamine (DA) and serotonin/5-hydroxytryptamine
(5-HT), Acetylcholinesterase (AChE), UV-visible spectrophotome-
ter was used to measure lipid peroxides using thiobarbituric
acid-reactive  compounds  (TBARS), glutathione  (GSH),
glutathione-S-Transferase (GST), catalase (CAT), and superoxide
dismutase (SOD) were measured. Non-enzymatic oxidative stress
parameters were also determined (Eghwrudjakpor et al., 1991,
Ohkawa et al., 1979, Misra and Fridovich, 1972).

2.6. Statistical analysis

All experimental results were subjected to one-way analysis of
variance (ANOVA) between groups (Khan et al., 2019). The student-
Newman-Keuls multiple comparison test was then carried out. The
significance values were set at P < 0.05, P < 0.01, and P < 0.001
(Abu-Taweel, 2020).

3. Results
3.1. Body mass index

Fig. 1 demonstrated that arsenic exposure resulted in signifi-
cantly lower body weight of mice in a dose-dependent manner
when compared to the control.

3.2. Behavioral evaluation

3.2.1. Responses to active avoidance

Male mice exposed to arsenic had a memory and learning prob-
lem. Shuttle box tests (Fig. 2A-F) revealed that arsenic exposure
significantly decreased learning (P < 0.001) when compared to
controls.

3.2.2. Water maze designed by morris

When compared to the control group, Fig. 3A-C reveal that
exposure to Ar led in a substantial decrease (P < 0.001) in all ele-
ments of learning behavior in the water maze on all test days.
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Fig. 1. Arsenic exposure of effects art aniinal'5. body weight ***represent statisti-
cally significant at P < 0.001 from the control group by ANOVA and student’s t-test.
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3.2.3. The T-maze test

When compared to the control group, oral As exposure resulted
in a substantial decrease (P < 0.001) in all of the elements exam-
ined in the T-maze test (Fig. 4A-D).Fig. 5.Fig. 6.

3.3. Biochemical research

3.3.1. Neurotransmitters

Fig. 5A-C demonstrated that arsenic exposure resulted in a sig-
nificant (P < 0.001) drop in the levels of neurotransmitters such DA,
5-HA, and AchE enzyme compared to the control group.

3.3.2. Indicators of non-enzymatic oxidative stress
Fig. 6A-B show a drop in GSH levels while TBARS increased sig-
nificantly (P < 0.001) when compared to the control group.

3.3.3. Indicators of enzymatic oxidative stress

When compared to the control group, oral arsenic exposure
resulted in considerably lower activity (P < 0.001) of enzymatic
oxidative stress markers such as GST, CAT, and SOD (Fig. 7A-C).

4. Discussion

Arsenic is a well-known harmful metalloid element in the envi-
ronment, as well as a human carcinogen (Wang et al., 2002). Harm-
ful amounts of As are normally toxic within 30-60 min of
ingestion, and severe toxicity has been documented with as low
as 1 mg of As;O3 (Cullen et al., 1995). The findings of this study
demonstrate that mice exposed to As in DW for one month have
lower learning and memory retention, neurotransmitters, while
TBARS was increased compared to controls. These results are con-
sistent with earlier research (Martinez-Finley et al., 2009). Body
weight was dramatically reduced in treated male mice in a dose-
dependent manner when compared to controls. Arsenic’s appetite
suppressing effects have been documented for millennia (Abebe
et al., 2015). Arsenic produces a variety of side effects, including
stomach distress, indigestion, dry mouth, nausea (severe or persis-
tent), difficulty swallowing, stomach discomfort after meals, diar-
rhea, and stomach tenderness. Abdominal or stomach pain, an
increase in saliva, sores in the mouth and on the lips, rectal bleed-
ing, a fast, irregular, or pounding heartbeat, and an increase in
thirst are all symptoms of a disease that may restrict the appetite
and number of foods eaten (Abernathy et al., 2003). The animals’
weights dropped after being treated with arsenic, which was most
likely due to diabetes. A dose-response association between cumu-
lative As exposure and diabetes (Lai et al., 1994). A similar link was
discovered in a study conducted in Bangladesh (Rahman et al.,
1998), which employed the presence of keratosis as an indicator
of As exposure and found that people who were exposed to As in
their drinking water had an increased chance of developing
diabetes.

In the Shuttle box, Water-maze, and T-Maze tests, the As-
treated males demonstrated lower learning behavior. According
to Abu-Taweel studies, the brain and other factors influence learn-
ing and other behaviors. Pyramidal cell neurons are few in number,
and some of them are atrophic or degenerative (Abu-Taweel,
2020). With vacuolation of their myelinated axons, their cytoplasm
displayed varying degrees of cellular degeneration. Pyramidal neu-
rons in recovery animals recovered nearly completely (Abdelhady,
2020, Abernathy et al., 2003). The author came to the conclusion
that chronic arsenic exposure caused reversible morphological
abnormalities in pyramidal neurons in the frontal brain of adult
male rats. The hippocampus may have a role in these disruptions,
as most scientific sources state that this region is vital in the pro-
cess of learning and remembering, and that damage to this part
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results in memory loss (Nayak, 2002). Memory impairments have
been connected by a group of scientists to a flaw in the form of
neurons caused by the buildup of aluminum and other oxidants
such as arsenic and metabolic products in the cell body or its
branches, or when these branches are diminished. The axons of
neurons are converted into a spherical or cordlike shape, which
impacts the critical synapse in the memory and learning processes
(Gongalves and Silva, 2007). It was discovered that exposure to alu-
minum and other oxidants, such as As, reduces the size of the
synapse and the thickness and density of the pre-synapse, result-
ing in the expansion of the synaptic gap and the reduction of cur-
vature, which affects the process of nervous conduction and the
mechanism of the work of neurotransmitters in the brain, such
as serotonin, dopamine, and AchE, Amino acids and adrenaline
(Jia et al., 2001, Tsunoda and Sharma, 1999). Arsenic has a pro-
found influence on neurotransmitters such as dopamine, serotonin,
and AchE, all of which have been found to be drastically reduced in
the current study. Both enzymatic and non-enzymatic oxidative
stress indicators were altered. In the structure and shape of neu-

rons producing these neurotransmitters in most areas of the brain,
the amount of glutathione decreased and the activity of indicators
of enzymatic oxidative stress (GST, CAT, SOD) decreased, while the
amount of TBARS increased in arsenic-treated males compared to
healthy animals (Jia et al., 2001). According to Tusonda studies,
oxidative alterations in the blood-brain barrier might cause
changes in the levels of neurotransmitters such as dopamine, sero-
tonin, and adrenaline (Tsunoda and Sharma, 1999). Previous stud-
ies attribute the lack of neurotransmitters to changing the shape of
nerve cells when exposed to aluminum and other oxidative states
due to the accumulation of substances in the body of the nerve cell
or its branches, or the decrease in the number of branches and the
shifting of the axes to a spherical or similar cords (Kawahara, 2005,
Polizzi et al., 2002). Because oxidants work to reduce the thickness
or density of the pre-synapse region, this leads to the expansion of
the intertwining gap and the mitigation of curvature, which nega-
tively affects the neurotransmitters and leads to a decrease in the
quantity of the conductor or a decrease in its activity (Schousboe,
2003, Sharma et al., 2007).
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5. Conclusion

The new findings have established beyond a shadow of a doubt
the dangers of arsenic exposure on learning behavior and neuro-
transmitter levels in the body. Arsenic and its powerful compounds
necessitate additional prospective studies to clarify and investigate
their harmful impacts on behavior and biological features.
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