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Many studies have reported that lutein have positive effects in different clinical conditions, thus ameliorating cognitive
function, decreasing the risk of cancer, and improving measures of cardiovascular health. This study investigates the
potential neuroprotective effects of lutein, a carotenoid with antioxidant properties against sodium azide-induced amnesia
in mice. A total of thirty (30) healthy mice weighing 19g - 35g were used for this study. The mice were acclimatized and
divided into six groups (n= 5 per group) which are; Group 1 (Control group), Group 2 (Sodium azide only), Group
3(Sodium azide + 20mg/kg of lutein), Group 4 (Sodium azide + 40mg/kg of lutein), Group 5 (Sodium azide + 60mg/kg of
lutein), Group 6 (Sodium azide + Donepezil). Motor deficits were assessed using behavioral tests like Barnes maze test,
Hand grip test, Rotarod test and Y maze test. While biochemical analysis was performed to evaluate oxidative stress
markers, inflammatory cytokines and neurotransmitters. The results demonstrate that the mice treated with sodium azide
only had a significantly higher latency compared to the control group. This suggests that sodium azide negatively impacted
spatial learning and memory as indicated by the increased time taken to find the target. Lutein, especially at 40mg/kg and
60mg/kg as well as Donepezil (the standard drug) has neuroprotective effects against the spatial learning and memory
deficits induced by sodium azide in mice. This study shows that sodium azide induced both motor symptoms such as
agnosia and non-motor symptoms such as impaired memory, oxidative stress in mice and lutein an antioxidant carotenoid
possesses a dose dependent increase in learning ability and cognitive functions and decrease in oxidative stress.
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azide also creates oxidative stress, neuroinflammation
and subsequent cognitive and motor impairments in
rodents by disrupting mitochondrial functioning, a
process that resembles features of Alzheimer disease-like
pathology (Weinstock & Shoham, 2004). The model can
thus be of great use in explaining neurophysiologic
processes underlying cognitive impairment and in

INTRODUCTION

Memory loss, learning disability and
neurobehavioral dysfunction are the main symptoms of
neurodegenerative disorders like amnesia and Alzheimer
disease (AD) is one of such conditions (Kumar et al.,
2024; Matthews, 2015). These deficits cause a major

impairment in the daily functioning and pose a major
challenge to individuals, their families, and health-care
services across the globe (Aza et al., 2022).
Experimental models for cognitive dysfunction study are
crucial in  understanding the mechanism of
neurodegeneration and to test possible therapeutic
strategies (Rapaka et al., 2022). This research is based on
the usage of sodium azide, a strong neurotoxin and
cytochrome c oxidase (complex V) inhibitor in the
electron transport chain (ETC) in the mitochondrial
membrane (Yuwen et al., 2000; Tat et al., 2021). Sodium

assessing neuroprotective agents with the ability of
preventing such phenomena (Singla et al., 2022).

Lutein (a carotenoid) is abundant in green leafy
vegetables and in some fruits and has drawn attention
due to its anti-inflammatory and antioxidant properties
(Ahn & Kim, 2021). Unlike other carotenoids, lutein and
its isomer zeaxanthin are the only ones which can cross
the blood-brain barrier, accumulate in the neural tissues
(including the retina and brain), compose the macular
pigment and offer neuroprotection (Stringham, Johnson,
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& Hammond, 2019). It has been discovered that the more
a person consumes foods that contain lutein, the better
the cognitive functioning and the reduced risk of
neurodegeneration diseases (Johnson, 2014). Also, the
fact that lutein can be found in the brain at various stages
of life, including infancy, points to the potential of this
compound in cognitive health (Ramirez, 2015). The
preclinical experiments have revealed the potential of
lutein to decrease oxidative stress, regulate
neuroinflammation, and have an antidepressant-like
effect, which makes it a promising therapeutic agent in
neurological disorders (Zeni, Camargo, & Dalmagro,
2019).

The main issue addressed in this study is how
little research has been conducted on the neuroprotective
effects of lutein in male mice against cognitive and motor
deficits induced by sodium azide, and in particular, how
this affects the activity of acetylcholinesterase (AChE)
enzyme and subsequent neurobehavioral consequences.
AChE is involved in the process of acetylcholine
degradation in the synaptic gap, and is vital to the
cholinergic neurotransmission, which memory and
learning greatly depend upon (Sam & Bordoni, 2023).
Impairment of AChE activity is a characteristic feature
of cognitive impairment related to neurodegenerative
diseases with defective mitochondrial functioning
(Chen, Huang, Yang, & Hong, 2022). The presence of
sodium azide inhibits the actions of the mitochondrial
complex IV hence creating oxidative stress and
neuroinflammation, which further suppresses the actions
of AChE thus hampering cholinergic signaling leading to
cognitive and motoric deterioration (Eiermann et al.,
2022; Amer et al., 2024; Fujimura et al., 2002). Even
though the antioxidant and anti-inflammatory
characteristics of lutein may help it to reverse these
effects (Pap et al., 2021; Arab Firozjae et al., 2024), a
significant literature gap exists in the context of its
efficacy in the context of this particular scenario.

MATERIALS AND METHODS
Animal Model

For this study, thirty (30) healthy mice
weighing between were used. The mice were obtained
and housed at the animal house of the Faculty of Basic
Medical Science for a period of fourteen (14) days before
the commencement of the experiment. They were
maintained under standard laboratory conditions with a
12-hour light/dark cycle, controlled temperature (22 +
2°C), and ad libitum access to water and standard
laboratory rodent chow.

Ethical Approval

Ethical approval was obtained from the faculty
of basic medical science, Abuja campus, University of
Port Harcourt. Rat handling and treatment conform to the
guideline of the National Research Council (2011) for
care and use of laboratory animals.

Chemicals and Reagents

The chemicals and reagents used for this study
were purchased from GGI Intl” Nigeria Ltd. located at
GGl Place, Plot 8 GGI Crescent, (Opp. Mikab Filling
Station), Port Harcourt, Rivers State, Nigeria. The
chemicals and reagents include:

Lutein: Lutein a carotenoid with its neuroprotective
effect was used as a preventive mechanism for
aluminium chloride induced depression. High purity
lutein extract was obtained in three different
concentrations to create 20mg/kg, 40mg/kg, and
60mg/kg lutein dose groups (Xiong et al., 2022). This
was administered orally (O’Brien, 2018);

Sodium azide: Sodium azide, a selective inhibitor of the
mitochondrial enzyme cytochrome oxidase, with deficits
in memory and long-term potentiation. It was
administered intraperitonealy at 5mg/kg;

Donepezil: Donepezil, an acetylcholinesterase inhibitor,
served as the standard drug for comparison. It was
administered interperitonialy at 5mg/kg;

Sterile Saline: Sterile saline solution was used for
dilution of lutein and as a vehicle for drug administered;

Anesthesia: Diethyl ether was used to anesthetize the
rats during surgical procedures;

Biochemical assay Kits: To measure oxidative stress
markers, neurotransmitters and inflammatory cytokines
in brain tissue or brain samples, like monoamine
neurotransmitter essay Kits to check serotonin and
dopamine, oxidative stress assay kits to check
glutathione;

Apparatus for behavioral tests: this includes the Y
maze test and Barnes test;

Surgical Instruments: For stereotaxic surgeries and
tissue sampling;

Standard Laboratory Supplies: this includes syringe,
needles, feeding syringes, vials and other consumables;

Protective Equipment: Lab coats, hand gloves,
facemasks.

Experimental Design

The study consisted of 30 mice, randomly divided into 6

groups (n=5 per group) as follows:

1. Control Group (Negative): Mice received food
and water only. Mice in this grouped served as a
baseline comparison and did not receive any
Sodium azide or Lutein treatment. They were used
to assess the natural state of cognition, balance and
behavior in mice (Nagat El-Demerdash et al.,
2023).
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2. Sodium Azide Only Group (Positive Control):
Mice were administered only sodium azide to
induce amnesia. 5mg/kg of sodium azide was
administered interperitoneally for 14 days. This
group will help establish the negative effects of
sodium azide on cognitive function (Rafi et al.,
2024).

3. 20mg/kg Dose Group: Mice in this group received
sodium azide and 20mg/kg dose of lutein for 14
days. The purpose is to evaluate the potential
beneficial effects of lutein at 20mg/kg dosage on
amnesia (Xiong et al., 2022).

4. 40mg/kg Dose Group: Mice in this group were
administered sodium azide and moderate lutien
dose of 40mg/kg daily for 14 days. This group’s
aim is to investigate whether a slightly higher dose
of lutein would have more pronounced impact on
the neuroprotective function (Xiong et al., 2022).

5. 60 mg/kg Dose Group: Mice in this group were
administered sodium azide and moderate lutien
dose of 60mg/kg daily for 14 days. This group’s
objective is to assess the effects of a higher dose of
lutein on the amnestic effect of sodium azide (Chike
etal., 2025)

6. Sodium Azide and Donepezil Group: Mice in this
group received a standard dose of Donepezil and
sodium azide (5mg/kg/day). It was administered
interperitoneally (Amer et al., 2024).

Drug Administration

The administration was done over a 14-day period

(Binawade & Jagtap, 2013).

e Sodium Azide Administration: Sodium azide a
typical selective inhibitor of the mitochondrial
enzyme cytochrome oxidase was used to induce
amnesia in mice. The selected dosage (5mg/kg/day,
I.P) was based on previous studies that reported
memory and cognitive deficits similar to those seen
in amnesia (Rafi et al., 2024).

e Lutein Administration: Lutein, a carotenoid
known for its antioxidant properties was
administered orally. The volume of the solution was
calculated based on the weight of the mice (He et
al., 2011). Lutein was dissolved in 16.3ml of
distilled water and stored in bottles. This was kept
in a refrigerator (at 4°C) to protect it from light and
maintain stability. This solution was stored in light
protected vials to prevent degradation. Prior to
administration, the capsules were dissolved in
distilled water to achieve the appropriate treatment

dosage (20mg/kg, 40mg/kg, 60mg/kg respectively
(Yoo et al., 2010) for the various lutein treatment
groups. The treatment was initiated concurrently
with sodium azide administration to assess its
neuroprotective effects.

e Donepezil Administration: A standard drug with
known neuroprotective properties was used as a
positive control. It was also administered
intraperitoneally to the mice to assess its efficacy in
mitigating the effects of sodium azide induced
amnesia (Kumar et al., 2023).

Behavioral assessment

Throughout the experimental period, the mice
were monitored daily for any adverse effects, including
changes in behavior, body weight, anxiety and overall
health. Motor dysfunction was evaluated using the Hand
grip test while Y maze and Barnes test were used to
evaluate memory sharpness and anxiety levels (Fan et
al., 2021; Brooks et al., 2012).

Biochemical and Molecular assessments

At the end of the experiment, the mice were
euthanized and their brain tissues, blood, kidney heart
and liver were collected for histological examination and
biochemical analysis. Biochemical assays were
conducted to measure oxidative stress marker,
inflammatory cytokines, and antioxidant enzyme
activities (Marrocco et al., 2017).

Biochemical Analysis

AChE was chosen as biomarkers for its
relevance to oxidative stress, antioxidant, responses,
neurodegeneration and lipid peroxidation which are key
factors in amnesia progression (Olufunmilayo et al.,
2023). Biochemical assays and immunohistochemical
techniques were employed to quantify their levels in
brain tissues in each group (Shankar et al., 2009).

Statistical Analysis

All data obtained from the various assessments
were subjected to appropriate statistical analyses.
Statistical analysis was conducted using GraphPad
Analysis software and the results were graphically
represented using bar charts, providing a clear
visualization of the effects of lutein on various
parameters.

Cognitive Tests

Table 1: Effect of Lutein on Barnes Maze Primary Latency, Y-Maze Inflexion Ratio and Y-Maze Percentage
Spontaneous Alternation in Sodium Azide - Induced Cognitive

Variables Groups
Control Sodium azide Sodium azide Sodium azide | Sodium azide Sodium azide +
only + lutein + lutein + lutein Donepezil
(20mg/kg) (40mg/kg) (60mg/kg) (standard drug)
Barnes Maze 126.0 £ 3.05 | 182.8 £ 4.59 ** 1474 +15.71 155.8 +13.38 | 127.4 +3.53 130.6 £ 6.93
Primary
Latency
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Y-Maze 111.6 £0.93 | 166.8 +3.48*** | 142.6 +4.77** | 1356 +4.68* | 122.0+8.13 109.4 £2.44
InflexionRatio *

Y-Maze % 83.88+451 | 61.80+287* 72.60 £4.04 73.20 £5.95 71.60 £5.48 69.10 £6.51
Spontaneous

Alternation

Results are presented as Mean = SEM. N=5
* Indicates statistical significance of Sodium azide and treatments versus the Negative controls * is significant at P <
0.05, **significant at 0.0l, *** significant at 0.001 and **** significant at 0.0001.

Motor Tests

Table 2: Effect of Lutein on Hand Grip Stability Time and Rotarod Stability Time in Sodium Azide - Induced
Cognitive Dysfunction in Male Mice

Variables Groups
Control Sodium azide Sodium azide + Sodium azide + | Sodium azide + | Sodium azide
only lutein lutein lutein + Donepezil
(20mg/kg) (40mg/kg) (60mg/kg) (standard drug)

Hand Grip 19.60 + 0.68 | 7.00 + 0.84**** | 10.00 £ 0.71 **** | 13.00 + 0.45 *** | 18.60 + 1.63 19.00+0.71
Stability Time
Rotarod 2480+1.46 | 1540+ 1.44** | 31.00+1.73 25.60 £ 1.36 29.60+2.34 26.00 £ 1.52
Stability Time

Results are presented as mean £ SEM. N=5
* Indicates statistical significance of Sodium azide and treatments versus the Negative controls * is significant at P <
0.05, **significant at 0.0l, *** significant at 0.001 and **** significant at 0.0001.

Biochemical/Oxidative Stress Marker

Table 3: Effect of Lutein on Acetylcholinesterase (AChE) Levels in Sodium Azide-Induced Amnesia in Mice

Variables | Group
Control Sodium azide only | Sodium azide + | Sodium azide + | Sodium azide Sodium azide +
lutein lutein + lutein Donepezil
(20mg/kg) (40mg/kg) (60mg/kg) (standard drug)
AChE 6.94+0.24 | 4.42 £0.18 **** 5.53+042* 6.56 + 0.27 6.64 £ 0.40 6.70 £ 0.25

Results are presented as mean + SEM. N=5
* Indicates statistical significance of Sodium azide and treatments versus the Negative controls * is significant at P <
0.05, **significant at 0.01, *** significant at 0.001 and **** significant at 0.0001.

DISCUSSION
Cognitive Tests - Table 1

e Barnes Maze: In Table 1, the sodium azide-only

group exhibited significantly higher latency
compared to the control group, indicating impaired
spatial learning and memory due to sodium azide’s
neurotoxic effects. Lutein treatment at 20 mg/kg
and 40 mg/kg doses reduced latency compared to
the sodium azide-only group, suggesting partial
neuroprotection. Lutein at 60 mg/kg resulted in the
lowest latency among lutein-treated groups,
approaching control levels, indicating a dose-
dependent neuroprotective effect. Donepezil
showed similar efficacy to the 60mg/kg lutein
group. These findings align with a study by Leila et
al. (2022) which reported that lutein improved
spatial memory in a rat model of Alzheimer’s
disease, reducing latency and errors in the Barnes
maze. The results suggest that lutein, particularly at
higher doses, mitigates sodium azide-induced
cognitive  deficits, potentially through its
antioxidant and anti-inflammatory properties.

Y-Maze - Inflexion Ratio: The sodium azide-only
group had a significantly higher inflexion ratio
compared to the control, suggesting disrupted
spatial memory. Lutein treatment, particularly at
60mg/kg dose, reduced the inflexion ratio,
indicating partial restoration of spatial working
memory. However, none of the lutein doses fully
restored the ratio to control levels. Donepezil
showed comparable effects to the 60mg/kg lutein
group.

Y Maze - Spontaneous Alternation: The sodium
azide group had the lowest percentage of
spontaneous alternation which suggests that sodium
azide impaired their spatial memory and learning.
The control group had the highest percentage of
spontaneous alternation which indicates that they
had normal cognitive function. The groups that
received sodium azide + lutein and sodium azide +
Donepezil had intermediate percentages of
spontaneous alternation which implies that lutein
and Donepezil partially reversed the negative effect
of sodium azide on cogniton. This implies that
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lutein has a neuroprotective influence on sodium
azide induced amnesia in mice.

Motor Tests - Table 2

e Hand Grip Stability Test: Table 2 shows the
tabulated representation of the hand grip test and
rotarod test. For hand grip test, the control group
had a baseline value of 19 secs while the sodium
azide only group had a stability time of 7secs. This
suggests that sodium azide induced a negative
effect on the motor function of the mice. The groups
in which sodium azide and lutein were administered
had a higher hand grip stability time than the
sodium azide only group and this increased across
the dosage. This suggests that Lutein was able to
reverse the effect of sodium azide on motor
function, strength and endurance.

« Rotarod Stability Test: The sodium azide group
showed the lowest stability time. This suggests that
sodium azide impaired the motor coordination and
neurological function of the mice. The control
group had a higher stability time than the sodium
azide only group. The groups that received sodium
azide and lutein had a wavering sequence. The
sodium azide + lutein at 20mg/kg had the highest
stability time, followed by the sodium azide + lutein
at 60mg/kg while the sodium azide + lutein at
40mg/kg and sodium azide + Donepezil had the
same Rotarod stability time as the control. This
suggests that Lutein and Donepezil have the ability
to reverse the negative effect of sodium azide on the
motor coordination and neurological function of the
mice. Very similar research was done with Rotarod
test on sodium azide neurotoxicity by Abayomi et
al., (2019). The researcher’s results were similar as
they both demonstrate that sodium azide induces
motor impairment and it can be reversed through
the use of certain drugs. However, the researcher
used vitamin C and E as a corrective measure for
sodium azide's negative effects.

Biochemical/Oxidative Stress Marker - AChE
(Acetylcholinesterase)

Table 3 shows a graphical representation of the
AchE level and its effects on sodium azide induced
amnesia in mice. From the table, it can be observed that
there was significant decrease in AChE in the sodium
azide only group, implying poor cholinergic
neurotransmission that is vital in learning and memory.
The AChE levels were dose-dependently elevated by
lutein treatment, and lutein at 60mg/kg was near the
control level, indicating that the cholinergic background
has been restored. Donepezil had similar effects with the
lutein group receiving 60mg/kg and this signifies the
potential of lutein as a neuroprotective agent.

Previous research was done by Singla et al.
(2022), also investigating cognitive deficits and
neuropathological alterations in sodium azide induced
experimental dementia using AchE. However, in this

context, there was an increase in AchE activity in the
sodium azide only group and a decrease across the other
groups.

CONCLUSION

This study shows that lutein has a significant
neuroprotective effect against cognitive and motor
deficits induced by sodium azide in male mice. Sodium
azide affected spatial learning, memory, and motor
coordination, with performance in the Barnes maze, Y-
maze, hand grip, and rotarod tests being severely
impaired, as well as decreased AChE levels, which
points to oxidative stress and cholinergic dysfunction.
Treatment with lutein, especially at a dose of 60 mg/kg,
was able to improve cognitive and motor abilities as well
as the biomarkers levels significantly, and it was
comparable in effect to donepezil. The results indicate
that lutein offsets the neurotoxic actions of sodium azide
through the improvement of antioxidant defense system
and recovery of cholinergic activity, which is a
promising dietary supplement to neurodegenerative
diseases accompanied by oxidative stress and cognitive
impairment. The dose dependent effect of lutein
highlights its therapeutic potential which should be
explored both in preclinical and clinical studies.
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