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Abstract  
 

Lutein as a carotenoid, provides a wide range of nutritional and health benefits due to their multifarious biological impacts 

on humans, which include antioxidative, immunomodulatory, and anti-inflammatory properties. This study was carried out 

to evaluate the Cognito motor modulatory function of lutein on Hippocampal cellular Architecture in Diazepam induced 

memory impairment in Wistar rats. Thirty (30) male rats were used for this study and the rats were acclimatized for a period 

of 14 days, and was then divided into six groups; 1 (Control), 2 (Diazepam 5mg/kg), 3 (Diazepam + Lutein 20mg/kg), 4 

(Diazepam + Lutein 40mg/kg), 5 (Diazepam + Lutein 60mg/kg), and 6 (Diazepam + Donepezil - Standard drug) for a 

period of 21 days. The catalase level was seen to be statistically significant (p<0.05) when the group 2 (diazepam only 

treated) and group 3 were separately compared to that of the control group (group 1). In neurobehavioural test conducted, 

Group 2 in handgrip stability time test conducted showed a significant (p<0.05) decrease signifying a lack of peak force 

for handgripping when compared with group 1(control group), this was made significant by the increase in the number of 

incorrect hole entry by group 2 wistar rats in Barnes maze test in week 1 and 2 of the study period, Lutein showed a motor 

modulatory function in the brain through its antioxidizing and anti-proteolytic properties, with its dose dependence effect 

on group 3 Wistar rats, of which catalase concentration level seems to be lesser when compared to group 2.  

In summary, lutein showed dose dependence effect in motor modulatory function of the brain through its antioxidizing and 

anti-proteolytic properties,  

Keywords: Cognito-Motor, Lutein, Hippocampus, Diazepam, Memory Impairment. 

Copyright © 2025 The Author(s): This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International 

License (CC BY-NC 4.0) which permits unrestricted use, distribution, and reproduction in any medium for non-commercial use provided the original 
author and source are credited. 

 

INTRODUCTION 
There are nearly about 10 million new cases 

every year pertaining to impaired memory, making it one 

of the major causes of disability and dependency among 

older people worldwide (WHO, 2025). The morbidity 

and mortality rates of memory impairment are both 

quickly growing in both developed and undeveloped 

countries (Amiri et al., 2025). Over 50 million people are 

living with some sort of memory impairment worldwide 

(WHO, 2025). These numbers are projected to reach 82 

million by the year 2030 and 152 million by 2050, with 

the majority of individuals coming from low- and 

middle-income countries (Guerchet et al., 2020; WHO, 

2021). 

 

In Nigeria, about 5-8% of general population 

aged 60 and above is living with some sort of memory 

impairment (Yarube, 2021). Apart from dementia in its 

various forms such as Alzheimer’s disease and vascular 

dementia, several other disease conditions may present 

with cognitive impairment, and many of these conditions 

have a high prevalence in Nigeria (Yarube, 2021). These 

conditions form the sources and ramifications of 

cognitive impairment. They include aging population 

(Ibrahim Abdu Wakawa et al., 2025), diabetes mellitus 

(both type 1 and type 2), hypertension, stroke, 

Parkinson’s disease, depression, pregnancy and 

HIV/AIDS; and possibly other unconfirmed conditions 

associated with cognitive impairment such as sickle cell 

disease, due to vascular dementia, head injury, 

nutritional deficiencies (Jamalnia et al., 2020), 
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communal conflict and internal displacement (Yarube, 

2021). When the contributions of these different 

conditions add up, the prevalence figure for cognitive 

impairment and dementia will be staggering (Yarube, 

2021).  

This high local burden of cognitive impairment 

is a source of concern and a call to finding a local 

solution to the problem through research and innovation. 

This is necessary for policy making and healthcare 

delivery planning regarding cognitive impairment and 

dementia in the country. 

 

This research will determine the effect of 

administration of lutein on Cognito-motor modulatory 

functions. The long-term administration of diazepam on 

Wistar rats and the effect of administration of different 

doses of lutein on neurobehavioral test for memory 

impaired Wistar rats will be evaluated. Wistar rats as 

mammals have similar central nervous system as 

humans. The influence of lutein on the Wistar rats can 

have almost the same effect on human with specific 

consideration of dosage and weight.  

 

MATERIALS AND METHODS 
Research Design 

This animal-based study was conducted at the 

Animal House, Department of Human Physiology, 

Faculty of Basic Medical Sciences, University of Port 

Harcourt. The experiment lasted five weeks (35 days), 

including a 2-week acclimatization period and 3-week 

drug administration period. 

 

Thirty (30) male Wistar rats (111-148g) were 

randomly divided into six groups (n = 5 per group). 

Group 1 served as the control, receiving distilled water 

and normal feed. Groups 2-6 were test groups, receiving 

various combinations of diazepam, lutein, dimethyl 

sulfoxide (DMSO₄), and donepezil. 

 

Drug administration was carried out daily for 21 

consecutive days (08:00-09:00 a.m). Diazepam was 

administered intraperitoneally, followed one hour later 

by oral administration of lutein suspensions or donepezil, 

depending on the group. Neurobehavioral tests were 

conducted 30 minutes after lutein administration. 

 

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. 

 

Drug Preparation 

Diazepam, lutein, donepezil, and DMSO₄ were 

obtained from the National Institute for Pharmaceutical 

Research and Development (NIPRD), Rivers State, 

Nigeria, and confirmed by the Department of Pharmacy, 

University of Port Harcourt. Lutein suspensions were 

prepared using the freezing and overnight dilution 

method. 

 

Drug Administration 

Drugs were prepared by suspending the 

appropriate weights of lutein and DMSO₄ in distilled 

water. Administration was carried out orally using a 2ml 

syringe with cannula. Diazepam was given 

intraperitoneally. All doses were calculated based on the 

average weekly body weight of each group. 

 

Table 1: Experimental Grouping and Drug Administration 
Group Treatment Average Weight 

Range (g) 

(Week 1 -3) 

Dose Administered Route of 

Administration 

1 Control (normal feed + distilled water) 140-160  Oral (feed/water) 

2 Diazepam (5 mg/kg) 140-160 0.1 mg/kg Intraperitoneal (IP) 

3 Diazepam (5 mg/kg) + Lutein (20 mg/kg) 

+ DMSO₄ (2 mL in 8 mL water) 

140-160 Diazepam 0.1 mg/kg + Lutein 

0.9 mg/kg 

IP + Oral 

4 Diazepam (5 mg/kg) + Lutein (40 mg/kg) 

+ DMSO₄ (2 mL in 8 mL water) 

140-160 Diazepam 0.1 mg/kg + Lutein 

0.8-1.0 mg/kg 

IP + Oral 

5 Diazepam (5 mg/kg) + Lutein (60 mg/kg) 

+ DMSO₄ (2 mL in 8 mL water) 

140-160 Diazepam 0.1 mg/kg + Lutein 

0.8-0.9 mg/kg 

IP + Oral 

6 Diazepam (5 mg/kg) + Donepezil (10 

mg/kg) 

140-160 Diazepam 0.1 mg/kg + 

Donepezil 1.2 mg/kg 

IP + Oral 

 

Neurobehavioral Tests 

A number of behavioral tests was conducted to 

assess motor coordination, spatial memory, anxiety, and 

exploratory behavior. 

⚫ Hand Grip Test - Measured forelimb grip 

strength using a grip strength meter and wire 

mesh/wire hang apparatus. 

⚫ Rotarod Test - Measured motor coordination 

and balance. Rats were trained for 7 days prior 

to testing; test trials lasted 120 s at 15 rpm. 

⚫ Y-Maze Test - Evaluated acquisition of spatial 

memory using a three-arm maze. Parameters 

recorded: spontaneous alternation and 

inflexion ratio. 

⚫ Barnes Maze Test - Evaluated locomotor 

activity, exploration, and anxiety. Parameters: 

total distance traveled, time spent in center vs. 

periphery, rearing, and grooming. 

 

Biochemical Analysis 
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Brain tissue homogenates were analyzed for 

Catalase levels by using Aebi Method, which involves 

monitoring the decrease in hydrogen peroxide (H2O2) 

absorbance at 240 nm in a spectrophotometer 

(Khovarnagh & Seyedalipour, 2021).  

 

Statistical Analysis 

Statistical analysis was conducted using 

GraphPad 8 software and the results were expressed as 

Mean ± SEM. Group comparisons were made using one-

way ANOVA, followed by least significant difference 

(LSD) post hoc test. Statistical significance was accepted 

at p < 0.05. 

 

RESULTS  
Table represent Mean ± SEM, n=5; a Significant at 

p<0.05 compared to Group 1; b Significant at p<0.05 

when compared to group 2; c Significant at p<0.05 when 

compared to group 3. group 4, group 5, and group 6. 

 

Table 2: Effect of Lutein Administration on Catalase Concentration Level in Female Wistar Rats 

Variables Groups 

 Control Diazepam Only Diazepam + 

Lutein  

(20 mg/kg)  

Diazepam + 

Lutein  

(40 mg/kg)  

Diazepam + 

Lutein  

(60 mg/kg)  

Diazepam + 

Donepenzil 

(10mg/kg) 

Catalase (CAT) 0.29 ± 0.05 1.51 ± 0.12 **** 0.77 ± 0.06 ** 0.62 ± 0.03 0.51 ± 0.09 0.33 ± 0.09 

 

Table 3: Effect of Lutein Administration on Neurobehavioural Test in Female Wistar Rats 

Variables Groups 

 Control Diazepam 

Only 

Diazepam 

+ Lutein  

(20mg/kg)  

Diazepam + 

Lutein  

(40mg/kg)  

Diazepam + 

Lutein  

(60mg/kg)  

Diazepam + 

Donepenzil 

(10mg/kg) 

Rotarod Stability Time (s) 6.13 ± 0.89 1.47 ± 0.25 

*** 

3.47 ± 0.81 3.33 ± 0.37 4.24 ± 0.63 3.40 ± 0.92 

Handgrip Stability Time 

(s) 

3.67 ± 0.30 1.73 ± 

0.12** 

3.65 ± 0.34 4.12 ± 0.24 3.53 ± 0.23 3.72 ± 0.42 

Y Maze Inflexion Ratio 

(s) 

0.76 ± 0.13 1.60 ± 

0.13**** 

1.11 ± 0.10 0.41 ± 0.11 0.39 ± 0.05 0.56 ± 0.04 

Y Maze % Spontaneous 

Alteration 

32.91 ± 

3.26 

10.22 ± 

0.22**** 

14.20 ± 

1.50**** 

34.50 ± 0.73 36.89 ± 1.12 32.11 ± 2.38 

Barnes maze - Time spent 

in locating correct hole. 

Week 1 

14.80 ± 

1.39 

27.00 ± 

2.72** 

17.60 ± 

2.16 

12.20 ± 1.20 15.00 ± 2.10 13.80 ± 3.03 

Barnes maze - Time spent 

in locating correct hole. 

Week 2 

10.40 ± 

1.63 

43.40 ± 

7.51**** 

4.80 ± 1.53 7.80 ± 0.97 19.00 ± 2.82 8.40 ± 3.79 

Barnes maze - Time spent 

in locating correct hole. 

Week 3 

12.80 ± 

3.81 

42.20 ± 

3.11**** 

30.20 ± 

4.07* 

6.20 ± 1.32 10.00 ± 4.11 12.60 ± 4.57 

Barnes maze - Time spent 

in locating incorrect hole. 

Week 1 

2.20 ± 0.37 5.20 ± 

0.37** 

3.40 ± 0.51 2.00 ± 0.45 2.60 ± 0.51 1.80 ± 0.49 

Barnes maze - Time spent 

in locating incorrect hole. 

Week 2 

0.60 ± 0.40 2.80 ± 

0.37** 

0.60 ± 0.40 1.00 ± 0.32 0.80 ± 0.37 0.80 ± 0.37 

Barnes maze - Time spent 

in locating incorrect hole. 

Week 3 

3.40 ± 1.16 2.80 ± 0.86 3.60 ± 0.81 1.80 ± 1.11 2.40 ± 0.93 3.88 ± 0.49 

 

DISCUSSION 
Antioxidant Enzyme Activity - Catalase 

Concentration Level 

Table 2 indicates that lutein has significantly 

higher catalase (CAT) concentration in the treated 

groups than diazepam alone, which shows an increase in 

antioxidant defense. This correlates with prior results 

that lutein is a powerful antioxidant, which prevents 

oxidative stress in neural tissue by scavenging free 

radicals and increasing endogenous enzymes (Johnson, 

2012; Li et al., 2020). In comparable investigations, it 

has been pointed out that lutein supplementation 

enhanced biomarkers of oxidative stress in rodents with 

neurotoxicity models (Pap et al., 2022). 

 

Neurobehavioral Tests 

1. Handgrip and Rotarod Performance: Lutein 

improves grip strength and neuromuscular 
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coordination when administered. As seen in table 3, 

there was a significant increase in handgrip stability 

time, and in in rotarod stability time, it was depicted 

that there was an improvement in rotarod 

performance. These findings are in line with others 

indicating that carotenoids, such as lutein, preserve 

the neuromuscular activity and suppress the motor 

impairments caused by neurotoxicants 

(Jayakanthan et al., 2024). 

2. Y-Maze Performance: In the Y-maze tests (Y 

maze inflexion ratio and Y maze % spontaneous 

alteration), lutein increased spatial working 

memory. Rats treated with lutein showed higher 

inflexion ratios and significantly better percentages 

of spontaneous alternation as compared to those 

rats treated with diazepam only. The current results 

agree with the previous rodent research that lutein 

supplementation enhances hippocampus-

dependent memory formation (Nejad et al., 2024).  

3. Barnes Maze Performance: The Barnes maze test 

conducted in three weeks also supported the 

findings of lutein as a memory-enhancing 

substance. The latency of locating the correct hole 

was decreased in the lutein-treated groups and the 

number of incorrect entries was less. Such 

enhancements with time indicate that lutein can 

help in learning and long-term memory recall. 

Similar findings were also presented by Nazari et 

al., (2022) who observed that lutein enhanced 

visual memory and cognitive flexibility in animal 

studies. Conversely, some studies show that the 

cognitive effects of lutein can be dosage and/or 

antioxidant dependent (Nejad et al., 2024). 

 

CONCLUSION 
In summary, these results are indicative of the 

neuroprotective effects of lutein. It also boosts 

antioxidant defenses, enhances motor coordination and 

assists memory performance in cognitive impairment by 

diazepam. The observed effects, especially in the dose of 

60mg/kg of lutein and the standard drug group; 

Diazepam (5 mg/kg) ± Donepezil (10 mg/kg), indicate 

that lutein may be used as an adjunct therapy in the 

treatment of neurodegenerative diseases like Alzheimer. 
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