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Lutein has a range of nutritional and health-enhancing characteristics, based on its multifaceted biological action in people,
which comprise antioxidative, immunomodulatory, and anti-inflammatory properties. This study explored the effect of
repeated of lutein on cerebral antioxidants (Superoxide Dismutase (SOD), Glutathione (GSH)) in the animals that were
subjected to memory impairment by Diazepam. Thirty (30) Wistar rats was used for this study and the rats were
acclimatized for a period of 14 days, and was then divided into six groups; Group 1: Control, Group 2: Diazepam Only
(5mg/kg) , Group 3: Diazepam + Lutein (20mg/kg) , Group 4: Diazepam + Lutein (40mg/kg), Group 5: Diazepam + Lutein
(60mg/kg), Group 6: Diazepam + Donpenzil (Standard Drug). Administration was done for a period of 21 days. Diazepam
significantly disrupted working memory, spatial learning, and retention, which were reflected by a decrease in spontaneous
alternation in the Y-maze and longer escape latencies and increased errors in the Barnes maze. It also lowered SOD and
GSH activities in the brain. These deficits were being restored by lutein treatment in a dose-dependent manner, restoring
spontaneous alternation, shortening escape latency and error rates, and increasing retention performance. Biochemically,
lutein had significant restorative effect on brain SOD and GSH levels which were comparable to donepezil. This research
concluded that lutein can mitigate diazepam-induced memory impairment by boosting antioxidant levels in a dose-
dependent manner, with medium to high doses being particularly effective. These findings support lutein’s potential as a
dietary neuroprotective agent against drug-induced cognitive impairment.
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INTRODUCTION Dementia can be quite dehumanizing in its advanced

There is a global prevalence of memory loss
estimated at 5% to 7% in people over 60 years, and also
a documented country-specific memory loss prevalence
in Sub-Saharan Africa (SSA) (Adeloye et al., 2019).
Ogunniyi et al., (2016) found prevalence rates of mild
cognitive impairment of 18.4 % and dementia of 2.9 %
in a South-South Nigeria investigation, whereas a
previous South-South Nigeria study found a prevalence
rate of 11.8 % of mild cognitive impairment.

Hence, mild cognitive impairment and memory
loss, requires an immediate medical intervention (Anieto
et al., 2023). Memory and mild cognitive impairment are
major neurocognitive disorders that pose remarkable
health challenges worldwide (Anieto et al., 2023).

stages. Mild cognitive impairment occupies the
intermediate stages in the continuum of cognition and is
considered the leading point for preventive strategies
(Roberts & Knopman, 2013). The conceptualization of
mild cognitive impairment began as a syndrome that is
self-reported, episodic memory deficits that are
measurable, and no functional impairment in the
activities of daily living or clinical diagnosis of a
dementia (Anand & Schoo, 2024). It is distinguished
with dementia because it does not degrade the ability to
live independently.

There is growing evidence of the association
between oxidative stress and age-related cognitive
decline. It is assumed that antioxidants can prevent this
deterioration and even slow down or prevent dementia

Citation: Austin A. Ajah, Grace C. Austin-Ajah, Chike C.P.R (2025). Influence of Lutein on Brain Antioxidant (SOD,
GSH) in Diazepam-Induced Memory Impairment of Wistar Rats. Saudi J Nurs Health Care, 8(11): 272-277.

272


https://saudijournals.com/sjnhc

Austin A. Ajah et al, Saudi J Nurs Health Care, Nov, 2025; 8(11): 272-277

((National Institute of Health, 2022; Jurcau, 2021). A
high antioxidant diet has been linked with better
cognitive functioning in elderly people (Chen et al.,
2024). Oxidative damage is possible because the brain
consumes a lot of oxygen and has high lipid
concentrations (Singh et al., 2019; Jové et al., 2023). The
key endogenous antioxidant processes such as
superoxide dismutase (SOD), catalase (CAT),
glutathione (GSH), and vitamins C and E are essential to
control this stress (Jena et al., 2023; Jomova et al., 2024)

With the growing recognition of the potential
neuroprotective effects of Lutein, a carotenoid with
antioxidant properties, there is a lack of knowledge in its
specific influence on brain antioxidant activities in
diazepam-induced memory impairment. Hence, the need
for this current study to determine the influence of graded
doses of Lutein on brain antioxidant activities in a
diazepam-induced memory impairment in Wistar rats.

MATERIALS AND METHODS
Research Design

Twenty (30) Wistar Rats weighing 111-148g
were purchased from the animal house of Department of
Pharmacology of the Faculty of Basic Medical Sciences,
University of Port Harcourt. The animals were
acclimatized for 14 days at room temperature in the
animal house of the Department of Human Physiology,
Faculty of Basic Medical Sciences, University of Port
Harcourt, where they were exposed to 12 hours light/dark
cycle. They had water and food (standard finisher diet,
top feed, Nigeria) throughout the duration of the study.
They also had their bedding (dry saw dust) changed as
often as possible. The study lasted for a period of (35)
days. The animals were randomly assigned into six (6)
groups Group 1 served as the control and Group 2 - 6
served as test groups.

The administration took 21 consecutive days
within the hours of 8:00 to 9:00am daily. Diazepam was

administered 1 hour before the administration of lutein
mixture of Dmso4 and water (H20) for group 3, 4 and 5.
Then 30 minutes later Neurobehavioral tests was
conducted for the same group 3, 4 and 5 Wistar rats
everyday throughout the 2ldays of administration
period.

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 ldentifications

The drugs used were Diazepam, Lutein,
Donepezil and dimethyl sulfate (Dmsos). These were
gifted by National Institute Pharmaceutical of Research
and Development (NIPRD) Rivers State branch, Nigeria.
The drugs were collected and sent to the department of
pharmacy, university of Portharcourt for identification
and chemical composition confirmation.

Determination Administration

The appropriate weight of Lutein and Dimethyl
sulfate (Dmsoa) was suspended in 8ml of distilled water
and administered orally to each animal Using a 2ml
syringe and cannula. The daily drugs dose administered
for each group of the Wistar Rats was gotten by
calculating the dosage based on the weekly average
weight of each group of the Wistar Rats.

For Diazepam (5mg):

5g/kg = 1000g

Xg/kg = 111g

Therefore, x=0.6/5, Then x= 0.1mg/kg
Therefore, administrative equivalence in ml/g

For Lutein (20mg/kg, 40mg/kg and 60mg/kg)
1ml of distilled water = 1000g/ml stock solution
Animal weight/kg = 1000g

Table 1: Experimental Grouping and Drug Administration - Week 1

Treatment Average | Dose Administered Route of
Weight Administration
Groupl Only received feed ad libitum and distilled 148g Oral (feed/water)
Control water for each day of the week.
Group 2 | Diazepam (5 mg/kg) 1309 Diazepam = 0.1g/kg Intraperitoneally
Group 3 | Diazepam (5 mg/kg) + Lutein (20 mg/kg) + 1169 Diazepam 0.1 mg/kg + | IP and Oral
DMSO, (2 ml in 8 ml water) Lutein 0.9 mg/kg
Group 4 | Diazepam (5 mg/kg) + Lutein (40 mg/kg) + 123g Diazepam 0.1 mg/kg + | IP and Oral
DMSO, (2 ml in 8 ml water) Lutein 1.0 mg/kg
Group 5 | Diazepam (5 mg/kg) + Lutein (60 mg/kg) + 1279 Diazepam 0.1 mg/kg + | IP and Oral
DMSO, (2 mL in 8 mL water) Lutein 0.9 mg/kg
Group 6 | Diazepam (5 mg/kg) + Donepezil (10 mg/kg) | 121g Diazepam 0.1 mg/kg + | IP and Oral
Lutein 1.2 mg/kg

© 2025 | Published by Scholars Middle East Publishers, Dubai, United Arab Emirates 273



Austin A. Ajah et al, Saudi J Nurs Health Care, Nov, 2025; 8(11): 272-277

Table 2: Experimental Grouping and Drug Administration - Week 2

Treatment Average | Dose Administered Route of
Weight Administration
Groupl Only received feed ad libitum and distilled 1469 Oral (feed/water)
Control water for each day of the week.
Group 2 | Diazepam (5 mg/kg) 141g Diazepam = 0.1g/kg Intraperitoneally
Group 3 | Diazepam (5 mg/kg) + Lutein (20 mg/kg) + 113g Diazepam 0.1 mg/kg + | IP and Oral
DMSO, (2 ml in 8 ml water) Lutein 0.9 mg/kg
Group 4 | Diazepam (5 mg/kg) + Lutein (40 mg/kg) + 121g Diazepam 0.1 mg/kg + | IP and Oral
DMSO, (2 ml in 8 ml water) Lutein 0.6mg/kg
Group 5 | Diazepam (5 mg/kg) + Lutein (60 mg/kg) + 125¢g Diazepam 0.1 mg/kg + | IP and Oral
DMSO, (2 mL in 8 mL water) Lutein 0.8mg/kg
Group 6 | Diazepam (5 mg/kg) + Donepezil (10 mg/kg) 120g Diazepam 0.1 mg/kg + | IP and Oral
Lutein 1.2 mg/kg
Changes were made only to the dose administered based on the weight for week 2
Table 3: Experimental Grouping and Drug Administration - Week 3
Treatment Average | Dose Administered Route of
Weight Administration
Groupl Only received feed ad libitum and distilled 1449 Oral (feed/water)
Control water for each day of the week.
Group 2 | Diazepam (5 mg/kg) 139¢ Diazepam = 0.1g/kg Intraperitoneally
Group 3 | Diazepam (5 mg/kg) + Lutein (20 mg/kg) + 1119 Diazepam 0.1 mg/kg + | IP and Oral
DMSO, (2 ml in 8 ml water) Lutein 0.9 mg/kg
Group 4 | Diazepam (5 mg/kg) + Lutein (40 mg/kg) + 1199 Diazepam 0.1 mg/kg + | IP and Oral
DMSO, (2 ml in 8 ml water) Lutein 0.9mg/kg
Group 5 | Diazepam (5 mg/kg) + Lutein (60 mg/kg) + 1229 Diazepam 0.1 mg/kg = | IP and Oral
DMSO, (2 mL in 8 mL water) Lutein 0.8mg/kg
Group 6 | Diazepam (5 mg/kg) + Donepezil (10 mg/kg) 1199 Diazepam 0.1 mg/kg + | IP and Oral
Lutein 1.2 mg/kg

Changes were made only to the dose administered based on the weight for week 3

Neurobehavioral Tests
A number of behavioral tests was conducted to

assess motor coordination, spatial memory, anxiety, and
exploratory behavior. They include:

. Hand Grip Test

o Rotarod Test

. Y-Maze Test

. Barnes Maze Test

Statistical Analysis

Data were subjected to statistical analysis using
GraphPad Analysis software. Data were expressed as
mean and standard error of mean. Analysis of variance
(AVOVA) was done using least significant difference
(LSD) to determine the significant difference in mean at
95 percent confidence interval (P< 0.05).

RESULTS

Data represent Mean = SEM, n = 5; Significant
at p<0.05 compared to Group 1; Significant at p<0.05
when compared to group 2; Significant at p<0.001 when
compared to group 3. group 4, and group 5.

Biochemical Analysis

Brain tissue homogenates were analyzed for
Superoxide Dismutase (Using Misra & Fridovich
method) & Glutathione (Using Ellman’s (DTNB) assay)
(Chidambaram et al., 2024; Raffa et al., 2012)

Table 4: Effect of Lutein Administration on Neurobehavioural Test in Female Wistar Rats

Variables Groups
Control | Diazepam Diazepam + | Diazepam + | Diazepam + | Diazepam +
Only Lutein Lutein Lutein Donepenzil
(20mg/kg) (40mg/kQg) (60mg/kg)
Rotarod Stability Time 6.13+ 147+025 |3.47+081 3.33+0.37 4.24 +0.63 3.40+0.92
(s) 0.89 ok
Handgrip Stability Time | 3.67 £ 173+ 3.65+0.34 412+0.24 3.53+0.23 3.72+042
(s) 0.30 0.12**
Y Maze Inflexion Ratio 0.76 + 1.60 + 1.11+£0.10 0.41+0.11 0.39+0.05 0.56 + 0.04
(s) 0.13 0.13****
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Y Maze % Spontaneous 32,91+ 10.22 + 14.20 + 3450+0.73 | 36.89+1.12 | 32.11+2.38
Alteration 3.26 0.22%*** 1.50****

Barnes maze - Time spent | 14.80+ | 27.00 + 1760+ 216 | 12.20+£1.20 | 15.00+2.10 | 13.80 £ 3.03
in locating correct hole. 1.39 2.72%*

Week 1

Barnes maze - Time spent | 10.40 + 43.40 4.80+1.53 7.80 £ 0.97 19.00+2.82 | 8.40£3.79
in locating correct hole. 1.63 7.51****

Week 2

Barnes maze - Time spent | 12.80 + 42.20 £ 30.20 £ 6.20 +1.32 10.00 £4.11 | 12.60 £ 4.57
in locating correct hole. 3.81 3. 11**** 4.07*

Week 3

Barnes maze - Time spent | 2.20 + 520 = 3.40+0.51 2.00 £ 0.45 2.60x 051 1.80 £0.49
in locating incorrect hole. | 0.37 0.37**

Week 1

Barnes maze - Time spent | 0.60 = 2.80 = 0.60 +0.40 1.00+0.32 0.80 +0.37 0.80 +0.37
in locating incorrect hole. | 0.40 0.37**

Week 2

Barnes maze - Time spent | 3.40 = 280+0.86 | 3.60+0.81 1.80+1.11 2.40+0.93 3.88+0.49
in locating incorrect hole. | 1.16

Week 3

Table 5: Effects of Lutein, Diazepam, and Donepezil on Superoxide Dismutase (SOD) and Glutathione
(GSH)Levels

Variables Groups
Control Diazepam Only | Diazepam + | Diazepam + | Diazepam | Diazepam +
Lutein Lutein + Lutein Donepenzil
(20 mg/kg) (40 mg/kg) (60 mg/kg)
Superoxide 0.31+0.01 | 0.15+£0.01 *** | 0.25+0.01* | 0.26 £ 0.02 0.29+0.00 | 0.31+0.01
Dismutase (SOD)
Glutathione (GSH) | 1.00+0.10 | 0.64 £ 0.06 * 0.98+0.06 | 0.89+0.08 1.03+0.07 | 0.99 £ 0.04

DISCUSSION
Hand Grip and Rotarod Tests - Table 4

Diazepam had a significant effect in lowering
muscle strength and motor coordination, which is
congruent with sedative and muscle relaxation effects
through GABA-A receptor potentiation. However,
treatment with lutein (particularly at higher doses)
enhanced performance, largely coming close to levels
shown by donepezil. This implies that lutein has the
potential of reversing motor impairment that is caused by
oxidative dysfunction or GABAergic regulation. These
neuroprotective properties are similar in recent research
that showed the relationship between lutein and motor-
performance in scopolamine-induced models of
cognitive impairment (Chike et al., 2025).

Y Maze Inflexion Ratio and Y Maze % Spontaneous
Alteration - Table 4

Diazepam affected spontaneous alternation
behavior, a characteristic of working-memory deficits.
Lutein showed significant improvement in percentages
of alternation, which was similar to that of donepezil
group. This is consistent with the findings of other
studies that lutein supplementation promoted working
memory and attention in rodents and older adults (Nazari
et al., 2022; Lopresti et al., 2022). The increase in arm
entries also demonstrates the return to exploratory

behavior and this could be due to decreased sedation and
improved cognition.

Barnes Maze Parameters - Table 4

In the Barnes maze, diazepam-treated rats
showed longer escape latencies, fewer correct hole
entries, and more errors, which suggests that they did not
learn and memorize spatial information well Lutein
attenuated these impairments in a dose-dependent way,
lowering escape latency and errors, and raising the
number of correct entries. These are in keeping with the
known effects of lutein in improving hippocampal-
dependent spatial memory.

The test indicated that the memory of the escape
hole location remained in groups treated with lutein,
indicating further that it has a cognitive-enhancing effect.
Similar results were obtained in which lutein enhanced
Morri’s water maze and Barnes maze performance of
rodents in neurotoxicity models (Nazari et al., 2022).

Biochemical Indices - Table 5
Glutathione (GSH)

The change in the level of Glutathione were
seen to be statistically significant (p<0.05) when the
group 2 (diazepam only treated) were compared to that
of the control group (group 1) and the rest of test groups
varied only marginally (p>0.05) when compared to both
the value of the control and amongst themselves. These
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variations did not following any uniform pattern with
group 4 and 5 showing the a very high elevated level of
GSH. The changes in Glutathione levels following
different mode of administration of diazepam and lutein
indicated a significant (p<0.05) decrease in Group 2,
signifying the ability of a prolong treatment with
diazepam to decrease energy and maintain the GSH
concentration at a level significantly relevant when
compared to the control group.

Ahn and Kim (2021), demonstrated that lutein
supplementation in ovariectomized rats increased blood
glutathione levels and reduced lipid peroxidation,
supporting the current study's finding of significant GSH
elevation with medium and high lutein doses. This
suggests a protective mechanism against diazepam-
induced oxidative stress.

Superoxide Dismutase (SOD)

The change in the level of superoxide dismutase
were seen to be statistically significant (p<0.05) when the
group 2 (diazepam only treated) were compared to that
of the control group (group 1) and the rest of groups (test)
varied only marginally (p>0.05) when compared to both
the value of the control and amongst themselves. These
variations did not following any uniform pattern with
group 5 and 6 showing a very high elevated level of SOD.
The changes in superoxide dismutase levels following
different mode of administration of diazepam and lutein
indicated a significant (p<0.05) decrease in Group 2,
signifying the ability of a prolong treatment with
diazepam to decrease energy and maintain the SOD
concentration at a level significantly relevant when
compared to the control group.

The results align with those of Jayawickreme et
al., (2024) who had noted that lutein has the ability to
increase the activity of antioxidant enzymes, which gives
it the neuroprotective effect in neurodegenerative
models. The dose-related elevation of SOD, especially at
high doses, agrees with findings in models of Alzheimer
disease reported by Nazari et al., (2022), whose study
indicated that lutein improved memory deficits by
stimulating  antioxidant  defenses. Also, lutein
consumption in human subjects was associated with
enhanced cognitive performance among the older adults
(Johnson et al., 2012), further confirming its possible
application in memory disorders.

CONCLUSION

This research showed that the treatment of
lutein has remarkable improvements on memory-related
behaviour (Y-maze and Barnes maze) and important
brain antioxidants such as Glutathione (GSH) and
Superoxide Dismutase (SOD) in Wistar rats with
memory impairment induced by diazepam. The results
show a dose-dependent neuroprotective action: lutein at
40 and 60mg/kg caused the strongest increase in the
levels of GSH and SOD in comparison with the group
that received only diazepam. These findings point to the

effectiveness of lutein in alleviating oxidative stress
which is one of the key aspects in memory impairment
as well as surpassing the standard treatment in repairing
antioxidant defenses. Therefore, this research highlights
the possibility of using lutein as therapeutic agent in
treatment of neurological disorders associated with
oxidative stress.

REFERENCES

e Adeloye, D., Auta, A., Ezejimofor, M., Oyedokun,
A., Harhay, M. O., Rudan, I., & Chan, K. Y. (2019).
Prevalence of dementia in Nigeria: a systematic
review of the evidence. Journal of Global Health
Reports, 3.
https://doi.org/10.29392/joghr.3.62019014

e Ahn,Y.J, &Kim, H. (2021). Lutein as a Modulator
of Oxidative Stress-Mediated Inflammatory
Diseases. Antioxidants, 10(9), 1448.
https://doi.org/10.3390/antiox10091448

e Anand, S., & Schoo, C. (2024, January 11). Mild
Cognitive  Impairment.  PubMed;  StatPearls
Publishing.
https://www.ncbi.nIm.nih.gov/books/NBK599514/

e Anieto, A. C., Owolabi, A. O., Owolabi, M. O.,
Nwajei, A. ., & Onwuka, M. O. (2023). Risk factors
for mild cognitive impairment among older adults in
a hospital in southern Nigeria. African Journal of
Primary Health Care & Family Medicine, 15(1).
https://doi.org/10.4102/phcfm.v15i1.3942

e Chen, F., Chen,J, Liu, P., & Huang, Y. (2024). The
role of composite dietary antioxidants in elderly
cognitive  function: insights from NHANES.
Frontiers in Nutrition, 11.
https://doi.org/10.3389/fnut.2024.1455975

e Chidambaram, S. B., Anand, N., Varma, S. R,
Ramamurthy, S., Vichitra, C., Sharma, A,
Mahalakshmi, A. M., & Essa, M. M. (2024).

SUPEROXIDE DISMUTASE AND
NEUROLOGICAL DISORDERS. IBRO
Neuroscience Reports, 16, 373-394.

https://doi.org/10.1016/j.ibneur.2023.11.007

e Chike, C. P. R, Austin, A., & Grace, A.-A. (2025).
Evaluation of Antioxidant Enzyme Activity and
Oxidative Stress Markers in Male Wistar Rats
Following Scopolamine-Induced Depression and
Lutein Treatment. Sch Bull, 11(7), 124-130.
https://doi.org/10.36348/sb.2025.v11i07.002

o Jayawickreme, D. K., Ekwosi, C., Anand, A.,
Andres-Mach, M., Piotr Wlaz, & Katarzyna Socata.
(2024). Luteolin for neurodegenerative diseases: a
review. Pharmacological Reports, 76(4), 644—-664.
https://doi.org/10.1007/s43440-024-00610-8

e Jena, A. B, Samal, R. R., Bhol, N. K., & Duttaroy,
A. K. (2023). Cellular Red-Ox system in health and
disease: The latest update. Biomedicine &
Pharmacotherapy, 162, 114606.
https://doi.org/10.1016/j.biopha.2023.114606

e Johnson, E. J. (2012). A possible role for lutein and
zeaxanthin in cognitive function in the elderly. The

© 2025 | Published by Scholars Middle East Publishers, Dubai, United Arab Emirates 276



Austin A. Ajah et al, Saudi J Nurs Health Care, Nov, 2025; 8(11): 272-277

American Journal of Clinical Nutrition, 96(5),
1161S1165S.
https://doi.org/10.3945/ajcn.112.034611

Jomova, K., Alomar, S. Y., Alwasel, S. H,
Nepovimova, E., Kuca, K., & Valko, M. (2024).
Several lines of antioxidant defense against
oxidative stress: antioxidant enzymes,
nanomaterials with multiple enzyme-mimicking
activities, and low-molecular-weight antioxidants.
Archives of Toxicology, 98(5), 1323-1367.
https://doi.org/10.1007/s00204-024-03696-4

Jové, M., Mota-Martorell, N., Obis, E., Sol, J.,
Martin-Gari, M., Ferrer, I., Portero-Otin, M., &
Pamplona, R. (2023). Lipid Adaptations against
Oxidative Challenge in the Healthy Adult Human
Brain. Antioxidants, 12(1), 177-177.
https://doi.org/10.3390/antiox12010177

Jurcau, A. (2021). The Role of Natural Antioxidants
in the Prevention of Dementia—Where Do We
Stand and Future Perspectives. Nutrients, 13(2),
282. https://doi.org/10.3390/nu13020282

Lopresti, A. L., Smith, S. J., & Drummond, P. D.
(2022). The Effects of Lutein and Zeaxanthin
Supplementation on Cognitive Function in Adults
With Self-Reported Mild Cognitive Complaints: A
Randomized, Double-Blind, Placebo-Controlled
Study. Frontiers in Nutrition, 9.
https://doi.org/10.3389/fnut.2022.843512

National Institute of Health. (2022, May 23).
Antioxidant effects on dementia risk may differ.
National Institutes of Health (NIH).
https://www.nih.gov/news-events/nih-research-
matters/antioxidant-effects-dementia-risk-may-
differ

National Research Council. (2011). Guide for the
Care and Use of Laboratory Animals, 8th edition.
National Academies Press.
https://grants.nih.gov/grants/olaw/guide-for-the-
care-and-use-of-laboratory-animals.pdf

Nazari, L., Komaki, S., Salehi, I., Raoufi, S.,
Golipoor, Z., Kourosh-Arami, M., & Komaki, A.
(2022). Investigation of the protective effects of
lutein on memory and learning using behavioral
methods in a male rat model of Alzheimer’s disease.
Journal of Functional Foods, 99, 105319.
https://doi.org/10.1016/j.jff.2022.105319
Ogunniyi, A., Adebiyi, A. O., Adediran, A. B.,
Olakehinde, O. O., & Siwoku, A. A. (2016).
Prevalence estimates of major neurocognitive
disorders in a rural Nigerian community. Brain and
Behavior, 6(7). https://doi.org/10.1002/brb3.481
Raffa, M., Fendri, C., Ben Othmen, L., Slama, H.,
Amri, M., Kerkeni, A., & Mechri, A. (2012). The
reduction of superoxide dismutase activity is
associated with the severity of neurological soft
signs in patients with schizophrenia. Progress in
Neuro-Psychopharmacology and Biological
Psychiatry, 39(), 52-56.
https://doi.org/10.1016/j.pnpbp.2012.05.005
Roberts, R., & Knopman, D. S. (2013).
Classification and Epidemiology of MCI. Clinics in
Geriatric Medicine, 29(4), 753-772.
https://doi.org/10.1016/j.cger.2013.07.003

Singh, A., Kukreti, R., Saso, L., & Kukreti, S.
(2019). Oxidative Stress: a Key Modulator in
Neurodegenerative Diseases. Molecules, 24(8),
1583.

© 2025 | Published by Scholars Middle East Publishers, Dubai, United Arab Emirates

277



