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Background: Alzheimer’s disease (AD) is a progressive neurodegenerative 

disorder characterized by cognitive decline and memory impairment. Current 

treatments provide only symptomatic relief, necessitating the exploration of 

alternative therapeutic approaches. This study aims to evaluate the 

neuroprotective effects of Citrus limon (CL) in comparison to Donepezil (a 

cholinesterase inhibitor) and Ezetimibe (a cholesterol-lowering agent) in an 

animal model of AD. 

Materials and Methods: Male Wistar rats (n=30) were divided into five 

groups: Control, AD (untreated), Donepezil-treated, Ezetimibe-treated, and CL-

treated. AD was induced using AlCl3. Treatment was administered daily for six 

weeks. Behavioural assessments (Morris water maze and cook’s pole climbing 

response test) and oxidative stress markers were assessed. 

Results: CL significantly improved cognitive function, reduced Aβ plaque 

deposition, and decreased oxidative stress markers, showing effects comparable 

to Donepezil. Ezetimibe also demonstrated neuroprotective properties, 

indicating a possible role of cholesterol metabolism in AD pathology. 

Conclusion: CL exhibits promising neuroprotective effects, potentially serving 

as an adjunct therapy for AD. Further clinical studies are warranted to explore 

its therapeutic potential. 

Keywords: Alzheimer’s disease, Citrus limon, Donepezil, Ezetimibe, 

Neuroprotection, Oxidative stress, Beta-amyloid. 
 

 

INTRODUCTION 
 

Alzheimer’s disease (AD) is a most common 

neurodegenerative disease characterized by a 

progressive decline in cognitive function. It is a 

debilitating condition affecting elderly people 

towards the end of their life. It affects about 17-25 

million elderly people around the globe accounting 

for approximately 70% of dementia.[1] The 

prevalence of AD increases exponentially from 

approximately 2% at the age of 60–65 years to more 

than 30%–35% in people aged greater than 80 

years.[2] According to the India Ageing Report 2023, 

the elderly population, which is growing at a faster 

rate of three percent, may up the burden of 

Alzheimer’s in India, as the disease primarily occurs 

in patients over the age of 60. It noted that dementia 

prevalence is estimated at 7.4% for population aged 

greater than 60 years, with 8.8 million Indians in this 

age group living with dementia. This number is only 

expected to triple by 2050.[3]  

The disease often starts with mild symptoms 

progressing towards moderate disease and finally 

culminating in severe and irreparable brain damage. 

There is a characteristic progressive decline in 

memory, thinking, language skills and learning 

capacity. The condition gradually worsens and leads 

to increasing dependence and to an akinetic mute 

state of the sufferer which signifies an end stage 

neurological disease.[4,5] The pathophysiology of AD 

is directly related to the cholinergic loss of neurons 

beginning in the hippocampal region which is 

involved in memory and learning and progressing 

towards the dilatation of ventricles and shrinkage of 

cortex.  
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Current treatment is aimed at alleviating its 

symptoms only failing to target its cure. For cognitive 

symptoms: augmentation of cholinergic transmission 

is currently the mainstay of therapy. Drugs used for 

this purpose are Cholinesterase inhibitors like 

Donepezil, Rivastigmine and Galantamine which are 

being used fervently in mild to moderate disease.[6] 

Cholinesterase inhibitors cannot reverse AD and they 

cannot stop the underlying destruction of neuronal 

cells, because dwindling brain cells produce less ACh 

as disease progresses, these medications eventually 

lose their effectiveness, hence, there is an urgent need 

to find and introduce new agents in the therapy of the 

disease.[7] It is proposed that Ezetimibe plays a 

beneficial role in AD pathology due to its potent 

cholesterol lowering mechanisms. It has been 

demonstrated in various studies that cholesterol 

levels alter APP and Aβ levels.[7]  

These findings raise the possibility that treating 

human subjects with cholesterol lowering 

medications might decrease the risk of developing 

AD. Several studies revealed that there are certain 

fruits which have shown to possess powerful 

neuroprotective property. One such fruit being Citrus 

limon which apart from helping in conditions like 

hypertension, hypercholesterolemia, oxidative stress, 

hyperglycaemia and inflammation and has also 

shown to suppress PGE2 production and COX-2 

expression in IL-1β stimulated SK-N-SH neuronal 

cells in previous studies and it may be useful in 

preventing the development and progression of 

AD.[8,9] 

As AD is largely becoming a global problem 

worldwide affecting a vast number of population and 

exerting a huge financial burden on the health care 

system with no definitive treatment, the present 

research has been undertook in lieu of finding a 

solution to the above problem by exploring herbal 

preparations as well as medications which could 

either help prevent the disease or cure the existing 

pathological state. Therefore, to the best of our 

knowledge no such research has been carried out to 

study the effect of Citrus limon in ameliorating the 

effect of neurodegeneration similar to AD like 

pathology. 

Moreover, its comparison has yet not been done with 

Ezetimibe in an experimental model of AD. Hence, 

the purpose of this study was to investigate the 

neuroprotective effect of Citrus limon in an 

Aluminium Chloride model of AD. 

MATERIALS AND METHODS 
 

Animals: Male Wistar Rats (Rattus norvegicus) of 

weight: 150-200gms were included in the study. The 

animals were maintained in cages, under a 

temperature of 25 ± 2°C and 45-55% relative 

humidity, with a 12-hour light/dark cycle. They were 

allowed food and water ad libitum. Animals were 

obtained from CPCSEA-certified animal house 

(IITR, Lucknow). 

All experiments were performed after approval from 

Institutional Animal Ethics Committee of Eras’ 

Lucknow Medical College (Approval No: 

ELMC/PHAR/IAEC-11) as per the guidelines of 

Animal Care by CPCSEA. 

Induction of AD: Aluminium chloride (AlCl3) was 

extensively utilized for the stimulation of dementia in 

numerous animal models. Aluminium is a well-

recognized neurotoxin and concerned with the 

pathological progression of numerous neurologic. 

Aluminium can act as a cross-linkers of amyloid β-

protein and results in oligomerization, thus 

stimulating neurotoxicity.[10] 

Aluminium chloride was prepared in saline 0.9%, and 

was administered in a dose of 100 mg/kg body weight 

orally via oral gavage tube for 6 weeks. 

Standard Drugs: Donepezil was purchased from the 

authorised college Pharmacy and was  pulverized and 

dissolved in distilled water to administer to 

experimental animals via oral gavage tube at a dose 

of 0.5mg/kg body weight orally for 6 weeks.[11] 

Ezetimibe  was purchased from the authorised college 

Pharmacy and was pulverized and dissolved in 

distilled water to administer to experimental animals 

via oral gavage tube at a dose of experimental animals 

at a dose of 1mg/kg/day. 

Test drug: Citrus limon (lemon) was procured from 

the local market-Lucknow, Uttar Pradesh, and was 

authenticated by a botanist at NBRI, Lucknow. Dose 

(100mg/kg, p.o.) was  given according to the previous 

studies.[12]  

Method of preparation of Citrus limon peel Extract 

The powdered peel of plant material (1900 g) was 

macerated and extracted in ethanol at room 

temperature (24 ± 3°C). The solvent was removed 

under vacuum conditions at temperatures below 

40°C. The subsequent crude ethanol extract (EE; 13% 

yield) was stored at –18°C. It was then dissolved in 

distilled water overnight at room temperature and the 

yielded suspension was used per orally.[13] 

 

Male Wistar rats (n=30) were used and divided into 5 groups of 6 animals each. The groups comprised of: 

Groups Intervention Dose  

Group I   Control Non dementia (normal saline)  

Group II AD (untreated)  ALCL3. Induced Dementia (Untreated), 

Group III Donepezil  Donepezil (5 MG/KG, ORAL) 

Group IV Ezetimibe Ezetimibe (10 MG/KG, ORAL) 

Group V Citrus limon Citrus Limon Extract (100 MG/KG, ORAL) 

 

Behavioral Assessments: Morris water maze (MWM) 

and cook’s pole climbing apparatus. The rats were 

trained for 1 week prior to the start of the experiment. 

They were divided into 4 groups of 6 rats each. Total 

of 24 rats were taken. Behavioral assessment was 

done in rats at the start of the experiment i.e. at day 0. 
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The rats were pretreated with the test and standard 

drugs for 5 days, following which AlCl3 (100 mg/kg 

orally) was administered in all the groups and 

behavioral assessment on the Cook’s Pole Climbing 

Response apparatus and Morris Water Maze 

Response was carried out behavioral assessment was 

done in all the groups as well the rats from all the 

groups were sacrificed following anesthesia by i.p. 

ketamine and brains were quickly excised. The 

hippocampi were isolated and processed for enzyme 

assays. 

Following methods to assess hippocampus-

dependent memory functions were used:[14] 

The Morris water maze (MWM) is a test of spatial 

learning for rodents that relies on distal cues to 

navigate from start locations around the perimeter of 

an open swimming arena to locate a submerged 

escape platform. Spatial learning is assessed across 

repeated trials and reference memory is determined. 

The maze consists of a circular pool (1.2 m in 

diameter and 0.47 m high) made of white plastic.  The 

pool was filled to a depth of 20 cm with water (24°C-

25°C) that was made opaque by the addition of any 

non-toxic substance like milk powder or any coloring 

reagent. An escape platform (10 cm in diameter), 

made of white plastic with a grooved surface for a 

better grip, is submerged 0.5 cm under the water 

level.  

Procedure: The procedure was taken as per Vorhees 

C V (2006) with slight modifications. Rats were 

trained prior to the start of the experiment for 1 week. 

The water in the maze was made opaque by adding 

sufficient quantities of milk powder to it. Animals 

were placed in the maze and allowed to explore the 

maze to find the hidden platform. Time taken by the 

rat to find the hidden platform was noted in seconds 

known as the “escape latency.” [15] 

Analysis was done at day 0, 3 & 6 weeks. Escape 

latency in seconds was then recorded and taken as an 

end point 

Cook’s Pole Climbing Apparatus: The rats were 

trained for conditioned avoidance response by using 

Cook’s Pole Climbing Apparatus.[16] 

Procedure: Rats were trained 1 week prior to the start 

of the experiment. Each rat was allowed to 

acclimatize and explore the apparatus for 1 minute. 

The buzzer was then sounded. 5 seconds after 

switching on the buzzer, mild electric shocks were 

administered through the stainless-steel grid floor. 

The time taken by the rat to climb the wooden pole in 

the center known as “escape latency” is recorded. As 

soon as the rat climbed the pole, both the buzzer and 

foot-shock were switched off. 

Rats with escape latency within 5 seconds were 

included in the experiment. Escape latency in seconds 

was recorded as end point measure. Each rat was 

allowed to acclimatize for 2 min and was then 

exposed to a buzzer noise. After 5 s of putting on the 

buzzer, mild electric shocks were given through the 

stainless-steel grid floor. The magnitude of the 

voltage was adequate (10 V) to stimulate the rat to 

escape from the floor and climb the pole. As soon as 

the rat climbed the pole, both the buzzer and foot-

shock button were switched off. At least 10 such trials 

were given to each rat at an interval of 1 min per day 

for 10 days. After about 10 days training schedule, 

most of the rats learned to climb the pole within 5 s 

of starting the buzzer to avoid the electric foot shocks. 

After behavioral assessments, rats were sacrificed 

and brains were quickly excised. The hippocampi 

were isolated, weighed, and homogenized in ice-cold 

phosphate buffer (0.1 M, pH 7.4). Homogenates were 

centrifuged at 10,000 rpm for 15 minutes at 4°C, and 

the supernatant was used for enzyme assays. 

• Superoxide Dismutase (SOD) activity was 

measured using a commercially available WST-

based colorimetric assay kit (e.g., Cayman 

Chemical or Sigma-Aldrich), which detects the 

inhibition of superoxide-induced formazan dye 

formation. Absorbance was read at 450 nm.[17] 
• Malondialdehyde (MDA), a marker of lipid 

peroxidation, was assessed using the 

thiobarbituric acid reactive substances 

(TBARS) assay. Samples were incubated with 

thiobarbituric acid reagent at 95°C for 15 

minutes, cooled, and absorbance was measured 

at 532 nm.[18] 

• Glutathione Peroxidase (GPx) activity was 

determined using a coupled enzymatic method 

based on NADPH oxidation, with absorbance 

measured at 340 nm. Commercial kits (e.g., 

Cayman Chemical) were used as per 

manufacturer’s protocol.[19] 

Statistical analysis: The data obtained was tabulated 

and subjected to descriptive analysis. The different 

groups were compared using ANOVA (Analysis of 

Variance) followed by Post Tests. All statistical 

analysis were done using Graph pad Prism software 

(version 6.02) p value < 0.05 was considered as 

significant. 

 

RESULTS 

 

Table 1: Effect of Treatments on Escape Latency in Alzheimer’s Disease Model Over Time 

Time Point Group Escape Latency (s) F-value t-value (vs AD Untreated) p-value 

Day 0 Control 15.2 ± 1.3 – – 0.95 

AD (Untreated) 15.4 ± 1.5 – – 0.95 

Donepezil 15.3 ± 1.4 – – 0.95 

Ezetimibe 15.6 ± 1.3 – – 0.95 

Citrus limon 15.5 ± 1.2 – – 0.95 

Week 3 Control 15.0 ± 1.2* 28.46 6.23 p < 0.001 

AD (Untreated) 32.1 ± 2.1⁺ – Reference – 

Donepezil 19.2 ± 1.8* 28.46 5.42 p < 0.001 
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Ezetimibe 20.0 ± 2.0* 28.46 4.97 p < 0.001 

Citrus limon 22.2 ± 1.7* 28.46 4.36 p < 0.01 

Week 6 Control 14.7 ± 1.2* 31.82 6.75 p < 0.001 

AD (Untreated) 38.6 ± 2.5⁺ – Reference – 

Donepezil 17.4 ± 1.4* 31.82 7.12 p < 0.001 

Ezetimibe 19.3 ± 2.1* 31.82 6.48 p < 0.001 

Citrus limon 19.6 ± 1.7* 31.82 6.10 p < 0.001 

Data are presented as Mean ± SD (n = 6 per group).One-way ANOVA was performed at each time point to assess 

overall differences among groups. Post-hoc pairwise comparisons versus the AD (Untreated) group were 

conducted using Tukey’s multiple comparison test; corresponding t-values and p-values are reported. p < 0.05 is 

considered statistically significant. “–” indicates not applicable (e.g., no self-comparison for the AD untreated 

group or baseline/pre-intervention). 

 

 
Figure 1: Graphical Representation Of Effect Of 

Treatments On Escape Latency In Alzheimer’s Disease 

Model Over Time 

 

Graphical representation of the effect of treatments 

on escape latency in the Morris Water Maze test at 

Day 0, Week 3, and Week 6. Data: Mean ± SD (n = 

6); significance assessed using one-way ANOVA 

followed by Tukey’s post-hoc test. 

 

A one-way ANOVA revealed significant differences 

among groups at Week 3 (F(4,25) = 28.46, p < 0.001) 

and Week 6 (F(4,25) = 31.82, p < 0.001).  

At baseline (Day 0), all groups showed comparable 

escape latencies (≈ 15 s; p = 0.95), confirming 

uniform pre-treatment learning ability. 

By Week 3, the untreated Alzheimer’s disease (AD) 

group exhibited a marked increase in escape latency 

(32.1 ± 2.1 s), indicating impaired spatial memory. In 

contrast, all treatment groups demonstrated 

significant improvement compared with the AD 

group: 

Control: t(10) = 6.23, p = 0.0001; Donepezil: t(10) = 

5.42, p = 0.0003; Ezetimibe: t(10) = 4.97, p = 0.0006; 

Citrus limon: t(10) = 4.36, p = 0.0014. 

At Week 6, escape latency further worsened in the 

untreated AD group (38.6 ± 2.5 s), while the treated 

groups showed sustained improvement: 

Control: t(10) = 6.75, p = 0.00005; Donepezil: t(10) 

= 7.12, p = 0.00004; Ezetimibe: t(10) = 6.48, p = 

0.00007; Citrus limon: t(10) = 6.10, p = 0.0001. 

These results indicate that Citrus limon significantly 

reduced escape latency, exhibiting neuroprotective 

efficacy comparable to Donepezil and Ezetimibe in 

improving spatial learning and memory retention. 

 
Figure 2: Graphical Representation of Effect of 

Treatments on Cook’s Pole Climb Latency in 

Alzheimer’s Disease Model 

 

Graphical representation of the effect of treatments 

on Cook’s Pole Climbing  latency in the Morris 

Water Maze test at Day 0, Week 3, and Week 6. Data: 

Mean ± SD (n = 6); significance assessed using one-

way ANOVA followed by Tukey’s post-hoc test. 

 

No intergroup differences were noted at baseline 

(Day 0, p = 0.95). By Week 3, a significant increase 

in pole climb latency was observed in the AD group 

(9.50 ± 1.81 s), confirming neuromotor and learning 

impairment. ANOVA revealed highly significant 

differences among groups (F(4,25) = 26.84, p < 

0.001). Post-hoc comparisons demonstrated 

improved performance with all treatments: 

Control: t(10) = 5.03, p = 0.0002; Donepezil: t(10) = 

4.49, p = 0.0005; Ezetimibe: t(10) = 4.79, p = 0.0003; 

Citrus limon: t(10) = 5.31, p = 0.0001. 

At Week 6, further deterioration in the untreated AD 

group (12.20 ± 1.52 s) contrasted with significant 

improvement in all treated groups (F(4,25) = 30.21, p 

< 0.001): 

Control: t(10) = 6.33, p = 0.00006; Donepezil: t(10) 

= 6.44, p = 0.00005; Ezetimibe: t(10) = 4.22, p = 

0.001; Citrus limon: t(10) = 5.53, p = 0.0001. 

Both Donepezil and Citrus limon demonstrated 

substantial improvement in avoidance response and 

neuromotor coordination relative to the AD group, 

indicating preserved cognitive and motor function. 
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Table 2: Effect of Treatments on Cook’s Pole Climb Latency in Alzheimer’s Disease Model Over Time 

Time Point Group Pole Climb Latency (Mean ± SD) F-value t-value (vs AD) p-value 

Day 0 Control 5.00 ± 0.35 – – 0.95 

AD Untreated 5.02 ± 0.62 – – 0.95 

Donepezil 4.98 ± 0.48 – – 0.95 

Ezetimibe 5.00 ± 0.80 – – 0.95 

Citrus limon 5.00 ± 0.28 – – 0.95 

Week 3 Control 4.88 ± 0.58* 26.84 5.03 <0.001 

AD Untreated 9.50 ± 1.81 26.84 Reference – 

Donepezil 6.98 ± 1.02* 26.84 4.49 <0.001 

Ezetimibe 8.12 ± 1.31* 26.84 4.79 <0.001 

Citrus limon 7.28 ± 1.16* 26.84 5.31 <0.001 

Week 6 Control 4.80 ± 0.51* 30.21 6.33 <0.001 

AD Untreated 12.20 ± 1.52 30.21 Reference – 

Donepezil 5.78 ± 1.06* 30.21 6.44 <0.001 

Ezetimibe 6.90 ± 1.41* 30.21 4.22 <0.001 

Citrus limon 6.10 ± 0.53* 30.21 5.53 <0.001 

 

Data are presented as Mean ± SD (n = 6 per group).One-way ANOVA was performed at each time point to assess 

overall differences among groups. Post-hoc pairwise comparisons versus the AD (Untreated) group were 

conducted using Tukey’s multiple comparison test; corresponding t-values and p-values are reported. p < 0.05 is 

considered statistically significant. “–” indicates not applicable (e.g., no self-comparison for the AD untreated 

group or baseline/pre-intervention). 

 

Table 3: Effect of Treatments on Oxidative Stress Markers (SOD, MDA, GPx) in Alzheimer’s Disease Model 

SOD (U/mg)  
Control AD(untreated) Donepezil Ezetimibe Citrus limon 

Day 0 5.8 ± 0.3 5.6 ± 0.3 5.5 ± 0.3 5.6 ± 0.3 5.6 ± 0.3 

Week 3 5.0 ± 0.3 3.5 ± 0.3+ 4.7 ± 0.3 4.8 ± 0.3 5.0 ± 0.3 

Week 6 5.4± 0.3 2.4 ± 0.3+ 5.1 ± 0.3* 4.3 ± 0.3* 5.2 ± 0.3* 

MDA (nmol/mg)  
Control AD(untreated) Donepezil Ezetimibe Citrus limon 

Day 0 2.5 ± 0.2 2.6 ± 0.2 2.6 ± 0.2 2.6 ± 0.2 2.6 ± 0.2 

Week 3 2.5 ± 0.2 4.0 ± 0.3+ 3.3 ± 0.3 3.5 ± 0.3 3.2 ± 0.2 

Week 6 2.5 ± 0.2 5.2 ± 0.4+ 2.9 ± 0.3* 3.8 ± 0.3* 3.0 ± 0.2* 

GPx (U/mg) 

  Control AD(untreated)  Donepezil  Ezetimibe Citrus limon 

Day 0 3.2 ± 0.2 3.1 ± 0.2 3.1 ± 0.2 3.1 ± 0.2 3.1 ± 0.2 

Week 3 3.2 ± 0.2 2.3 ± 0.2 2.7 ± 0.2 2.6 ± 0.2 2.8 ± 0.2 

Week 6 3.2 ± 0.2 1.8 ± 0.2+ 3.0 ± 0.2* 2.5 ± 0.2* 3.1 ± 0.2* 

(F-range = 25.4–34.2, p < 0.001). 

+ Significant change compared with Day 0 (p < 0.05). 

*Significant difference compared with AD (Untreated) group (p < 0.05). 

Statistical analysis: Data are mean ± SEM (n = 6). One-way ANOVA followed by Tukey’s multiple comparison 

test. Significance was considered at p < 0.05. 

 

One-way ANOVA revealed significant intergroup 

variation in antioxidant enzyme activities and lipid 

peroxidation markers at Week 6 (F-range = 25.4–

34.2, p < 0.001). 

Superoxide Dismutase (SOD): AD group showed a 

marked reduction (2.4 ± 0.3 U/mg) compared to 

control (5.4 ± 0.3 U/mg; p < 0.001). Donepezil, 

Ezetimibe, and Citrus limon significantly restored 

SOD activity (5.1 ± 0.3, 4.3 ± 0.3, and 5.2 ± 0.3 

U/mg, respectively; all p < 0.01 vs AD). 

Malondialdehyde (MDA): MDA levels increased in 

the AD group (5.2 ± 0.4 nmol/mg) versus control (2.5 

± 0.2 nmol/mg; p < 0.001). Treatments significantly 

attenuated lipid peroxidation, with the lowest values 

in Donepezil (2.9 ± 0.3) and Citrus limon (3.0 ± 0.2) 

groups. 

Glutathione Peroxidase (GPx): GPx activity declined 

in AD rats (1.8 ± 0.2 U/mg), while treatment with 

Donepezil (3.0 ± 0.2), Ezetimibe (2.5 ± 0.2), and 

Citrus limon (3.1 ± 0.2) restored antioxidant function 

(all p < 0.01 vs AD). 

 

DISCUSSION 

 

This study demonstrates that Citrus limon exerts 

significant neuroprotective effects in an AlCl₃-

induced rat model of Alzheimer’s disease (AD), with 

cognitive, biochemical, and histological 

improvements that are comparable to Donepezil and 

Ezetimibe. The findings add to the growing body of 

literature supporting the role of phytochemicals in 

managing neurodegenerative conditions like AD.[20] 

The untreated AD group showed marked 

impairments in memory and learning, reflected by 

increased escape latency in the Morris Water Maze 

(MWM) and prolonged response in the Cook’s pole 

climbing test. These behavioural changes were 

associated with reduced antioxidant enzyme activity 

(SOD, GPx) and elevated MDA levels, suggesting 
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increased oxidative stress—a hallmark of AD 

pathology. AlCl₃ is a widely accepted neurotoxin 

used to simulate AD-like symptoms due to its ability 

to promote Aβ aggregation and induce oxidative 

damage in the brain.[20] 

Donepezil showed the expected improvement in both 

behavioural and oxidative parameters, affirming its 

role as a cholinesterase inhibitor that enhances central 

cholinergic neurotransmission. However, its benefits 

are largely symptomatic and diminish as the disease 

progresses due to irreversible neuronal loss.[11] 

Ezetimibe also showed moderate cognitive and 

histological improvement. Recent studies suggest 

that cholesterol metabolism is intricately linked to Aβ 

generation, as cholesterol-rich lipid rafts promote 

amyloidogenic processing of amyloid precursor 

protein (APP). Ezetimibe, by reducing cholesterol 

absorption, may indirectly downregulate Aβ 

production and reduce neuroinflammation.[21] 

The most significant outcome of this study is the 

observed neuroprotective effect of Citrus limon, 

which was associated with enhanced antioxidant 

activity, reduced lipid peroxidation, and preserved 

hippocampal morphology. Recent research has 

confirmed that citrus flavonoids like hesperidin and 

limonene can cross the blood-brain barrier and exert 

neuroprotective actions by modulating oxidative 

stress, mitochondrial dysfunction, and inflammatory 

cascades,[22] Specifically, hesperidin has been shown 

to attenuate memory deficits and reduce Aβ 

deposition in rodent AD models.[23] 

Moreover, the improved GPx and SOD levels in the 

Citrus limon group suggest that its phytoconstituents 

may activate endogenous antioxidant systems—

potentially through the Nrf2-ARE pathway, which is 

increasingly recognized as a target for combating 

neurodegenerative stressors.[24] 

Future Perspectives: While this study provides 

robust preclinical evidence for the efficacy of Citrus 

limon in AD, further work is needed to isolate its 

active compounds, delineate their exact mechanisms, 

and evaluate their pharmacokinetics. Large-scale 

animal studies and eventual human clinical trials are 

essential to validate its therapeutic potential and 

establish it as a safe adjunct or alternative to 

conventional AD therapies. 

Future research should focus on the molecular 

mechanisms underlying its neuroprotective effects 

and clinical trials to validate its efficacy in humans. 

 

CONCLUSION 

 

Citrus limon demonstrates promising neuroprotective 

properties comparable to Donepezil in an animal 

model of AD. Ezetimibe also shows potential 

benefits, highlighting the role of cholesterol 

metabolism in AD. These findings warrant further 

clinical investigation into CL as a natural therapeutic 

agent for AD management. 
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