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Abstract: In this study, it was aimed to investigate the effects of EVOO, rosmarinic acid and donepezil in Alzheimer's model 

to be created with AlCl3 in rats. For this reason, administration of 100 mg/kg aluminum chloride (AlC3) for 15 days to Sprague Dawley 

adult male rats; donepezil, Extra-virgin olive oil (EVOO) and rosmarinic acid were administered to three different groups for 21 days 

by applying treatment protocols. With this study, we were able to demonstrate that cognitive impairment has been occurred after 15 

days of AlCl3 administration by oral gavage and treatment protocols prevented the occurrence of AD pathology histopathologically. 

We also showed that oxidative damage findings which are positively Congo-red stained cell cytoplasm and impaired cell integrity have 

been observed in serum and hippocampus. Besides, treatment groups showed better cognitive and motor performance, and there was 

no damage to the cells in control and treatment groups. In the rotarod motor performance test, a significant increase was observed in 

the donepezil group compared to the AlCl3 group at speeds of 26 and 30 rpm. In MVM, on the 5th day of the experiment, a significant 

increase was observed in the donepezil group compared to the AlCl3 group, as they were spending more time in the hidden platform 

area. These results show that 15 days of aluminum exposure is effective in creating a moderate Alzheimer’s pathology, but further 

chronic research is necessary to explain the efficiencies of rosmarinic acid and EVOO in treatment. 

Keywords: Aluminum chloride, Alzheimer, donepezil, EVOO, rosmarinic acid. 

Ratlarda alüminyum klorür ile oluşturulmuş Alzheimer modelinde sızma zeytinyağı, donepezil ve 

rosmarinik asidin antioksidan ve nöroprotektif etkilerinin karşılaştırılması 

Özet: Bu çalışmada; sıçanlarda AlCl3 ile oluşturulan Alzheimer modelinde, EVOO, rozmarinik asit ve donepezilin etkilerinin 

araştırılması amaçlanmıştır. Bu sebeple, Sprague Dawley yetişkin erkek sıçanlara 15 gün boyunca 100 mg/kg alüminyum klorür (AlC3) 

uygulanmasının ardından; üç farklı gruba 21 gün süreyle donepezil, erken hasat sızma zeytinyağı (EVOO) ve rosmarinik asit tedavi 

protokolleri uygulanmıştır. Bu çalışmada, oral gavaj ile AlCl3 uygulamasından 15 gün sonra bilişsel bozulmanın ortaya çıktığı ve tedavi 

protokollerinin histopatolojik olarak AH patolojisinin ortaya çıkmasını engellediğini görülmüştür. Serum ve hipokampusta da oksidatif 

hasar bulguları olan Congo-red pozitif boyanmış hücre sitoplazması ve bozulmuş hücre bütünlüğü gösterilmiştir. Ayrıca, tedavi grupları 

daha iyi bilişsel ve motor performans göstermiş, kontrol ve tedavi gruplarındaki hücrelerde hasara rastlanmamıştır. Rotarod motor 

performans testinde donepezil grubunda 26 ve 30 rpm hızlarda AlCl3 grubuna göre anlamlı artış gözlenmiştir. MWM testinde deneyin 

5. gününde donepezil grubu, platformun bulunduğu alanda AlCl3 grubuna göre anlamlı olarak daha fazla zaman geçirdiği gösterilmiştir. 

Bu sonuçlar, 15 günlük alüminyum maruziyetinin ılımlı AH patolojisi oluşturmada etkili olduğunu göstermektedir ancak rosmarinik 

asit ve EVOO’nun tedavideki etkinliklerini açıklamak için daha fazla kronik araştırmaya ihtiyaç duyulmaktadır. 

Anahtar sözcükler: Alüminyum klorür, Alzheimer, donepezil, EVOO, rosmarinik asit. 
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Introduction 

Alzheimer’s disease (AD) is the most common 

neurodegenerative disorder with a gradual deterioration in 

cognitive function, leading to reduced quality of life in 

humans (41). AD is the most common neuropathological 

form of dementia and characterized by senile plaques and 

neurofibrillary tangle lesions in the brain, mostly formed 

by the accumulation of β-amyloid (Aβ) and hyper-

phosphorylated tau protein (37). Early identification of 

risk factors for AD will allow early diagnosis of the 

disease and therefore, develop successful treatment 

strategies (13). Although metals such as aluminum, 

copper, zinc, lead, mercury, and iron cause neurotoxicity, 

it has been reported that aluminum (Al) metal is the 

biggest risk factor for the cause and development of AD 

(12). Aluminum accumulates in the cortex, cerebellum, 

and hippocampus, which are responsible for memory and 

cognition (36). It has been shown in many studies that 

chronic aluminum chloride (AlCl3) application is used as 

an AD model in rodents (22, 29). 

Currently, there is no drug group or treatment 

method that can fully treat AD; however, to increase the 

welfare of the individuals who have the disease, dietary 

adjustments or treatment programs with certain drugs are 

implemented. Acetylcholinesterase enzyme inhibitor 

(AChEI) is one of the frequently preferred groups used in 

drug treatment. AChEI’s act by preventing enzymatic 

degradation and are seen as first-line treatment options for 

AD. AChEI group drugs act without changing the 

development of the underlying pathology, relieving the 

symptoms and increasing the patient’s quality of life and 

are considered "symptomatic drugs" (18, 43). Donepezil, 

which is still preferred as the first choice for AD treatment, 

remains popular due to its low toxicity and good 

tolerability (44). Oxidative stress is considered to be one 

of the most important causes of pathological phenomena, 

such as aging and AD in humans (19). Therefore, the 

interest of researchers working in this field are: directed 

more towards natural foods containing high levels of 

antioxidants recently. Among them, extra-virgin olive oil 

(EVOO) has an important place. EVOO is an essential 

component of the Mediterranean diet and has been 

associated with a long healthy life. EVOO is a complex 

mixture with 98% fatty acids esterified with mono and 

diglycerols and 2% non-saponified components (14). 

Despite our knowledge of EVOO phenol’s protective role 

in different pathologies, few studies describe the 

molecular mechanisms that show how olive oil affects 

longevity. Studies in rodents have shown that animals fed 

a diet containing high polyphenols increased cognitive 

ability and reversed oxidative damage in the brain (31). 

Another phenol carboxylic acid derivative known to have 

antioxidant effects is rosmarinic acid (RA); which is in 

various foods and plants. RA contains antioxidant, anti-

inflammatory, anti-apoptotic and neuroprotective 

phenolic compounds (30).  

In this study, we aimed to investigate the effects of 

EVOO, rosmarinic acid, and donepezil on behavioral 

paradigms and the therapeutic effects of substances in the 

prefrontal cortex and hippocampus of rats in the 

Alzheimer’s model to be created with AlCl3 

administration.  

 

Materials and Methods 

Subjects: Thirty-five adult male Sprague Dawley 

rats (300-350 gr) were used in this study. All rats were 

housed in pairs in cages with free access to water and 

laboratory chow. They were kept in a 12h-light/12h-dark 

cycle at constant room temperature (22±1°C) and 

humidity (60%). Dokuz Eylül University Animal 

Experiments Local Ethics Committee approved all 

experimental procedures (Ethics committee approval date: 

14.12.2017 decision number: 25/2017). 

Experimental Design: 35 healthy male Sprague 

Dawley rats were divided into five groups: control group, 

AlCl3 group, donepezil group, EVOO group, and 

rosmarinic acid group (n=7 in each group). Physiological 

saline (PS) was administered to the control group at a dose 

of 1 ml orally once a day during the study. AlCl3 was 

obtained from the chemical named AlCl3 Aluminum 

chloride Anhydrous (Sigma-Aldrich CAS number: 7446-

70-0). AlCl3 was administered orally at a dose of 100 

mg/kg for 15 days to the animals once a day to induce 

cognitive impairment (24). Donepezil was obtained from 

the drug (Pfizer ARICEPT ® 10 mg donepezil 

hydrochloride) equivalent to 9.12 mg donepezil as the 

active ingredient frequently preferred at the onset of AD. 

Donepezil was administered orally at a dose of 5 mg/kg 

once a day to the animals (5). EVOO; supplied from oral 

preparation (Cardiolive, TUAY, TURKEY). 1 ml of 

EVOO was administered orally to the animals once a day 

for 1 day (27). Rosmarinic acid was obtained from 

rosemary juice (Arifoğlu ®). It is obtained from the 

aboveground parts of the rosemary plant by the method of 

water vapor distillation. Rosmarinic acid was 

administered orally at a dose of 1 ml once a day for 21 

days to be used in animals (35). At the end of the 5 weeks, 

learning and memory were assessed by Morris Water 

Maze, anxiety was assessed by open field and elevated 

plus maze tests. Motor functions assessed by rotarod 

motor performance test. Animals were euthanized under 

carbon dioxide anesthesia, blood samples were obtained 

drawing all intracardiac blood, and brain tissues were 

removed rapidly. The right hemisphere of the brain was 

placed in 10% formol for histological examination, while 

the other hemisphere was separated from the hippocampus 
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and prefrontal cortex. Homogenate and supernatant were 

prepared from these separated pieces for biochemical 

analysis. The thymus and adrenal gland tissues of the rats 

were also removed and their weight was recorded. 

Relative adrenal and thymus weight adrenal weight/body 

weight ratio; calculated by thymus weight/body weight 

ratio. 

Morris Water Maze Test (MWM): Learning 

experiments were conducted using Morris water maze 

test. By placing signs such as a clock and a painting on the 

room walls where the pool is located, rats were allowed to 

determine their direction using these signs. A video 

camera system was installed to monitor and record rats’s 

behavior at an average height of 2 m from the center of the 

tank. On each test day, rats were placed in the water facing 

the pool edge from one of the 3 randomly selected 

quadrants without the hidden platform and allowed to 

swim until they found the hidden platform. Maximum 

swimming time was limited to 60 seconds. If the rat could 

not find the platform within 60 seconds, the rat placed on 

the for 15 seconds after the try. Each rat was subjected to 

five consecutive experiments per day, with intervals of 60 

seconds. After completing each experiment, the rats were 

taken from the platform, dried, and placed in their cages. 

These procedures were repeated for 4 consecutive days. 

Thus, a total of 20 experiments was applied to each rat for 

4 days. On day 5, a probe trial was applied to each rat. The 

platform was removed from the pool, and the rat was 

allowed to swim for 60 seconds. Behavioral data were 

evaluated using the HVS image video tracking system as 

swimming distance, time to find the platform, and the time 

spent in each quadrant (39).  

Open Field Test (OF): This test is commonly used 

to assess spontaneous locomotor activity and anxiety. The 

open field consists of a 1x1m area surrounded by a wall of 

50 cm in height. A video camera was installed 2.5 m above 

the apparatus. Each rat was placed in the center of the open 

field, and locomotor activity was measured for 5 min in a 

soundproof observation room, illuminated with controlled 

light (100lx) (7).  

Elevated Plus Maze (EPM): The elevated plus maze 

is another commonly used experimental rodent model to 

assess anxiety. The elevated plus maze apparatus consists 

of a central platform (5cm×5cm) with two open arms                 

(50 cm long, 10 cm wide and 0.5 cm high borders) and two 

closed arms (50 cm long, 10 cm wide with 40 cm high 

walls), each elevated 50 cm above the floor. Rats were 

placed on the platform facing the open arm and were 

observed for 5 min. The total number of entries into the 

open and closed arms, as well as the entire time spent on 

the open and closed arms was measured (15).  

Rotarod Test (RT): The rotarod test setup enables 

the evaluation of motor performance by measuring 

balance, coordination, and motor control. The apparatus 

measures the rodent’s ability to stand on a rotating shaft at 

a certain speed or with increasing speed. In the speed-

increased protocol, graded speeds between 4-40 rpm are 

tried in each trial. The test, which was applied for 300 

seconds, it was started with a speed of 16 rpm and 

measurements were made gradually at 20, 26, and 30 rpm. 

In the five-lane set-ups, two rats were tested 

simultaneously. With the help of the mechanism with a 

timer on the floor, how long the rat can stand on the shaft 

without falling down at any speed was measured, and the 

speed it fell for the consequent three times was recorded 

as the maximum speed it could walk (2). 

Biochemical Analysis: Blood and all tissue samples 

were stored at –85°C. Acetylcholinesterase (AChE), 

lactate dehydrogenase (LDH) enzyme levels by 

spectrophotometric method (Fully automated Roche/ 

Hitachi cobas c501). Malondialdehyde (MDA) levels 

were analyzed by Bioassay Technology Laboratory Rat 

MDA ELISA Kit (catalog no: E0156Ra, Shanghai, China-

Assay sensitivity 0.01 nmol/ml and detection range is 

0.05-10 nmol/ml). Aβ-42 precursor protein accumulation 

was analyzed by Bioassay Technology Laboratory Rat 

Soluble Amyloid Precursor Protein Beta ELISA Kit 

(catalog number: E01010Ra, Shanghai, China-Assay 

sensitivity 0.053 ng/ml and its detection 01-40 ng /ml). 

BCA protein Assay kit (Cat No: E- BP-500, Elabscience, 

Wuhan, China) was used for protein analyses, according 

to the manufacturers’ description. Serum corticosterone 

(CORT) levels were analyzed Bioassay Technology 

Laboratory CORT - Rat ELISA kit (catalog no: E0496Ra, 

Shanghai, China-Assay sensitivity 0.24 ng/ml, detection 

range 0.5 ng/ml-100 ng/ml). Protein and serum CORT 

levels were measured in the hippocampus, prefrontal 

cortex homogenates, and serum. 

Histological Analysis: Hematoxylin-Eosin (HE) 

staining of brain tissue samples taken from all groups was 

performed following the hematoxylin (HX86017674, 

Merck Hematoxylin, Darmstadt, Germany) protocol and 

congo red staining (ChemBio laboratory research) 

protocol. 

Statistical Evaluation: All statistical procedures 

were performed by SPSS software for Windows, Version 

23.0 (SPSS, Chicago, IL). Descriptive statistics for each 

variable were calculated. Prior to hypothesis testing, data 

were examined with Shapiro- Wilk test for normality and 

Levene test for homogeneity of variances as parametric 

test assumptions. Differences between groups were 

analyzed using one-way ANOVA for data that provide 

parametric test assumptions. Bonferroni test was used as 

post hoc. Kruskal Wallis test was used to examine the 

differences among the groups for the variables that 

violates parametric test assumptions. Dunn-Bonferroni 
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test was used as post hoc analysis. A value of P<0.05 was 

considered to be statistically significant. 

 

Results 

Histopathologically, H&E staining showed atrophy, 

decreased neuronal cell density, and gliosis in the 

prefrontal cortex in the Alzheimer group compared to the 

control group. Similarly, in H&E staining in the 

hippocampus, the neuronal cell density in the Alzheimer 

group compared to the control group decreased, and 

gliosis was observed (Figure 1. A). Also, neurofibrillary 

tangles were found in the cytoplasm of cells in basophilic 

staining in the Alzheimer group (Figure 1. B). Congo red 

staining showed positively stained cell cytoplasm and 

impaired cell integrity in the hippocampus and prefrontal 

cortex of the Alzheimer’s group (Figure 1. C). There was 

no damage to the cells in the control and treatment groups. 

There was no significant difference between the 

groups in the analyzes of the prefrontal cortex MDA, 

LDH, cholinesterase, and sAppBeta (Table 1 and Table 2). 

The hippocampus LDH level was found to be significantly 

lower in the AlCl3 group compared to the control group 

(Table 1). There was no significant difference in serum 

CORT level between the groups, serum MDA and 

cholinesterase level in the AlCl3 group compared to the 

control group (Table 1), serum LDH level in the AlCl3 

group (Table 1) were significantly higher than all groups. 

The relative thymus weight showed a significant 

decrease in the AlCl3 group compared to the control group, 

and a significant increase in the treatment groups 

compared to the control group. There was no significant 

difference between relative adrenal weights (Table 3). 

There was no significant difference between groups 

in the OF (Table 4) and EPM (Table 5). In the rotarod 

motor performance test, a significant increase was 

observed in the donepezil group compared to the AlCl3 

group at speeds of 26 and 30 rpm. At speeds of 16 and 20 

rpm, all groups showed better walking performance 

compared to AlCl3 group (Table 6). In MWM, an increase 

in swimming speed was observed in the AlCl3 group on 

the 3rd and 4th learning days compared to the control               

group (Table 7). On the 5th day of the experiment, a 

significant increase was observed in the donepezil group 

compared to the AlCl3 group, as they were spending more 

time in the hidden platform area (Table 8). EVOO and 

rosmarinic acid groups also spent more time in the hidden 

platform area compared to the AlCl3 group as shown in 

Table 7. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Histopathology results. 

A. H&E staining in the prefrontal cortex (x100). B. H&E staining in the hippocampus (x100). C. Congo red staining in hippocampus 

(x400) and prefrontal cortex (x100). 
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Table 2. Analyzes of cholinesterase, and sAppBeta in prefrontal cortex, hippocampus, and serum. 

Prefrontal Cortex 
sAppbeta ng/mg protein Cholinesterase 

Mean ± S.D. Median (Min-Max) Mean ± S.D. Median (Min-Max) 

Control 0.1477±0.03227 0.15 (0.11-0.19) 94±52.78257 110 (28-150) 

AlCl3 0.1754±0.0531 0.16 (0.12-0.25) 106.1667±24.9593 104.5 (80-145) 

Donepezil 0.1675±0.10917 0.14 (0.06-0.32) 101±38.02631 102.5 (53-146) 

EVOO 0.0933±0.03645 0.1 (0.04-0.13) 312.4±471.62623 103 (92-1156) 

Rosmarinic acid 0.1597±0.10184 0.14 (0.07-0.33) 55.6±29.2113 45 (36-107) 

P Value 0.376 0.356 

Hippocampus 
sAppbeta ng/mg protein Cholinesterase 

Mean ± S.D. Median (Min-Max) Mean ± S.D. Median (Min-Max) 

Control 0.2821 ± 0.1222 0.2566 (0.1452 – 0.4455) 41 ± 27 48 (1 - 73) 

AlCl3 0.2821 ± 0.1222 0.2566 (0.1452 – 0.4455) 41 ± 27 48 (1 - 73) 

Donepezil 0.3873 ± 0.2 0.406 (0.1478 – 0.5893) 34 ± 24 31 (9 - 67) 

EVOO 0.3104 ± 0.0977 0.3132 (0.2077 – 0.4291) 36 ± 23 35 (9 - 69) 

Rosmarinic acid 0.4916 ± 0.3466 0.4559 (0.1733 – 1.0575) 13 ± 8 11 (3 - 22) 

P Value 0.406 0.296 

Serum 
sAppbeta ng/mg protein Cholinesterase 

Mean ± S.D. Median (Min-Max) Mean ± S.D. Median (Min-Max) 

Control 1.1896 ± 0.188 1.2999 (0.935 – 1.3471) 151 ± 36 136 (114 - 197) 

AlCl3 0.9961 ± 0.2956 0.8932 (0.6542 – 1.3939) 202 ± 64 201 (137 - 292) 

Donepezil 1.1294 ± 0.2122 1.2205 (0.7918 – 1.3392) 140 ± 32 128 (110 - 190) 

EVOO 0.9765 ± 0.2926 1.0506 (0.5227 – 1.2285) 137 ± 34 136 (88 - 180) 

Rosmarinic acid 1.079 ± 0.2706 1.1644 (0.7747 – 1.3392) 130 ± 18 121 (113 - 155) 

P Value 0.658 0.061 

ᵃ˒ᵇ: Different letters on the same line indicate a statistically significant difference. Values are mean ± standard deviation and Median 

(Min-Max). 

 

 

 

 

 

Table 3. The relative adrenal and thymus weights in the all groups. 

Groups 
Relative Adrenal Weight Relative Thymus Weight 

Mean ± S.D. Median (Min-Max) Mean ± S.D. Median (Min-Max) 

Control 0.0236±0.0064 0.0202 (0.0189 – 0.0355) 0.0564 ± 0.0073 b 0.0567 (0.047 – 0.0665) 

AlCl3 0.0161±0.003 0.0166 (0.0113 – 0.0198) 0.0363 ± 0.008 c 0.036 (0.0249 – 0.0473) 

Donepezil 0.0202±0.0074 0.0184 (0.0118 – 0.0333) 0.0833 ± 0.0133 a 0.0763 (0.075 – 0.1064) 

EVOO 0.0192±0.0067 0.0176 (0.0118 – 0.03) 0.086 ± 0.0076 a 0.085 (0.0772 – 0.1) 

Rosmarinic Acid 0.0213±0.0022 0.0208 (0.018 – 0.0242) 0.0711 ± 0.0065 ab 0.0711 (0.0625 – 0.0783) 

P 0.166 <0.001 

ᵃ˒ᵇ˒c: Different letters on the same line indicate a statistically significant difference. Values are mean ± standard deviation and Median 

(Min-Max). 
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Table 7. In MWM, an increase in swimming speed observed in the all group on the 3rd and 4th learning days. 

Groups 1.day 2.day 3.day 4.day 

Control 21.07±1.47 18.67±2.95 16.44±3.07ᵃ 19.56±1.89ᵃ 

AlCl3 21.92±2.23 20.47±4.20 34.93±10.64ᵇ 27.55±5.62ᵇ 

Donepezil 21.69±2.46 20.79±5.19 20.12±3.29ᵃ˒ᵇ 21.58±6.71ᵃ˒ᵇ 

EVOO 21.19±3.05 21.49±3.66 27.45±9.12ᵃ˒ᵇ 16.62±4.09ᵃ˒ᵇ 

Rosmarinic acid 20.18±4.245 23.01±7.09 30.16±5.64ᵃ˒ᵇ 18.37±2.88ᵃ˒ᵇ 

ᵃ˒ᵇ:Different letters on the same line indicate a statistically significant difference (P<0.05). Values are mean± standard deviation. 

 

 

Table 8. On the 5th day of the experiment spending time in the hidden platform area in the all group. 

Groups 
Hidden platform area 

(time) (s) 

Other platforms 

(time) (s) 
Distance swim (cm) 

Swim speed 

(cm/s) 
Thigmotaxis (s) 

Control 23.89±4.52ᵃ˒ᵇ 11.31±1.73 1604.82±128.51 27.10±2.10 21.15±6.28 

AlCl3 19.80±3.37ᵃ 13.59±1.09 1227.42±148.53 20.27±2.63 31.08±10.40 

Donepezil 31.89±9.051ᵇ 10.19±3.31 1207.3±263.33 19.77±4.31 24.11±6.73 

EVOO 27.52±3.32ᵃ˒ᵇ 11.17±1.10 1335.89±246.51 20.51±4.03 21.98±12.28 

Rosmarinic acid 28.49±6.62ᵃ˒ᵇ 10.06±1.84 1376.38±230.69 23.57±4.53 22.29±2.25 

ᵃ˒ᵇ: Different letters on the same line indicate a statistically significant difference (P<0.05). Values are mean ± standard deviation. 

 

 

Discussion and Conclusion 

In this study, we were able to demonstrate that 

cognitive impairment has been occurred after 15 days of 

AlCl3 administration by oral gavage and treatment 

protocols prevented the occurrence of AD pathology 

histopathologically. We also showed that oxidative 

damage findings have been observed in serum and 

hippocampus. Besides, treatment groups showed better 

cognitive and motor performance, and there was no 

damage to the cells in the control and treatment groups. 

Neuropathologically, extracellular β-amyloid plaque 

deposition, intracellular neurofibrillary tangle deposition, 

neuron and synapse loss, basal forebrain, hippocampus, 

and gliosis in learning-related regions are the 

histopathological findings for AD (9). In a study in which 

100 mg/kg AlCl3 was administered orally to rats, 

pathological changes were not observed in the control 

group, while vacuolated cytoplasm, neurodegeneration, 

and inflammation were shown in the AlCl3 group (22). 

Consistent with the studies in the literature, in this study, 

hematoxylin&eosin staining showed atrophy, decreased 

neuronal cell density, and gliosis in the prefrontal cortex 

and hippocampus of rats in the AlCl3 group to compare 

control group. In the hippocampus, neurofibrillary tangles 

in the form of basophilic staining were also detected in the 

AlCl3 group, unlike the control group. In congo red 

staining, positively stained cell cytoplasms and 

degenerations were found in the prefrontal cortex and 

hippocampus in the AlCl3 group, unlike the control group. 

Oxidative stress is defined as the imbalance between 

reactive oxygen/nitrogen species (ROS/RNS) and the 

capacity of anti-oxidative protection systems of cells to 

neutralize these reagents (32). Recent evidence indicates 

that some oxidation products act as biomarkers in some 

neurodegenerative diseases, and the lipid peroxidation 

product malondialdehyde (MDA) is one of them (3). 

Increased MDA levels are observed in the cortex and 

hippocampus in Alzheimer’s patients (3), but no 

significant difference between groups was observed in the 

tissue level in this study. This may be because the AlCl3 

application was performed for 15 days, and this period did 

not cause oxidative stress at the tissue level. However, 

serum MDA level was significantly higher in the AlCl3 

group compared to the control group, which can be 

interpreted as the onset of oxidative stress changes in the 

AlCl3 group. 

Lactate dehydrogenase (LDH) is an enzyme found in 

almost every cell and tissue in the body. The high total 

activity in the LDH enzyme indicates tissue damage or cell 

destruction in the body (23). In a study that using the 

model induced by AlCl3, it was found that the serum LDH 

level of the AlCl3 group was significantly higher than the 

control and treatment groups (19). Interestingly, some 

studies using an Alzheimer’s mouse model suggest that 

the loss of aerobic glycolysis in the brain is associated with 

AD. In a study conducted with APP/PS1 mice, it was 

shown that there was a decrease in the expression of the 

aerobic glycolysis kinase isoenzyme 1 (PDK1) and LDH 

enzyme in the frontal cortex compared to the same age 

group control mice at the age of 12 months (28). Besides, 

brain imaging studies in humans have shown that the brain 

regions most sensitive to amyloid toxicity are in the 

regions where aerobic glycolysis is at the highest level 

(42). This situation is defined as a protective mechanism 
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against Aβ accumulation, and it is accepted that the loss of 

this mechanism triggers AD (40). In this study, consistent 

with the results in the literature, it was observed that the 

serum LDH level of the AlCl3 group was significantly 

higher than the control and treatment groups, and the LDH 

activity in the hippocampus was significantly lower in the 

AlCl3 group than in the other groups. This result can be 

considered an indicator that a moderate level of 

Alzheimer’s pathology has begun to occur. 

In recent studies, the ratio of organ weight to body 

weight is considered the most widely used index to show 

stress-induced organ weight changes. Accordingly, 

absolute thymus weight can be used as biological 

indicators generated in response to stress (16). In this 

study, no statistically significant difference was found in 

the relative adrenal weights of the control, Alzheimer’s, 

and treatment groups. However, a significant decrease was 

observed in the relative thymus weights in the AlCl3 group 

compared to the control group, and a statistically 

significant increase was observed in the donepezil and 

EVOO treatment groups compared to the control group. In 

human, animal, and in vitro studies, it has been shown that 

phenolic compounds in EVOO are antioxidant molecules 

that can scavenge the toxic effects of oxygen metabolism, 

such as free radical formation, and thus protect cells 

against oxidative damage (25). Donepezil also shows 

significant effectiveness in reducing the severity of 

neuropsychiatric symptoms in mild to moderate AD (11). 

According to the results of this study, results are consistent 

with the conclusion in the literature that the use of EVOO 

and donepezil reduces the negative effects of stress. 

Cognitive impairment is the main clinical symptom 

of AD; however, non-cognitive problems such as motor 

dysfunctions are also associated with the disease (6, 33). 

The decline in motor skills in mild to moderate 

Alzheimer’s patients is substantial than in patients with 

moderate and severe periods (45). Recent studies suggest 

that AChEI’s may improve some of these changes (4). In 

another study, it was reported that donepezil in 

Alzheimer’s patients did not have any positive effect on 

motor functions (17). Also, in another study, enriching the 

diet with herbal antioxidants can improve brain damage 

and cognitive functions (30). The anti-amnesic activation 

effect of rosmarinic acid against neurotoxicity and 

neurodegeneration induced by Aβ in mice was also shown 

(20, 26). But in this study, in the rotarod motor 

performance test, there was a statistically significant 

difference between donepezil and the other groups at 26 

and 30 rpm speeds and showed better walking 

performance. Studies on the effect of donepezil on motor 

performance in the literature are limited, and more 

research is needed on this subject. 

MWM test is one of the most important methods that 

can be used to evaluate learning and memory in 

experimental animals with an Alzheimer’s model (38). In 

a study, administration D-galactose and AlCl3 in rats 

reported that the donepezil treated group found the hidden 

platform, and the swimming distance was significantly 

shorter than the AlCl3 group (8). In this study, consistent 

with the results in the literature, it was observed that the 

time spent on the platform hidden area on the 5th day of 

the experiment was significantly higher in the donepezil 

group than the AlCl3 group. Increased swimming speed in 

the MWM is considered one of the indicators of increased 

anxiety. In a study shown that the platform finding time of 

mice with Alzheimer’s pathology took longer than the 

control group, and at the same time, the swimming speed 

increased compared to the control group (21). Again, in a 

study in which 3xTg-AD mice were used, control mice 

were more comfortable swimming; it has been observed 

that mice with Alzheimer’s are more stressed and faster 

(10). As shown in the literature, MWM measures not only 

spatial learning but also anxiety and sensorimotor skills 

(1). In this study, it was observed that the swimming speed 

of the AlCl3 group increased significantly on the 3rd and 

4th days of the learning experiment compared to the 

control group. This situation is consistent with the results 

of increased anxiety and prolonged platform finding in 

animals with mild Alzheimer’s pathology, as stated in the 

literature. 

In OF, avoiding the middle area is considered as an 

indicator of anxiety. Thigmotaxis is defined as the desire 

to spend time near the wall, and it is accepted that animals 

displaying anxiety-like behavior show this behavior more 

frequently (34). In this study, there was no difference 

between the groups in OF and EPM. This result can be 

interpreted as that the disease-inducing and treatment 

protocols applied to all groups for 5 weeks may cause 

similar anxiety. 

In conclusion, these studies results show that 15 days 

of aluminum exposure is effective in creating a moderate 

Alzheimer’s pathology, but further chronic researches are 

necessary to explain efficiencies of rosmarinic acid and 

EVOO in treatment. 
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