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ABSTRACT

Objective: To investigate the neuroprotective efficacy of 

pomegranate and ellagic acid on the histopathological changes in 

the hippocampus of an aluminium chloride (AlCl3) induced rat 

model of Alzheimer’s disease. 

Methods: Sprague Dawley rats were divided into 4 groups (n=10 

each): Group栺: serving as negative control; Group栻, Alzheimer 

model, induced by administration of 17 mg/kg bw AlCl3; Group栿,  

administered the same dose of AlCl3 with 50 mg/kg of pomegranate 

peel extract and Group桇: administered ellagic acid (50 mg/kg) 

in addition to the same dose of AlCl3. The medication given to all 

groups continued for 28 days. All were given the compounds by 

gastric gavage. Radial arm maze test, hippocampus antioxidant 

markers, histopathology of the dentate gyrus, and CA3 of the 

hippocampus were evaluated.

Results: Rats treated with pomegranate peel extract exposed to 

radial arm maze test showed less number of errors and reduced 

time needed to reach the criterion. There was an increase in the 

levels of glutathione, catalase, and total antioxidant capacity and 

decreased lipid peroxidation products. Histopathological features in 

dentate gyrus and CA3 as apoptosis and chromatolysis of pyramidal 

cells and granular layer, respectively, were decreased. Alzheimer 

characteristic neurofibrillary tangles and senile plaques were 

reduced. Treatment with ellagic acid ameliorated the pathological 

results but to a statistically lower level.

Conclusions: Pomegranate peel extract alleviates memory deficit 

and restores antioxidant homeostasis following degenerative 

changes in the hippocampus induced by aluminium chloride in rats. 

KEYWORDS: Pomegranate; Peel extract; Ellagic acid; Antioxidants; 

Hippocampus; Behavioural test

1. Introduction

  Alzheimer’s disease (AD), a neurodegenerative brain disorder, 

is the most common cause of dementia[1,2]. Cumulative oxidative 

stress has been attributed to its etiology[3]. Excessive production of 
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oxidants in the human body can lead to oxidative damage to large 

biomolecules such as lipids, DNA, and proteins[4]. The hippocampus 

is extensively susceptible to oxidative stress[5]. Knowing that it plays 

an important role in spatial cognition, representing the elements 

of everyday interactions and the relations among them marked the 

hippocampus as a pivot in-memory processing[6]. 

  Cognitive dysfunction has been found to be among the most 

sensitive impairments associated with exposure to environmental 

contaminants in human[7] and experimental animal models[8]. 

Previous studies have indicated that the presence of aluminium in 

drinking water and foods lead to AD in humans and animals[9,10]. 

Aluminium causes microtubule depletion, eventually leading 

to disconnection of the neuronal afferents and efferents, loss of 

function and regional atrophy, which is consistent with MRI findings 

in AD brains[10]. It is well documented that Al-based compounds are 

widely used in many fields like medicine[11], industries[12], water 

purification tool[13] and household cookware[14]. 

  Oxidative stress is associated with many pathological conditions 

affecting the nervous system, many compounds have been 

demonstrated, based on trials, to decrease the cellular load of 

reactive oxygen species[15]. Currently prescribed medications for 

the treatment of AD break the vicious oxidative stress cycles and 

neurodegeneration. However, they may compromise the signal 

transduction pathways and prevent free radical production[16]. 

Meanwhile, the antioxidant products, present in fruits, vegetables 

and medicinal plants, have become the centre of attention as they 

proved their defensive role[17,18]. 

  Pomegranate fruit (Punica granatum L.) displayed many therapeutic 

effects on using extracts of all its parts (peel, seeds, juice)[19,20]. 

This has been attributed to various reasons, especially due to their 

antioxidant properties and their total polyphenol activity[21]. The peel 

exhibited a high content of polyphenols[22] of which ellagitannins 

are the major constituents, and are further hydrolyzed into ellagic 

acid in the gut[23]. Ellagitannins are also known for their antioxidant 

effect[23]. The availability of free ellagic acid in food is unusual; it 

is conjugated with either a glycoside moiety or forms part of the 

polymeric ellagitannins[24]. The beneficial role of using the whole 

herb or combination of a group of herbs aims at several objectives; it 

will mitigate the toxicity and reduce the side effects of one, isolated 

compound from the plant. Many previous studies addressed the 

high nutritional and potential role of an extract of Punica granatum. 

Proofs are accumulating that compounds present in a fruit or herb 

extract augment each other’s biological effect[25]. 

  The aim of the present study was to compare the antioxidant 

effect of the total pomegranate peel extract with its single principle 

constituent, ellagic acid, on the neurodegenerative effects in the 

hippocampus rats and decreasing the incidence of subsequent 

resulting dementia. 

2. Material and methods

2.1. Materials 

  Forty Sprague Dawley rats with an body weight of 200-250 g were 

purchased from Faculty of Pharmacy, King Abdulaziz University, 

Jeddah, Saudi Arabia. The rats were housed in wire-meshed cages 

at a constant temperature (22±2) ℃, 55% humidity and light-dark 

conditions (12/12 hours light/dark). Animals were provided with 

Purina chow diet (Purina, Ontario) and drinking water ad libitum 

and left to habituate to the laboratory environment for one week. 

The protocol of the current study followed the guidelines of animal 

care at Faculty of Pharmacy Animal House, KAU. Ethical approval 

No. 330-19 was granted by ethical committee at King Abdulaziz 

University, Jeddah, Saudi Arabia.

  Aluminium chloride (AlCl3) and ellagic acid (EA) were purchased 

from Sigma Aldrich. Standardized pomegranate extract (PE) was 

POMELLA™ (Verdure Sciences, Noblesville, IN, USA), which 

has been studied in human subjects for its safety/tolerability and 

bioavailability[26].

2.2. Experimental design 

  The rats were randomly divided into four groups (n=10 each). 

Group栺(control): was the negative control and received only food 

and water. Group栻(AD) received AlCl3 administered orally at a 

dose of 17 mg/kg body weight (bw) daily for 28 days[27]. Both group 

栿 and 桇 were also given AlCl3 at a dose of 17 mg/kg body weight 

(b.w.) daily for 28 days. Then group 栿 (AD+PE) received PE 50 

mg/kg for 28 days[27]. Group 桇 (AD+EA) received EA 50 mg/kg 

dissolved in DMSO for 28 days[28]. Treatment was given to the latter 

two groups by intragastric tube daily after AlCl3 administration was 

stopped.

2.2.1. Behavioural tests: Radial arm maze (RMT)
  A 12 arm radial maze was built to be similar to that used by Lai et 
al[28]. Rats were habituated to the maze 10 min daily for 4 days. This 

was followed by the test phase (14 days) in which the rat searched 

the maze for food pellets present at the end of each of the 12 arms. 

The rat was kept in the maze until it entered all 12 arms or 10 min 

had passed. The maze was cleaned entirely before each test session. 

An entry was considered when all four paws were inside an arm. 

Two main variables were recorded: the number of errors and the time 

to complete the maze. Errors are defined as when a rat chooses an 

unbaited arm (reference memory error) or when it returns to a baited 

arm after obtaining the food reward (working memory error). The 

time it took for each rat to enter the 12 baited arms was measured 

and considered as time to criterion[29]. 
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2.2.2. Brain tissue sampling
  At the end of the experiment, the rats were deprived of food for 

12 h then sacrificed by decapitation under humane conditions. The 

whole brain was rapidly extracted, washed with isotonic saline, 

dried, and sagittally divided into two halves; the hippocampus of 

the left side was dissected for homogenate preparation and the right-

sided cerebral hemisphere for histopathological examination.

2.2.3. Preparation of hippocampus homogenate 
  Hippocampus homogenization was done as previously published[30]. 

2.2.4. Biomarkers for antioxidant activity
  Estimation of catalase activity was performed according to Chance 

and Maehly[31]. The activity of catalase was expressed as % activity.

Evaluation of glutathione in the hippocampus was done following 

the method of Habiget et al[32]. The concentration was expressed 

as μmol per mg protein. The TAC in brain homogenate was 

determined using Cell Biolabs’ OxiSelect™ TAC Assay (Catalog 

Number STA-360). The reaction was read with a standard 96-well 

spectrophotometric microplate reader at 490 nm. 

 

2.2.5. Estimation of lipid peroxidation assay: Thiobarbituric 
acid reactive substance
  The assay for lipid peroxidation was carried out by assessing the 

thiobarbituric acid reactive substance following Ohkawa et al[33]. 

Results were expressed as μM of malondialdehyde (MDA) per mg 

protein. 

2.2.6. Histopathological examination
  The second portion of each brain was fixed in phosphate buffer 

formalin (10%) for 24 h. The brains were processed and embedded 

in paraffin blocks. Sections (4 μm thick) were stained with 

hematoxylin and eosin stains, Cresyl violet, and Silver stains[34]. 

Sections were examined and photographed using an Olympus light 

microscope (model: BX51TF-Japan).

2.2.7. Morphometric analysis
  Both the thickness of the pyramidal cell layer in the CA3 area and 

the granular cell layer of the dentate gyrus (DG) were measured 

using Image ProPlus Software, (Media Cybernetics, Silver Spring, 

MD). Five non-overlapping fields in each of 10 sections for each rat 

were assessed and the mean for each of the ten rats was calculated. 

2.2.8. Statistical analysis 
  Statistical analyses were performed using SPSS program version 20 

(IBM-USA). The one-way analysis of variance (ANOVA) test was 

used and when equal variance could be assumed, the LSD t-test was 

applied. Data are presented as mean±standard deviation (mean±SD). 

P<0.05 was considered statistically significant.

3. Results

3.1. Behavioral test

  In the RMT, the number of errors in 14 days’ time significantly 

decreased in the groups treated with PE and EA in comparison to 

the AD group. Rats treated with PE made fewer errors than those 

treated with EA (Figure 1A). Through out the phase test (14 days), 

it was documented on daily bases that the time spent by control rats 

to reach criterion was significantly shorter than those of the AD 

group (P<0.05). Rats treated with PE and EA significantly decreased 

the time to reach criterion (P<0.05) in comparison to the AD group 

(Figure 1B).
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Figure 1. Line graph showing (A) the mean number of errors made by rats in each of the four groups for each daily test trial and the mean time to criterion (12 arms); 

(B) n=10 rats/group. Data were expressed as mean±SD. Cont: control, AD: Alzheimer model, AD+PE: treated with pomegranate peel extract, AD+EA: 

treated with ellagic acid. *P<0.05 indicates a significant difference from the control. #P<0.05 indicates a significant difference from AD group.
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3.2. Biomarkers for the antioxidant activity

  In comparison with the control group, the concentration of catalase 

and glutathione in the hippocampus homogenate significantly 

decreased in the AD rat model to (110.41±4.80) ng/mL and 

(23.12±3.30) μM, respectively. On the other hand, treatment with 

PE enhanced the antioxidant activity and resulted in the higher 

catalase and glutathione levels in comparison to those rats on EA. 

Moreover, the TAC yielded by PE was significantly higher than 

those administered EA (Table 1). 

3.3. Estimation of lipid peroxidation assay: Thiobarbituric 
acid reactive substance (TBARS)
  

  In comparison to AD group, the supplementation of EA decreased 

MDA by 15.4% while PE administration reduced it by 28.4%. PE 

therapy significantly decreased the level of MDA from (41.50± 

3.20) μM in the AD group to (29.7±1.60) μM (Table 1).

3.4. Histopathological results

  Examination of the CA3 region of the hippocampus of the control 

group using H&E stain revealed poly-morphic, pyramidal and 

Table 1. Catalase, glutathione activity, total antioxidant capacity (TAC) and lipid peroxidation products (MDA) in all groups .

Parameters Control AD AD+PE AD+EA
Catalase (ng/mL) 433.70±4.50 110.41±4.80*   415.16±7.78# 395.24±4.90#

Glutathione (μM)   52.63±3.20   23.12±3.30*     76.75±4.43#   49.80±2.30#

TAC (CRE) 830.17±4.01 327.75±4.91* 1 172.42±5.21# 896.04±4.31#

MDA (μM)   24.67±1.60   41.50±3.20*      29.70±1.60#   35.10±2.20#

AD: administered AlCl3; AD+PE: administered AlCl3+pomegranate extract; AD+EA: administered AlCl3+ellagic acid. *P<0.05 significant difference 

comparing with the control group; #P<0.05 significant difference comparing with AD group.

cont
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Figure 2. Photomicrographs of sections of hippocampal CA3 region showing  normal poly-morphic (PO), pyramidal (PY) and molecular cell layers 

(MO) in the control group (A) and well defined distribution of nissl granules in (PY) cells (B). Silver stain showing normal pyramidal cells (C). In AD, 

apparent decreased thickness of the (PY) layer, pyramidal cells are shrunk with pyknotic nuclei (arrows), with vacuolated cytoplasm  and areas devoid of 

cells are also revealed (D). Marked chromatolysis of PY cells (E), NFT (thin arrows) and (SP) (thick arrows) are prominent (F). In rats treated with PE, 

most of pyramidal cells of CA3 show normal structure (G), restored nissel granules (H) and less NFT and SP are noted (I). In groups treated with AD+EA, 

frequent apoptotic cells (arrows) are noted (J), chromatolysis of pyramidal cells (K) and persistent NFT and SP are still noted (L). AD: Alzheimer, NFT: 

neurofibrillar tangles, SP, senile plaques, PE: pomergrantae peel extract, EA: ellagic acid, (A, D, G, Jx H&E×400), (B, EH, Kx Cresyl violet ×400), (C, F, 

I, Lx Silver×400).
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molecular cell layers. The pyramidal cells, with large vesicular nuclei 

and basophilic cytoplasm, were packed in 4-5 layers (Figure 2A). 

Cresyl violet staining showed the well-defined distribution of Nissl’s 

granules corresponding to rough endoplasmic aggregates, giving 

characteristic blue hallow surrounding the nucleus (Figure 2B). 

Silver staining of the control sections showed round polyhedral 

pyramidal cells (Figure 2C).

  In the AD group, some of the pyramidal cells appeared shrunk with 

pyknotic nuclei, others had vacuolated cytoplasm. Microvacuolation of 

the neuropil with areas devoid of cells were also revealed (Figure 2D). 

Cresyl violet stain showed marked chromatolysis, which explains the 

vacuolated appearance of pyramidal cells in H&E stain (Figure 2E).

  The pathological hallmarks of AD were revealed in silver stain; 

(Neurofibrillary tangles) NFT and senile plaques (SP) (Figure 2F). 

Rats treated with PE decreased the degenerative changes; NFT and 

SP. The Nissl’s granules and the mean thickness of the pyramidal 

layer were restored (Figure 2G-I). Frequent NFT, SP, and other 

degenerative changes persisted in sections of rats treated with EA. 

(Figure 2J-L). Decreased mean thickness of the pyramidal layer 

(Figure 3) reflected the degenerative changes in this layer. 

70

60

50

40

30

20

10

0 cont                    AD                 AD+PE             AD+EA

*

#

#

M
ea

n 
th

ic
kn

es
s 

of
 p

yr
am

id
al

 c
el

l l
ay

er
 in

 C
A

3 
(μ

m
)

Figure 3. The mean thickness of the pyramidal layer in groups treated 

with AD+PE in comparison to AD and groups treated with AD+EA. The 

one-way analysis of variance (ANOVA) test was used. The Fisher’s least 

significant difference (LSD) t-test was applied when equal variance could 

be assumed. Data are presented as means±SD. *significantly different from 

the control, AD+PE, AD+EA at P≤0.05. #significantly different from AD 

group at P≤0.05.
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Figure 4. Photomicrographs of sections of hippocampal DG region showing normal molecular (M), granular cell (G) and pleomorphic layers (P) in the 

control group (A) and prominent nissl granules in (B), and large polyhydral cells (C). In AD model, reduced thickness of granular cell layer, marked 

vacuolation of disorganized cells (dashed arrows), and multiple shrunken cells with pyknotic nuclei (arrows) are noted (D). Chromatolysis of (G) cells (dashed 

arrows) (E) and multiple SP (arrows) and NFT (dashed arrows) are dispersed (F). Signs of degenerative changes decreased with PE administration (G-I)  

more than with EA treatment (J, K, L). DG: dentate gyrus; AD: Alzheimer; NFT: neurofibrillar tangles; SP: senile plaques; PE: pomergrantae peel extract; 

EA: ellagic acid (A, D, G, Ix H&E ×400), (B, E, H, Kx cresyl violet×400), (C, F, I, Lx Silver×400).
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  The DG consisted of the molecular, granular cell, and pleomorphic 

layers. The granular cell layer of the control group contained 

polyhedral cells with vesicular nuclei, with well-dispersed Nissl’s 

granules manifested in cresyl violet stain and large polyhedral 

cells by silver stain (Figure 4A, B & C). In the AD model, reduced 

thickness of granular cell layer, marked vacuolation of disorganized 

granular cells, with multiple shrunk cells and pyknotic nuclei were 

all revealed in H&E stain (Figure 4D). Marked chromatolysis with a 

peripheral displacement of the nucleus (Figure 4E) and multiple SP 

and NFT were dispersed in the granular layer (Figure 4F) manifested 

in cresyl stain and silver stain, respectively. These degenerative 

changes were ameliorated on treatment with PE ( Figures 4G, H & I) 

but persisted on treatment with EA (Figure 4J, K & L). A significant 

decrease in the mean thickness of the granular layer corresponded 

with degenerative changes [(55.0±3.40) μm] in comparison to the 

control [(79.0±1.50) μm] (Figure 5).
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Figure 5. The mean thickness of the granular layer on treatment with PE. 

The one-way analysis of variance (ANOVA) test was used. The Fisher’s 

least significant difference (LSD) t-test was applied when equal variance 

could be assumed. Data are presented as means±SD. *significantly different 

from the control, AD+PE, AD+EA at P≤0.05. #significantly different  from 

AD group at P≤0.05.

4. Discussion

  Several studies agree that body cells exposed to oxidative stress at 

the physiological state and subjected to factors like stress, ageing, 

and environmental degenerative contaminants reinforce the damage 

caused by oxidative stress[35]. This work aims to compare the 

antioxidant effect of whole peel PE with its single active component, 

EA, in relation to neurodegenerative histopathological changes in 

the hippocampus of rat brains in an AD model. The hippocampus 

plays an exclusive role in learning and memory and is subjected to 

early affection in AD. The hippocampus is formed of DG and the 

hippocampus proper, which is further composed of CA1, CA2, and 

CA3 fields and the subiculum[28].

  Neurodegenerative changes in hippocampus exposed to AlCl3 

revealed reduced thickness of granular cells in DG and pyramidal 

cell in CA3 in addition to vacuolation of cells and pyknosis of their 

nuclei. Chromatolysis and loss of Nissl’s granules were evident 

in cresyl violet stained sections. Similar results were described 

by Damjanov[36] as signs of neuronal injury. The darkly stained 

fibrillary tangles NFT involving the neurons and focal interneuronal 

spherical neuritic plaques SP were also described as pathological 

hallmarks of AD[37]. The aggregation and formation of NFT resulted 

from hyperphosphorylation of Tau protein, which dis-stabilises 

neuron microtubules as analyzed by Rodríguez-Martín et al[38] and 

resulted in neurodegeneration and loss of function[42]. It is confirmed 

that oxidative damage in the brain precipitated neurofibrillary 

tangle NFT[43]. The SP resulted in the abnormal deposition of the 

amyloid-β peptide (Aβ) with 40 or 42 amino acids (Aβ40 and 

Aβ42) outside the cells, which are the metabolism by-products of 

the amyloid precursor protein (APP). 

  There is evidence suggesting an interconnection between oxidative 

stress and tau pathology. It has been reported that neurons with 

excessive tau protein showed increased susceptibility to oxidative 

stress, and the consumption of peroxisomes was the reason[39]. 

Moreover, accumulation of extracellular amyloid plaques led to 

increased oxidative stress, induced mitochondrial dysfunction[40] and 

increased the levels of the byproducts of lipid peroxidation[46].

  In the present study oxidative stress was proved to be a factor in 

AD neurodegenerative changes as manifested by decreased catalase, 

glutathione, TAC, and increased lipid peroxidation products (MDA). 

This was reflected in rats undergoing the RMT. AD rat model 

revealed impairment of spatial memory as the number of errors 

increased while time to reach criterion decreased. This is supported 

by results from a study by Mohsen et al[41]. 

  Previous research generally confirmed that RMT could be 

used to test for the reference and working memory performance 

simultaneously[42]. It has been proven that the DG integrates both 

the visual object and spatial information to create a memory of a 

‘total’ spatial representation[43], while the CA3 region plays a role 

in pattern completion or the retrieval of memory when only partial 

input cues are presented[44]. 

  In the present study, the PE mitigated the neurodegenerative 

pathological changes in the hippocampus more than EA. This was 

manifested by regaining thickness of the granular layer in DG and 

pyramidal layer in CA3, the decrease in NFT and SP formation, 

and restoration of Nissl’s granules. This can be attributed to its 

antioxidant effect revealed in elevation of the lowered levels 

of catalase, glutathione and lowering of the high levels of lipid 

peroxidation products.  

  PE relieved histopathological changes in the AD model better than 
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EA. These results were supported by the stronger antioxidant effect 

manifested by a statistically significant TAC in PE more than in EA 

treated group. It is documented that pomegranate peel ethanolic 

extract exhibited proton-donating ability, demonstrated the highest 

free radical scavenging activity, and had the highest inhibitory 

activity on lipid peroxidation[45].

  The peel comprises about 50% of the total fruit weight and is 

considered an indispensable source of bioactive compounds such 

as phenolics, flavonoids, ellagitannins, and proanthocyanidin 

compounds, minerals, and complex polysaccharides[46]. 

  In conclusion, it was found that therapeutic potential of 

pomegranate peel extract on the neurodegenerative changes induced 

in the hippocampus of rats and the subsequent resulting dementia 

was better than the effect of a single principle constituent, ellagic 

acid.
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