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ABSTRACT

Alzheimer's disease (AD) is one of the most common dementia causes especially in elders. Black raisins (Vitis vinifera) have memory-
enhancing effects. This study was designed to investigate the effect of oral administration of black raisins (V. vinifera) on aluminum-
chloride (AICI;) induced AD in male albino rats. Forty adult male Albino rats were equally and randomly divided into five groups, 8 rats in
each. The rats of the first group received a vehicle and served as controls. The animals of the second group received raisin (5 g per rat/day)
orally for 8 weeks. The rats in the third group were treated with AICI; (model of AD) (100 mg/kg BW/day) for 8 weeks. The animals of the
fourth group were treated with AICI; (100 mg/kg BW/day) and raisin. The animals of the fifth group received rivastigmine (0.3 mg/kg
BW/day) and AICI; (100 mg/kg BW/day) orally for 8 weeks. After eight weeks, the behavioral test (maze learning test) was performed on all
rats to assess learning and memory. Moreover, acetylcholinesterase (AchE) activity, some neurotransmitter levels [dopamine (DA),
norepinephrine (NE), gamma-aminobutyric acid (GABA)], and oxidative stress [reduced glutathione (GSH), superoxide dismutase (SOD),
oxidase glutathione (GSSG), and lipid peroxidation (LPO)] were estimated in the cortex and hippocampus homogenate. The
histopathological studies were also made in the hippocampus area. The results showed that aluminum exposure significantly decreased the
learning and memory in the maze-learning test as revealed by increase in elapsed time and error number in the maze. Significant increase
of cortex and hippocampus homogenate levels of AchE and LPO, but a significant decrease in DA, NE, GABA, GSH, GSSG, and SOD were
observed in rats subjected to AICIl;. Histopathological evaluations of hippocampus sections of rats treated with AICIl; showed severe
alterations including the increase of degenerated cells with structural damage. The treatment of rats with raisin or rivastigmine for 8 weeks
showed a pronounced attenuation on the damage caused by AICI; associated with the improvement of behavioral, biochemical, and
histopathological alterations. This study suggested that chronic oral administration of black raisin had neuroprotective effects and
improved learning and memory in AD animal models. These actions were done due to the antioxidant constituents of raisin.
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INTRODUCTION

Neurodegenerative diseases are progressive central nervous system (CNS) disorders characterized by cognitive,
motor, and/or behavioral dysfunctions. According to the World Health Organization (WHO), by 2040,
neurodegenerative diseases will surpass the cancer mortality rate in industrialized countries. [1] AD affects one
in nine people > 65 years old. Worldwide, AD patients' number was 36 million in 2010 and will triple by 2050.
[2] AD is probably the result of many factors such as age, genetics, sex, trauma to the head, environmental
exposure, cerebrovascular risk factors, oxidative stress, and infectious agents. [3] Many brain sites are affected
by AD such as the entorhinal cortex, hippocampus, frontoparietal cortex, temporal cortex, and subcortical
nuclei. [4] Dysfunction of neurotransmitters in brain including serotonin (5-HT), acetylcholine (Ach), dopamine
(DA), norepinephrine (NE), glutamate (Glu), and gamma-aminobutyric acid (GABA) is also related to AD
pathological findings. [5] The actions of excitatory and inhibitory neurotransmitters in learning, memory, and
cognition are disturbed by AD. [6]

Aluminum (Al) is the third most plentiful element and the most common metal in earth’s coating. Humans are
exposed to Al via food, cooking utensils, antacids, deodorants, infant formulae, occupational exposure in the
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gun, aerospace, vehicles as cars, and defense-related factors. It has been estimated that the dietary intake of Al
ranges from 3 to 30 mg/day. [7] Al accumulates mainly in the bone, liver, testes, kidneys, and brain. Studies
revealed that the brain consists of low Al levels and its uptake by the brain is slower than other organs, but once
gained access into the brain, Al distributes into various brain regions. [8] Previous studies have shown that Al
accumulation in the brain is associated with the pathophysiology of neurodegenerative disorders including AD,
Guam-Parkinson’s dementia, amyotrophic lateral sclerosis, etc. [9]

Intake of polyphenols in diets is a promising nutraceutical or pharmaceutical substance to inhibit AD
progression. [10] Raisins (dried grapes, Vitisvinifera) are favorite food since 1490 B.C. due to their nutritive
value. [11] Raisins contain a variety of flavonoids and antioxidants such as anthocyanin, phenolic acid, tannin,
vitamins, pro-anthocyanidin and a high amount of phenolics as well as non-flavonoid compounds as
hydroxycinnamic acids and hydroxybenzoic acids. [12] Raisin has some of the highest polyphenolic content and
antioxidant oxygen radical absorbance capacity (ORAC) levels compared to the other fruits. [13] Moreover,
raisin is a good source of boron, a trace element that is necessary for brain function, such as hand-eye
coordination, memory, and attention. [14]

Relatively few studies have examined the effect of black raisins (V. vinifera) on AD. Therefore, this study aimed
to search the beneficial effects of oral administration of raisins for 8 weeks on behavior, as well as hippocampus
and cortex levels of some neurotransmitters and oxidation stress markers in AlClz-induced AD in rats. In
addition, histopathological examination of the hippocampus area was made.

MATERIALS AND METHODS

Materials

Animals

Forty adult male Albino Wistar rats weighting 170-210 g were used in the study. The rats were purchased from
the Experimental Animal Unit of Faculty of Pharmacy, King Abdulaziz University, Jeddah, Saudi Arabia. All
experiments were approved and made regarding the rules of the Animal Care and Use Committee of King
Abdul-Aziz University, Faculty of Pharmacy, Jeddah, Saudi Arabia (1161439). The rats were adapted to the
laboratory conditions for one week before the beginning of the experiments. They were housed in clean plastic
cages and kept in controlled laboratory status of temperature (20+1°C), humidity (65%), and 12 h light: dark
cycle. The animals had free tap water and food ad libitum on a normal commercial chow diet.

Chemicals

AICI; (Techno Pharmchem, Haryana, India) was supplied as a white powder. Rivastigmine, Exelon, 1.5 mg,
obtained from Novartis Company (Basel, Switzerland). Sodium chloride (NaCl) and sodium hydroxide (NaOH)
were obtained from Panreac (Barcelona, Spain). Potassium chloride (KCI), disodium phosphate (Na;HPOyu),
potassium dihydrogen phosphate (KH.PQ.), and formaldehyde were obtained from Riedel-de Haén (Seelze,
Germany).

Black raisins

Black raisins (V. vinifera) were obtained from a local market in Jeddah, Saudi Arabia. Black raisins had been
imported from Afghanistan. They were purchased in closed packages.

Experimental Design

The rats were randomly sorted into five experimental groups (8 rats each). Group 1 (control group): The rats
of this group were orally given 0.9 ml of saline solution (0.9% NaCl) (vehicle), daily for eight weeks. Group 2
(Raisin group): The rats of this group were allowed free access to black raisins at the dose of 5 g per day for
each rat for eight weeks. [15] Group 3 (AICls group): The rats were orally given 0.9 ml that contained 100
mg/kg BW of AICI; daily for eight weeks to induce AD. [16] Group 4 (Raisin + AICls group): The rats were
allowed to have free access to black raisins at the same dose as given to group 2 and AICl; after 1 hour at the
same dose as given to group 3 daily for eight weeks. Group 5 (Rivastigmine + AICls group): The rats were
orally supplemented with rivastigmine at the dose of 0.9 ml that contained 0.3 mg/kg BW [17] and AICI; after 1
hour at the same dose as given to group 3 daily for eight weeks.

Behavior Study (Maze learning test)

Maze learning test is a reliable method of studying trial and error learning. The rats were deprived of food for 23
h before the initiation of the experiments. The rats were then given their daily amount of food as a reward at the
end of the maze. The hungry rats were given one trial per day for five successive days. The elapsed time to
reach the food (minutes) and the number of errors (passage in blind alleys) were recorded. [18]
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Tissue preparation

After the behavioral test, the rats were euthanized by gentle decapitation following the rules of King Abdul-Aziz
University. After the dissection of rats, their brains were removed and washed with saline and divided into two
halves in a sagittal plane. One half was fixed in 10% formalin for histopathological examination. The
hippocampus and cortex of the other half were dissected out and immediately frozen in -80 °C for tissues
homogenate preparation. The homogenate was centrifuged for 15 min at 3000 rpm and 4 °C. After that, the
supernatant was separated, aliquoted, and stored in the Eppendorf tube at -80 °C for the biochemical assay.
Biochemical assay

ELISA Kkits were used for the measurement of hippocampus and cortex tissues homogenate for
Acetylcholinesterase (AchE) (Cat. # MBS038896), Dopamine (DA) (Catalog Number # MBS7214676),
Norepinephrine (NE) (Catalog # MBS269993), and Gamma-aminobutyric acid (GABA) (Catalog Number #
MBS740443), Superoxide Dismutase (SOD) (Catalog # MBS266897), Lipid Peroxide (LPO) (Catalog #
MBS2515688) while, Fluorometric Assay kits were used to measure Reduced Glutathione (GSH) and Oxidized
Glutathione (GSSG) (Catalog Number # MBS841503). All kits were purchased from My BioSource (San
Diego, USA).

Histopathological studies

After the fixation of brain tissues in formalin saline (10%) for 24 hours, the brain tissues were subjected to serial
dilution of alcohol for dehydration. The brain tissues were embedded in paraffin, sectioned into 3 um thick
sections, and stained in hematoxylin and eosin (H and E) to be examined by a light microscope.

Statistical analysis

The statistical analysis was done by Statistical Package for Social Science (SPSS, version 25) (SPSS Inc.,
Chicago, IL, USA). The values were expressed as mean +/- standard error. The changes between different
experimental groups were made using one-way ANOVA (Tukey test). P-value <0.05 was recognized as
significant.

RESULTS:

Behavior study (Maze learning test)

On the 1%, 2", 3, 4 and 5" days, the duration of elapsed time in the maze was significantly prolonged in the
AICI3 group compared to the control, (Raisin +AlICls), and (Rivastigmine + AICls) groups (P <0.05) (Figure 1).
on the 1%, 2, 39 4" and 5" days, the number of errors in the maze significantly decreased in the control,
(Raisin +AICl3) and (Rivastigmine + AICl3) groups compared to AICIs group (P <0.05) (Figure 2).
Acetylcholinesterase and Some Neurotransmitter levels in cortex and hippocampus homogenate

In the cortex and hippocampus homogenate of the AICI; group, the levels of AchE were significantly increased
while the levels of DA, NE, and GABA were significantly decreased compared to the control group (P<0.05). In
the evaluation of the cortex and hippocampus homogenate, it was observed that (Raisin + AICI3) and
(rivastigmine +AICIs) groups AchE levels were significantly decreased while, DA, NE, and GABA levels were
significantly increased compared to the AICl3 group (P<0.05) (Table 1).

Oxidative stress markers levels in cortex and hippocampus homogenate

The levels of GSH, GSSG, and SOD in the cortex and hippocampus homogenate significantly decreased while
LPO levels were significantly increased in AICI; group than in the control group (P<0.05). AlCIs-treated rats
with Raisin and rivastigmine led to a significant increase in cortex and hippocampus GSH, GSSG, and SOD
levels and a significant decrease in LPO in (Raisin + AICI3) and (rivastigmine + AICIs) groups compared to
AIClzgroup (P<0.05) (Table 2).

Results of histopathological studies

The hippocampus sections in Cornu Ammonis (CA1) were formed of three layers: polymorphic (POL),
pyramidal (PYR), and molecular (MOL). Moreover, the dentate gyrus (DG) was formed of three layers:
molecular (MOL), granular (GRA), and polymorphic (POL). The hippocampus sections in CA1 of the control
and raisin extract-treated rats showed the normal pyramidal cells with rounded vesicular nuclei. Furthermore,
the hippocampus sections in dentate gyrus (DG) of the control and raisin extract-treated rats revealed normal
granular cells with vesicular nuclei and an increase in vasculature in raisin extract-treated group. After eight
weeks of treatment with AICIs, the treated rats revealed an abnormal morphology in CAl and DG of the
hippocampus characterized by degenerated shrunken cells with darkly stained nuclei. In rats treated with (Raisin
+ AICI3) and (rivastigmine + AICIs), the hippocampus sections in CAl and DG showed reduced degenerated
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cells. In addition, the hippocampus cells in CALl and DG showed slight changes compared to the cell structure
of only AICl;-treated rats (Figure 3).
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Figure 1. Effects of black raisin and rivastigmine on the time taken to find the food in the learning maze by
Alzheimer’s disease-induced rats
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Figure 2. Effects of black raisin and rivastigmine on the number of errors in the learning maze by Alzheimer’s
disease-induced rats

The values were expressed as mean+SE. *P<0.05 compared with control #P<0.05 compared with Al

Table 1. Effects of black raisin and rivastigmine on cortex and hippocampus homogenate levels of
acetylcholinesterase and some neurotransmitters in Alzheimer’s disease-induced rats

Control Raisin AICl; Raisin+ AICI;  |Rivastigmine + AICl;
AchE | Cortex | 0.65+0.0821 0.5117+0.0414 | 1.3567+0.0761% | 0.71+0.0604° 0.7283+0.0624°
(U/mg) Hip 1.79+0.1099 1.9783+0.0871 | 2.6883+0.1272% | 1.8317+0.0562° 2.025+0.0615"
DA Cortex | 3.625+0.2869 | 3.9033+0.3139 | 0.4817+0.1311* | 3.0883+0.1401° 3.455+0.2067"
(pg/mg) Hip 4.2+0.4227 4.6483+0.2762 | 0.8083+0.10872 | 3.4017+0.2832° 4.0667+0.249°
NE Cortex | 4.5867+0.3553 | 4.5267+0.2601 | 1.0267+0.3371% | 3.3983+0.3493° 5.8333+0.3566°
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(pg/mg) Hip 5+0.4017 4.7167+0.4012 | 1.7483+0.2893% | 4.5883+0.449° 6.7033+0.2939°
GABA | Cortex | 0.2767+0.0113 | 0.3517+0.0294 | 0.0738+0.0144% | 0.2783%0.0172" 0.465+0.0184°
(umol/mg) | Hip 0.4383+0.0402 | 0.4867+0.0399 | 0.0985+0.0142% 0.38+0.0213° 0.7067+0.0226°

The values were expressed as means +S.E of eight animals. P<0.05 (significant)
a = Significant difference compared to the normal control group.
b = Significant difference compared to the AICl; group.

Table 2. Protective effects of black raisin and rivastigmine on the cortex and hippocampus homogenate levels
of oxidative parameters in Alzheimer’s disease-induced rats

Control Raisin AICl3 Raisin+ AICI; | Rivastigmine +AICl;
GSH Cortex | 4.255+0.3425 | 4.7417+0.3343 | 0.8783+0.1126% 2.94+0.1414° 4.2833+0.3722°
(umol/mg) | Hip 4.42+0.4694 4.8333+0.3117 | 0.7167+0.1126% | 3.0683+0.1219° 5.725+0.2722°
GSSG Cortex | 4.635+0.3059 | 4.4417+0.3814 | 1.0417+0.1551% | 3.0717+0.2526%° 4,9717+0.404°
(umol/mg) | Hip 4.99+0.2762 4.7333+0.3783 | 1.2867+0.1991% | 2.9617+0.1436%° 5.455+0.2796"
SOD Cortex |85.8333+7.0067 | 84.6667+6.1409 | 20.45+2.7835% |56.3333+4.3944%° 91+5.2409°
(pmol/mg) | Hip 86+6.4057 87.3333+6.8783 | 16.2333+£2.3638% | 50.4+3.0681° 79+6.2794°
LPO Cortex | 0.735+0.0703 0.59+0.0386 9.2+0.03942 3.1483+0.0787° 0.2483+0.0904°
(pmol/mg) | Hip | 1.0917+0.0703 1.26+0.0386 36+0.03942 14.3483+0.07872° 0.7383+0.0904°
The values were expressed as means +S.E of eight animals. P<0.05 (significant)
a = Significant difference compared to the normal control group.
b = Significant difference compared to the AICI; group.
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Figure 3. H&E staining (magnification 400x). The pyramidal cells in CA1 have large vesicular nuclei in the
control, raisin-treated, and rivastigmine-treated groups, but in the Al group, they have irregular forms. In
addition, there is an increase in vasculature (stars) in the raisin-treated groups. The granular cells in DG have
vesicular nuclei in control, raisin-treated, and rivastigmine-treated groups, but in the Al group, they have
irregular forms. Moreover, there is an increase in dilated capillaries (stars) in raisin-treated groups in DG.

Treatment by raisin improved the morphological changes induced by AICls.
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DISCUSSION

The results of this study revealed that the intake of AICI; (100 mg/kg BW orally daily) for eight weeks by rats
(AD model) led to the impairment of learning and memory abilities compared to the normal rats that manifested
the increase in elapsed time and increase in the number of errors in the maze learning test to get food. These
results indicated that AICI; exposure resulted in the impairment of locomotor activity and exploratory behavior
(maze learning test) of the rats and a decrease in spatial memory. These results agreed with the previous study,
which reported that Al exposure had a neurodegeneration effect that led to learning deficits. The rats injected
with AICl3 intraperitoneally for 60 days (100 mg/kg BW) led to decreased memory in the Morris Water Task
(MWT) and a passive avoidance test that assessed the spatial memory. However, the oral administration of
raisin 6 g per rat for 60 days during Al exposure led to a significant increase in spatial memory. [15] Yassin et
al. [19] reported that the rats treated with AICI; revealed an increase in the time length spent by rats to get the
food in the T-maze experiment. These findings supported other investigations that demonstrated that Al can
induce disorder in cholinergic neurotransmission leading to memory alterations. [20]

The results of this study revealed that, in contrast to AlCls-treated rats, the learning and memory abilities were
significantly improved in AD rats treated with raisin (5 g for each rat, orally) for 8 weeks. This result showed
that raisin can reduce the harmful effects of Al on learning and memory. Ghorbanian et al. [21] reported that
daily consumption of 6 g of raisins for 90 days enhanced the spatial learning and memory in aged rats (20
months). In addition, they reported that morphometric alterations occurred in the corpus callosum and
hippocampus in old rats received raisins daily, which provided further evidence for the neuroprotective effects
of raisin on the brain.

Rivastigmine was used as a standardized drug as it is the only proven pharmacological therapy for symptomatic
AD treatment. The treatment of AD rats with rivastigmine as a therapeutic and/or protective agent led to a
significant increase in the locomotor activity levels in the cages and a decrease in the number of errors in the
maze compared to the AD-induced groups of rats. Rivastigmine improved the behavioral impairment, increased
the antioxidant enzymes in the brain, and ameliorated the mitochondrial enzyme activity-induced neurotoxicity.
[22]

Cognitive dysfunction was due to the decline of cholinergic transmitters’ activities. The results of the present
study demonstrated that the oral administration of AICI3 in the AD rat model produced a significant increase in
AchE activities of the cerebral cortex and hippocampus homogenate accompanied by a significant decrease in
DA, NE, and GABA contents in comparison to the control group. Such results of increased AchE activities
coincided with the findings of other studies. [19] It has been demonstrated that the increase in AchE activity
after Al exposure was due to the allosteric reaction between Al and peripheral anionic location of enzyme
molecule resulting in changes of the secondary structure and enzyme activity. [23]

Ibraheem and his colleagues [24] reported a significant decrease in 5-HT and DA in contrast to the significantly
elevated levels of NE in both cortex and hippocampus homogenate in rats exposed to AICI; orally for 90 days.
AIClI; inhibition of DA, observed herein might be explained partly by the effects of AICI3 on the sensitivity
status of 5-HT2C receptors in rats. [25] The suppression of dopaminergic transmission in CNS might play an
important role in AlCls-induced neurotoxicity. [26] Ibraheem et al. [24] explained the elevation in cerebral NE
in AlCIs-exposed rats may be due to the stress, caused by the metal that led to the activation of its synthetic
pathway, particularly the hydroxylation step involved in the conversion of DA to NE. [27] Actually, the
imbalance in brain biopterins caused the deficit of various neurotransmitters such as 5-HT, DA, and NE. [24]
Furthermore, the changes of brain neurotransmitters (DA and NE) in AICls-treated rats may lead to formation of
more O, and H,O; in the hippocampus and cortex leading to neurodegenerative diseases and Lewy bodies
aggregations. [28] Furthermore, the increased iron species concentration between Al-induced rats enhanced DA
oxidation producing DA quinones that reacted with cysteine residues of functional proteins as GSH, suppressing
their activity and detoxification action. [29].

Regarding inhibitory neurotransmitters, AICIs induced reduction in the cerebral cortex and hippocampus GABA
contents, observed herein, was similar to that described by [30] who demonstrated that AICI; selectively
modulated GABA receptors function leading to widespread changes in inhibitory circuits that contributed to
neuropathology. [31] The decrease in GABA level might be due to the increase in its catabolism through
enzymatic activities and selective loss of GABAergic neurons due to exposure to AlCls. [32] Meanwhile, [33]
reported that Al-exposed rats had a lower glutamate level and a higher GABA level.

The results of the present study showed that the oral administration of raisin for 8 weeks led to a significant
decrease in AchE contents of the cerebral cortex and hippocampus homogenate accompanied by a significant
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increase in DA, NE, and GABA contents in comparison to AICl; group. Ma et al. [34] reported that
Vitis vinifera L. flavones (VTF) inhibited AchE activity and improved acetylcholine transferase (ChAT) activity
that indirectly led to an increase in Ach level, which proved the protective effect of VTF on AD due to the
enhancement of cholinergic nerve functions. Raisin extracts showed in vitro suppression of monoamine oxidase
(MAOQ) activity that destructed NE. Two aromatic B-carbolines (i.e., norharman and harman) were extracted
from raisins that were responsible for MAO inhibition shown in raisins. [35]

Considering the results of this study, it has been demonstrated that the treatment of AD-rats with rivastigmine
significantly decreased cortex and hippocampus homogenate levels of AchE activity and increased DA, NE, and
GABA levels. These results are in agreement with others who demonstrated that rivastigmine intake increased
the concentration of Ach and inhibited AchE activities in the brain. [19] Rivastigmine is a carbamate-derived
pseudo-irreversible cholinesterase inhibitor, which can inhibit both AchE and BuchEl. The glutamatergic
system was modulated after AchE inhibition by rivastigmine. [36] Therefore, the mechanism by which
rivastigmine can improve the cognition of these rats is related to its potential to increase Ach and decrease AchE
activity as shown in the present study.

Experimental evidence has considered brain a sensitive organ because of its high rate of O, usage, high content
of polyunsaturated fatty acids and iron, which lead to lipid peroxidation. [37] Free radicals have been drawn to
the double bonds of unsaturated fatty acids. In addition, compared to other organs, brain tissues are poor in
antioxidants. [38] Meanwhile, neurons naturally possess a high aerobic metabolism. These factors come
together to make the nervous system liable to the oxidative damage. In this study, the rats’ intake of AlCl; led to
a significant decrease in the cerebral cortex and hippocampus homogenates of antioxidant enzymes including
GSH, GSSG, and SOD, as well as a significant increase in the oxidative stress marker such as LPO levels. GSH
depletion increased signaling processes, leading to the death of the neurons and central excitabilities. [39]
Deloncle et al., 1999 [40] reported that AICI; neurotoxicity is due to the increase in lipid peroxidation and
damage to the blood-brain barrier. SOD catalyzed the rapid removal of superoxide radicals generating hydrogen
peroxide (H20), which was eliminated by catalase (CAT). [41] The observed decrease in those antioxidant
enzymes activities after AICI; administration compared to the control group was in accordance with previous
reports by others. [42] Mahdy et al. [43] reported that AlICIs-induced AD-rats showed significant increases in
serum levels of nitric oxide (NO) and MDA as well as significant decreases in actions of SOD and total
antioxidant capacity (TAC). Lakshmi et al. [12] reported that chronic Al intake led to oxidative stress, as proved
by a marked increase in MDA levels and decreased endogenous antioxidants i.e. CAT, glutathione reductase
(GR), and GSH. The primary effects of Al on brain functions were mediated via destruction of cell membranes.
[44] Al changed calcium flux and homeostasis and facilitated the peroxidation of membrane lipids. [45] The
decreased activity of antioxidant enzymes resulted from oxidative changes in genes that controlled these
enzymes’ formation and action. [12]

Raisin contains polyphenol and phenolic acid compounds, which have antioxidant properties. The role of natural
polyphenols in the body is to remove free radicals, activate antioxidant enzymes, chelate metal catalysts,
decrease a-tocopherol radicals, and suppress oxidases. [46] In this study, the treatment of AD-rats with raisin for
8 weeks led to a significant increase in the cerebral cortex and hippocampus homogenates of GSH, GSSG, and
SOD as well as a significant decrease in LPO levels. In this respect, Gol et al. [15] reported that raisin treatment
during Al exposure showed a significant decrease of LPO and an increase in ferric reducing/antioxidant power
(FRAP) compared to the Al-treated group. This could be mainly due to the antioxidant and free radical
scavenging properties of the raisins. [47] Ghorbanian et al. [21] reported that the serum levels of FRAP as the
marker of evaluation of the antioxidant status significantly increased, but the average concentration of LPO or
MDA significantly reduced in aged rats receiving raisins for 90 days compared to the control rats. Lakshmi et
al. [12] reported that supplement with V. viniferous extract (400 mg/kg) to Al treated rats led to a significant
decline in the MDA levels and increase in the level of antioxidant enzymes including CAT and GR. Moreover,
V. vinifera extract contained many compounds like flavonoids, anthocyanins, sugars, proanthocyanins, tannin,
mineral salts, resveratrol, organic acids, and vitamins. These substances have been proven to act as antioxidants
in oxidative stress models. [12] Previous studies reported that 5-hydroxymethylfurfural (5-HMF) amount in dry
grape products, i.e. currant, raisin, and cooked grapes must be taken into consideration. [47] In a study made on
human neuroblastoma cell line, SH-SY5Y, 5-HMF protected nerve cells against sodium azide-induced
degradation via conserving the cytoskeleton and declining the intracellular A, and it was suggested that HMF
had an important role in treating neurodegenerative diseases. [48]
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Treatment of AD-rat models with rivastigmine as a therapeutic or protective agent led to an improvement in the
oxidative stress status, as represented in this study by a significant increase in cerebral cortex and hippocampus
homogenates of GSH, GSSG, and SOD, as well as a significant decrease in LPO levels. Rivastigmine may act
through decreasing oxidative stress and restoring antioxidant capacity. [49]

A neuropathological study of brain tissue of AD-induced rats revealed neuronal degeneration and edema.
Abnormal morphology in CAl and DG of hippocampus was characterized by degenerated shrunken cells with
darkly stained nuclei. However, Al caused an impairment in the hippocampus due to the destruction of neurons
and gliosis, and this may affect many enzymes responsible for synthesis and destruction of various
neurotransmitters. [12] Moreover, Al can pass the blood-brain barrier, get accumulated in the brain and
hippocampus, and produce neurotoxic actions. [15] However, AD brains exhibited chronic inflammation and
oxidative damage [50] that plays a significant role in the onset and progression of AD.

In AD rats treated with raisin and rivastigmine, hippocampus sections in CAl and DG showed reduced
degenerated cells. In addition, the hippocampus cells in CA1 and DG showed slight changes in comparison to
the cell structure of rats treated with AICI; alone. The hippocampus sections of CA1 in control, and raisin and
(raisin + AICI3) treated rats revealed normal pyramidal cells with wvesicular nuclei. Furthermore, the
hippocampus sections of DG in control, raisin extract and (raisin + AICI3) treated rats showed normal granular
cells with vesicular nuclei. Also, there was an increase in the dilated capillaries in raisin extract and (raisin +
AICl3) treated groups due to the increase of NO. Decreasing changes in the shape of neurons in the
hippocampus, as well as the decline of abnormal variations and irregularities in the arrangement of neurons
along with the increased number of pyramidal and granular neurons in raisin rats, emphasized on the
neuroprotective role of foods rich in antioxidants in the brain structure and function. [21] A study on aged rats
showed that the lateral ventricle diameter of rats in the raisin group was found to be smaller with less death rate
and degeneration compared to the control rats. [21]

The photomicrograph of brain tissue sections of AD-induced rats’ given rivastigmine revealed no
histopathological alterations in hippocampus. Coleman et al. [51] reported that treatment with rivastigmine in a
primary cell culture model could maintain neurons, neuronal morphology, and synaptic markers that are
necessary for a normal neuronal action. Moreover, Bihaqgi et al. [52] demonstrated the normal histological
appearance of the brain cells treated with rivastigmine tartrate. These authors stated that rivastigmine could
reverse the histopathological alterations of the brain caused by AICIs.

CONCLUSION

From this study, it could be concluded that the raisin had a neuroprotective effect on rats with AD. It prevented
LPO arising, increased GSH, GSSG, and SOD levels in the brain, and improved memory and learning in the AD
rat models. Moreover, it increased the formation of neurotransmitters including DA, NE, and GABA in the brain
and decreased AchE enzyme activity that destructs Ach, as an excitatory neurotransmitter in the brain. It could
ameliorate the neurodegenerative characteristics of AD. The findings of the present study suggested the
therapeutic potential of black raisins in neurodegenerative diseases such as Alzheimer's disease. Further clinical
trials on humans are required to determine the efficacy of black raisin or one or more of its constituents on
neurodegenerative disorders.
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