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ABSTRACT

This study was designed to evaluate the neuro-ameliorative effect of red (Morus rubra) and white berry
(Morus alba) extracts against Alzheimer’s disease (AD) in male rats. AICl; was administered orally to
male albino rats (100 mg/kg/day for 6 weeks) while, berry extracts (300 mg/kg/day for six weeks) was
administered orally post AICI; administration. The data showed markedly elevation in lipid peroxide,
apoptotic marker enzyme (caspase-8) and calmodulin (CaM) levels while, reduced glutathione (GSH)
level and antioxidant enzyme; paraoxanase-1 (PON1) were reduced in AD rats when compared with
normal control one. The treatment of rats with AICI; induced AD was associated with increase in the 8-
OHdG/2-dG ratio and decreased the expression of DHCR24 and FKBP 1B genes. However, the treatment
of AD-induced rats with red and white berry extracts exhibited low 8-OHdG/ 2-dG ratio and increase the
expression of the DHCR24 and FKBP1B genes. The results suggested the attenuated role of berry
extracts which could be attributed to the inhibition of reactive oxygen species (ROS), increase in the
antioxidant enzymes activity as well as inhibition in the occurrence of apoptotic related enzymes such as
caspases-8.
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INTRODUCTION

Several neurological studies have shown that regular flavonoid rich fruit intake is associated with delayed Parkinson's
disease (PD) and Alzheimer’s disease (AD).1' Data from in vivo studies suggested that among the sources of
antioxidants, phytochemicals in berry fruits (anthocyanin and caffeic acid) have a beneficial role in brain aging and
neurodegenerative disorders because of their anti-oxidative, anti-inflammatory and anti-proliferative properties.® It has
been found that oxidative stress and inflammation appear to be involved in brain aging and in AD.* Thus, increasing
the consumption of antioxidants may be effective in preventing or reducing the deleterious effects of agling and
behavior.’ Additionally, the neuro-protective effects of berry extracts were demonstrated by many scholars.®’ Neuro-
inflammatory processes in the brain are believed to play a crucial role in the development of neurodegenerative
diseases, especially due to the increased production of reactive oxygen species (ROS).8 Brain tissues have a high
content of lipids which it rapidly oxidized under high stress conditions to generate ROS.? Obviously, the exposure of
oxidative stress (OS) stimulates the activation of compensatory resPonses. Unfortunately, both enzymatic and non-
enzymatic antioxidant defenses seem to be impaired in AD patients. % Thus, due to low activity of antioxidant defense
systems, the brain is susceptible to oxidative stress more than other organs."" The calcium hypothesis of AD invokes
the disruption of calcium signaling as the underlying cause of neuronal dysfunction and ultimately apoptosis. As a
primary calcium signal transducer, calmodulin (CaM) responds to cytosolic calcium fluxes by binding to and regulating
the activity of target CaM-binding proteins (CaMBPs)."* Calcium/calmodulin-dependent kinase Il (CaMKIl) is a
remarkably complex protein kinase which has a principle role in plasticity of synapsis and memory formation. CaMKI|
has also been suggested to be a tau kinase. CaMKII dysregulation may therefore be a modulator of toxicity in AD; a
dementia characterized by aberrant calcium signaling, synapse and neuronal loss, and impaired memory. There is
evidence for CaMKIl dysregulation in Alzheimer’'s patients which contributed to neurodegeneration and memory
impairment.13 On the other hand, AD is concerned with several conditions causing the excessive production of ROS:
mitochondrial dysfunctions, Ag-related microglial activation and inflammation. One of the important issues in AD is
inflammation. In fact, this neurodegenerative disorder is characterized by an uncontrolled inflammatory activation of
microglial cells. The peroxisome proliferator-activated receptor gamma (PPAR-y) is a regulator of the inflammatory
processes which exerts anti-inflammatory properties as well as paraoxanase anti-inflammatry and antioxidant
enzyme.m'15 It was suggested that PON1 may confer protection against inflammatory and oxidative challenge which,
in turn, plays a key-role in the onset and progression of dementia.™ It is intriguing to hypothesize that in mild cognitive
impairment patients decreased levels of PON-1 may result in a weaker defense against reactive species, which in turn
leads to the formation of a high amount of lipoperoxidation by—products.17 Several molecular markers are associated
with the degenerative disorders pathway inhibition such as FKBP1B and DHCR2 genes. FKBP1B is a gene encoding
binding protein (BP) for the immunosuppressive drug. The protein encoded by this gene is a member of the
immunophilin protein family, which play a role in immunoregulation and basic cellular processes involving protein
folding and trafficking.18 Additionally, 24-dehydrocholesterol reductase gene (DHCR24) is gene encodes a flavin
adenine dinucleotide (FAD)-dependent oxido-reductase which catalyzes the reduction of the delta-24 double bond of
sterol intermediates during cholesterol biosynthesis. Reduced expression of the gene occurs in the temporal cortex of
AD patients." The neuro-protective effects of many polyphenols rely on their ability to cross the blood-brain barrier
and directlg scavenge pathological concentrations of reactive oxygen and nitrogen species and chelate transition
metal ions.? Different polyphenolic compounds were shown to have scavenging activity and the ability to activate key
antioxidant enzymes in the brain, thus breaking the vicious cycle of OS and tissue damage.21 There is a growing
interest in the potential of natural polyphenols in berries to improve memory, learning and general cognitive
abilities.?*? Preclinical evidence has indicated that flavonoids may exert powerful actions on mammalian cognitive
function and may reverse age-related declines in memory and learning. These beneficial effects are mainly in demand
in preventing against brain damage, such as ischemic and neurodegenerative diseases, reducing neuronal apoptosis,
and improving memory, learning and cognitive functions.?* Therefore, the present study aimed to investigate the
ameliorative effect of red berry in AD induced rats against oxidative stress, inflammation, apoptosis, calmodulin, DNA
adducts formation and alteration in the expression of neurodegenerative related genes.

MATERIALS AND METHODS

Chemicals

Donepezil was purchased from Sigma Co (USA) and aluminum chloride (AICI;) from BDH Laboratory Supplies, Poole
(UK).TRIzol reagent was bought from Invitrogen (Germany). The reverse transcription and PCR kits were obtained
from Fermentas (USA). SYBR Green Mix was purchased from Stratagene (USA).

Preparation of berry extracts

Red and white berry fruits were obtained from the local market, grinded and extracted three times with ethanol 70%.
The extracts were filtered through filter pa;:)er and each filtrate was concentrated under vacuum using Rotary
evaporator (Heidolph-Germany) till dryness.”>*® The crude extracts were obtained and stored at 4 °C for further
investigations.
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Biological experiment

Animals

Male albino rats (180-200 g) were obtained from Central Animal House, National Research Centre (NRC). Animals
were acclimatized to the laboratory conditions at room temperature prior to the experimentation. Animals were kept
under standard conditions of a 12 h light/dark cycle with food and water in plastic cages with soft bedding. All the
experiments were carried out between 9.00 and 15.00 h. The protocol was approved by the NRC Ethics Committee
Guidelines for the use and care of animals (Ethical approval no: 0113345).

Drug and treatment schedule

AICI; was dissolved in drmkmg water at the beginning of the experiment and administered in a dose of 100 mg/kg to
rats daily for 6 weeks.? Donepezﬂ tartrate (5 mg/kg b.wt./day) diluted in ultra pure water daily for 6 weeks.?® Animals
were randomized into seven groups (seventy adult male albino rats) based on their body weight. Each group had ten
numbers of animals. The groups were as follows:

Group one: Normal control untreated rats.

Group two: Normal control rats treated with red berry ethanolic extract.

Group three: Normal control rats treated with white berry ethanolic extract.

Group Four: Serving as AD rats, where rats were orally administered with AICI;.

Group five: AD rats daily orally treated with red berry ethanolic extract for 6 weeks in a dose of 300 mg /Kg b. wt.?®
Group six: AD rats orally administered daily with white berry ethanolic extract for 6 weeks in a dose of 300 mg /Kg
b.wt.

Group seven : AD rats orally treated daily with standard drug (donepezil at a dose of 5 mg/kg b.wt.).

Brain tissue sampling and preparation

At the end of the experiment, the rats were fasted overnight, subjected to anesthesia with diethyl ether and sacrificed.
The whole brain of each rat was rapidly dissected, washed with isotonic saline and dried on filter paper. The brain was
weighed and homogenlzed in ice-cold medium containing 50 mMTris/HCI and 300mM sucrose at pH 7.4 to give a 10
% (W/v) homogenate % This homogenate was centrifuged at 1 400 x g for 10 min at 4 °C. The supernatant was stored
at -80 °C and used for biochemical analyses that included OS biomarker (lipid hydroperoxide), non-enzymatic
antioxidant level (GSH), apoptotic marker (caspase-8), anti-inflammatory (PON1) enzyme activity and calmodulin
level. The ethical conditions were applied such that the animals suffered no pain at any stage of the experiment and
the study was approved by the Ethics Committee of the National Research Centre. Animals were disposed of in bags
provided by the Committee of Safety and Environmental Health, NRC.

Biochemical analyses

Determination of lipid peroxide

Lipid peroxidation products represented by malondialdehyde (MDA) were evaluated by the method of Satoh.? Using
thiobarbituric acid (TBA) and measuring the reaction product spectrophotometrically at 534 nm.

Determination of GSH

Brain GSH was measured colorimetrically according to the method of Moron et al.** This method is based on
determination of the relatively stable yellow color when 5,5’-dithiobis-2-nitrobenzoic acid (DTNB) is added to sulfhydryl
compounds which can be measured at 503 nm.

Determination of caspase-8

The activity of caspase enzyme in the brain tissue homogenate is measured, according to the method of Thompson
The cells that are suspected or have been induced to undergo apoptosis are first lysed to collect their intracellular
contents. The cell lysate can then be tested for protease activity by the addition of a caspase-specific peptide that is
conjugated to the color reporter molecule p-nitroaniline (pNA). The cleavage of the peptide by the caspase releases
the chromophore pNA, which can be quantitated spectrophotometrically at a wavelength of 405 nm. The level of
caspase enzymatic activity in the cell lysate is directly proportional to the color reaction.

Determination of PON1 activity and calmodulin level

PON1 was determined in serum samples by measuring the hydrolysis of paraoxon using a spectrophotometric
method .Serum (5 ul) was added to freshly prepared tris-NaOH buffer (0.26 M, pH 8.5) containing 0.5 M NaCl,1.2 mM
paraoxon and 25 mM calcium chloride. After thirty seconds of incubation at 37 °C, the liberation of p-nitrophenol (=
18.053 M -1cm-1) was followed at 405 nm for six minutes (at 54 second intervals). One unit of activity is defined as
the amount of enzyme producing 1y mol of p-nitrophenol per minute® where the activity of calmodulin as an act|vator
of cAMP phosphodiesterase was assayed by spectrophotometric assay method according to Garg et al.** Where,
AMP was hydrolyzed by 5'-nucleotidase and the adenosine formed was measured by spectrophotometry at 265 nm.

Measurement of 8-Hydroxy-2-deoxyguanosine (8-OHdG) and 2-deoxyguanosine (2-dG) by HPLC

DNA was extracted from brain tissues by homogenization in buffer containing 1% sodium dodecyl sulfate, 10 mM Tris,
1 mM EDTA (pH 7.4), and an overnight incubation in 0.5 mg/ml proteinase K at 55°C. Homogenates were incubated
with RNase (0.1 mg/ml) at 50°C for 10 min and extracted with chloroform/isoamyl alcohol. The extracts were mixed
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with 3 M sodium acetate and two volumes of 100% ethanol to precipitate DNA at -20°C. The samples were washed
twice with 70% ethanol, air-dried for 15 min, and dissolved in 100 pl of 10 mM Tris/1 mM EDTA (pH 7.4). DNA
digestion was performed according to Patel et al.* The adduct 8-OHdG was measured with high-performance liquid
chromatography (HPLC) equipped with a CoulArray system (Model 5600). Analytes were detected on two coulometric
array modules, each containing four electrochemical sensors attached in series, which allows identification targets
based on reduction potential. UV detection was set to 260 nm. HPLC was controlled and the data acquired and
analyzed using CoulArray software. The mobile phase was composed of 50 mM sodium acetate/5% methanol at pH
5.2. Electrochemical detector potentials for 8-OHdG and 2-dG were 120/230/280/420/600/750/ 840/900 mV, and the
flow rate was 1 ml/min.

Gene expression analysis

Extraction of total RNA and cDNA synthesis

Brain tissues of male rats were used to extract the total RNA using TRIzol® Reagent (Invitrogen, Germany) Kit. The
isolation method was carried out according to the manufacturer’s instructions of the above Kit. Approximately 50 mg of
the brain tissues were mixed with some drops of liquid nitrogen and homogenized in 1 ml of TRIzol® Reagent in
autoclaved mortar. Afterwards, total RNA was dissolved and preserved in diethylpyrocarbonate (DEPC)-treated water
up to use. To assess the RNA yield and purity of the total RNA, RNAse-free DNAse | (Invitrogen, Germany) was used
to digest DNA contamination. A small drop of isolated RNA was examined photospectrometrically at 260 nm. The
purity of total RNA was determined between 1.8 and 2.1 to be good purified when it examined by photospectrometer
at the 260/280 nm ratio. To avoid RNA damaging, aliquots of RNA were prepared after isolation for either reverse
transcription reaction or otherwise for storing at -80°C up to use. To synthesize the complementary DNA (cDNA)
isolated RNA from brain tissues was reverse transcribed into cDNA. The reaction volume was carried out in 20 pl. The
reaction volume was prepared according to the instructions of the RevertAid™ First Strand cDNA Synthesis Kit (MBI
Fermentas, Germany). The reverse transcription (RT) reaction was performed for 10 min at 25°C. Afterwards, the
tubes of the reaction were put in thermo-cycler machine for 60 min at 42°C, and then the reaction was terminated for 5
min at 99°C. The PCR products containing the cDNA were kept at -20°C up to use for DNA amplification.*”*®

Quantitative Real Time-PCR (qQRT-PCR)

A StepOne Real-Time PCR System (Applied Biosystem, USA) was used to assess the copy of the cDNA of male rats
to detect the expression values of the tested genes. To perform the PCR reaction, a volume of 25 ul of reaction
mixtures was prepared containing 12.5 ul of SYBR® green (TaKaRa, Biotech. Co. Ltd.), 0.5 ul of 0.2 uM forward and
reverse primers, 6.5 ul DNA-RNA free water, and 2.5 ul of the synthesized cDNA. The cDNA was propagated using
reaction program consisted of 3 steps. In the first step, the PCR tubes was incubated at 95°C for 3 min. In the second
step, the reaction program consisted of 50 cycles. Each cycle of them consisted of 3 sub-steps: (a) 15 sec at 95°C; (b)
30 sec at 60°C; and (c) 30 sec at 72°C. In the third step, the reaction program consisted of 71 cycles. The first cycle of
them started at 60°C for 10 sec and then the followed cycles increased about 0.5°C every 10 sec up to 95.0°C. A
melting curve of the reaction was performed for each gqRT-PCR termination at 95°C to assess the quality of the
primers. To verify that, the reaction of the gqRT-PCR does not have any contamination PCR tubes containing non
template control were used. The sequences of specific primer of the genes used are listed in Table (1). The relative
quantification of the target genes to the reference (B-Actin) was determined by using the 272°T method.

Statistical Analysis

Data were analyzed by one way analysis of variance (ANOVA) using the Statistical Package for the Social Sciences
(SPSS) program, version combined with co-state computer program and least significant difference (LSD) to compare
significance between groups, where unshared letters are significant at P <0.05.

RESULTS

Effect of red and white berry extracts on lipid peroxide and GSH levels

Table (2) revealed an insignificant difference in lipid peroxide and GSH level in red and white berry extracts treated
normal control rats comparing with untreated control one. AD rats demonstrated significant increase in lipid peroxide
level with percentage reached to 130.15%. While, significant decrease in GSH level was detected (70.87%),
compared to normal control rats. Treatment of AD induced rats with red and white berry extracts showed significant
increase in lipid peroxide level with percentages of improvement 118.09 and 109.54%, respectively. While, red and
white berry extracts showed significant decrease in GSH level with improvement percentages 55.17 and 54.60%,
respectively. Reference drug recorded amelioration percentages 123.14 and 58.35%, for lipid peroxide and GSH
levels respectively.

Effect of red and white berry extracts on caspase-8 enzyme activity

From the manipulated data (Table 3), it can be deduced, insignificant change in caspase-8 activity in normal rats
treated with red and white berry extracts as compared to untreated control rats. AD induced rats declared significant
increase in caspase-8 activity with percentage 130.09%. Treatment of AD induced rats with red berry and standard
drug showed insignificant difference in enzyme activity. While, white berry administered to AD rats demonstrated
significant increase in caspase-8 activity with amelioration percent 101.80%.
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Effect of white and red berry extracts on PON1 activity and calmodulin level

The results presented in Table (4), clearly indicated significant increase in PON1 activity in normal rats treated with
red berry (9.62%), however, insignificant change in normal rats treated with white berry extract was detected as
compared to untreated normal control one. While, insignificant change was detected in calmodulin level in normal rats
treated with red and white berry extracts comparing with normal control one. Regarding to AD rats, significant
inhibition was recorded in antioxidant enzyme PON1 activity (27.36%) as compared to normal control rats. However,
CaM level showed significant increase with percentage 186.32%. Treatment of AD induced rats with red berry extract
exhibited insignificant difference in PON1 enzyme activity. While, CaM level showed significant increase with
amelioration percent 47.37%. In addition, white berry extract treated AD rats declared significant inhibition in PON1
activity, while significant increase in CaM level with percentages of amelioration 14.41 and 110.53%, respectively.
Furthermore, treatment of AD induced rats with donepezil standard drug revealed insignificant change in PON1
activity while, significant increase in CaM level with amelioration percent 108.07%.

Effect of red and white berry extracts on 8-OHdG formation

Assessment of the 8-OHdG generation in brain tissues of AD induced rats' genome following red and white berry
extracts treatment is summarized in Figure (1). The results revealed that exposure of male rats with AICI; increased
significantly the 8-OHdG/2-dG ratio compared with those in control rats. In contrary, the results showed that 8-
OHdG/2-dG ratio following treatment of AD rats with red berry extract (300 mg/kg b.wt.) decreased significantly
compared with those in AD rats and reached relatively similar to that of the control group. In addition, the treatment of
AD rats with white berry extracts decreased significantly the 8-OHdG/2-dG ratio compared with those in AD rats,
however, the 8-OHdG/2-dG ratio in AD rats treated with red berry extract was significantly lower than those treated
with white berry extract (Figure 1). Moreover, the ratio of 8-OHdG/2-dG generation in AD rats treated with donepezil (5
mg/kg), as reference drug for AD treatment, was also declined significantly decreased significantly compared with
those in AD rats (Figure 1).

8-OHdG/ 2dG x 108
)
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Figure 1
Generation of 8-OHdG in the brain tissues of male rats treated with AICI;, and berry extracts exposure. DNA
damage was expressed as the ratio of oxidized DNA base (8-OHdG) to nonoxidized base (2-dG) in cortex
DNA. Data are presented as mean * SE. ab< followed by different superscripts are
significantly different (P<0.05).

Effect of red and white berry on the expression alteration of AD related genes

The expression values of DHCR24 and FKBP1B genes associated with AD in brain tissues of male rats were
quantified by real-time RT-PCR (Figures 2 and 3). The results revealed that exposure of male rats with AICI;
decreased significantly the expression of DHCR24 and FKBP1B genes compared with those in control rats. The
percentage of the mRNA expression of DHCR24 and FKBP1B genes were 32.8% and 22%, respectively compared to
control rats (Figures 2 and 3).0On the other hand, expression values of DHCR24 and FKBP1B genes increased
significantly in AD rats treated with red and white berry extracts as well as with donepezil. The percentage of the
mMRNA expression of DHCR24 and FKBP1B genes increased to 247.4, 443.9 and 97.8% respectively in AD rats
treated with red berry extract compared with those in AD rats (Figures 2 and 3). Also, the percentage of the mRNA
expression of DHCR24 and FKBP1B genes increased to 200.4% and 336.6%, respectively, in AD rats treated with
white berry extract compared with those in AD rats. Moreover, treatment of AD rats with donepezil increased the
percentage of the mMRNA expression of DHCR24 and FKBP1B genes to 253.9% and 429.3%, respectively, compared
with those in AD rats.
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Figure 2
Expression levels of FKBP1B-mRNA in brain tissues of male rats exposed to AICI; or/and Berry extracts. Data
are presented as mean * SE. *** followed by different superscripts are significantly different (P<0.05).
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Figure 3

Expression levels of DHCR2-mRNA in brain tissues of male rats exposed to AICl;
or/and Berry extracts. Data are presented as mean * SE. **° followed by different
superscripts are significantly different (P<0.05).

Table 1
Primer sequences used for gPCR
Gene Primer sequence (5 1—3 l‘) Reference
DHCR24 F: GGGTGTTTGTGTGCCTCTTCC Hassanzadeh et al.®
R: GCTCCTTCCACTCCCGTACC :

Fkbp1b F: GCAAGCAGGAAGTCATCAAAGG Gant et al %
R: CAGTAGCTCCATATGCCACATCA )
B-actin F:GGAGATTACTGCCCTGGCTCCTA  Deng et al.”
R: GACTCATCGTACTCCTGCTGCTG
Where, F: forward primer; R: reverse primer; (DHCR24): 24-dehydrocholesterol reductase;
(FKBP1B): It is a gene encoding the binding protein (BP) for the immunosuppressive drug.

Table 2
Effect of red and white berry extracts on lipid peroxide and
GSH levels in control, AD and treated rats

rameters Lipid peroxide GSH
Groups

Normal control 9.12+0.11° 190.55+9.10"

Normal control treated with red berry 8.59+0.13° 199.65+5.90%
%Change 5.81 4.78

Normal control treated with white berry 9.15+0.6° 195.70+0.80%
%Change 0.33 2.70

AD 20.99+1.01° 55.50+2.11°

%change 130.15 70.87

AD treated with red berry 10.22+0.98° 160.63+10.13°
%Change 12.06 15.70
% of improvement 118.09 55.17

AD treated with white berry 11.00+0.83° 159.55+11.20°
%Change 20.61 16.26
% of improvement 109.54 54.60

AD treated with standard drug 9.76+0.66° 178.70+11.23°
%Change 7.02 6.22
% of improvement 123.14 58.35

Data are means * SD of ten rats in each group.
Unshared letters between groups are the significance value at p< 0.05.
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Table 3
Effect of red and white berry extracts on apoptotic marker;
caspase-8 enzyme activity in control, AD and treated rats

ameter
W Caspase-8 (ng/ml)

Normal control 7.21+1.20°
Normal control treated with red berry 6.77+0.90°
%Change 6.10
Normal control treated with white berry  6.25+0.80°
%Change 13.31

AD 16.59+0.99°
%Change 130.09

AD treated with red berry 8.50+1.00°
%Change 17.89

% of improvement 112.21

AD treated with white berry 9.25+0.65°
%Change 28.29

% of improvement 101.80

AD treated with standard drug 8.62+0.29°
%Change 19.55

% of improvement 110.54

Data are means * SD of ten rats in each group.

Unshared letters between groups are the significance value at p< 0.05.

Table 4

Effect of red and white berry extracts on PON1 and
calmodulin in control, AD and treated rats

ameters Calmodulin

Croups M pont(un)  game

Normal control 210.90+10.20° 2.82+0.02°

Normal control treated with red berry 230.20+2.50° 2.90£0.01°

%Change 9.62 1.75

Normal control treated with white berry  222.10£13.10°  2.69+0.06°

%Change 5.31 5.61

AD 153.20£12.13%  8.16%0.95°

%Change 27.36 186.32

AD treated with red berry 210.11+£13.20° 6.81+0.81°

%Change 0.38 138.94

% of improvement 26.98 47.37

AD treated with white berry 180.50+21.10° 6.00+0.73°

%Change 14.41 110.53

% of improvement 12.94 75.79

AD treated with standard drug 190.59+11.50° 5.08+0.42°

%Change 9.63 78.25

% of improvement 17.73 108.07

Data are means * SD of ten rats in each group.
Unshared letters between groups are the significance value at p< 0.05.

DISCUSSION

This study was conducted to evaluate the ameliorative effect of berry extracts (red and white) against AD. The results
of the current study revealed that, AICI; induced Alzheimer was associated with increased lipid peroxide level,
caspase enzyme activity and CaM level while, GSH level and PON1 activity were deceased. However, on the
molecular level, increase in the 8-OHdG/2-dG ratio as indicator parameter of DNA damage was detected. In addition,
AICI3 treatment decreased the expression of DHCR24 and FKBP1B genes. In agreement with the findings, Shati et
al* reported that, aluminum (Al) has been proposed as an environmental factor that may affect several enzymes and
other biomolecules related to neurotoxicity and AD. The pro-oxidant activity of Al might be interpreted by the formation
of Al superoxide semi-reduced radical ions. The promotion of superOX|de driven biological oxidation by Al was due to
an interaction between the metal and the superoxide radical anion.*> Under these conditions, high Al exposure could
result in its accumulation in the central nervous system (CNS) where it induces the formation of ROS. This would
result in an increase in brain oxidative stress and lipid peroxidation that would promote amyloid-B-peptide formation,
deposition, and with time AD-like amyI0|d03|s Al has been reported to enhance perOX|dat|ve damage to lipids and
proteins and possibly to cause a decrease in GSH and antioxidant enzymes activity.** Yousef*® reported that, Al
induces an increase in lipid peroxidation, a decrease in the activity of the antioxidant enzymes and GSH in plasma
and tissues of male rabbits. Accordingly, in situations where the generation of free radicals exceeds the capacity of
antioxidant defense, oxidative stress ma}/ lead to cell membrane degradation, cellular dysfunction and high activity of
caspase-8 enzyme indicating apoptosis.”” Two major reasons may be participating in the high level of CaM observed
in the current study that CaM half-life is enhanced in AD ceIIs The half-life of CaM in AD lymphoblasts was estimated
in 22 h, approximately 3 times fold of that of control cells.”® These values are in consonance with the reported half-life
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of CaM in rat brain and the rate of CaM degradation which is found to decrease and is directly proportional to
intracellular Ca®* levels and ROS status.*® In addition, the increased levels of CaM were associated with over
activation of PI3K/Akt and enhanced proliferation of AD cells.*”® These results are in line with the known role of CaM in
regulating cell cycle progression.50 Apparently there is a reduction in the polyubiquitation of CaM in AD cells, which
may contribute to the reduced CaM degradation. Intracellular Ca”" levels and oxygen reactive species content appear
to regulate the rate of CaM degradation.”’ Reducing the rate of CaM degradation could be the cellular response to
buffer Ca** overload.”’ previous work indicated that ubiquitination and degradation of CaM in vitro show opg)osite
sensitivity to Ca®* and the rate of CaM degradation was found to decrease in response of the presence of Ca *52 |t
was suggested that ubiquitinated CaM could retain sufficient Ca** binding capacity to maintain a structure too rigid to
be unfolded and directed to the 5proteasome.52 On the other hand, treatment with antioxidants also normalized CaM
degradation in AD lymphoblasts." It is well known that enhanced ROS generation perturbs Ca?* fluxes.*' Hence; ROS
generation, controlling the rate of CaM degradation which may play an additional role in ROS-induced disruption of
Ca®" homeostasis.The present results revealed low PON1 activity in AD induced rats. Although there is some
disagreement, a large body of research suggested that low PON-1 activity may be associated with an increased risk of
developing late-onset Alzheimer's disease (LOAD) or vascular dementia (VAD).'***®° Lipolactonase activity has
recently emerged as the native catalytic activity of PON1 which, in turn, help HDL particles to prevent the
accumulation of lipid peroxides in oxidized LDLs.*® The impairment of PON1 in mild cognitive impairment (MCI)
patients could play a role in the derangement of systemic oxidative balance that affects these individuals regardless of
their progression to dementia.”® It must be emphasized that, to a lesser extent, paraoxonase may also contribute to
the antioxidant mechanisms of HDLs.** This is an important point, as the ability to protect LDLs and HDLs against an
oxidative challenge seems to be partially mediated by other anti-atherogenic functions of PON-1 including stimulation
of eNOS-dependent NO production with subsequent endothelial anti-inflammatory effects, and enhancement of
cholesterol efflux from cholesterol-laden macrophages.®”*® It was hypothesize that a low level of PON1 activity ma
reflect a weaker physiological defense against pro-atherogenic processes, thus increasing the risk of VAD onset.
Furthermore, the results of the present study suggested that the increase in the level of DNA adducts (8-OHdG/2-dG
ratio) and the decrease in the expression of DHCR24 and FKBP1B genes due to AICI; treatment could be attributed to
ROS formation and decrease the level of enzymatic and non-enzymatic antioxidant. On the other hand, the results of
the current study revealed that red and white berry administration reduced lipid peroxide, CaM levels, caspase-8
activity and DNA adducts (8-OHdG/2-dG ratio) while, increased GSH level, PON1 activity and expression of DHCR24
as well as FKBP1B genes associated with Alzheimer pathway inhibition.Kaume et al.%® revealed that, black berry
fruits are well known to be a rich source of antioxidants, rich polyphenols manganese, folate, fibers, cyaniding-3-O-
glucoside, vitamin C, salicylate and high tannin. Tavares et al.® reported that wild black berries, brigantinus and
vagabundus collected from Braganc (northeast region of Portugal) demonstrated attainable neuroprotective effects by
reducing intracellular ROS levels, modulating glutathione levels and inhibiting the occurrence of caspases during
treatments. These effects protected neuronal cells against oxidative injury, one of the most important features of
neurodegeneration. /n vitro studies have also reported that black berries have potent anti-inflammatory and
antiproliferative properties.62’63 In addition, the antioxidants present in these fruits improved behavioral performance in
motor neuron tests in aged rats. The balance and fine motor coordination in cognitive test were also improved in the
Morris water maze, demonstrating the measures of spatial working memory and Iearning.64 Indeed, the direct effect of
berries in the present study on brain tissues inhibiting neurodegenerative disorders, decrease DNA damage and gene
expression alterations is not fully understood. However, it could be attributed to the inhibition of ROS production,
increase the activity of the antioxidant enzymes as well as inhibiting the occurrence of apoptotic related enzymes such
as caspases. It has been found that supplementation of blue berries in adult mice (aged 3 months) improved
performance in memorg tasks and had a protective effect on DNA damage in the hippocampus and cerebral cortex.®
Moreover, Barros et al.*® reported that Reade (Ericaceae) berries, increased the protective effects against free radical-
induced DNA damage in the brain. These results are reliable with the hypothesis that flavonoids (including
anthocyanins) can show beneficial effects on cell signaling and decrease oxidative damage. These results also
suggested that flavonoids might directly act on cognitive function, which may help prevent age-related and
pathological degenerative processes in the brain.

CONCLUSION

The results of the present study showed that, red and white berry ethanolic extracts of berry have the ability to inhibit
ROS production and apoptotic related enzymes that may lead to their neuro-ameliorative effect in Alzheimer's
disease.
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