
Abstract. – Backgroud and Objectives:
Alzheimer’s disease (AD) is a neurological disor-
der associated with aging. The neuropathologic
features of this disease are senile plaques and
neurofibrillary tangles, which are present in
memory structures and cerebral cortex. This
study focuses on evaluation of estradiol admin-
istration in the management of neurological
changes accompanied with AD in ovariec-
tomized rats intoxicated with aluminum.

Materials and Methods: Fifty adult female
rats were classified into 5 main groups as fol-
lows: Group (1): gonad intact control, Group (2):
ovariectomized control group, Group (3):
ovariectomized rats were injected subcuta-
neously with estradiol for 18 weeks, Group (4):
ovariectomized rats were injected intraperi-
toneally with aluminum chloride (AlCl3) daily for
three months, Group (5): ovariectomized rats
were injected intraperitoneally with AlCl3 for
three months, then, they were injected subcuta-
neously with estradiol three times weekly for 18
weeks. Hydrogen peroxide (H2O2), malondialde-
hyde (MDA), total antioxidant capacity (TAC), su-
peroxide dismutase (SOD), catalase (CAT), B cell
lymphoma 2 (Bcl-2), brain derived neurotrophic
factor (BDNF), acetylcholinesterase (AchE) and
acetylcholine (Ach) were determined in brain tis-
sue of all studied groups.

Results: The results showed that brain TAC,
SOD activity, Bcl-2 and BDNF levels were de-
creased significantly due to ovariectomy. Brain
H2O2, MDA levels and AchE activity were in-
creased significantly after AlCl3 administration
to ovariectomized rats. Brain TAC, Bcl-2, BDNF
and Ach levels were decreased significantly as a
result of AlCl3 supplementation to ovariec-
tomized rats. Treatment of rats with estradiol
produced marked improvement in the most stud-
ied biomarkers and this finding was well docu-
mented by histological investigation of the brain
which showed remarkable improvement in the
feature of the neurons in addition to the disap-
pearance of plaques.

Conclusions: We could conclude that estradi-
ol administration significantly ameliorates the
neurodegeneration characteristic of Alzheimer’s
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disease in experimental rat model. This may be
attributed to its powerful antioxidant, antiapop-
totic, neurotrophic as well as its antiamyloido-
genic activities.
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Introduction

Today many countries have rising aging popu-
lations and are facing an increased prevalence of
age related diseases, such as Alzheimer’s
disease1. Alzheimer’s disease (AD) is a neurode-
generative disorder characterized clinically by
progressive memory loss and subsequent demen-
tia, and neuropathologically by senile plaques,
neurofibrillary tangles and synapses loss2. The
abnormal accumulation of extracellular amyloid-
beta peptide (Aβ) and the intracellular neurofib-
rillary tangles (NFTs) are believed to be respon-
sible for the neuronal loss and the degeneration
of the cholinergic system3. Other essential abnor-
malities are gliosis, chronic inflammation, exci-
totoxicity and oxidative stress4.
In recent years, a number of studies have in-

vestigated the potential role of various metal ions
in the pathogenesis of Alzheimer’s disease
(AD)5. Aluminum could be implicated in the for-
mation of neurofibrillary tangles and Aβ peptides
aggregation in the AD brains6.
Researchers suggest that decrease in estradiol

levels during aging may increase the risk of
Alzheimer’s disease, the most common type of de-
mentia7. The classic view of estradiol actions in the
brain was confined to regulation of ovulation and
reproductive behavior in the female of all mam-
malian species studied, including humans. Grow-
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Group three: Ovariectomized rats were injected
subcutaneously with estradiol three times
weekly in a dose of 80 µg/kg b.wt. dissolved in
DMSO 5% in saline13 for 18 weeks, after six
months of surgical operation.

Group four: Ovariectomized rats were injected
intraperitoneally (i.p.) with aluminum chloride
(AlCl3) dissolved in distilled water daily for
three months in a dose of 4.2 mg/kg b.wt.14, af-
ter three months of surgical operation and
served as Al-intoxicated control group.

Group five: Ovariectomized rats in this group
were injected i.p. with AlCl3 (4.2 mg/kg b.wt.)
daily for three months, after three months of
surgical operation. Then, they were injected
subcutaneously with estradiol in a dose of 80
µg/kg b.wt. three times weekly for 18 weeks.

Brain Tissue Sampling and Preparation
At the end of the experiment, the rats fasted

overnight, were subjected to anesthesia by di-
ethyl ether and sacrificed. The whole brain of
each rat was rapidly dissected and washed with
isotonic saline and dried on a filter paper. Each
brain was sagitally divided into two portions. The
first portion of each brain was weighed and ho-
mogenized to give 10% (w/v) homogenate in ice
cold medium containing 50 mM Tris-HCl and
300 mM sucrose at pH: 7.415. The homogenate
was centrifuged at 3000 rpm for 10 min in cool-
ing centrifuge at 4°C. The supernatant (10%) was
stored at –80°C and used for the biochemical
analysis including oxidative stress biomarkers
(H2O2 and MDA), antioxidant status (TAC), SOD
and catalase (CAT), antiapoptotic marker [B cell
lymphoma 2 (Bcl-2)], neurotrophic factor [brain
derived neurotrophic factor (BDNF)] and cholin-
ergic markers [acetylcholine-esterase (AchE) and
acetylcholine (Ach)]. Also, brain total protein
concentration was measured to express the con-
centration of different brain parameters per mg
protein. The second portion was fixed in formalin
buffer (10%) for histological investigation.

Biochemical Analyses
Brain hydrogen peroxide level was determined

by colorimetric method using hydrogen peroxide
assay kit purchased from Biodiagnostic Co., Cairo,
Egypt, according to the method of Aebi16. Brain
malondialdehyde level was evaluated by colorimet-
ric method using lipid peroxide (malondialdehyde)
assay kit purchased from Biodiagnostic Co., Cairo,
Egypt, according to the method described by
Satoh17. Brain total antioxidant capacity was as-

ing evidence now documents profound effects of
estradiols on learning, memory and mood as well
as neurodevelopmental and neurodegenerative
processes8. Multifaceted effects of estradiols in-
clude improvement of cerebral metabolic profile
and the reduction of oxidative stress through ac-
tions on the mitochondria. Additionally, estradiols
have antiinflammatory actions and antiapoptotic
activities to prevent the death of various cell types
suggesting that a woman’s endogenous and exoge-
nous estradiol exposures during midlife and in the
late postmenopause might favorably influence
Alzheimer risk and symptoms9,10. Moreover, estra-
diols may decrease the production of amyloid-beta
peptide which is central peptide for the formation
of senile plaques in Alzheimer’s disease11.

Materials and Methods

17β-Estradiol was purchased from Sigma Co.
(St Louis, MO, USA) and aluminum chloride
was supplied from BDH Laboratory Supplies
Poole, Dorset, U.K.

Experimental Animals
Fifty young adult female Sprague-Dawley rats

weighing 100-120 g were obtained from the Ani-
mal House Colony of the National Research Cen-
tre (NRC), Cairo and acclimated in a specific
pathogen free (SPF) barrier area at 25±1ºC and
humidity (55%) and controlled constantly with a
12 h light/dark cycle. The rats were ovariec-
tomized surgically in Hormones Dept, N.R.C.,
and were housed with ad libitum access standard
laboratory diet consisting of casein 10%, salts
mixture 4%, vitamins mixture 1%, corn oil 10%
and cellulose 5% completed to 100g with corn
starch12. Animals cared for according to the
guidelines for animal experiments by the Ethical
Committee of NRC, Cairo (Egypt).
The animals were classified into five main

groups each with 10 rats.

Group one: Gonad intact control (nonovariec-
tomized) group-treated with vehicle [(Di-
methylsulfoxide (DMSO) 5% in saline] three
times weekly for 18 weeks after six months of
starting the experiment.

Group two: Ovariectomized control group-treat-
ed with vehicle (DMSO 5% in saline) three
times weekly for 18 weeks after six months of
surgical operation.
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sayed by colorimetric method using total antioxi-
dant capacity assay kit purchased from Biodiagnos-
tic Co., Cairo, Egypt, according to the method of
Koracevic et al18. Brain superoxide dismutase activ-
ity was determined by colorimetric method using
superoxide dismutase assay kit purchased from
Biodiagnostic Co., Cairo, Egypt, according to the
method described by Nishikimi et al19. Brain cata-
lase activity was determined by colorimetric
method using catalase assay kit purchased from
Biodiagnostic Co., Cairo, Egypt, according to the
method described by Aebi16. Brain Bcl-2 level was
detected by enzyme linked immunosorbent assay
(ELISA) technique using Bcl-2 assay kit purchased
from Bender Med Systems Co., Vienna, Austria,
according to the method described by Barbareschi
et al20. Brain BDNF level was detected by ELISA
technique using BDNF immunoassay kit purchased
from R&D System Co., Abingdon, U.K., according
to the method described by Barakat-Walter21.
Acetylcholinesterase activity was determined by
colorimetric method using acetylcholinesterase as-
say kit purchased from Quimica Clinica Aplicada
S.A Co., Amposta, Spain, according to the method
of Den Blaauwen et al22. Acetylcholine level was
measured by colorimetric method using
choline/acetylcholine assay kit purchased from Bio-
vision Research Products Co., Linda Vista Avenue,
Mountain View, CA, USA, according to the method
of Oswald et al23. Quantitative estimation of brain
total protein homogenate was carried out according
to the method of Lowry et al24.

Histological Examination
The brain tissues fixed in formalin buffer for

one week, were washed in running tap water for
24 hours and dehydrated in ascending series of
ethyl alcohol (50-90), then in absolute alcohol.

The samples were cleared in xylol and immersed
in a mixture of xylol and paraffin in the oven at
60ºC. The tissues were transported to pure paraf-
fin wax with melting point 58ºC in the oven, and
then mounted in blocks and left at 4ºC. The
paraffin blocks were sectioned on the microtome
at thickness of 5 µm and mounted on clean glass
slides and left in the oven at 40ºC for dryness.
The slides were deparafinized in xylol and then
immersed in descending series of ethyl alcohol
(100-50). The ordinary haematoxylin and eosin
stain was used to stain the slides25.

Statistical Analysis
The results were expressed as means ± SE of

the mean. Data were analyzed by one way analy-
sis of variance (ANOVA) and was performed us-
ing the Statistical Package for the Social Science
(SPSS, Chicago, IL, USA) program, version 11
followed by least significant difference (LSD) to
compare significance between groups26. Differ-
ence was considered significant when p value
was <0.05.

Treated value – control value × 100
% difference = –––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Control value

Results

Table I shows that ovariectomized (OVX) con-
trol group revealed insignificant increase in brain
H2O2 and MDA levels in comparison with those
in gonad intact control group. Treatment of
ovariectomized rats with estradiol hormone
caused insignificant reduction in brain H2O2 and
MDA levels in comparison with those in ovariec-
tomized control group.
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MDA H2O2

(nmol/mg protein) (mmol/mg protein) Parameters
mean ± SE mean ± SE groups

5.60 ± 0.30 6.90 × 10-3 ± 3.23 × 10-4 Gonad intact control
6.40 ± 0.34 (14.28%) 9.30 × 10-3 ± 4.00 × 10-4 (34.78%) Ovx control
5.87 ± 0.34 (-8.20%) 8.06 × 10-3 ± 4.47 × 10-4 (-13.33%) Ovx + estradiol
9.60 ± 0.40b (50%) 3.40 × 10-2 ± 1.86 × 10-3b (265.59%) Al-intoxicated control
6.85 ± 0.31c (-28.64%) 2.20 × 10-2 ± 1.37 × 10-3c (-35.29%) Ovx + Al + estradiol

Table I. Effect of treatment with estradiol on brain oxidative stress biomarkers in ovariectomized and Al-intoxicated ovariec-
tomized rats. Data are represented as mean±SE of 10 rats/group.

Ovx: ovariectomized. b: Significant change at p < 0.05 in comparison with ovariectomized control group. c: Significant change at p <
0.05 in comparison with Al-intoxicated control group. (%): Percent of difference with respect to corresponding control value.
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Daily administration of AlCl3 in Ovx rats re-
sulted in significant elevation in brain H2O2

(265.59%) and MDA (50%) when compared to
Ovx control group. Treatment of Al-intoxicated
Ovx rats with estradiol hormone produced signif-
icant reduction in brain H2O2 (–35.29%) and
brain MDA (–28.64%) levels when compared
with Al-intoxicated control rats.
Table II shows that ovariectomy induced sig-

nificant reduction in brain TAC (–37.62%) and
SOD activity (–26.6%) in comparison with go-
nad intact control group. Brain catalase activity
was decreased insignificantly due to ovariectomy
as compared to gonad intact control group. On
the other hand, treatment of Ovx rats with estra-
diol hormone induced insignificant increase in
brain SOD and CAT activities when compared to
those in Ovx control rats. Insignificant elevation
in brain TAC was also detected after administra-
tion of estradiol hormone in Ovx rats when com-
pared to that in Ovx control rats.
Daily administration of AlCl3 to Ovx rats in-

duced insignificant inhibition in brain CAT activity
(–15.95%) and SOD activity (–12.72%). and sig-
nificant reduction in brain TAC (–28.55%) as com-
pared to Ovx control group. Treatment of Al-intox-
icated Ovx rats with estradiol hormone produced
significant elevation in brain TAC (42.76%) and
CAT activity (23.02%) as compared to Al-intoxi-
cated control rats. While, treatment of Al-intoxicat-
ed Ovx rats with this hormone induced insignifi-
cant increase in brain SOD activity in comparison
with Al-intoxicated control rats.
Table III shows that ovariectomy resulted in

significant decrease in brain Bcl-2 levels (–40%)
and brain BDNF (–29.32%) in comparison with
gonad intact control group. Treatment of Ovx
rats with estradiol hormone produced significant

increase in brain Bcl-2 level (15.94%) and in-
significant increase in brain BDNF level as com-
pared to those levels in ovariectomized control
group.
Administration of AlCl3 in Ovx rats led to sig-

nificant reduction in brain Bcl-2 (–15.57%) as
well as brain BDNF (–27.05%) levels as com-
pared with those in Ovx control rats. Treatment
of Al-intoxicated Ovx rats with estradiol hor-
mone produced insignificant elevation in brain
Bcl-2 level, while it caused significant increase
in brain BDNF level (23.87%) in comparison
with Al-intoxicated control group.
Table IV shows that ovariectomy caused in-

significant increase in brain AchE activity, while it
showed insignificant decrease in brain Ach level in
comparison with gonad intact control group. Treat-
ment of Ovx rats with estradiol hormone revealed
insignificant decrease in brain AchE activity ac-
companied with insignificant increase in brain Ach
level in comparison with Ovx control group.
Aluminum administration in Ovx rats induced

significant elevation in brain AchE activity
(41.04%) and significant reduction in brain Ach
level (–25.92%) as compared with Ovx control
rats. Treatment of Al-intoxicated Ovx rats with
estradiol hormone produced significant decrease in
brain AchE activity (–13.56%) accompanied with
significant increase in brain Ach level (20%) in
comparison with Al-intoxicated control group.

Histological Investigations
Microscopic examination of brain sections of

gonad intact control rats (Figure 1) showed nor-
mal morphological structure of the hippocampus.
Microscopic examination of brain of ovariec-

tomized control rats (Figure 2) showed normal
morphological structure of the hippocampus. Also
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CAT SOD TAC
(U/mg protein) (U/mg protein) (mmol/mg protein) Parameters
mean ± SE mean ± SE mean ± SE groups

5.79 ± 0.31 2.81 ± 0.18 14.20 ± 0.81 Gonad intact control
4.95 ± 0.29 (-14.55%) 2.06 ± 0.19a (-26.60%) 8.86 ± 0.43a (-37.62%) Ovx control
5.34 ± 0.31 (7.95%) 2.30 ± 0.13 (11.51%) 9.37 ± 0.43 (5.81%) Ovx + estradiol
4.16 ± 0.26 (-15.95%) 1.80 ± 0.17 (-12.72%) 6.33 ± 0.35b (-28.55%) Al-intoxicated control
5.11 ± 0.34 c (23.02%) 2.00 ± 0.18 (11.11%) 9.03 ± 0.51c (42.76%) Ovx + Al + estradiol

Table II. Effect of treatment with estradiol on brain antioxidant status in ovariectomized and Al-intoxicated ovariectomized
rats. Data are represented as mean ± SE of 10 rats/group.

Ovx: ovariectomized. a: Significant change at p < 0.05 in comparison with gonad intact control group. b: Significant change at
p < 0.05 in comparison with ovariectomized control group. c: Significant change at p < 0.05 in comparison with Al-intoxicated
control group. (%): Percent of differance with respect to corresponding control value.



microscopic examination of hippocampus of
ovariectomized rats administrated with estradiol
hormone showed normal morphological structure
of the hippocampus (Figure 3). Microscopic inves-
tigation for brain section of Al-intoxicated ovariec-
tomized rats demonstrated various sizes of amyloid
plaques formation in the cerebral cortex and in the
hippocampus (Figure 4). Histological investigation
of brain section of Al-intoxicated ovariectomized
rats-treated with estradiol hormone revealed more
or less normal structure in the hippocampus i.e. all
amyloid plaques that were formed under the influ-
ence of ovariectomy as well as AlCl3 administra-
tion disappeared by the treatment with this hor-
mone (Figure 5).

Discussion

There is a growing evidence that oxidative
stress and estradiol deprivation after menopause
or ovariectomy are two main risk factors which
are closely related to the pathological develop-

ment of Alzheimer’s disease (AD). Also, alu-
minum has been implicated in aging-related
changes and particularly in neurodegenerative
diseases as it promotes the formation of amyloid-
β (Aβ) plaques27.
The data in Table I show that each of H2O2 and

MDA in the brain of either Ovx rats or Al-intoxi-
cated Ovx rats has significantly increased as
compared to gonad intact control group. Tuneva
et al28 reported that in vitro and in vivo studies
demonstrated increased ROS including H2O2 pro-
duction in different brain areas due to Al expo-
sure. Aluminum has a strong prooxidant activity
in spite of its nonredox status. Kumar et al29 ob-
served that Al exposure is associated with im-
pairment of antioxidant defense system that may
lead to oxidative stress. Also, Al could increase
the activity of monoamine oxidase enzyme
(MAO) in the brain which leads to increased gen-
eration of H2O2

30. Aluminum can induce lipid
peroxidation and to alter physiological and bio-
chemical behavior of living organism a matter
implicated in increaseed brain MDA level. MDA
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BDNF Bcl-2
(pg/mg protein) (ng/mg protein) Parameters

mean ± SE mean ±SE groups

88.26 ± 3.31 1.15 × 10-1 ± 5.74 × 10-3 Gonad intact control
62.38 ± 3.15a (-29.32%) 6.90 × 10-2 ± 3.00 × 10-3a (-40.00%) Ovx control
70.76 ± 3.10 (13.43%) 8.00 × 10-2 ± 4.00 × 10-3b (15.94%) Ovx + estradiol
45.50 ± 2.49b (-27.05%) 5.82 × 10-2 ± 3.70 × 10-3b (-15.57%) Al-intoxicated control
56.36 ± 2.76c (23.87%) 6.60 × 10-2 ± 3.08 ×10-3 (13.30%) Ovx + Al + estradiol

Table III. Effect of treatment with estradiol on brain antiapoptotic marker (Bcl-2) and neurotrophic factor (BDNF) in ovariec-
tomized and Al-intoxicated ovariectomized rats. Data are represented as mean ± SE of 10 rats/group.

Ovx: ovariectomized. a: significant change at p < 0.05 in comparison with gonad intact control group. b: Significant change at
p < 0.05 in comparison with ovariectomized control group. c: Significant change at p < 0.05 in comparison with Al-intoxicated
control group. (%): Percent of difference with respect to corresponding control value.

Ach AchE
(nmol/mg protein) (U/mg protein) Parameters

mean ± SE mean ± SE groups

8.50 × 10-2 ± 3.42 × 10-3 568.96 ± 26.11 Gonad intact control
8.10 × 10-2 ± 3.25 × 10-3 (-4.70%) 608.55 ± 33.75 (6.95%) Ovx control
8.30 × 10-2 ± 2.52 × 10-3 (2.46%) 595.40 ± 28.49 (-2.16%) Ovx + estradiol
6.00 × 10-2 ± 2.55 × 10-3b (-25.92%) 858.30 ± 43.82b (41.04%) Al-intoxicated control
7.20 × 10-2 ± 3.83 × 10-3c (20.00%) 741.85 ± 36.56c (-13.56%) Ovx + Al + estradiol

Table IV. Effect of treatment with estradiol hormone on brain acetylcholinesterase (AchE) and acetylcholine (Ach) in ovariec-
tomized and Al-intoxicated ovariectomized rats. Data are represented as mean± SE of 10 rats/group.

Ovx: ovariectomized. b: Significant change at p < 0.05 in comparison with ovariectomized control group. c: Significant change at p <
0.05 in comparison with Al-intoxicated control group. (%): Percent of difference with respect to corresponding control value.
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is the major aldehyde formed after breakdown of
lipid hydroperoxides31.
Estradiol supplementation in Al-intoxicated

Ovx rats caused significant decrease in brain
H2O2 and MDA levels. Bednarek-Tupikowaska et
al32 showed that estradiol decreased the produc-
tion of ROS in vitro and in vivo and protected
neural tissue against oxidative stress as it serves

as a free radical scavenger33. Estradiol donates
the hydrogen atom from its phenolic OH to hy-
droxyl and lipid peroxy radicals, resulting in the
termination of cell membrane phospholipid per-
oxidation chain reaction that causes cell dam-
age34 and reduces MDA level.
The data in Table II show marked decrease in

each of brain TAC, SOD and CAT activities in both
of Ovx rats and in Al-intoxicated ovx rats. Munoz-
Castaneda et al35 showed that the lack of estradiol
by ovariectomy induced a reduction of antioxidant
status (GSH, SOD and GPx) and elevated lipid
peroxides in rats. It has been demonstrated that
aluminum altered the cellular redox state of the
brain by inhibiting the enzymes involved in antiox-
idant defense, such as SOD and catalase, which
function as blockers of free radical processes36.
Long term exposure to oxidative stress due to Al
exposure leads to exhaustion of antioxidative en-
zymes37. Aluminum causes brain damage via ROS
more than any other organ because of its high lipid
content, high oxygen turnover, low mitotic rate as
well as low antioxidant concentration38.
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Figure 1. Micrograph of brain section of gonad intact con-
trol rat showing normal morphological structure of the hip-
pocampus (H&E × 40).

Figure 2. Micrograph of brain section of ovariectomized
control rat showing normal morphological structure of the
hippocampus (H&E × 40).

Figure 3. Micrograph of brain section of estradiol-treated
ovariectomized rat showing normal morphological structure
of the hippocampus (HP) (H&E × 40).

Figure 4. Micrograph of brain section of Al-intoxicated
ovariectomized rat showing various sizes of amyloid
plaques formation (arrow) in the cerebral cortex and hip-
pocampus (H&E × 40).

Figure 5. Micrograph of brain section of Al-intoxicated
ovariectomized rat-treated with estradiol showing normal mor-
phological structure of the hippocampus (HP) (H&E × 40).



Treatment of Ovx rats and Al-intoxicated Ovx
rats with estradiol resulted in marked increase in
each of brain TAC, SOD and CAT activities. One
of the well documented effects of estradiol is its
antioxidant properties; estradiol protects neurons
and neuronal cell line against oxidative stress39.
Estradiol binds to a specific estradiol response el-
ement (ERE) in the promoter region of target
genes, leading to transcriptional activation of var-
ious antioxidant enzymes such as SOD and
GPX40. Thus, the antioxidant effect of estradiol is
unlikely to be due to the direct interaction of
estradiol and free radicals. Rather, estradiol ap-
pears to strengthen the free radical enzyme de-
fense system by increasing gene expression of
these enzymes41.
The data in Table III show that significant de-

crease in both of antiapoptotic marker (Bcl-2) and
brain derived neurotrophic factor (BDNF) levels
in the brain of Ovx rats and in Al-intoxicated Ovx
rats. Sharma and Mehra42 stated that ovariectomy
decreased Bcl-2 expression and increased pro
apoptotic marker (Bax) expression in the rat hip-
pocampus. Altered Bax/Bcl-2 ratio is critical to
Al-induced apoptosis43 leading to activation of
caspase-3 and release of cytochrome c44. Kumar
et al45) reported that aluminum induces oxidative
stress on the neuronal cells and increases p53 pro-
tein expression by activating p38 MAPK to initi-
ate apoptosis and this is accompanied by marked
inhibition of Bcl-2 and increased Bax expression.
Ohyagi et al46 reported that amyloid β could acti-
vate p53 by direct interaction with the p53 pro-
moter which led to Bax and caspase-6 activation
with subsequent reduction of Bcl-2 and execution
of the cell death pathway43.
Takuma et al47 showed marked decrease in the

BDNF mRNA level in the hippocampus due to
ovariectomy in mice. Campbell et al48 implicated
astrocytes as the principal target for Al toxic ac-
tion, thus blocking the release of neurotrofic fac-
tor. Disruption of the proinflamatory cy-
tokine/neurotrophin balance by Al plays an im-
portant role in the neurodegenerative disease49.
Aluminum intoxication results in increased tumor
necrosis factor α (TNFα) and macrophage in-
flammatory protein-1α (MIP-1α), with conse-
quent decrease in nerve growth factor (NGF) and
BDNF50. BDNF is one of the target genes of
phosphorylated cAMP-responsive element bind-
ing protein (CREB) so that its mutation or block-
ing resulted in a dramatic loss of BDNF transcrip-
tion51. Decrease in brain BDNF level could be as-
sociated with AD pathogenesis52.

Treatment of both Ovx rats and in Al-intoxi-
cated Ovx rats with estradiol resulted in remark-
able elevation in both brain Bcl-2 and BDNF.
Nilsen and Brinton53 demonstrated that estradiol
increased antiapoptotic proteins, Bcl-2 and Bcl-
xl, which prevented activation of the permeabili-
ty transition pore and thereby protects against the
mitochondrial Ca2+ accumulation. Estradiol can
directly upregulate this survival factor through
receptor-mediated interactions with regions of
the bcl-2 promoter, which contains several puta-
tive estradiol responsive sites54. Further estradiol
regulated the expression of BDNF55 and in-
creased levels of its mRNA after long term estra-
diol treatment in forebrain region56. Therefore,
estradiol modulates the expression of BDNF as a
consequence of activation of CREB via protein
kinases, such as PKA, CaMK IV and MAPK57.
Table IV shows appreciable increase in brain

AchE activity and concomitant decrease in Ach
level in both Ovx rats and Al-intoxicated Ovx
rats. Gulya et al58 showed that aluminum caused
cholinergic system dysfunction that may con-
tribute to learning and memory deficits observed
in Alzheimer’s dementia. Zhang et al59 reported
increased AchE activity in Al overload in rats.
Kaizer et al60 suggested that Al exposure in-
creased AchE activity via allosteric interaction
between Al and the peripheral anionic site of the
enzyme molecule, leading to the etiology of AD
pathological deterioration.
Aluminum exerts cholinotoxic effects by

blocking the provision of acetyl-CoA which is
required for Ach synthesis or by impairing the
activities of choline acetyl transferase (ChAT)
enzyme itself61. Aluminum promoted the forma-
tion of amyloid-β plaques (Aβ 1-42) which sig-
nificantly reduced brain Ach level leading to
greater hippocampal Ach reduction accompanied
by more memory impairment. The effect of Aβ1-
42 increased when Aβ1-42 was combined with
Ovx62.
Treatment of both Ovx rats and Al-intoxicated

Ovx rats with estradiol resulted in remarkable
decrease in brain AchE activity and increase in
Ach level. A growing evidence indicated that
estradiol may interact with the cholinergic func-
tion in the hippocampus to modulate learning
and memory63. Estradiolic compounds have
shown antiinflammatory activity64, decreased
production of proinflammatory cytokines such as
IL-6, IL-1β, and TNF-α which promoted activity
and expression of AchE65,66. Bohacek et al67

showed that estradiol treatment can enhance
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basal forebrain cholinergic function in rats.
Cholinergic neurotransmission could be en-
hanced by estradiol at multiple levels (a) at the
synthetic level, by increasing the synthesis of
Ach67 (b) at the reuptake level, through influenc-
ing the transport and/or packaging of acetyl-
choline into vesicles; (c) through structural ef-
fects that would enhance synaptic connectivity;
and (d) in aging and neurodegeneration, through
facilitating the survival of otherwise degenerating
cholinergic neurons, perhaps through action on
growth factors and growth factor receptors68.
Microscopic examination of the brain of

ovariectomized rats showed that ovariectomy
didn’t produce any histological changes in the
hippocampus and this finding is in agreement
with that of Van Groen and Kadish69 who demon-
strated that estradiol depletion by ovariectomy
did not affect amyloid-beta deposition in hip-
pocampus.
Microscopic examination of the brain of

ovariectomized rats-treated with estradiol
showed normal structure of the hippocampus.
Microscopic investigation for the brain of Al-

intoxicated ovariectomized rats revealed the pres-
ence of amyloid plaques formation in the cere-
bral cortex as well as in the hippocampus in addi-
tion to the observable regression in the number of
neuronal cells in the hippocampus. In accordance
of our results Abd El-Rahman70 demonstrated
that aluminum administration causes the pres-
ence of neuratic plaques that appeared with dark
center, neuronal damage and degeneration in the
cerebral cortex and the hippocampus.
Treatment of Al-intoxicated ovariectomized

rats with estradiol revealed more or less normal
structure in the hippocampus, i.e. all amyloid
plaques that were formed under the effect of
AlCl3 administration disappeared under the influ-
ence of this hormone. These findings are in agree-
ment with Morinaga et al71 who demonstrated that
estradiol exerts antiamyloidogenic activity.
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