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Abstract This study aimed to elucidate the mechanisms

of melatonin to manage neurological damage in Alzhei-

mer’s disease (AD) induced in ovariectomized rats. Forty

adult female rats were enrolled in our study and were

classified as; gonad intact control, ovariectomized control

group, ovariectomized rats received melatonin, ovariecto-

mized rats injected with AlCl3 to induce AD and AD-

induced rats treated with melatonin. Hydrogen peroxide

(H2O2), malondialdehyde (MDA), total antioxidant capac-

ity (TAC), superoxide dismutase (SOD), catalase (CAT), B

cell lymphoma 2 (Bcl-2), brain derived neurotrophic factor

(BDNF), acetylcholinesterase (AchE) and acetylcholine

(Ach) were estimated in the brain tissues of the different

groups. Treatment of AD-induced rats with melatonin

produced marked improvement in the most studied bio-

markers which was confirmed by histological investigation

of the brain. In Conclusion, melatonin significantly ame-

liorates the neurodegeneration characteristic of AD in

experimental animal model due to its antioxidant, antiapo-

ptotic, neurotrophic and anti-amyloidogenic activities.
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Introduction

Alzheimer’s disease (AD) is a progressive neurological

disorder associated with aging. At autopsy, when the brain

of Alzheimer’s patient is examined under the microscope,

abnormal cells structures appear particularly in the brain

areas related to memory including the entorhinal cortex and

hippocampus. Neuropathological features of this disease

are plaques of amyloid-beta (Ab) surrounded by dying

neurons and inflammatory cells and also neurofibrillary

tangles present in cerebral cortex [1].

Alzheimer’s disease is oftenly associated with abnormal

localization of iron regulatory proteins (IRPs). Specifically,

alteration in IRP-2 might be directly linked to impaired

iron homeostasis leading to neurofibrillary tangles, senile

plaques and neuropil threads in Alzheimer’s patients [2].

Aluminum exposure has been reported to be a risk factor

for Alzheimer’s disease. Aluminum is a neurotoxic agent

inducing the production of free radicals in the brain which

may cause degenerative events and leads to formation

of amyloid plaques and intraneuronal neurofilamentous

aggregates that are tau positive in the brain of AD’s

patients [3].

It has been reported that deprivation in estrogen levels

during postmenopause may increase the risk of Alzhei-

mer’s disease. Multifaceted effects of estrogens include

improvement of cerebral metabolic profile and the reduc-

tion of oxidative stress through actions on mitochondria

[4].

Melatonin is mainly found in the pineal gland and is

usually decreased with age in all humans, but this decline is

more pronounced in Alzheimer’s patients. Melatonin has

several biological effects, acting as an anti-amyloid-beta

aggregation, anti-inflammatory, antioxidant and neuropro-

tective agent. It can directly act as free radical scavenger
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and indirectly induce the expression of some genes linked

to the antioxidant defense system [5]. Melatonin could

serve as a promising modulator for Alzheimer-like patho-

logical changes and behavioral abnormalities [6].

Materials and Methods

Melatonin (N-acetyl-5-methoxytryptamine) was purchased

from Sigma Co., USA and aluminum chloride was supplied

from BDH Laboratory Supplies Poole, UK.

Experimental Animals

Fifty young adult female Sprague-Dawley rats weighing

100–120 g were obtained from the Animal House Colony

of the National Research Centre (NRC), Cairo, September,

2010 and acclimated in a specific pathogen free (SPF)

barrier area at 25 ± 1 �C and humidity (55 %) and con-

trolled constantly with a 12 h light/dark cycle. The rats

were ovariectomized surgically in Hormones Department,

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 100 g with corn starch [7]. Animals

cared for according to the guidelines for animal experi-

ments by the Ethical Committee of N.R.C.

Experimental Design

The animals were classified into five main groups each

with 10 rats.

Group one Gonad intact control (non-ovariectomized)

group-treated with vehicle [(Dimethylsulfoxide (DMSO)

5 % in saline] three times weekly for 18 weeks after

6 months of starting the experiment.

Group two Ovariectomized control group-treated with

vehicle (DMSO 5 % in saline) three times weekly for

18 weeks after 6 months of surgical operation.

Group three Ovariectomized rats received melatonin

orally three times weekly in a dose of 20 mg/Kg b wt

dissolved in DMSO 5 % in saline [8] at 9 pm for 18 weeks,

after 6 months of surgical operation.

Group four Ovariectomized rats were injected intra-

peritoneally (i.p.) with aluminum chloride (AlCl3) dis-

solved in distilled water daily for 3 months in a dose of

4.2 mg/Kg b wt [9], after 3 months of surgical operation

and served as Al-intoxicated control group.

Group five Ovariectomized rats were injected intraper-

itoneally with AlCl3 (4.2 mg/Kg b wt) daily for 3 months,

after 3 months of surgical operation. Then, they received

melatonin orally in a dose of 20 mg/Kg b wt , at 9 p.m.,

three times weekly for 18 weeks.

Samples Collection

At the end of the experiment, the rats were fasted over-

night, subjected to anesthesia by diethyl ether and sacri-

ficed. The whole brain of each rat was rapidly dissected

and washed with isotonic saline and dried on a filter paper.

Preparation of homogenates

Each brain was sagitally divided into two portions. The first

portion of each brain was weighed and homogenized to

give 10 % (w/v) homogenate in ice cold medium con-

taining 50 mM Tris–HCl and 300 mM sucrose at pH 7.4

[10]. The homogenate was centrifuged at 3,000 rpm for

10 min in cooling centrifuge at 4 �C. The superna-

tant (10 %) was stored at -80 �C until using for the bio-

chemical analysis including oxidative stress biomarkers

[Hydrogen peroxide (H2O2) and malondialdehyde (MDA)],

antioxidant status (TAC), superoxide dismutase (SOD) and

catalase (CAT), antiapoptotic marker [B cell lymphoma 2

(Bcl-2)], neurotrophic factor [brain derived neurotrophic

factor (BDNF)] and cholinergic 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 of the brain was fixed in formalin

buffer (10 %) for histological investigation.

Biochemical Analysis

Brain H2O2 and MDA levels were determined colorimet-

rically using the kit purchased from Biodiagnostic Co.,

Egypt, according to the methods of Aebi [11] and Satoh

[12], respectively. Also, brain TAC was assayed colori-

metrically using the kit purchased from Biodiagnostic Co.,

Egypt, according to the method of Koracevic et al. [13].

Meanwhile, brain SOD and CAT activities were deter-

mined colorimetrically using the kit purchased from

Biodiagnostic Co., Egypt, according to the methods of

Nishikimi et al. [14] and Aebi [11], respectively. Brain

Bcl-2 level was detected by ELISA technique using the kit

purchased from Bender Med Systems Co., Vienna, Europe,

according to the method of Barbareschi et al. [15]. While,

brain BDNF level was detected by ELISA technique using

the kit purchased from R and D system Co., UK, Europe,

according to the method of Barakat-Walter [16]. Brain

AchE activity was determined colorimetrically using the

kit purchased from Quimica Clinica Aplicada S.A Co.,

Amposta, Spain, according to the method of Den Blaauwen

et al. [17]. While, brain Ach level was measured colori-

metrically using the kit purchased from Biovision Research

Products Co., Linda Vista Avenue, USA, according to the

method of Oswald et al. [18]. Quantitative estimation of
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brain total protein homogenate was carried out according to

the method of Lowry et al. [19].

Histopathological Investigation

The brain tissues fixed in formalin buffer for 1 week, were

washed in running tap water for 24 h 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 60 �C. The

tissues were transported to pure paraffin wax with melting

point 58 �C in the oven and then mounted in blocks and left

at 4 �C. The paraffin blocks were sectioned on the micro-

tome at thickness of 5 lm and mounted on clean glass

slides and left in the oven at 40 �C for dryness. The slides

were deparaffinized in xylol and then immersed in

descending series of ethyl alcohol (90–50). The ordinary

haematoxylin and eosin stain was used to stain the slides

[20].

Statistical Analysis

The results were expressed as Mean ± SE of the mean.

Data were analyzed by one way analysis of variance

(ANOVA) and was performed using the Statistical Package

for the Social Science (SPSS) program, version 11 fol-

lowed by least significant difference (LSD) to compare

significance between groups [21]. Difference was consid-

ered significant when P value was \0.05.

Results

The data in Table 1 shows insignificant increase in brain

H2O2 and MDA levels in the ovariectomized (Ovx) control

group in comparison with the gonad intact control group.

While, treatment of Ovx rats with melatonin produces

insignificant decrease in brain H2O2 and MDA levels in

comparison with the Ovx control group. Daily adminis-

tration of AlCl3 to Ovx rats results in significant elevation

of brain H2O2 and MDA levels in comparison with the Ovx

control group. In contrast, treatment of Al-intoxicated Ovx

rats with melatonin reveals significant decrease in brain

H2O2 and brain MDA levels in comparison with the

Al-intoxicated control group.

Table 2 indicates that ovariectomy causes significant

reduction in brain TAC and SOD activity as well as

insignificant decrease in brain CAT activity in comparison

with the gonad intact control group. On the other hand,

treatment of Ovx rats with melatonin induces significant

increase in brain TAC and insignificant increase in brain

SOD and CAT activities in comparison with the Ovx

control group. Daily administration of AlCl3 to Ovx rats

produces significant reduction in brain TAC and insignifi-

cant inhibition of brain SOD and CAT activities in com-

parison with the Ovx control group. While, treatment of

Al-intoxicated Ovx rats with melatonin induces significant

elevation in brain TAC and brain CAT activity associated

with insignificant increase in brain SOD activity in com-

parison with the Al-intoxicated control group.

Table 3 shows that ovariectomy results in significant

decrease in brain Bcl-2 and BDNF levels in comparison

with the gonad intact control group. While, the Ovx rats

which were treated with melatonin exerts significant

increase in brain Bcl-2 and BDNF levels in comparison

with the Ovx control group. Administration of AlCl3 to

Ovx rats leads to significant reduction in brain Bcl-2 and

BDNF levels in comparison with the Ovx control group.

On the other hand, treatment of Al-intoxicated Ovx rats

with melatonin reveals significant increase in brain Bcl-2

and BDNF levels in comparison with the Al-intoxicated

control group.

Table 4 represents that ovariectomy induces insignifi-

cant increase in brain AchE activity associated with

Table 1 Effect of treatment with melatonin on brain oxidative stress biomarkers in ovariectomized and Al-intoxicated ovariectomized rats

Groups Parameters

H2O2 (mmol/mg protein) MDA (nmol/mg protein)

Gonad intact control 6.90 9 10-3±3.23 9 10-4 5.60 ± 0.30

Ovx control 9.30 9 10-3 ± 4.00 9 10-4 (34.78 %) 6.40 ± 0.34 (14.28 %)

Ovx ? melatonin 7.31 9 10-3±3.39 9 10-4 (-21.37 %) 5.70 ± 0.29 (-10.93 %)

Al-intoxicated control 3.40 9 10-2±1.86 9 10-3b (265.59 %) 9.60 ± 0.40b (50 %)

Ovx ? Al ? melatonin 1.80 9 10-2 ± 1.90 9 10-3c (-47.05 %) 6.55 ± 0.34c (-31.77 %)

Data are represented as Mean ± SE (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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insignificant decrease in brain Ach level in comparison

with the gonad intact control group. In contrast, treatment

of Ovx rats with melatonin results in insignificant decrease

in brain AchE activity accompanied with insignificant

increase in brain Ach level in comparison with the Ovx

control group. Aluminum administration to Ovx rats

induces significant elevation in brain AchE activity and

significant decrease in brain Ach level in comparison with

the Ovx control group. On the other hand, treatment of

Al-intoxicated Ovx rats with melatonin produces signifi-

cant decrease in brain AchE activity accompanied with

significant increase in brain Ach level in comparison with

the Al-intoxicated control group.

Microscopic examination of brain sections of gonad

intact control rats (Fig. 1) shows normal structure of neu-

rons. While, microscopic examination of brain sections

of Ovx control rats (Fig. 2) shows the appearance of

degenerated neurons. Melatonin hormone administration in

Ovx rats shows more or less normal structure of the neu-

rons (Fig. 3). On the other hand, microscopic investigation

of brain sections of Al-intoxicated Ovx rats demonstrates

various sizes of amyloid plaques formation in the cerebral

cortex and in the hippocampus (Fig. 4). While, treatment of

Al-intoxicated Ovx rats with melatonin hormone shows

more or less normal neurons with appearance of some dark

neurons in the cortex area (Fig. 5).

Discussion

There is growing evidence that oxidative stress and estrogen

deprivation after menopause or ovariectomy are two main

risk factors which are closely related to the pathological

development of Alzheimer’s disease. Also, aluminum has

Table 2 Effect of treatment with melatonin on brain antioxidant status in ovariectomized and Al-intoxicated ovariectomized rats

Groups Parameters

TAC (mmol/mg protein) SOD (U/mg protein) CAT (U/mg protein)

Gonad intact control 14.20 ± 0.81 2.81 ± 0.18 5.79 ± 0.31

Ovx control 8.86 ± 0.43a (-37.62 %) 2.06 ± 0.19a (-26.60 %) 4.95 ± 0.29 (-14.55 %)

Ovx ? melatonin 10.57 ± 0.53b (19.30 %) 2.50 ± 0.15 (21.21 %) 5.56 ± 0.29 (12.32 %)

Al-intoxicated control 6.33 ± 0.35b (-28.55 %) 1.80 ± 0.17 (-12.72 %) 4.16 ± 0.26 (-15.95 %)

Ovx ? Al ? melatonin 9.91 ± 0.51c (56.63 %) 2.21 ± 0.12 (22.91 %) 5.28 ± 0.31c (27.09 %)

Data are represented as Mean ± SE (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

Table 3 Effect of treatment with melatonin on brain antiapoptotic marker (Bcl-2) and neurotrophic factor (BDNF) in ovariectomized and Al-

intoxicated ovariectomized rats

Groups Parameters

Bcl-2 (ng/mg protein) BDNF (pg/mg protein)

Gonad intact control 1.15 9 10-1 ± 5.74 9 10-3 88.26 ± 3.31

Ovx control 6.90 9 10-2 ± 3.00 9 10-3a (-40.00 %) 62.38 ± 3.15a (-29.32 %)

Ovx ? melatonin 8.95 9 10-2 ± 3.39 9 10-3b (29.71 %) 75.15 ± 3.12b (20.47 %)

Al-intoxicated control 5.82 9 10-2 ± 3.70 9 10-3b (-15.57 %) 45.50 ± 2.49b (-27.05 %)

Ovx ? Al ? melatonin 8.05 9 10-2 ± 4.06 9 10-3c (38.19 %) 64.61 ± 2.87c (42.00 %)

Data are represented as Mean ± SE (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
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been implicated in aging-related changes and particularly in

neurodegenerative diseases as it promotes the formation of

amyloid-b (Ab) plaques [22].

Our results showed that each of H2O2 and MDA in the

brain of either Ovx or Al-intoxicated Ovx rats has signif-

icantly increased. Tuneva et al. [23] reported that in vitro

and in vivo studies demonstrated the increased ROS

including H2O2 production in different brain areas due to

Al exposure. Aluminum has a strong prooxidant activity in

spite of its non redox status [24]. Kumar et al. [25]

observed that Al exposure is associated with impairment 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

increase generation of H2O2 [26]. Aluminum can induce

lipid peroxidation and alter physiological as well as bio-

chemical behavior of living organism, a matter implicated

in increased brain MDA level which is the major aldehyde

formed after breakdown of lipid hydroperoxides [27].

Administration of melatonin to both Ovx and Al-intox-

icated Ovx rats could significantly decrease both of brain

H2O2 and MDA levels. Martinez et al. [28] reported that

melatonin reduces the neuronal damage mediated by ROS.

Melatonin has a powerful scavenging activity for hydroxyl

and peroxyl radicals over that of both glutathione and

vitamin E. Melatonin also conserves the activities of the

antioxidant enzymes via enhancing gene expression of

these enzymes [29]. Melatonin has a phenol group that

provides a proton to detoxify hydroxyl or lipid peroxy

radicals and thus can reduce lipid peroxidation induced by

Al in Alzheimer’s patients [30]. Also, melatonin has the

ability to serve as a metal chelator to reduce metal toxicity

[31]. Melatonin stabilizes membranes against free radicals

and can resist the rigidity of the biological membranes

caused by Al [32]. Moreover, Yang et al. [6] reported that

melatonin effectively reduces lipid peroxidation induced

Table 4 Effect of treatment with melatonin on brain acetylcholinesterase (AchE) and acetylcholine (Ach) in ovariectomized and Al-intoxicated

ovariectomized rats

Groups Parameters

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

Gonad intact control 568.96 ± 26.11 8.50 9 10-2 ± 3.42 9 10-3

Ovx control 608.55 ± 33.75 (6.95 %) 8.10 9 10-2 ± 3.25 9 10-3 (-4.70 %)

Ovx ? melatonin 580.92 ± 28.96 (-4.53 %) 8.70 9 10-2 ± 3.46 9 10-3 (7.40 %)

Al-intoxicated control 858.30 ± 43.82b (41.04 %) 6.00 9 10-2 ± 2.55 9 10-3b (-25.92 %)

Ovx ? Al ? melatonin 699.67 ± 37.78c (-18.48 %) 7.80 9 10-2 ± 4.30 9 10-3c (30.00 %)

Data are represented as Mean ± S.E (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

Fig. 1 Micrograph of brain section of gonad intact control rat

showing the highly active nerve cells that having huge nuclei with

relatively pale-stained, the nuclear chromatin and prominent nuclei

disappeared. The surrounding support cells having small nuclei with

densely stained, condensed chromatin with no visible nucleoli are

shown in the cortex (H and E 9400)

Fig. 2 Micrograph of brain section of ovariectomized control rat

showing dark neurons with corkscrew dendrites and many other

neurons appeared in a degenerative form in the cortex (H and

E 9400)

Ind J Clin Biochem (Oct-Dec 2013) 28(4):381–389 385

123



by Al in Alzheimer’s patients. Melatonin is a potent anti-

oxidant that protects DNA, lipids and proteins from free

radical damage [33]. The ability of melatonin to serve as a

metal chelator for Fe3? ions provides an evidence sup-

porting its role as a neuroprotective agent [5].

Moreover, the data of this study showed significant

decrease in each of brain TAC, SOD and CAT activities in

both of Ovx and Al-intoxicated Ovx rats. Munoz-Castan-

eda et al. [34] showed that the lack of estrogen by ovari-

ectomy induced a reduction of antioxidant status (GSH,

SOD and GPx) and elevated lipid peroxides in rats. Alu-

minum exposure causes impairment of the antioxidant

defense system that may lead to oxidative stress [25, 35].

Aluminum causes brain damage via ROS more than any

other organ because of high brain lipid content, high

oxygen turnover, low mitotic rate as well as low antioxi-

dant concentration [36].

Treatment of Ovx and Al-intoxicated Ovx rats with

melatonin resulted in significant increase in each of brain

TAC, SOD and CAT activities. Melatonin is known to

increase tissue mRNA levels of both isoforms of Mn-SOD

and Cu–Zn SOD. Several melatonin metabolites that are

generated when melatonin interacts with toxic reactants are

themselves able to increase the efficiency of the electron

transport chain in the inner mitochondrial membrane with a

consequent impairment of free radical generation [37].

Kumar et al. [25] reported that aluminum altered the cel-

lular redox state of the brain by inhibiting antioxidant

enzymes defense, such as SOD and catalase, which func-

tion as blockers of free radical. Increased activities of GPx

and Cu–Zn SOD/Mn-SOD in the rat brain after exogenous

administration of melatonin has been reported [38]. Gomez

et al. [39] observed increased levels of each of Cu-ZnSOD,

MnSOD, GPx and CAT in the hippocampi of rats after

melatonin administration.

The results of our study revealed significant decrease in

Bcl-2 and BDNF levels in the brain of Ovx and Al-intox-

icated Ovx rats. Sharma and Mehra [40] stated that

ovariectomy decreased Bcl-2 expression and increased

proapoptotic marker (Bax) expression in the rat hippo-

campus. Altered Bax/Bcl-2 ratio is critical to Al-induced

apoptosis [41] leading to activation of caspase-3 and

release of cytochrome c. Kumar et al. [35] reported that

aluminum induces oxidative stress on the neuronal cells

and increases p53 protein expression by activating p38

MAPK to initiate apoptosis and this is accompanied by a

marked inhibition of Bcl-2 and increased Bax expression. It

has been reported that amyloid b could activate p53 by

direct interaction with the p53 promoter which led to Bax

and caspase-6 activation with subsequent reduction of Bcl-

2 and execution of the cell death pathway [41].

Takuma et al. [42] showed marked decrease in the BDNF

mRNA level in the hippocampus due to ovariectomy in

mice. Astrocytes are the principal target for Al toxic action,

thus blocking the release of neurotrophic factor. Disruption

of the proinflammatory cytokine/neurotrophin balance by Al

Fig. 3 Micrograph of brain section of melatonin-treated ovariecto-

mized rat showing more or less normal structure of neurons beside

some dark neurons appeared in the cortex (H and E 9400)

Fig. 4 Micrograph of brain section of Al-intoxicated ovariectomized

rat showing various sizes of amyloid plaques formation (arrow) in the

cerebral cortex and hippocampus (H and E 940)

Fig. 5 Micrograph of brain section of melatonin-treated Al-intoxi-

cated ovariectomized rat showing some dark neurons and the

remaining appears more or less as normal in the cortex (H and E

9400)
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plays an important role in the neurodegenerative disease

[43]. Aluminum intoxication results in increased tumor

necrosis factor-a (TNF-a) and macrophage inflammatory

protein-1a (MIP-1a), with consequent decrease in NGF and

BDNF. BDNF is one of the target genes of phosphorylated

CREB so that its mutation or blocking resulted in a dramatic

loss of BDNF transcription [44]. Decrease in brain BDNF

level could be associated with AD pathogenesis.

Treatment of both Ovx and Al-intoxicated Ovx rats with

melatonin resulted in significant elevation in both brain

Bcl-2 and BDNF levels. Melatonin acts through the mito-

chondrial pathway and blocks the spill of cytochrome c to

the cytosol and thus prevents activation of caspases,

increasing cellular content of Bcl-2 in old rats, thus reduces

apoptosis. Melatonin regulates the complex Bax/Bcl-2 and

antagonizes apoptosis through the activation of MAPK/

ERK pathway and inhibition of the stress kinases JNK and

p38 MAPK in neuronal cells [45]. Melatonin and its

activated receptors have been linked to the regulation of

neurotrophic factors, including BDNF. Both G-proteins

mediated signaling and other pathways such as ERK may

contribute to melatonin action on BDNF [46].

The data of the current study showed significant increase

in brain AchE activity with concomitant decrease in Ach

level in both Ovx and Al-intoxicated Ovx rats. Gulya et al.

[47] showed that aluminum causes cholinergic system

dysfunction that may contribute to learning and memory

deficits observed in Alzheimer’s dementia. Zhang et al.

[48] reported increased AchE activity in Al overloaded

rats. Kaizer et al. [49] suggested that Al exposure increased

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 syn-

thesis or by impairing the activities of choline acetyl

transferase (ChAT) enzyme itself [50]. Aluminum pro-

motes the formation of amyloid-b plaques (Ab 1-42) which

significantly reduced brain Ach level leading to greater

hippocampal Ach reduction accompanied by more memory

impairment. The effect of Ab 1-42 was increased when Ab
1-42 was combined with Ovx [51].

Significant decrease in brain AchE of Al-intoxicated

Ovx rats was observed when treated with melatonin. This

finding was in agreement with the results achieved by

Agrawal et al. [8]. The ability of melatonin to inhibit AchE

activity and improve cognitive functions is related to its

effect in balancing oxidant/antioxidant status and regulat-

ing the generation of inflammatory mediators particularly

TNF-a and IL-1b [9].

Treatment of Al-intoxicated Ovx rats with melatonin

significantly increased brain Ach level. Melatonin exerts

beneficial effects on cholinergic neurotransmission in brain

by increasing ChAT activity in the frontal cortex and

hippocampus [52]. Melatonin possesses an electron rich

aromatic indole ring and functions as donar and directly

detoxifies free radicals and thus can enhance brain Ach

activity.

Microscopic examination of the brain of gonad intact

control group showed normal nerve cells with visible

nuclei in the cortex. Examination of brain sections of Ovx

rats showed that the hippocampus has not suffered any

histological changes, whereas the cortex area showed dark

neurons with corkscrew dendrites (tangles) and many of

these neurons appeared in a degenerative form. When Ovx

rats were treated with melatonin, normal structure of the

hippocampus was observed while some dark neurons were

detected in the cortex, these findings were in agreement

with Hua et al. [53]. Meanwhile, examination of the brain

of Al-intoxicated Ovx rats showed formation of amyloid

plaques in both the cerebral cortex and in the hippocampus.

While, treatment of Al-intoxicated Ovx rats with melatonin

revealed almost normal structure of the hippocampus

with few dark neurons remaining in the cortex. Yang et al.

[6] reported that melatonin effectively reduces lipid

peroxidation and ameliorates Alzheimer-like pathological

changes.

In conclusion, our present study clearly demonstrated

that both oxidative stress and estrogen deprivation are

essential factors in promoting the AD pathophysiologic

course in experimental animals. Treatment with melatonin

hormone significantly ameliorated the neurodegeneration

characteristic of Alzheimer’s disease as indicated by the

tangible improvement in the biochemical markers. These

findings were well confirmed by the remarkable improve-

ment in the histological features of the brain. These effects

of melatonin hormone were achieved through its powerful

antioxidant, antiapoptotic, and neurotrophic as well as anti-

amyloidogenic activities. These results represent good

therapeutic approaches for intervention against progressive

neurological damage associated with Alzheimer’s disease.
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