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Abstract  

Background:  Alzheimer Disease (AD) is a progressive  
neurodegenerative disorder characterized by oxidative stress,  

neuro-inflammation and synaptic dysfunction, which caused  

in part by abnormal aggregation of senile plaques and neu-
rofibrillary tangles outside and inside the cerebral neurons,  

respectively. Thymoquinone (TQ) is the major bioactive  
ingredient of the volatile oil of Nigella sativa seed and it  
possess anti-inflammatory and antioxidant effects in some  

neuronal diseases.  

Aim of Study:  To evaluate the neuroprotective potential  

of TQ on the oxidative stress status of the brain in aluminum  
chloride (AlCl3)-induced AD in rats.  

Material and Methods:  Thirty adult male Sprague Dawley  
albino rats were used in this study. They were randomly  

divided into 3 groups. Group 1 (control group). Group 2 (AD  
group): Supplemented orally with AlCl3 (17mg/kg/day) for  
4 weeks. Group 3 (TQ/AD group) supplemented concomitantly  

with oral TQ (10mg/kg/day) and AlCl3 (17mg/kg/day) for 4  

weeks. At the end of the experiment, spatial working memory  

was assessed using the Y-maze spontaneous alternation test.  

Then, serum levels of Malondialdehyde (MDA) and Glutath-
ione Peroxidase Enzyme (GPX) were assessed. Then, the rats  

were sacrificed and the brain tissue homogenate content of  
tau protein, AR  and acetyle choline were determined.  

Results: In AD group, spatial working memory was im-
paired as indicated by a significant decline of Spontaneous  

Alteration Performance (SAP%) at Y-maze behavior test.  

Also, AR , tau protein, acetyle choline in brain and serum  

MDA were significantly increased with a significant decrease  

of serum GPX. Co-administration of TQ with AlCl3 in TQ/AD  
group, significantly decreased A R , tau protein, acetyle choline  
in brain and serum MDA and increased (SAP%) and serum  

GPX.  

Conclusion: TQ could mitigate the neurodegenerative  
markers and oxidative stress indices encountered in AD,  
presumably via its antioxidant and anti-inflammatory effects.  

Correspondence to:  Dr. Mohamed A.F. Zaher, The Department  

of Physiology, Faculty of Medicine, King Abdull Aziz  

University, Jeddah, Saudi Arabia  

This may implement TQ as an adjuvant alternative medical  

strategy in ameliorating this devastating disease.  
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Introduction  

ALZHEIMER  Disease (AD) is a progressive  
neurodegenerative disorder affecting mostly the  

elderly individuals with a profound decline in  
cognitive function and cumulative neurophysiatric  

changes including alterations in mood and behavior  
in conjunction with memory impairment [1,2] . AD  
is the most common cause of dementia, where it  
accounts for up to 70% of all cases of dementia  
[3] . The term AD was first adopted by the German  

psychiatrist Alois Alzheimer who has described  
this disease in 1906 [4] .  

Epidemiologically, AD is one of the major  
health challenges whose global prevalence has  
increased during recent years. Worldwide, about  

44 million individuals had AD in 2015 and this  
figure is expected to be doubled by 2050 [2] . It has  
been documented that among individuals over 65  

years of age, approximately 1% have AD and  

among those over 85 years of age, the prevalence  

of the disease is close to 4% [5] .  

AD is characterized clinically by progressive  
intellectual decline with impairment of short-term  

memory which is the first clinical feature of the  

disease due to degeneration of the hippocampal  

and cortical neurons. With progression of the dis-
ease, the long-term memory is also affected with  
more cognitive disabilities [6] .  
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Actually, AD is a multifactorial disease, with  

several modifiable and non-modifiable risk factors  
accused for its development and progression. Age  

is the greatest risk factor for the development of  

this disease, where the likelihood of developing  

AD increases exponentially with age, approximate-
ly doubling every five years after age 65 [7] .  

The exact mechanism(s) of AD has not been  
fully elucidated yet, however, it has been theorized  

that the neuronal loss, especially of the cholinergic  

neurons and of the neuronal synapses described in  
AD is related to the deposition of abnormal proteins  

in the cerebral cortex and other brain areas. These  

abnormal proteins include insoluble amyloid beta  

(Aβ ) proteins deposited outside the cerebral neurons  

forming extracellular “senile plaques" and the  

microtubules-associated protein (tau protein) which  
becomes highly phosphorylated and hence aggre-
gated inside the neurons forming intracellular  

“Neurofibrillary Tangles” (NFTs). These senile  

plaques and NFTs are considered two major hall-
mark pathological lesions of AD [8] . The disease  
is characterized pathologicallyby oxidative stress,  

neuro-inflammation and synaptic dysfunction,  

which may be caused in part by abnormal aggre-
gation of senile plaques and NFTs, causing delete-
rious synaptic and neuronal loss which often begins  
several years prior to memory loss [8] .  

Although the basic research in AD has made  
remarkable progress in the past two decades, the  

currently available drugs like donepezil, rivastig-
mine, galantamine and memantine are able only  
to improve cognitive symptoms temporarily, and  
no treatment can reverse, stop, or even slow the  

inexorable neurodegenerative process. These syn-
thetic drugs are associated with a number of side  
effects, possess much economic burden and are  
not implemented for all cases of AD [9] .  

Therefore, there is a high demand for discover-
ing new remedies of natural origin obtained from  
medicinal plants to be directed for protection,  
slowing down or halting AD disease progression  
in its early stages. In that context, Thymoquinone  

(TQ) which is the major bioactive ingredient and  

constituent of the volatile oil of Nigella sativa seed  

was tried in this study [10] .  

TQ has anti-inflammatory and antioxidant ef-
fects in some neuronal diseases [11,12] . In addition,  
it is reported to have protective effects against A β -
induced toxicity in neuronal cells [13] . In light of  
this knowledge, the present study was designed to  

evaluate the neuroprotective potential of TQ on  

the oxidative stress status of the brain in aluminum  

chloride-induced AD in rats.  

Material and Methods  

This study wad done at King Fahd Medical  
Research Center (KFMRC), King Abdull Aziz  

University, Jeddah Saudi Arabia, April 2018-June  
2019.  

Chemicals:  
AlCl3 (MW=133.34) was purchased as powder  

from Sigma-Aldrich Co. Munich, Germany) and  

was dissolved in distilled water.  

TQ (solid crystals purity 99%) was purchased  
from Sigma-Aldrich Co., Darmstadt, Germany)  

was dissolved in corn oil as a final concentration  
of 20mg/ml (w/v).  

Animals:  
Thirty adult male Sprague Dawley albino rats  

of approximately 250±25 gram Body Weight (BW)  
were used in this study. The rats were obtained  
from the Animal House of King Fahd Medical  
Research Center (KFMRC), Jeddah, Saudi Arabia.  

The rats were left to acclimatize without handling  

for one week prior to the start of the experiments.  

The animals were housed in well-ventilated cages  

at a temperature of 23 ±2Cº, under the natural 12  
hour day/night cycle with free access to a standard  

commercial rodent chaw and water ad libitum  

throughout the whole study period. The experimen-
tal protocol of this study was revised and approved  

by the local ethical guidelines established by the  
Unit of Biomedical Ethics Research Committee  

(REC), Faculty of Medicine, King Abdulaziz Uni-
versity, Saudi Arabia (reference NO; 452-16, 2017),  

in accordance with the international guiding prin-
ciples for the care and use of the research animals.  

Experimental groups:  
The rats were weighted and randomly allocated  

into 3 groups of 10 rats each:  
• Group 1 (Control group):  The rats of this group  

were orally administered via gastric gavage with  
1 ml/kg/day of corn oil (the vehicle of TQ) for 4  
weeks.  

• Group 2 (AD group): In this group, Alzheimer's-
like rat model was experimentally induced by  

oral administration of AlCl3 (17mg/kg/day) dis-
solved in distilled water for 4 weeks [14,15] . It is  
to be noted that the chosen dose of AlCl3 in this  
study was reported to be the minimal dose pro-
ducing a detrimental biological effect on the  

tissues of rodents in short term use [16] .  

• Group 3: (TQ/AD group):  The rats of this group  
were supplemented concomitantly with both oral  

TQ at a dose of 10mg/kg/day dissolved in corn  
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oil and oral AlCl3 (17mg/kg/day) dissolved in  
distilled water for 4 weeks.  

Induction of experimental AD:  

In this study, AD-like model was induced by  
oral administration of AlCl3 dissolved in distilled  
water (17mg/kg/day) for 4 weeks [15] . The devel-
opment of AD like state was considered when the  
spatial recognition and working memory was im-
paired upon eliciting the Y maze cognitive test  

[17] .  

Experimental protocol:  
At the end of time schedule of the experimental  

design and following an overnight fasting, blood  
samples were withdrawn from the retro-orbital  

venous sinuses in non-heparinized Ependorf tubes.  

The blood samples were left to clot in a water bath  
at room temperature, followed by their centrifuga-
tion at 3000r.p.m for 15 minutes. The clear super-
natant serum was separated, frozen and stored at  

–20ºC till further biochemical analysis of serum  
malondialdehyde (MDA, as a marker of lipid per-
oxidation and oxidative stress) and serum glutath-
ione peroxidase enzyme (GPX, as a marker of  

antioxidant enzyme activity).  

Afterwards, the rats were weighted and anes-
thetized using phenobarbital (40mg/kg) then sac-
rificed by cervical dislocation followed by decap-
itation [18] . The whole brain was removed by careful  
rapid dissection and quickly removed outside the  

skull and thoroughly washed with isotonic saline.  
The harvested brain was immediately frozen at  
–80 until homogenized for measuringthe brain  

tissue content of Aβ  and tau proteins (as markers  
of neurodegenerative changes) and acetyle choline  
esterase (as a marker of loss of integrity of cholin-
ergic neurons activity in the brain).  

Behavioral study:  
Y-maze spontaneous alternation test: Y-maze  

test was performed as previously described by Wall  
and Messier [19] . The maze was made of painted  
wood (to eliminate the spatial orientation visual  
cues) and has 3 identical arms, 40cm long, 35cm  
high and 12cm wide, positioned at equal angles  
and labeled A, B, and C. The rats were placed at  

the end of arm A and allowed to move freely  
through the maze during a 5 minute-timed session.  

Spontaneous alternation was visually monitored  

to observe the pattern of rat entry into the maze's  

arms. Arm entry was considered to be complete  
when the hind paws of the rat have been entirety  

inside that arm. Alternation was defined as succes-
sive entries into the three arms on overlapping  

triplet set (i.e., ABC, BCA ... ).  

Assessment of spatial working memory: In this  
study, the following spatial working memory-
indicator parameters were assessed using the Y-
maze spontaneous alternation test [17,19] .  

1- The number of Total Arm Entries (TAE).  

2- Spontaneous Alternation Performances (SAP)  

score (defined as successive entries into the  

three arms on overlapping triplet set (i.e., ABC,  
BCA, etc...).  

3- Spontaneous Alternation Percentage (SAP %)  

(the percentage of the correct triad) was calcu-
lated using the following equation: SAP (%) =  
[(number of alternations)/(total arm entries 
2)] X 100.  

Biochemical analysis:  
1- Aβ  in the brain tissue (pg/mg protein) was  

measured by RT.qPCR [20] .  

2- Tau protein in the brain tissue (ng/mg protein)  

was measured by RT.qPCR [21] .  

3- Acetyl choline in the brain tissue (µmol/mg  
protein): Was measured by the colorimetric  

method using a choline/acetylcholine assay kit  

(Acetyl choline, BioVision Inc., California,  
USA) [22] .  

4- Serum GPX (U/ml) was measured colorimetri-
cally using a commercial assay kit (Biodiagnos-
tic, Egypt) [23] .  

5- Serum MDA (nmol/ml): (Was measured by  

thiobarbituric acid colorimetric method using  

MDA assay kit (MDA, Cell Biolabs, USA, Cat-
alog No., STA-330) [24] .  

Statistical analysis:  
In the present study, the data were analyzed  

using the statistical package for social sciences  
program, version 23 (SPSS Inc., Chicago, Illinois,  
USA). The results were expressed as mean ±  SD.  
The significance of differences between groups  

was determined by one-way analysis of variance  

(ANOVA) followed by post-hoc Tukey test. p -
values d0.05 were considered statistically signifi-
cant [25] .  

Results  

Behavioral results:  
Assessment of spatial working memory showed  

that SAP%, at Y-maze test, in AD group was 54.00  

±9.00 which was statistically significant lower  
(p<0.001) than the corresponding mean value in  

the control group (72.00 ± 16.00%). On the other  
hand the mean value of SAP% in TQ/AD group  



SAP % 
100  
90  
80  
70  
60  
50  
40  
30  
20  
10  
0  

72 

54 

71 

11.4  

1.7  

4.5  

11.5  

1.1  

5.4  

Acetyl choline (U/mg)  
50  
45  
40  
35  
30  
25  
20  
15  
10  

5  
0  

40.7  

18.9  

32.4  

358 Effect of Thymoquinone against Aluminum Chloride-Induced Alzheimer-Like Model  

was 71.00± 15.00% which was statistically signif- 
icant higher (p<0.001) than that of AD group Fig.  
(1).  

Control AD TQ/AD 
Animal groups 

Fig. (1): The mean ±  SD of SPA% in nmol/ml in all studied  
groups of rats.  

Biochemical results:  
The mean value of Aβ  in the brain tissue in AD  

group was 11.4±2.8pg/mg protein which was sta-
tistically significant higher (p<0.005) than the  
corresponding value in the control group (1.7 ±0.3).  
On the other hand, the mean value of tau protein  

in TQ/AD group was 4.5± 1.4 which was significant  
lower (p<0.005) than AD group (Table 1) and Fig.  
(2).  

Table (1): Biochemical parameters in control, AD and TQ/AD  
groups.  

Control AD  TQ/AD  

Aβ (pg/mg) 
 

1.7±0.3 11.4±2.8a  4.5± 1.4ab  
tau protein (ng/mg)  1.1 ±0.2 11.5±2.2a  5.4± 1.2ab  
Acetyl choline (μmol/mg)  40.7±5.2 18.9±5.5a  32.4±4.2ab  
Serum GpX (U/ml)  101.0±21.3 53.3±13.8a  91.4±16.0ab  
Serum MDA (nmol/ml)  8.7± 1.8 55.2±9.5a  21.2±4.9ab  

Values are expressed as mean ±  SD (n=10).  
Statistical analysis was carried out by One-way ANOVA followed  

by Tukey's intergroup multiple comparison test.  

AD : Alzheimer Disease group.  
TQ/AD : Thymoquinine/Alzheimer group.  
a : p≤0.05 vs. control group. 
b : p≤0.05 vs. AD group. 

Aβ  (pg/mg) 
 

Control AD TQ/AD  
Animal groups  

Fig. (2): The mean ±  SD of Aβ  in pg/mg in the brain homoge-
nate in all studied groups of rats.  

The mean value of tau protein in the brain tissue  

in AD group was 11.5 ±2.2ng/mg protein, which  
was statistically significant higher (p<0.005) than  
the corresponding value in the control group (1.1 ±  
0.2). On the other hand, the mean value of tau  

protein in TQ/AD group was 5.4± 1.2 which was  
significant lower (p<0.005) than AD group (Table  
1) and Fig. (3).  

tau protein (ng/mg)  

Control AD TQ/AD  
Animal groups  

Fig. (3): The mean ±  SD of tau protein in ng/mg in the brain  
homogenate in all studied groups of rats.  

The mean value of acetyl choline in the brain  
tissue in AD group was 18.9±5.5µmol/mg protein  
which was statistically significant higher ( p<0.005)  
than the corresponding value in the control group  

(40.7±5.2). On the other hand, the mean value of  
tau protein in TQ/AD group was 32.4 ±4.2 which  
was significant lower (p<0.005) than AD group  
(Table 1) and Fig. (4).  

Control AD TQ/AD  
Animal groups  

Fig. (4): The mean ±  SD of acetylecholine in µmol/mg in the  
brain homogenate in all studied groups of rats.  

The mean value of serum GPX in the brain  
tissue in AD group was 53.3 ± 13.8U/ml which was  
statistically significant higher ( p<0.005) than the  
corresponding value in the control group (101.0 ±  
21.3). On the other hand, the mean value of tau  

protein in TQ/AD group was 91.4± 16.0 which was  
significant lower (p<0.005) than AD group (Table  
1) and Fig. (5).  
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Control AD TQ/AD  
Animal groups  

Fig. (5): The mean ±  SD of GpX in u/ml in all studied groups  
of rats.  

The mean value of serum MDA in the brain  

tissue in AD group was 55.2 ±9.5nmol/ml which  
was statistically significant higher (p<0.005) than  
the corresponding value in the control group (8.7  

± 1.8). On the other hand, the mean value of MDA  

in TQ/AD group was 21.2±4.9 which was signifi-
cant lower (p<0.005) than AD group (Table 1) and  

Fig. (6).  

Serum MDA (nmol/ml)  

Control AD TQ/AD  
Animal groups  

Fig. (6): The mean ±  SD of MDA in nmol/ml in all studied  
groups of rats.  

Discussion  

Alzheimer's Disease (AD) is a major devastating  

neurodegenerative disorder of brain that, to date,  

has no settled underlying mechanism(s) and its  
successful treatment remains one of the big chal-
lenges in the field of neurology. Hence it continues  
to be associated with a high rate of morbidity and  

mortality. AD exhibits two hallmark brain lesions  
the Neurofibrillary Tangles (NFTs) and senile  

plaques)  [26] . NFTs are formed by intraneuronal  
accumulation of paired helical filaments composed  

of abnormally hyperphosphorylated tau protein  

and senile plaques contain amyloid- β  peptide (Aβ )  
[26] .  

The results of this study showed a significant  

decrease in Spontaneous Alternation Percentage  

(SAP%) in AD group compared to the control  
group. This finding was in agreement with Pagnier  
et al., [27]  who found a decrease in alteration  
behavior at Y-maze in an AD mice model. Also,  
this finding was in agreement with Abulfadl et al.,  
[28] , who found a decrease in the step through  
latency in the passive avoidance test of AD rat  
model. The above-mentioned decline in behavior  

alteration performance indicate a deterioration of  

the spatial working memory of AD rats that is  

mostly attributed to the neurological cell damage  

and synaptic dysfunction encountered in rats' brain  

with AD [29] .  

On the other hand, TQ/AD group showed a  
significant improvement in SAP% when compared  

to AD group. Interestingly, this improvement of  
the behavioral performance reflected mostly pre-
served memory and learning in TQ/AD group. In  
agreement with our results, Bargi et al., [30]  and  
Dalli et al., [31]  reported that TQ had the capability  
to reduce memory impairment and improve learning  
in passive avoidance test and in Moris Water Maize  
(MWM) test in rat models of AD. They have at-
tributed their results to the neuroprotective role of  
TQ in AD. They have correlated this neuroprotec-
tion to the ability of TQ in decreasing A β  level in  
brain tissue and reducing A β -induced inflammatory  
mediators in the hippocampus of these animals  
and subsequently decreasing the cytokine-induced  

suppression of the Long Term Potentiation (LTP).  

Biologically, the hippocampus is considered to  

be the most sensitive area in the brain to the dele-
terious effect of inflammatory mediators [32] . This  
is probably due to enrichment of the hippocampus  
with cytokine receptors [30] . These beneficial roles  
of TQ in improving the behavioral performance in  

AD is presumably due to its potent anti–inflamma-
tory effect [33] .  

Our results showed an increase of A β  level in  
the brain of Alcl3-induced AD group compared to  
the control one. This result was in agreement with  

Wang et al., [34]  who conduct an experimental meta  
analysis in which aluminum administration was  
found to increase A β  levels in the brain of experi-
mental animals.  

For decades, it was reported that the extracel-
lular accumulation of senile plaques in the brain  

is one of hypothesis in the development of AD.  
Aβ  is the major component of these senile plaques  

and it is made from β -plated sheet fibrils and  
neuritis of destructed synapses and dendrites and  

invading astrocytes and inflammatory cell infiltra-
tion. Aβ  is released from a sequential proteolytic  
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cleavage of a large, ~770 amino acids, type I  
transmembrane glycoprotein called Amyloid Pre-
cursor Protein (APP) which is abundant in the  
central neurons and to a lesser extent by the glial  

cells [35] .  

Proteolytic processing of APP has two different  

pathways. The first pathway is the non–amyloidog-
enic pathway that involves APP cleavage by α -
secretase enzyme and results in the release of  

extracellular soluble APP (sAPP α) and a transmem-
brane C83 (also calledcarboxyterminal fragments  

alpha (CTFα ) part. CTFα  is further cleaved by γ  
secretase, yielding a protein fragment called p3  

and Amino-terminal Intracellular Domain (AICD).  

sAPPα  residue on the other hand, is a non-harmful  
protein that is thought to have a neuroprotective  

role through the suppression of abnormally elevated  

intracellular Ca
2+ 

 in neurons via reducing the  
glutamate-induced NMDA currents [36] .  

The second pathway is the amyloidogenic path-
way in which APP is cleaved by β  secretase result-
ing in a sAPPβ  and C99 protein residue (also called  

CTFβ ). The later is further cleaved by γ  secretase  
forming the non-soluble Aβ  [37] . γ  secretase has  
an imprecise cleavage point, yielding isoforms of  
Aβ  of different amino acid length of which A β 40  
and Aβ 42 are the most relevant [35] .  

Numerous previous studies have adopted AlCl3- 
induced AD models in mice [38] , rats [39] , rabbits  
[40]  as well as in cultured cells [41] . These studies  
documented an increase in A β  level and conforma-
tional changes of Aβ  that enhanced its aggregation  
in a fashion that mimics the structure picture of  

AD in humans.  

In the clinical field, studies on the effect of Al  

on Aβ  in human are scanty in comparison to those  

in animals. Yet, there are number of epidemiological  
studies correlated the increase of environmental  

Al level to AD [41-43] . Al is known to exert a  
neurotoxic effect through vascular, inflammatory,  

oxidative, metabolic and many other proposed  

mechanisms that ultimately result in cellular brain  
damage [41,44] .  

The results of our study showed a significant  
decrease in Aβ  level in brain homogenate of TQ/AD  
group when compared to AD group. These results  

were concomitant with Abulfadl et al., [28]  who  
found that TQ decreased A β  level in brain tissue  
upon histological examination.  

In addition, in vitro studies have found that TQ  
significantly decreased the A β  neurotoxicity and  
aggregation when it was applied simultaneously  

with this protein residue onto cultured hippocumpal  
neuronal cells in a dose dependant manner [45,46] .  
These in vitro studies have attributed this beneficial  

effect of TQ in inhibiting in vitro Aβ  neurotoxicity  
to its antioxidant effect, where it could scavenge  

ROS released in the cultured media.  

Another protein that is related to AD, is micro-
tubules-associated protein (tau protein) that is  

deposited intracellularly in the central neurons in  

cases of AD and causes disturbance in axonal  
transport and in Microtubules (MT) assembly.  

Much evidence have documented that the clinical  
presentation and severity of AD almost always  

correlates with tau protein and NFT's formation  

more than the correlation with A β  plaques [47] .  

Functionally, tau protein gives support to the  
intraneuronal MT and controls the spacing between  

them [48]  and maintains the assembling of these  
MT and the transport and communication systems  
of neurons [49] . This transport system involves  
mainly two proteins. The first is called kinesin  
which is the motor protein responsible for the  
anterograde transport, from the center to the pe-
riphery, of different cellular vesicles inside the  

neurons. The second is called dynein is the motor  

protein responsible for the opposite, retrograde,  

transport of these vesicles [50] . The net effect is  
redistribution and accumulation of essential cell  

components towards the MT organizing center  

leavening the cell periphery deprived of energy  
and vulnerable to oxidative stress [51] .  

In AD, the high concentration of tau can inhibit  
kinesin action by competing for its binding site on  
MT [52] . This inhibition of kinesin leads to a marked  
slowing of the anterograde movement of the cellular  

components. Contrary, the retrograde movement  

is unaffected [53] . Furthermore, Tau affinity to the  
microtubules is affected by the rate and extent of  

its phosphorylation. The phosphorylated tau has  

low affinity towards MT and it has the ability to  
sequester other tau proteins to form aggregation  

[54] . Tau phosphorylation is under the influence of  
phosphatases and kinases enzymes, where in AD  

the later becomes more prominent [50] . This is  
because in AD, Aβ  causes the hyperphosphorylation  
of tau through activation of glycogen synthase  
kinase 3β  (Gsk3β ) and cyclin dependent kinase 5  
(Cdk5) which accelerate the NFT's [55] .  

Once hyperphosphorylated some conformation-
al changes occur in tau, where they are rapidly  

polymerized into NFT's that impair axoplasmic  
flow and lead to slow progressive retrograde de-
generation and loss of connectivity of the affected  
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neurons and causes cell death [56] . After phospho-
rylation, tau dissociated from MT, thus they col-
lapse and the hyperphosphorylated tau form cross  

linking structures called NFT's which aggregate  
and induces oxidative stress inside the neurons  
[41,57] . This is of a great value since the oxidative  
stress exert extravagant cellular damage in the  

presence of an abnormally increased tau level [51] .  

Here it is worth mentioning that the tau neuro-
toxicity is correlated with its phosphorylation rather  

than with its deposition in NFT's [58] . This is based  
on previous experiments that showed that suppress-
ing tau expression preserved the neural brain cells  
despite the continued accumulation of NFT's [59] .  

In this study, there was a significant decrease  
of the elevated tau level in TQ/AD group when  

compared with AD group. This encountered neu-
roprotection role of TQ is not only due to its ability  

to decrease tau level, but also due to reduction of  
oxidative stress as was confirmed in this work  
upon measuring GPx level. These antioxidant  
effects of TQ that may indirectly decreased tau  

phosphorylation and in turn preserve the microtu-
bules from collapse.  

In this study, acytyl choline level was signifi-
cantly decreased in the brain of AD group compared  

with the control group. This was in line with Yassin  
et al., [14]  who found that acetyl choline level  
decreased in Alcl3-induced AD of rats. Also this  
decline of acetyl choline was reported by Pákáski  

and Kálmán [60] . Actually, acetylcholine is one of  
the major excitatory neurotransmitters in the brain.  

Acetylcholine, cholinergic receptors and cholinergic  

neurons forming the cholinergic system. This sys-
tem has an important role in cerebral perfusion,  

vasodilatation as well as the integrity of the blood  

brain barrier [61] .  

It was reported that acetylcholine is highly  

linked to AD. Cholinergic abnormalities are report-
ed to exist as early as the prodromal phase of this  

disease [62] . At late stage, up to 75% of cholinergic  
neurons are lost [63] . The deterioration of the  
cholinergic system is one the hypothesis that is  

adopted to explain pathophysiology of AD. Previ-
ous studies have found that there was a decrease  

of choline acetyltransferase activity that is respon-
sible for formation of Ach in the cytosol of the  

cholinergic nerve terminals, cholinergic neurons  

acetylcholine as well as cholinergic receptors in  

AD of humans and other species [64] . It was found  
that cholinergic depletion increased A R  deposition  
[65]  and tau phosphorelation and pro-inflammatory  

cytokines formation [66] .  

Therefore, restoration of cholinergic functions  

in AD might improve the pathophysiological as-
pects and hence the clinical presentation as well  

[62] . This is the basis of the anti-cholinestrase  

enzyme inhibitors group of drugs like rivastigmine  
and donazepil in management of AD via increasing  

Ach level. In line with basis of management, our  
results revealed a significant increase in acetylcho-
line level in the brain tissue of TQ/AD group  

compared with AD group. In support to our results,  

Jukic et al., [67]  have found that TQ possessed  
anticholinestrase activity.  

Actually, the exact mechanism(s) behind AD  

are unsettled yet. Nevertheless, there are accumu-
lating evidence that the pathogenesis maybe related  

to the release of Reactive Oxygen Species (ROS),  

with intermingling oxidative stress in the brain  

tissue, particularly in the hippocampal region [68] .  
Previous studies on the chronological events of  
AD showed that oxidative stress might be the  

earliest event in AD even preceding A R  aggregation.  
This oxidative stress is correlated to the incidence,  
duration, severity and the mortality rate of AD [68] .  
Moreover, the oxidative stress is accused for direct  

neuronal apoptosis [69] , enhancement of AD  aggre-
gation [70]  as well as tau phosphorylation [71] .  

The mechanism beyond the harmful effects of  
oxidative stress on the brain tissue in AD is due  

to over production of ROS. These species are  
reported to cause peroxidation of polyunsaturated  
fatty acids in the cell membrane of the brain cells  

resulting in formation of toxic byproduct metabo-
lites such as MDA [72] . Consequently, in this study,  
MDA was measured in brain tissue of rats and it  
displayed a high level in AD group.  

Actually, redox imbalance between high oxi-
dants and low antioxidant level in the brain tissue  
represents a hallmark of AD [69] . This redox im-
balance was evident in this work, where not only  
there was an increase of MDA level, but also there  
was a decrease in GPx level in the brain tissue of  
AD group compared to the control group. Upon  
comparing TQ/AD and AD groups, the results  

revealed a decrease in the MDA accompanied with  

an increase in GPx level in the former group. Our  

results were concomitant with the findings of  

numerous previous studies that reported a signifi-
cant improvement of oxidative stress MDA, Su-
praoxide Dismutase (SOD), catalase and reduced  

glutathione (GSH) on TQ administration [30] . Fur-
thermore, Alhebshi et al., [47]  found that TQ ad-
ministration increased cell survival rate of hippo-
cumpal cells and restored the redox balance in an  

invitro study in which cultured rat hippocumpal  
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and cortical neurons displayed A R  aggregation  
similar to what is encountered in AD disease upon  

their incubation with human AR  1-42. This resto-
ration of the redox balance upon TQ administration  

could be attributed to its anti-oxidant property [73] .  
This crucial antioxidant role of TQ, encountered  

in our study, provided a promising prophylactic  
potential against AD.  

Conclusion:  
From the obtained data of this study, it could  

be concluded that TQ has a neuroprotective role  

in experimental AD model. This is mostly related  
to its antioxidant role and its ability to increase  
Ach in the brain tissue of rats. This may be an  

impetus for further clinical studies.  
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