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Abstract 

Alzheimer disease is one of the commonest neurological diseases which is 
characterized by amyloid plaques accumulation in multiple brain regions. 
This study investigated the potential neuroprotective effect of artesunate on 
aluminum induced neurotoxicity vs memantine in rats. 40 male albino Wistar 
rats were divided randomly into 4 groups as follow: Group 1 negative control, 
group 2 positive control group induced by ammonium chloride, group 3 rats 
treated by NH4Cl + artesunate solution, group 4 rats treated by NH4Cl + me-
mantine S.C. spatial Memory and Learning were evaluated using Morris Wa-
ter Maze (MWM) test. Malondialdehyde (MDA) and reduced glutathione 
(GSH) levels were measured in cerebral cortex tissue homogenate. Tumor 
necrosis factor-α (TNFα) and interleukin-1 beta (IL-1β) concentrations were 
measured in rat cerebral cortex tissue homogenate using rat enzyme linked 
immunosorbent assay (ELISA) kits. Real-time quantitative reverse transcrip-
tion-polymerase chain reaction (Real-time qRT-PCR) for Caspase-3, Bcl-2 
and iNOS gene expression was measured in rat cerebral cortex. Slices from 
cerebral cortex were studied by histopathological examination. Artesunate 
significantly decreased MDA level and inhibited iNOS, caspase and upregu-
lated Bcl-2 gene expression in cerebral cortex. ART increased significantly 
antioxidant level GSH, and decreased significantly TNF-alpha and IL-B levels. 
It reduced significantly 1ry retention latency, 2ry retention latency and initial 
acquisition latency. It also improved brain histopathology and decreased 
amyloid plaque deposition. ART exerted neuroprotective effect through oxida-
tive stress correction and enhancement of antiapoptotic markers in neuronal 
cells of the cerebral cortex. 
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1. Introduction 

Aluminum chloride (AlCl3)-induced Alzheimer disease rat model is characte-
rized by memory loss, acetylcholine esterase hyperactivity, oxidative stress, and 
increased expression of amyloid β protein markers. Also, AlCl3-induced in-
flammation, caspase activation, Tau pathology, changed Akt/GSK 3β signaling 
pathway in cerebral cortex [1]. Exposure to AlCl3 stimulates oxidative stress 
markers and impairs kidney function [2]. 

Alzheimer disease (AD) is a neurodegenerative disease which is characterized 
by cognitive and behavioral deterioration [3]. It is not a curable disease with a 
long preclinical period and progressive course [4]. In AD, amyloid plaques de-
velop in both hippocampus, and in cerebral cortex regions which are involved in 
thinking and making decisions. AD is characterized by neurofibrillary tangles 
(NFT) deposition of beta amyloid plaques, and neuronal cell degeneration in the 
brain tissue. Oxidative stress of neurons is linked also with AD, but its link to 
NFT and β-amyloid protein (β-AP) still remains uncertain [5].  

Artesunate is a semi-synthetic derivative of artemisinin got from Artemisia 
annua which has been recognized as a medication for fever and chills in Chinese 
traditional system [6] [7]. It is a safe anti-malarial drug that has anthelmintic, 
anti-viral, anti-microbial, anti-oxidant, anti-inflammatory, anti-arthritic and an-
ticancer properties [8] [9] [10]. 

Multiple studies had proved that Artemisinin (Art) is effective in treatment of 
inflammatory joint diseases including arthritis [11]. Also, Art has been proved 
to stimulate HepG2 cell apoptosis, which describes its important step in cell 
growth progression [12]. The phosphatidylinositol 3-kinase/AKT/mammalian 
target of rapamycin (PI3K/AKT/mTOR) signaling pathway plays a great role 
in multiple inflammatory diseases including Alzheimer disease [13]. The 
PI3K/AKT/mTOR pathway is an intracellular signaling pathway which affects 
cell cycle regulation as it is directly linked to cellular quiescence, proliferation 
and cancer [14]. An important study proved ability of Art to stimulate cell 
apoptosis in human cervical carcinoma through inhibiting the PI3K/AKT/ 
mTOR signaling pathway [15]. 

Memantine proved both clinical efficacy in AD and neuroprotective effects in 
laboratory studies [16]. Its use improved memory diminution in rat models of 
dementia [17]. Multiple studies of memantine focus mainly on its effects on 
neurons [18] [19]. We try in this work to explore potential neuroprotective effect 
of ART in Aluminum chloride (AlCl3)-induced Alzheimer disease rat model and 
explain its underlying mechanisms in comparison with memantine as standard 
drug for AD. 
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2. Chemicals and Drugs 

Aluminum chloride anhydrous (molecular weight: 133.332 g/mol) was pur-
chased from El-Gomhouria Chemical Company, Mansoura, Egypt. Memantine 
hydrochloride was used in the study (manufactured by Lundbeck company, 
Denmark), Artesunate solution (manufactured by Actiza pharmaceutical, India). 

3. Experimental Design 

40 Male albino Wistar rats (weighing 150 - 160 gm) were obtained from the an-
imal house of Faculty of Pharmacy, Mansoura University, Egypt. The rats were 
housed in standard cages where food and water were provided ad libitum. After 
acclimation period, they were randomly divided into 4 groups (10 for each). 

Group 1 Negative control rats receive a normal saline. 
Group 2 Positive control group induced by aluminum chloride (AlCl3, 100 

mg/kg b.w.) intraperitoneally for 6 weeks [20]. 
Group 3 rats treated by AlCl3 as above + artesunate solution (pH = 6.0; 3 

mg/kg,i.p.) once a day for 6 weeks [21].  
Group 4 rats treated by AlCl3 as above + memantine S.C. (10 mg/kg/day) [22] 

for 6 weeks. 

3.1. Evaluation of Spatial Memory and Learning by Morris Water  
Maze (MWM) Test 

Morris Water Maze is formed of a big round pool (its diameter is 150 cm, its 
height is 45 cm) filled with water at 26˚C to 30 cm depth and divided into four 
equivalent quadrants by two fixed strands at right angles. The pool was put in an 
illumined test room. In each pool quadrant, a circular platform (its diameter is 
4.5 cm) was placed, 1 cm above the water level by 1 cm during the acquisition 
stage and during the retention stage, the platform was situated below the water 
level by 1 cm. The platform position was constant in the same quadrant during 
evaluation of each stage [23]. The water was made opaque (white) during the re-
tention phase by adding powdered milk. During the test the rats were trained to 
jump onto platform not to swim for 60 seconds and by time the rats will learn 
the spatial platform site from any beginning site at the pool circumference [24]. 

3.2. Maze Acquisition Phase 

On Day 20, rats were trained four times with 5 minutes interval in between. A 
trial was done by introducing the rat into the maze fronting the pool wall and 
the delay to jump to the platform was noted for 90 seconds. If the rat did not 
jump onto the platform within 90 seconds, it was directed to the platform and 
kept there for 20 seconds. The initial acquisition latency (IAL) was defined as the 
time consumed by the rat to jump on the platform [25]. 

3.3. Maze Retention Phase 

After the four training sessions, the time spent to reach the hidden platform (re-
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tention latency “RL”) was calculated on day 21 (1st RL) and day 42 (2nd RL). The 
change in RL from day 21 to day 42 was estimated to test for acquired memory. 

During the retention phase, the platform was removed from the pool and each 
rat was given up for 60 seconds to search for the position of the missing platform 
(four trials/day for three days). Several parameters were extracted from the re-
tention phase data including time spent in the target quadrant, time spent in 
non-target quadrants and the number of passes over the missing platform site 
[26].  

3.4. Brain Tissue Sampling and Preparation 

When the study was finished, all rats were weighed and feed deprived for 24 h. 
Rats were anesthetized using thiopental sodium (40 mg/kg, ip of 2.5% thiopen-
tal) that was supplied in the form of (Anapental 500 mg/vial) and was purchased 
from Sigma Tec Co., Egypt [27]. Rats were sacrificed by decapitation and the 
skull was opened and each rat brain was quickly removed and cut mid-sagittally 
into two hemispheres.  

3.5. Cerebral Cortex Hemisphere from Rats of Each Group Were 
Used as Follows 

One cerebral cortex hemisphere was cleaned with ice-cold saline to eliminate 
blood, quickly kept in Eppendorf tubes, embedded in liquid nitrogen and stored 
at −80˚C for quantitative Real-time polymerase chain reaction (RT-PCR). The 
other cerebral cortex hemisphere was kept in 10% neutral buffered formalin to 
be fixed and then examined histopathologically by hematoxylin and eosin and 
silver stain. 

3.6. Biochemical Estimations 

Rat cerebral cortex tissue homogenate was used to evaluate malondialdehyde 
(MDA) and reduced glutathione (GSH) levels using Bio-diagnostic kit (Egypt). 
Also, tumor necrosis factor alpha (TNF-α) and interleukin-1 beta (IL-1β) con-
centrations were estimated in rat cerebral cortex tissue homogenate using rat 
enzyme linked immunosorbent assay (ELISA) kits (Ray Bio Rat TNF-alpha and 
IL-1β ELISA Kit, USA). 

3.7. Histopathological Examination 

Rat cerebral cortex specimens were kept in 10% formalin for 24 h to be fixed and 
cleaned with water. Sequential alcohol dilutions were used for desiccation. Spe-
cimens were cleaned in xylene immersed in paraffin in hot air oven at 56˚C for 
24 h. Paraffin bees wax tissue block preparation was performed to be divided by 
microtome at 4 microns thickness. The resulting tissue slices were put on glass 
slides, cleared from paraffin and stained with hematoxylin and eosin stain for 
histopathological examination under light microscopy [28] and silver stain for 
the senile plaques and neurofibrillary tangles. 
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3.8. Real-Time Quantitative Reverse Transcription-Polymerase  
Chain Reaction (Real-Time qRT-PCR) for Caspase-3, Bcl-2 and  
iNOS Gene Expression Determination in Rat Cerebral Cortex 

Total RNA was isolated from cerebral cortex using RNeasy Mini kit (Qiagen, 
Valencia, CA, USA). Purity and concentration of each RNA sample were meas-
ured spectrophotometrically using 260 and 260/280 nm ratio respectively, using 
NanoDrop® ND-1000 Spectrophotometer (NanoDrop Technologies, Wilming-
ton, Delaware, USA). Purity of each RNA sample was calculated and ranged be-
tween 1.8 and 2.1 demonstrating high purity of the RNA. mRNA levels were 
measured by real-time quantitative RT-PCR. All PCR reactions were done in 25 
µl as total volume and included the following components: cDNA derived from 
25 ng of total RNA, 400 nM of each primer (Table 1), RNase-free water, and 
12.5 µl of SYBR Green PCR Master Mix (ABI), an optimized buffer system con-
taining AmpliTaq Gold DNA polymerase and dNTPs. All PCR reactions were 
done in duplicate and cycling parameters were as follows: after an initial dena-
turation step for 10 min at 95˚C, 40 subsequent cycles were performed in which 
samples were denatured for 15 s at 95˚C followed by primer annealing and 
elongation at 60˚C for 1 min. The relative quantities of mRNA were normalized 
by GAPDH. Relative quantification of mRNA expression was calculated with the 
2-ΔΔCt method [29] [30]. The data were presented as relative quantity (RQ) of 
target mRNA, normalized respect to GAPDH mRNA and relative to a calibrator 
sample. Normal control samples were used as calibrators. Where: ΔCt = (Ct of 
target gene − Ct of reference gene), ΔΔCt = (ΔCt of sample − ΔCt of control, 
normal, non-diseased). Ct is defined as the fractional cycle number at which the 
fluorescence passes the fixed threshold.  

3.9. Statistical Analysis 

Statistical analysis was done using The Statistical Package for Social Science 
(SPSS) program version 13. Data of biochemical parameters were presented as 
mean ± SD. Differences among groups within the experiment were analyzed by 
the one-way ANOVA test followed by post hoc Tukey test. P-value < 0.05 value 
was considered significant. 
 
Table 1. Primers sets used in quantitative RT-PCR (Biosearch technologies, CA, USA). 

Name Sequence 

GAPDH Forward 5’-CCATCAACGACCCCTTCATT-3’ 

GAPDH Reverse 5’-CACGACATACTCAGCACCAGC-3’ 

Caspase-3 Forward 5’-GTGGAACTGACGATGATATGGC-3’ 

Caspase-3 Reverse 5’-CGCAAAGTGACTGGATGAACC-3’ 

Bcl-2 Forward 5’-TGTGGATGACTGACTACCTGAACC-3’ 

Bcl-2 Reverse 5’-CAGCCAGGAGAAATCAAACAGAGG-3’ 

iNOS forward 5’-ACAACGTGGAGAAAACCCCAGGTG-3’ 

iNOS Reverse 5’-ACAGCTCCGGGCATCGAAGACC-3’ 
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4. Results 

In Table 2, both medication exert a significant inhibitory effect on iNOS (p < 
0.006, p < 0.002 respectively). Also, both medications significantly alter caspase 
levels (p < 0.004, p < 0.002 respectively) and Bcl-2 (p < 0.005, p < 0.002 respec-
tively).  

In Table 3, both medications reduce significantly 1ry retention latency, 2ry 
retention latency and initial acquisition latency in comparison to positive control 
group. Only memantine exert a significant amelioration of object recognition.  

In Table 4, both artesunate and memantine cause a significant reduction of 
IL-B (p < 0.002, p < 0.001 respectively). Also they reduce significantly TNF-α (p 
< 0.004, p < 0.001 respectively). On the other hand, they improve significantly 
GSH (p < 0.006, p < 0.001 respectively). Both medications, artesunate and me-
mantine significantly decrease the levels of MDA (p < 0.005, p < 0.001) in com-
parison to positive control group. 
 
Table 2. Effect of memantine and artesunate on relative quantification (RQ) of caspase 3, 
iNOS and BCl-2 mRNA gene expression in cerebral cortex of aluminum chloride (AlCl3)- 
treated rats (mean ± SD). 

 Caspase 3 iNOS Bcl-2 
Group 1 0.99 ± 0.33p1 1.01 ± 0.11p1 1.1 ± 0.06p1 
Group 2 2.71 ± 0.51 2.5 ± 0.17 0.48 ± 0.10 
Group 3 1.4 ± 0.36p1, p2 1.5 ± 0.51p1, p2 0.84 ± 0.23p1 
Group 4 1.6 ± 0.45p1, p2 1.9 ± 0.48p1, p2 0.89 ± 0.43p1 

P1 significance vs group 2; P2 significance vs group 1. 

 
Table 3. Effect of memantine and artesunate on memory function in spatial navigation 
task of Morris Water Maze (MWM) test and object recognition test in aluminum chloride 
(AlCl3)-treated rats (mean ± SD). 

 
Initial acquisition 

latency 
1ry 

retention latency 
2ndy 

retention latency 
Object 

recognition Test 

Group 1 16.9 ± 2.7p1 12.3 ± 7.92p1 8.6 ± 2.01p1 75.7 ± 16.5p1 
Group 2 69.2 ± 22.4 78.2 ± 21.3 53.4 ± 23.7 39.1 ± 13.9 
Group 3 36.2 ± 6.4p1, p2 32.9 ± 8.1p1, p2 35 ± 11.2p1, p2 52.5 ± 12.4p2 
Group 4 27.4 ± 6.5p1 28 ± 11.9p1 23.2 ± 11.4p1 64 ± 9.1p1 

P1 significance vs group 2; P2 significance vs group 1. 

 
Table 4. Effect of memantine and artesunate on GSH, MDA, tumor necrosis factor-α 
(TNF-α) and interleukin-1β (IL-1β) concentrations in cerebral cortex tissue homogenate 
of aluminum chloride (AlCl3)-treated rats (mean ± SD). 

 
GSH 

(mg/dl) 
TNF-α 
(pg/ml) 

IL-B 
(pg/ml) 

MDA 
(nmol/ml) 

Group 1 14.95 ± 2.7p1 12.12 ± 2.2p1, p2 38.1 ± 5.4p1 9.95 ± 0.96p1 

Group 2 5.9 ± 1.01 23.8 ± 2.7 84.9 ± 10.6 15.7 ± 2.2 

Group 3 12.89 ± 1.34p1 14.5 ± 3.9p1 50.5 ± 6.6p1, p2 11.9 ± 1.1p1, p2 

Group 4 13.11 ± 1.2p1 13.2 ± 2.12p1 46.9 ± 6.2p1 11.33 ± 0.87p1 

P1 significance vs group 2; P2 significance vs group 1. 
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5. Effect of Memantine or Artesunate on Histopathological  
Examination in Cerebral Cortex of Aluminum Chloride  
(AlCl3)-Treated Rats 

Figure 1 and Figure 2 show normal cerebral cortex brain tissue with no detected 
microscopic abnormalities. Examination of the cerebral cortex of AlCl3 group by 
hematoxylin and eosin revealed areas of brain cell apoptosis (Figure 3 and Fig-
ure 4). Histopathological results of AlCl3 + artesunate treated group showed 
normal cerebral cortex brain cellularity and normal thickness of the blood ves-
sels with no amyloid plaques detected neither in hematoxylin and eosin-stained 
slides nor in silver stain slides (Figure 5 and Figure 6). Examination of the ce-
rebral cortex of AlCl3 + Memantine group by hematoxylin and eosin and silver 
stain revealed more or less normal cerebral cortex brain tissue with normal brain 
cellularity and normal thickness of the cerebral cortex blood vessels when com-
pared to AlCl3 group. No amyloid plaques were detected neither in hematoxylin 
and eosin-stained or silver stained slides (Figure 7 and Figure 8). 
 

 
Figure 1. Control group’s hematoxylin and eosin-stained section (×400) revealed normal 
cerebral cortex brain tissue with no detected microscopic abnormalities. 
 

 
Figure 2. Control group’s silver-stained section (×400) revealed normal cerebral cortex 
brain tissue with no detected microscopic abnormalities. 
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Figure 3. AlCl3 group’s hematoxylin and eosin-stained section (×400) revealed multiple 
apoptotic bodies (tip of black arrows). 
 

 
Figure 4. AlCl3 group’s silver-stained section (×400) revealed multiple apoptotic bodies. 
 

 
Figure 5. AlCl3 + Artesunate treated group’s hema-toxylin and eosin-stained sections 
(×400) revealed more or less normal cerebral cortex brain tissue with normal cellularity 
and normal thickness of the blood vessels. No amyloid plaques were detected. 
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Figure 6. AlCl3 + Artesunate treated group’s silver-stained sections (×400) revealed more 
or less normal cerebral cortex brain tissue with normal cellularity and normal thickness 
of the blood vessels. No amyloid plaques were detected. 
 

 
Figure 7. AlCl3 + Memantine group’s hematoxylin and eosin-stained sections (×400) re-
vealed more or less normal cerebral cortex brain tissue with normal cellularity and nor-
mal thickness of the blood vessels. No amyloid plaques were detected. 
 

 
Figure 8. AlCl3 + Memantine group’s silver stained sections (×400) revealed more or less 
normal cerebral cortex brain tissue with normal cellularity and normal thickness of the 
blood vessels. No amyloid plaques were detected. 
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6. Discussion 

Alzehimer disease is considered one of the commonest disabling neurological 
diseases worldwide. Multiple pathological processes are suggested to explain its 
mechanism and many drugs are generated to fight the disease and postpone 
cognitive functions decline but with limited outcome. 

Results of our study confirmed that aluminum chloride (AlCl3) administration 
in rats for 6 weeks led to impairment of both spatial learning and memory evi-
denced by MWM. AlCl3-treated rats showed a significant delay in time taken to 
jump onto the platform in both maze acquisition and retention phases when 
compared to control rats. These results are consistent with several studies [31] 
[32] [33]. Impaired cognition after aluminum chloride administration may be 
caused by Al3+ accumulation in neuronal cells [34]. 

In contrast, co-administration of memantine or artesunate with AlCl3 for 6 
weeks to rats significantly improved spatial learning and memory impairment as 
shown by a significant decline in the MWM test’s 1st and 2nd RLs when com-
pared to AlCl3-treated rats. Several studies proved that memantine enhanced 
memory and cognition by MWM test [35] [36] [37]. Memantine is a non-com- 
petitive NMDA receptor antagonist and reduces also elevated AChE enzyme ac-
tivity [38]. In the current study, memantine also significantly decreased cerebral 
cortex TNF-α and IL-1β concentrations. 

Artesunate reduced 1ry retention latency, 2ry retention latency and initial ac-
quisition latency and improved cognitive function and decreases its delay. The 
Morris test was done for cognition examination [39]. Artesunate cognitive en-
hancing effect might be due to its anti-inflammatory effect proved by significant 
reduction incerebral cortex TNF-α, IL-1β levels. Multiple previous studies dem-
onstrated anti-inflammatory effect of artesunate in different animal models [40]. 

The current study proved that AlCl3 administration in rats for 6 weeks ele-
vated cerebral cortex TNF-α and IL-1β concentrations in comparison to control 
rats. These data are consistent with multiple studies in rats [41] [42] and mice 
[43]. In addition, TNF-α and IL-1β concentrations were increased also in both 
brains and plasma of AD patients [44] [45]. 

AlCl3 is responsible for induction of neuroinflammation and inflammatory 
cytokine production e.g. TNF-α, IL-1β, IL-6 due to maintained stimulation of 
microglia in a feed forward circuit through a process called reactive microgliosis. 
Also, Al3+ activates nuclear factor-kappa B (NF-κB), mitogen-activated protein 
kinase/activator protein-1, and hypoxia inducible factor-1 (HIF-1), which are 
responsible for neuroinflammation [46]. Also, it maintained release of pro-infla- 
mmatory cytokines and neurotoxins from microglia which is responsible for 
neuroinflammation exacerbation. Aluminium chloride accumulation in the ce-
rebral cortex causes abnormal deposition of Aβ which stimulates several in-
flammatory components [47].  

The current study proved that individual administration of memantine or ar-
tesunate with AlCl3 in rats resulted in significant reduction of cerebral cortex 
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TNF-α, IL-1β concentrations in comparison to AlCl3-treated rats. Several studies 
using memantine are consistent with our study results [48] [49]. Explanation for 
cerebral cortex TNF-α and IL-1β concentrations reduction by memantine ad-
ministration is due to inhibition of NF-κB pathway and blockade of NMDA re-
ceptor [50]. 

In inflammatory diseases, ART proved to be beneficial in inhibition of COX-2 
gene expression, maintainance of oxidative homeostasis, reduction of TNF-α 
level, interleukins and inhibition of NF-κB mediated signaling pathway [51]. 
ART had renoprotective effect through reduction of tubulointerstitial inflamma-
tion and fibrosis in rats [52]. So, due to its anti inflammatory properties, ART 
had been used in management of multiple inflammatory diseases like hepatic fi-
brosis [53], lung fibrosis, renal fibrosis [54] and epidural fibrosis through inhibi-
tion of Toll-like receptor 4 (TLR4)-nuclear factor (NF)-κB pathway [55]. Finally, 
administration of artesunate for 8 days decreased serum TNF-α levels and inhi-
bited lipopolysachaarides (LPS)-induced inflammatory bone loss in vivo [56]. 

The current study proved AlCl3 administration in rats for 6 weeks elevated 
cerebral cortex MDA level and decresed GSH level in comparison to control 
group. Oxidative stress is defined as imbalance between ROS and antioxidant 
defense. This imbalance plays an important role in multiple neurodegenerative 
diseases. Several studies proved that oxidative stress is characteristic sign of AD. 
In addition, inhibition of antioxidative systems stimulated free radicals produc-
tion which share in neuronal damage [57]. In the current work, both memantine 
and artesunate increased significantly antioxidant level of GSH, and decreasee 
significantly MDA level in cerebral cortex, ART could inhibit reactive oxygen 
species geneartion in vitro studies [40]. Malondialdehyde is considered an end 
product of lipid peroxidation which produces cytotoxicity and its concentration 
can reflect the degree of cell damage. The present study proved that artesunate 
decreased MDA level by reduction of lipid peroxidation. This finding was con-
sistent with the results of [58] [59]. The results of the above experiments were in 
agreement also with previous studies [59] [60] which proved that artemisin im-
proved the GSH-level as it contains flavonoids materials and polysaccharides 
which had antioxidant effect and a free radical scavenging ability [61]. 

Alzehimer disease is linked to apoptosis process through abnormal gene ex-
pression of Bcl-2, Bax and caspase-3. Bcl-2 inhibits apoptosis to protect cell sur-
vival, rather than cell proliferation promotion through mitochondrial membrane 
stabilization and prevention of caspases and cytochrome c release [62]. Also, Bax 
inhibits Bcl-2 expression and stimulates cytochrome c release, thus activating 
caspases and inducing process of apoptosis [63]. So, Bcl-2 and Bax modulatory 
effects on apoptosis are in opposition. 

The current study’s results confirmed that continuous AlCl3 administration in 
rats significantly increased mRNA expression of caspase 3, iNOS mRNA gene 
expression in cerebral cortex when compared to control rats. Earlier studies had 
demonstrated similar results with increased mRNA expression [63] [64] as AlCl3 
causes apoptotic neuronal loss by stimulating ROS generation, which is a cha-
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racteristic symptom of neurodegeneration [65]. It also stimulares neurons and 
astrocytes apoptosis through caspases activation in rodent and in vitro models 
[64]. Caspase-induced apoptosis had been recognized in Amyloid-β-induced 
Alzheimer’s and 6-hydroxydopamine-induced Parkinson’s neurodegeneration 
[66] [67]. Our study results findings are consistent with some studies which ex-
plain the role of artesunate supplementation to nitrosodiethylamine treated 
models of animals in up-regulation of Bcl-2 and down-regulation of Caspase-3 
gene expression [68]. This confirms neuroprotective role of artesunate in de-
creasing apoptosis biomarkers which increased markedly in AD, beside its role 
in attenuation of oxidative stress markers.  

ART plays an important role in protection of multiple tissue through plei-
tropic mechanisms. As regard pancreatic tissue beta cells, it reduced its apopto-
sis and inhibited elevation of NF-κB, iNOS expression, and NO production [69]. 
Moreovere, the expressions of PPAR-γ, p53 and Caspase 3 decreased markedly 
by ART in hepatic stellate cells [5]. 

This study results were confirmed by histopathological examination of cere-
bral cortex from different rat groups stained with hematoxylin and eosin and 
silver stains. Examination of cerebral cortex tissue of AlCl3 treated rats stained 
with hematoxylin and eosin revealed amyloid plaques and degenerative changes 
compared to control rats. Similar earlier studies had shown similar results of 
amyloid plaques in AlCl3 model of AD [70] [71]. 

Our study is consistent with [72] who stated that the presence of even a few 
tangles in a single field in cerebral cortex suggests a significant cognitive decline 
and is compatible with the diagnosis of AD made on the basis of clinical find-
ings. They added that the numbers of tangles increase as cognitive decline in-
creases. In addition, Nobakht et al. [70] observed that the criteria for neuropa-
thological diagnosis of AD take into account the NFTs and senile plaques forma-
tion. 

Histopathoplogical examination of cerebral cortex tissue of AlCl3 and me-
mantine treated rats revealed more or less normal cerebral cortex brain tissue 
when compared to AlCl3-treated rats. Also, no amyloid plaques were detected. 
These results are in agreement with several studies that showed memantine lo-
wering effect on amyloid plaques [73] [74]. 

Examination of cerebral cortex tissue of AlCl3 and artesunate in treated rats 
stained with hematoxylin and eosin stain or silver stain showed similar results to 
AlCl3 and memantine co-treated rats. Histopathological changes in cerebral cor-
tex brain tissue in different rat groups may be explained by the biochemical and 
transcriptional gene expression changes which are previously discussed. 

7. Conclusion 

ART exerted neuroprotective effect against ammonium chloride neurotoxicity 
and behavioral parameters including cognitive deficits. The biochemical changes 
were reversed through correction of oxidative stress and amelioration of anti-
apoptotic biomarkers in neuronal cells of the cerebral cortex. It also improves 
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the pathological structures. ART can ameliorate multiple pathological defects in 
this model of neurotoxicity but further clinical studies are required to confirm 
these results. 
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Abbreviations 

AD: Alzheimer’s Disease  
Aβ: Amyloid β 
NFTs: Neurofibrillary Tangles  
AlCl3: Aluminum Chloride  
MWM: Morris Water Maze  
IAL: Initial Acquisition Latency  
RL: Retention Latency  
ELISA: Enzyme-Linked Immunosorbent Assay  
TNF-α: Tumor Necrosis Factor Alpha  
IL-1β: Interleukin-1 Beta  
qRT-PCR: Quantitative Reverse Transcription Polymerase Chain React Ion  
RQ: Relative Quantification  
iNOS: Inducible Nitric Oxide Synthase 
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