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 Neurodegenerative disorders results in inflammatory processes, including inflammatory cytokine 
secretion and concomitant superoxide production. Acetylcholinesterase inhibitors (AChEIs) influence 
neuro degeneration through anti-inflammatory effects. Donepezil as an AChEIs also provide neuro 
protection.  This study aimed to evaluate the effect of donepezil (DZ) as a potent acetyl-cholinesterase 
(AChE) inhibitor, L-NG-Nitroarginine methyl ester (L.NAME) as non-selective nitric oxide synthase 
inhibitor and 7-nitroindazole (7-NI) as a selective neuronal nitric oxide synthase (NOS) inhibitor against 
Amyloid beta-peptide (1-42) (Aβ(1-42)) induced neurological disorder. Rats were divided into six groups 
including control, Aβ(1-42) ,Aβ(1-42) +L-arginine,  Aβ(1-42) +L-NAME ,Aβ(1-42) +7-NI, and Aβ(1-42) +DZ. Brain 
AChE, malondialdehyde, nitric oxide, super oxidedismutase, catalase, reduced glutathione, interleukin 1-
beta (IL-1β) and tumor necrosis factor alpha (TNF-α) were measured. Also, brain fatty acids fractions 
were estimated by high performance liquid chromatography (HPLC). Aβ(1-42) significantly alter levels of 
brain antioxidant, inflammatory markers and fatty acids content compared to the control group. 
Treatment with L.NAME, 7-NI and especially DZ improve these parameters. Administration of 
acetylcholinesterase inhibitors such as DZ attenuates neurodegenerative disorders through decreasing 
oxidation and inflammation.   
Keywords: Neurotoxicity, Aβ (1-42), Donepezil, Nitric oxide, 7-nitroindazole, Fatty acids, HPLC 

 
INTRODUCTION 

Alzheimer’s disease (AD) is characterized 
clinically by a progressive and gradual decline in 
cognitive function and neuropathologically by the 
presence of neuropil threads, specific neuron loss, 
and synapse loss in addition to the hallmark 
findings of neurofibriallary tangles and senile 
plaques (Murphy and LeVine, 2010). 

AD is associated with initial memory loss, 
followed by language impairment (aphasia), motor 
function is intact (apraxia), inability to recognize 
object, sensory function is intact (agnosia), and 
impairment in judgment, executive functioning, 
and visuospatial functioning (Sharma and Wong, 

2016).  
Swerdlow et al., (2014) suggested a disease 

mechanism that has emerged from the 
observations linking mitochondrial dysfunction and 
increased production of reactive oxygen species 
(ROS) to the development of AD. The 
mitochondrial cascade hypothesis states that in 
sporadic, late-onset AD, loss of mitochondrial 
function associated with age affects the 
expression and processing of AβPP initiating Aβ 
accumulation. Mitochondrial dysfunction has been 
well documented in AD (Beal, 2005). Abnormal 
mitochondrial axonal trafficking is already 
observed in embryonic neurons from multiple 
transgenic mouse models of familial AD with 
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additional abnormalities in fission, fusion, and 
function detected prior to the development of 
amyloid plaques or memory impairment.  

Amyloid beta-peptide (1-42) (Aβ (1-42)) plays a 
central role in the cause and progression of AD, 
because it is a major component of the 
extracellular plaque found in AD brains. Increased 
Aβ levels correlate with the cognitive decline 
observed in AD. Sporadic AD cases are liked with 
lack of Aβ clearance from the brain, unlike familial 
AD which shows increased Aβ production. Aβ can 
inhibit long-term potentiation (LTP), a model 
system for synaptic strengthening and memory 
(Bharadwaj et al., 2009). 

Soluble Aβ is exchanged across the BBB by 
two principle mechanisms, the low-density 
lipoprotein receptor-related protein (LRP) on the 
abluminal (brain) side, and the receptor for 
advanced glycation end products (RAGE) on the 
luminal (blood) side. The distribution of Aβ 
plaques changes with time and reflects the spread 
of Aβ deposition in the diseased brain (Mufson et 
al., 2016). 

Acetylcholinesterase inhibitors (AChE-
inhibitors) are used for the treatment of 
Alzheimer’s disease. Recently, the AChE- inhibitor 
donepezil was found to have neuroprotective 
effects. Donepezil (R,S -1-benzyl-4-[(5,6-
dimethoxy-1-indanon)-2-yl] methylpiperidine 
hydrochloride), a potent acetyl- cholinesterase 
(AChE) inhibitor has been prescribed for the 
treatment of cognitive dysfunction in AD. It 
prevents the hydrolysis of acetylcholine (ACh) and 
elevates ACh concentrations in the synaptic cleft, 
which results in increased cholinergic 
transmission (Noh et al., 2009). 

Aim of the study 
This study aimed to evaluate the effect of DZ 

as a potent acetyl- cholinesterase (AChE) 
inhibitor, L.NAME as non-selective nitric oxide 
synthase (NOS) inhibitor and 7-NI as a selective 
neuronal NOS inhibitor against Aβ(1-42) induced 
neurological disorder. 
 
MATERIALS AND METHODS 

Materials 

Animals 
Male albino rats weighting 140-180g were 

used for induction of brain injury. Animal obtained 
from the Animal house of National Research 
Center, Giza, Egypt. Animals were housed in 
individual suspended stainless cages in controlled 

environment (22-25°c) and 12 hours light, 12 
hours dark with food and water ad libtium freely 
available. 
 
Drugs and chemicals 

Amyloid beta-peptide (1-42) Aβ(1-42), L-NG-
Nitroarginine methyl ester (L.NAME), L-arginine 
(L.arg.), 7-nitroindazole (7-NI) and fatty acids 
standards were purchased from Merck, 
Darmstadt, Germany. Acetonitrile, methanol, 
ethanol, N-hexane, 2-propanol and phosphoric 
acid HPLC grade were purchased from purchased 
Merck, Darmstadt, Germany. Donepezil tablets 
(10mg) were purchased from Pfizer Egypt. 
 
Methods 

Induction of Aβ (1-42) 

Rats were anesthetized with ethyl ether. An 
incision was made in scalp and hole was drilled in 
the skull over the injection site. The 30-gauge-
needle was lowered into the dorsal hippocampus. 
Coordinates for the anterior–posterior (from 
bregma), medial–lateral (from midline), and 
dorsal–ventral (from surface of the skull) axes 
were −2.3, ±2.5, and −1.5 mm, respectively. 
Bilateral intrahippocampal infusion was 
administrated via a 10.0 μl Hamilton microsyringe 
with a 30-gauge needle fitted to the arm of the 
stereotaxic instrument. A 0.6 μl volume of 
oligomer Aβ1–42, freshly made Aβ1–42 peptide 
solution, or double-distilled water alone (as a 
vehicle control) was slowly infused at a rate of 
0.2 μl/min. After an additional 5 min, to assure 
adequate diffusion, the needle was slowly 
retracted (Huang et al., 2007). 
 
Experimental design 

36 rats were divided to six groups (6 rats in 
each). Group I: healthy rats received normal 
saline. Group II: Aβ (1–42) group. Group III, IV, V 
and VI: rats injected by Aβ (1-42) then treated with 
L.arg. (750mg/kg), L. NAME (50 mg/kg), 7-NI 
(25mg/kg) and DZ (10 mg/Kg) subcutaneously 
daily for 15 days. 
 
Preparation of tissue homogenate 

Brain homogenate was done according to 
Manna et al., (2005). Briefly, brain was removed 
quickly and placed in iced normal saline, perfused 
with the same solution to remove blood cells, 

blotted on filter paper and frozen at -80C. The 
frozen tissue was cut into small pieces and 
homogenized in 5 ml cold buffer (0.5 g of 
Na2HPO4 and 0.7 g of NaH2PO4 per 500 ml 
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deionized water (pH 7.4) then centrifuged at 4000 

rpm for 15 minutes at 4C and the supernatant 
was removed for biochemical parameters 
estimation. 

Biochemical assays 

Determination of brain malondialdehyde 
(MDA) 

MDA was determined according to 
Uchiyamara et al., (1978). The kit was supplied 
from Biodiagnostic, Egypt. 
 
Determination of brain nitric oxide (NO) 

Brain nitric oxide was determined using 
colorimetric kit purchased from biodiagnostics, 
Egypt according to Montgomery et al., (1995). 
 
Determination of brain superoxide dismutase 
(SOD) 

Brain superoxide dismutase (SOD) activity 
was measured using kinetic kit purchased from 
biodiagnostics, Egypt according to Nishikimi et al., 
(1972). 
 
Determination of brain catalase activity (CAT) 

Brain catalase activity was determined 
according to the methods described by Johansson 
and Borg (1988). 
 
Determination of brain reduced glutathione 
(GSH) 
 
Reduced glutathione was determined using kinetic 
kit (from Biodiagnostic, Egypt) according to the 
method of Beutler et al., (1963). 
 
Determination of brain acetylcholinesterase 
activity (AChE) 

acetylcholinesterase activity was determined 
using quantitative colorimetric kinetic assay (BEN 
Biochemical Enterprise, Milano, Italy) according to 
Young, (2000). 
 
Determination of brain Interleukin –1β (IL- 1β) 
and tumor necrosis factor-α (TNF- α)  

Quantitative determination of brain IL- 1β and 
TNF- α were done by ELISA kits purchased from 
Assaypro according to the method described by 
Barland et al., (2004) and Aukrust (1994) 
respectively.  
 
Determination of brain fatty acids 
Brain α-linolenic acid (ALA), arachidonic acid 
(AA), and linolenic acid (LA) were fractionated and 

analyzed according to (El-khayat et al., 2013). 
Briefly, brain was homogenized in 2% acetic 
acid/ethyl ether mixture (2:1 volume ratio). The 
solution was then vortex mixed and centrifuged at 
3000rpm, the organic phase was evaporated 
(under nitrogen gas stream) to dryness; the 
residue was dissolved in 500 µl acetonitrile and 
filtered by PVDF 0.45µm filter before injection 
onto HPLC. 
 
HPLC Conditions 

Fatty acids were determined using reversed 
phase HPLC ODS column (250x4.6, particle size 
5μm). Mobile phase used was acetonitrile/ water 
mixture (70:30 v/v) by isocratic elution with flow 
rate 1ml/min. Wavelength of the UV detector was 
adjusted at 200nm. Serial dilutions of each 
standard were injected onto HPLC and their peak 
areas were determined. A linear standard curve 
was constructed by plotting peak areas versus the 
corresponding concentrations. The concentrations 
in samples were obtained from the standard 
curve. 

Statistical Analysis 
All data was expressed as mean ± SE. 

Distribution of the data was  verified to be 
normal using Tests of Normality (SPSS package). 
Statistical  significance was tested by one 
way analysis of variance (ANOVA). 
 
RESULTS 

Brain oxidant /antioxidant levels in different 
studied groups. 

Induction of Aβ(1-42) causes significant 
increase in brain MDA levels and nitric oxide 
compared to the control group, while induction of 
Aβ(1-42) causes significant decrease in brain SOD, 
CAT, and GSH levels. Treatment with L.arg., 
L.NAME, 7- NI and DZ attenuate these values 
compared to Aβ(1-42) group as shown in table (1). 

Brain acetylcholinesterase activity 
Results of this study indicated that there was 

a significant increase in ChE activity in Aβ(1-

42)group compared to the control group, while this 
value significantly decreased by treatment with 
L.arg., L.NAME, 7- NI and DZ compared to Aβ(1-42) 
group fig. (1).  
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Table (1): Brain oxidant /antioxidant levels in different studied groups.    

 
 

Groups 
 

Parameters 
Control Aβ(1-42) 

Aβ(1-42)+ 
L.arg. 

Aβ(1-42)+     
L. NAME 

Aβ(1-42)+ 7-NI Aβ(1-42)+ DZ 

MDA(nmol/g tissue) 45.733.81 
185.11a7.

42 
120.83a,b6.26 86.56a,b3.84 102.81a,b8.12 65.67b2.33 

NO (U/g tissue) 9.821.14 
26.07a2.2

1 
23.13a2.96 17.31a,b2.62 19.16a,b1.13 11.25b1.64 

SOD (U/g tissue) 50.943.46 
26.84a2.3

8 
25.86a6.42 39.13a,b5.99 37.82a,b2.94 49.19b3.53 

CAT(U/g tissue) 3.930.24 1.53a 0.06 4.96a,b0.32 4.15b0.29 3.53a,b0.21 4.48b1.32 

GSH (mol/g/min) 15.441.29 6.92a1.96 7.23a1.06 9.77a,b1.30 11.16a,b1.91 17.23b2.42 

Pa: Significant difference from the control group (p< 0.05). Pb: Significant difference from the Aβ(1-42) group (p< 0.05). 
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Figure. (1): Brain AChE. activity in different studied groups. 
Pa: Significant difference from the control group (p< 0.05). Pb: Significant difference from the Aβ(1-42) group (p< 0.05). 
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Figure. (2): Brain IL-1β in different studied groups. 
Pa: Significant difference from the control group (p< 0.05). Pb: Significant difference from the Aβ(1-42) group (p< 0.05). 

 

 
 

Figure. (3): Brain TNF-α in different studied groups. 
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Pa: Significant difference from the control group (p< 0.05). Pb: Significant difference from the Aβ(1-42) group (p< 0.05). 
 

 
 

Fig. (4): Brain fatty acids in different studied groups. 
Pa: Significant difference from the control group (p< 0.05). Pb: Significant difference from the Aβ(1-42) group (p< 0.05). 
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Groups treated with L.arg., L.NAME, 7- NI and DZ 
decreased ChE activity when compared to Aβ 1-
42 group by -20%, -27%, -30%, and -56% 
respectively the recorded mean values are 
represented in fig. (1). 
 
3. Brain IL- 1β and TNF- α 

Brain injury induced by Aβ(1-42)results in 
significant increase in  IL-1 β and TNF-α levels by  
+315% and +284% respectively in Aβ(1-42)group 
compared to the control group. These levels were 
significantly decreased by treatment especially 
treatment by DZ compared to Aβ(1-42) group. The 
percent of change of IL-1β  in groups treated by 
L.arg., L. NAME, 7- NI and DZ were      -20%, -
45%, -49% and -55% respectively compared to  
Aβ 1-42 group. In the same line The percent of 
change of TNF- α in groups treated by L.arg., L. 
NAME, 7-NI and DZ were -7%, -19%,  -29% and  -
56% respectively compared to Aβ(1-42) group. 
Fig.(2,3) summarize the mean vales in different 
studied groups.   

4. Brain fatty acids in different studied groups.  
In this study, Aβ(1-42) induction results in 

significant increase in brain ALA and AA 
accompanied by a significant decrease in brain 

LA. The recorded mean values were 1.36 0.24 

and 0.210.05 mg/g tissue in control and Aβ(1-42) 
groups respectively. Aβ(1-42) significantly decrease 
ALA level by 85% when compared with control 
group.Treated groups with L.arg. , L.NAME, 7-NI 
and DZ showed significant increase compared to 
Aβ (1-42) group with no significant difference 
between DZ and control. The recorded mean 

values  SE of AA were 1.470.15 and 3.440.50 
mg/g tissue in control and Aβ(1-42) groups 
respectively. Aβ(1-42) significantly increase AA level 
by 134% when compared with control group. 
Groups treated with DZ. DZ significantly 
decreased AA level when compared with Aβ(1-42) 
by 52%. Compared with control group there is no 

significant difference with DZ. Mean values  SE 

of LA were 0.210.08 and 0.640.07 mg/g tissue 
in control and Aβ(1-42) groups respectively. Aβ(1-42) 
significantly increase LA level by 205% when 
compared with control group, treatment with DZ 
showed a significant  decrease in LA level 

(0.460.10 mg/g tissue). Percent of change of LA 
level compared to the control group was 119%, 
while treatment with donepezil significantly 
decreased the per cent of change of LA level by 
28% compared to Aβ(1-42) group fig.(4) 

summarized the recorded mean values.  
 

DISCUSSION 
The key in the formation and development of 

the neuropathological process of AD is Aβ 
(Qiliang et al., 2016). Also, Boncristiano et al., 
(2002) reported that Neuronal cell dysfunction and 
oxidative cell death caused by Aβ contribute to the 
pathogenesis of AD.  

Acetylcholinesterase (AChE) is responsible 
for acetylcholine (ACh) metabolism whose 
alterations caused neurobehavioral changes 
especially memory, learning and cognitive 
functions (Platt et al., 2001). Kar et al. (2004) and 
Yamaguchi et al. (2006) have shown that Aβ can 
lead to cholinergic dysfunction and cognitive 
impairment. Enhance the levels of ACh in the 
brain is very important in disease prevention, it 
could help prevent neuronal degeneration by com-
pensate the loss of cholinergic neuron. AChE is 
important for maintaining a stable level of ACh in 
brain (Tian-Xia et al., 2015). These finding were in 
agreement with our results in which induction of 
Aβ(1-42) caused significant increase in ChE activity. 
In addition, acetylcholinesterase (AChE) has been 
found to co-localize with Aβ deposits and 
promotes the assembly of Aβ into amyloid fibrils 
forming Aβ-AChE complex that is more toxic than 
amyloid fibrils (Holmquist et al., 2007). 

Oxidative stress, which is a key protagonist in 
AD, also plays a role in the enhancement of AChE 
activity induced by Aβ peptide (Melo et al., 2003). 
In addition, Crockett et al. (2008) reported that 
oxidative stress and inflammation cause 
deficiency of several major neurotransmitters, 
including ACh. Since neurons have the lowest 
level of anti-oxidants in addition to brain's high 
lipid content, thus it affects by free radicals 
leading to tissue damage (Kumar et al., 2014). 

Brain arachidonic acid (AA) and 
docosohexanoic acids (DHA) are highly oxidizable 
polysaturated fatty acids (Hardas et al.,2013) and 
(Smith et al., 2007). DHA derived from α-linolenic 
acid (ALA) as well as arachidonic acid (AA) 
derived from linoleic acid (LA) (Sinclair, 1975). 

AA is the most abundant fatty acid in the brain 
its release by phospholipases A, and then 
converted it into eicosanoids that participate in 
neuroinflammation (Vasilache et al., 2015). 
Among the various enzymes which produced 
these eicosanoids, cyclooxygenases-1 and -2 
(COX-1/COX-2) convert AA into PGH2. The 
arachidonic acid metabolite prostaglandin E2 
(PGE2) is involved in the inflammatory responses 
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following brain injury, bacterial or viral infections 
(Matsumura and Kobayashi, 2004) and (Vasilache 
et al., 2015).  

In this study, there was a positive correlation 
between increasing levels of oxidant and 
increasing levels of AA and LA   in Aβ(1-42) group, 
these observations were accompanied by 
decrease in ALA. These findings were in 
accordance with Moustafa et al., (2018) and 
Rapoport, (2008) who reported that AA is 
overexpressed and released in neurodegenerative 
disorders such as AD. 

Microglia, astrocytes are involved in the 
inflammatory process in AD. Aβ can activate 
microglia which leads to an increase in cell 
surface expression of major histocompatibility 
complex II (MHC II) along with increased 
secretion of the pro-inflammatory cytokines 
interleukin1β (IL1β), interleukin6 (IL6), and tumor 
necrosis factor α (TNF-α) as well as the 
chemokines interleukin8 (IL8), macrophage 
inflammatory protein1 α (MIP1α), and monocyte 
chemoattractant protein1 (Mohandas et al., 2009). 

Aβ also induces a phagocytic response in 
microglia and expression of nitric oxide synthase 
(NOS) resulting in neuronal damage (Ballotore et 
al., 2007). Microglia may also play a role in the 
degradation of Aβ by the release of insulin 
degrading enzyme. Astrocytes also cluster at sites 
of Aβ deposits and secrete interleukins, 
prostaglandins, leukotrienes, thromboxanes, 
coagulation factors, and protease inhibitors. 
Neurons themselves are able to express 
significantly higher levels of classical pathway 
complement and proinflammatory products that 
trigger inflammatory processes. Further, the 
complement system, cytokines, chemokines, and 
acute phase proteins (especially pentraxins) 
contribute to the inflammatory response in AD. 
The neuroinflammation as a primary cause or 
secondary effect in AD (Tuppo & Arias, 2005). 
These finding were in accordance to our results in 
which Aβ (1-42) results in increasing brain levels of 
IL-1β and TNF α compared to the control group. 

In this study, treatment with L.NAME, 7-NI 
and DZ showed significant decrease in levels of 
oxidant and inflammatory markers with increased 
levels of antioxidant compared to Aβ (1-42) group 
with no significant difference between DZ and 
control. 

The NO-synthesizing enzyme (NOS) is 
present in the mammalian brain in 3 different 
isoforms: 2 constitutive enzymes (neuronal nNOS 
and endothelial eNOS) and 1 inducible enzyme 
(iNOS). All 3 isoforms are aberrantly expressed 

during Al intoxication. This gives rise to elevated 
levels of NO that are apparently involved in 
neurodegeneration by different mechanisms, 
including oxidative stress and activation of 
intracellular signaling mechanisms (Lüth et al., 
2001) L-NAME suppressed nitrite production and 
decreased neuron impairment via N-methyl-D-
aspartic acid (NMDA) receptors. 
Neuropharmacological data indicate that Abeta 
toxicity is mediated by an excitotoxic cascade 
involving blockade of astroglial glutamate uptake, 
sustained activation of NMDA receptors and an 
overt intracellular Ca2+ influx. These changes are 
associated with increased NOS activity in cortical 
target areas that may directly lead to the 
generation of free radicals.                 A sustained 
overproduction of NO via NOS expression may be 
responsible, at least in part, for some of the 
neurodegenerative changes caused by stress and 
support a possible neuroprotective role for NOS 
inhibitors in this context (Jellinger et al., 2003). In 
addition 7-NI is a heterocyclic compound, which 
inhibits nNOS by competing with both L-arginine 
and tetrahydrobiopterin and has been used 
extensively as a selective inhibitor of nNOS. 
There are a number of studies showing the 
beneficial effect of inhibiting nNOS activity as a 
means of reducing NO (Vitcheva, et al., 2015). 
Hashimoto et al.  (2005) reported that DZ has 
neuroprotective effects aside from its AChE-
inhibiting action through up-regulation of the anti-
apoptotic protein Bcl-2, stimulation of nicotinic 
acetylcholine receptors (nAChRs), and activation 
of the phosphoinositide 3 kinase (PI3K)/Akt 
pathway, and inhibition of AChE in the cortex and 
hippocampus of the brain (Akasofu et al., 2006). 

Cell death and changes in neurite morphology 
were partly reduced when the NO concentration 
was inhibited by NOS inhibitors (Münch et al., 
2003).Our results indicated positive effects of 
treatment with NOS inhibitors on the development 
of neurotoxicity.    

The present study showed that, DZ attenuates 
the increased activity of ChE in Aβ(1-42) intoxicated 
rats. In addition, DZ significantly decreased brain 
levels of AA, and LA level while significantly 
increasing the brain level of ALA and attenuates 
brain IL-1β and TNF-α level when compared to Aβ 

(1-42) treated rats.  These results were in 
agreement with Medhat et al. (2017) who 
suggested that increasing levels of ALA decrease 
both production and releasing of pro-inflammatory 
cytokines such as IL-1β. 

Waetzig et al. (2005) suggested that JNK 
activation might be a primary inducer of tau 
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pathology and it could be suppressed by DZ. In 
addition, JNK is an essential mediator of 
microglial activation, as well as expression and 
release of pro-inflammatory cytokines, such as IL-
1β , IL-6, MCP-1, and TNF-α from microglia. 
Over-expressed tau protein mice could induce 
JNK activation, followed by phosphorylation of tau 
protein, as well as microglial activation that 
coincide with over-expression and secretion of 
pro-inflammatory cytokines. Subsequently, the 
inflammatory reaction could synergistically 
aggravate JNK activity, resulting in accelerated 
tau phosphorylation and increased aggregation, 
thus DZ regulates JNK activation by inhibiting 
inflammation.  

Administration of AChE inhibitors (AChEIs), or 
AChE antisense oligonucleotides, significantly 
attenuates IL-1β production in the hippocampus 
and blood, with concomitant reduced AChE 
activity (Pollak et al., 2005). In addition, AChEIs 
suppresses TNF production in the blood and 
spleen following LPS-induced systemic 
inflammation (Pavlov et al., 2009). Therefore, it 
was speculated that DZ suppressed tau pathology 
and neurodegeneration through anti-inflammatory 
mechanisms. 
 
CONCLUSION 

Nitric oxide synthase and cholinesterase 
inhibitors suppress neurodegeneration and 
reduces neuoinflammation induced by Aβ (1-42).  
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