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Summary:

Alzheimer's disease is a neurodegenerative condition characterized
by a gradual onset and progressive decline in cognitive and behavioral
abilities, including logic, language, attention, vision, and memory.Till
now,the main physiological mechanisims of the disease still unknown.This
disease responsible for two thirds of all cases of dementia in patients aged
65 years and above.There are several theories about its emerging but the
main characteristics are the presence of neurofibrillary tangles and
neurotic plaques.There is no known curative treatment that cure it of stop
its progression,but there are several treatments that delay its progression or
attenuate its symptoms so the patient can practice his daily activities.
Studies.All the drugs that available are not perfectly effective and cause a
lot of side effects.Currently the focus is on herbal medicine , natural
products have little side effects.Previous studies have indicated that the
angiotensin receptor blocker (telmisartan) has antioxidant and anti-
inflammatory effects that has good impact on the patients.Rosemary also
known to have these effects. The aim of this study is to verify if combining
these two compounds will have a greater effect if given together. The
results were compared to FDA approved drug (donepezil). Thirty rats were
devided to six groups and each group contained five rats.The control
group (groupl) rats have received normal saline by i.p injection for about
60 days,the Alzheimer's disease induced group (Groupll), rats received
aluminum chloride(AICI3) (10 mg/kg I.P for 60 days),telmisartan
group(group I11) rats received both (10 mg/kg telmisartan orally via gastric
gavage needle tube) and AICI3 for 60 days by intraperitoneal injection,
rosemary group (group IV) received both (300 mg/kg rosemary liquid
extract orally by gastric gavage needle tube) and AICI3 intraperitoneal
injection for 60 days , combination group(group V),rats received both

previous doses of telmisartan(10 mg/kg orally) with rosemary extract (300



mg/kg) given orally via gastric gavage needle tube and AICI3
intraperitoneal injection for 60 days and donepezil group (grouVl1) rats
received both donepezil (5 mg/kg orally by gastric gavage needle tube)
and AICI3 intraperitoneal injection for 60 days.The memory enhancing
activity of telmisartan, rosemary and the combination groups was testified
in comparing to FDA approved drug (donepezil) by using behavioural test
method including Y-maze spontaneous alteration test to measure the
spatial memory. The behavioural test results have showed that in group
I1,spontaneous alteration percentage(SAP) were highly significantly
decreased (p<0.001), anyway, in groups I, 1V, V, and VI, SAP was
highly significantly increased (p<0.001).

Twenty-four hours after the last dose,rats were sacrificed by
decapitation and rat's brains were removed from each group then
histopathological and biochemical analysis have been performed.

The histopathological examination illustrated there are a clear
morphological changes and moderate inflammation in rats group that
received AICI3,while rats that received telmisartan,rosemary and
donepezil have found to have less inflammation in their brain tissues.

The oxidative stress tissue biomarkers (reduced glutathione(GSH),
malondialdehyde ( MDA ), total antioxidant Capacity(TAOC) and the
inflammatory parameters ( interleukin -1 , interleukin - 6, and tumor
necrosis factor alpha (TNF — a ) were detected by using enzyme linked
immunosorbent assays kits ( ELISA ).

In group Il (AICI3 group), TAOC and GSH were highly
significantly decreased (p<0.001) as compared to group | (the control
group) which related to the oxidative damage. Also, we found that IL-1,
IL-6, TNF-a and MDA were highly significantly increased (p<0.001). In
group Il ,GSH significantly increased (p<0.05) ,while in group IV to
group VI, GSH was highly significantly increased (p<0.001).In group 1V



to group VI, TAOA was highly significantly increased(p<0.001) while in
group Il there was significant increasing (p<0.05), but in group Il to
group VI MDA, IL-1, IL-6, and TNF-a were highly significantly
decreased(p<0.001) in comparison to group Il (the induction group).

In conclusion, telmisartan and rosemary have been shown to
enhance spatial memory in rats having neurodegeneration also they have
antioxidant  and anti-inflammatory  capacities by decreasing

proinflammatory parameters and increasing antioxidant biomarkers.
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Chapter one Introduction and Literature Review

1.Introduction

Dementia, in broad terms, is the decline in cognitive functions to a point
where it hampers one's daily functioning. The predominant form of dementia is
Alzheimer's disease, accounting for at least two-thirds of cases among
individuals aged 65 and above (Zilberzwige-Tal et al., 2018).

Alzheimer's disease is a neurodegenerative condition characterized by a
gradual onset and progressive decline in cognitive and behavioral abilities,
including logic, language, attention, vision, and memory. The fact that
Alzheimer's disease ranks as the sixth most common cause of mortality in the
US should not be overlooked. About 10% of people with Alzheimer's disease
have early onset Alzheimer's disease, which commonly manifests before the
age of 65. Alzheimer's disease does not currently have a known treatment.
There are, however, a number of treatments that can help reduce some of its
symptoms. Depending on what stage of the disease a person is experiencing,
the symptoms of Alzheimer's disease might change (Tang et al., 2019).

Alzheimer's disease is divided into several stages, early (mild),middle-
stage (moderate) and the late stage (severe) depending on the severity of
cognitive impairment.In the early stage, the patient will be asymptomatic at this
time, but the laboratory findings are certain. Currently, the biomarkers can be
used to diagnose Alzheimer's disease. Although they are not specific for the
condition, amyloid and tau proteins in cerebrospinal fluid (CSF) function as
biomarkers. Another analysis has also revealed the interaction of a number of
factors, including the gene ApoE4 and whether it is present in one or two
copies, as well as the recorded results on the paired associates instant recall test
and the digits symbol substitution test,increased tau protein in CSF, right
entorhinal cortex thickness, and right hippocampus volume on magnetic
resonance imagining (MRI), can all predict the development of mild cognitive

impairment in the preclinical period (Tahami et al.,2022).
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In the second stage, the patient will have impairment in both memory and
non-memory functions, such as language or daily activities. At this time, the
patient can still live independently and go out with friends, work, etc. There is a
10% per year progression from mild cognitive impairment (MCI) to dementia.
It relies on the presence of risk factors for Alzheimer's disease and the level of
decline at the time of diagnosis.In the last stage of dementia, the patient will
obviously experience a deterioration in memory. Anomia, paraphasic mistakes,
rambling, a loss in visuospatial ability, and apraxia.Delusions may be present in
20% up to 40% of patients. In addition to visual hallucinations, patients may
also have auditory and olfactory hallucinations.

The majority of the patients—50%—show aberrant behaviours. Patients'
interrupted sleep will result in problems since their biological circadian sleep-
wake cycle has changed. The most frequent early sign is short-term memory
impairment, which is followed by impairment in other functions. Such as the
ability to think critically, make decisions, lack of assistance, and
disorganisation, which affect daily chores and logical reasoning. In the early
stages, the impairment in practical functioning might range from slight to
significant.In the mild to late stages there will be a neuropsychiatric disorders
like social withdrawal , psychosis, agitation, dyspraxia, dystonia, akathesia and
parkinsonian symptoms occur in late stages of the disease and that is followed
by primitive reflexes, enuresis and finally total dependence on others for caring.
(Maccioni et al., 2018)
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Aims of the Study

1.Investigate the effects of telmisartan and rosemary on Alzheimer's disease

consequences, like memory by measuring SAP in Y maze.

2.Investigate the effects of telmisartan and rosemary on oxidative stress
parameters like malondialdehyde (MDA), reduced glutathione (GSH)
, and total antioxidant capacity (TAOC) in male rat's model of Alzheimer's

disease.

3.Explore the impacts of telmisartan and rosemary liquid extract on some of
proinflammatory biomarkers (IL1,IL6, TNF-a) on  Alzheimer's induced rat's

model.

4.Compare oxidative stress and proinflammatory parameters results of
telmesartan and rosemary when administered separately to their combined

impacts when given together.
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1.1. Historical Overview

Alzheimer's disease' as a term has been used in the past 100 years and the
first time it used was in 1910 , the number of patients with dementia is
increasing over time.The drugs that smoothen the symptoms without curing it
also the diagnosis techniques have improved since then. There were a lot of
agents that used as attempts to reduce the disease either in its symptoms or its
primary physiological abnormalities.Thus, disease-modifying therapeutics
(DMTs) and symptomatic treatments are the two categories under which the
pharmaceutical treatments for Alzheimer's disease are classified (Cummings et
al., 2020).

1.2. Epidemiology

Alzheimer's disease primarily affects elderly people.Additionally, there
are roughly 24 million people with dementia worldwide, it is predicted that
number would more than double by the year 2050. Financial losses in the
United States related to the treatment of these diseases alone are estimated to be
around 172 billion dollars annually.The number of AD patients (> 65 years)
might increase greatly from 5.8 million to 13.8 million by 2050 (Zhang et al
.,2021) .The incidence of Alzheimer's disease is doubled,usually after the age of
65.The incidence of the disease is increased considerably form about only 1%
per year at the age before 65 years to about 6% per year above this age.The
frequency rates of the disease is increased from 10% in the age above 65 years
to about 40% at the age above 85.The incidence for the disease is a little bit
higher for females especially at the age of 85 (Nicolas et al.,2018).
1.3. Etiology

Alzheimer's disease is progressive and gradual onset disease, basically
it’s a neurodegenerative disease that is caused by neuronal cell death. Usually it
starts in the entrohinal cortex of the hippocampus and then spread to other

regions.
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There are several risk factors for this disease but the most common one is
the increasing age,other risk factors include cardiovascular, cerebrovascular
disease,traumatic head injuries, depression,family history of dementia,increased
level of homocystine,smoking,the disease also has genetic aspect,in the early
and late stages of it,a risk factor for early onset dementia is trisomy 21,also the
presence of APOEe4 allele increase the chance of getting the disease.Having a
first degree relative with Alzheimer's diases can increase the risk by 10% to
30%, and individual with more than one sibling with Alzheimer' disease
increase their possibility of getting the disease by 3 folds than the other
individuals (Liljegren et al.,2018).

Higher education can help reduce the risk of disease, but so can regular aerobic
exercise, the use of anti-inflammatory drugs, oestrogen use in women, a good
diet, and some intellectual hobbies (Tong et al.,2018)

1.4. Pathophysiology and Disease Development Mechanisms

An accumulation of aberrant neurofibrillary tangles and neuritic plaques
Is what distinguishes Alzheimer's disease.

1.4.1 Plagues Formation

The extracellular amyloid beta-peptide core of plagues, which are
globular, microscopic lesions surrounded by larger axonal terminals, is
produced from a transmembrane protein called the amyloid precursor protein
(APP) (Vik-Mo et al.,2019).Proteases called (alpha, beta, and gamma)-
secretase work on APP to break the beta-amyloid peptide off it,typically, either
alpha-secretase or beta-secretase will cleave APP, and the tiny fragments they
produce are not neurotoxic. But later cleavage by the beta and gamma-secretase
enzymes produces the 42 amino acid peptide known as beta-amyloid 42, a
higher level of beta-amyloid 42 causes amyloid to accumulate, which in turn
promotes neuronal damage. In contrast to the typical breakdown of amyloid
precursor proteins, beta-amyloid 42 favours the development of clustered

fibrillary amyloid protein.
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1.4.2. Neurofibrillary Tangles Formation

A protein called tau forms the fibrillary intracytoplasmic aggregates
known as neurofibrillary tangles in neurons. The stabilisation of axonal
microtubules is the tau protein's primary function. Microtubules are important
for intracellular transport and are present along neuronal axons. Tau protein
holds together the microtubule cluster. Because of the buildup of extracellular
amyloid peptide, which results in the aggregation of tau aggregates,there will
be hyperphosphorylation of tau protein in Alzheimer's disease. Additionally,
tau aggregates produce neurofibrillary tangles, which are twisted pairs of
helical filaments. They begin to appear in the hippocampus before spreading to
other parts of the cerebral cortex.In the neurons, tau-aggregates are
deposited.Compared to plaques, tangles have a stronger correlation with
Alzheimer's disease (Wallace et al., 2018).

1.4.3. Granulovacuolar Degeneration

Amyloid plaques cause the hippocampus pyramidal cells to deteriorate.
According to previous study,cognitive decline is more closely related to a
reduction in the density of presynaptic boutons from pyramidal neurons in
laminae I11 and IV than it is to an increase in the number of plaques.

Low level of Acetylcholine also has been noted as a result of neuronal loss in
the nucleus basalis of myenert.

Uncertainty surrounds the precise mechanism of the neurodegenerative
process that takes place in Alzheimer's. According to studies, subcortical
infarcts four times enhance the risk of dementia. In general, cerebrovascular
illness magnifies the severity and rate of progression of dementia (Verma et
al.,2018).

1.4.4. Genetic Basis of Alzheimer Disease

Alzheimer's disease can be inherited as an autosomal dominant

disorder.The autosomal dominant pattern of the disease is caused by mutations

in three genes: the amyloid precursor protein gene (APP) gene on chromosome

7
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21, the presenilin 1 (PSEN1) gene on chromosome 14, and the presenilin 2
(PSEN2) gene on chromosome 1. Beta-amyloid peptide production and
accumulation may be accelerated by APP mutations.Beta-amyloid aggregates
and accumulates as a result of PSEN1 and PSEN2 mutations interfering with
gamma-secretase processing. About 5 to 10% of all cases of Alzheimer's are
due to mutations in one of these genes, and this gene is also the primary cause
of the disease's early onset. Apolipoprotein E, a protein that controls lipid
metabolism and has a strong affinity for beta-amyloid, is another hereditary
factor that raises the risk of developing Alzheimer's disease (Nicolas et
al.,2018).

After the age of 65, a family type of Alzheimer's disease is connected
with the gene isoform e4 of this protein, which is located at chromosome
19.The presence of one APOE e4 allele does not guarantee the development of
the disease, but it does increase the incidence to around 50%, and the presence
of two alleles increases the incidence to about 90%,the age of disease onset will
be lowered by the alleles' existence, both familial and sporadic types of
Alzheimer's disease have been linked to mutations in the sortilin receptor
SORT1 gene, which plays a key role in the transport of APP from the cell
surface to the Golgi-endoplasmic reticulum complex(Jack et al.,2018;).

1.4.5. Oxidative Stress in Alzheimer's Disease

Although reactive oxygen species (ROS) are essential for metabolism,
cell communication, and the proper development of learning and memory
processes in a healthy state (Chandel, 2014), too much of them can cause
oxidative stress. (Li et al., 2013). Nicotinamide adenine dinucleaotide
phosphate oxidase (NADPH-oxidase (NOX) ) produces ROS as a primary
byproduct, and numerous other enzymatic activities, such as those involving
xanthine oxidase, cyclooxygenases, uncoupled nitric oxide synthase (NOS).The
mitochondrial electron transport chain, also produce ROS as secondary
byproducts (De Silva and Faraci, 2013).

8



Chapter one Introduction and Literature Review

In addition, accumulating ROS can damage mitochondrial structure,
reduce adenosine triphosophate(ATP) synthesis, and result in the creation of
even more ROS from the mitochondria. It is well established that
mitochondrial-derived ROS cause cellular malfunction by making their way to
the cytoplasm, exhibiting further negative effects (\VValenzuela et al., 2016).

Phosphoinositol-3 kinase (PI3K) and protein kinase C activation are

coupled with nuclear and mitochondrial angiotensinll typel receptors (AT1R)
activation to create NOX4-derived ROS in neurons (Villar-Cheda et al., 2017).
It's significant to note that activation of nuclear (AT1Rs) controls gene
expression and activates a number of defense mechanisms that shield cells from
oxidative stress (Villar-Cheda et al., 2017). To specifically counterbalance
ATI1R effects in neurons, nuclear renin angiotensin system (RAS) activates
Ang II/AT2R and Ang (1-7)/MasR axes, increases AT2R mRNA expression
(Villar-Cheda et al., 2010, 2017; Costa-Besada et al., 2018).
Angiotensin Il receptors type | overexpression increased basal ganglia cell
death and dysfunction in dopaminergic neurons. (Zawada et al., 2015; Ou et al.,
2016). Ang (1-7)/MasR and Ang II/AT2R axes, in contrast, inhibited the
generation of ROS and mitochondrial respiration in the same type of cells
(Costa-Besada et al., 2018).

The release of a pro-inflammatory response is caused by the RAS-
mediated elevation of oxidative stress, which exacerbates cell death ( Ou et al.,
2016).

1.4.6. Neuroinflammation in Alzheimer's Disease

The majority of Nicotinamide adenine dinucleaotide phosphate oxidase
(NADPH-oxidase (NOX) )-derived ROS in the brain is contributed by
microglial cells. NOX2 is the main producer of extracellular ROS in microglia
among the NOX isoforms. The activation, proliferation, and release of pro-
inflammatory signals by microglia are likewise impacted by NOX-derived ROS

intracellular signaling pathways.
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Angiotensinll/AT1R axis plays a role in the transition of microglia
between the activated substates of proinflammatory M1 and antiinflammatory
M2. The transition between macrophages (M1) and (M2) is specifically
regulated by AT1R-induced NOX activation, with overexpression of the
AT1R/NOX axis favoring pro-inflammatory and decreasing anti-inflammatory
substates. Microglia further increase ROS production with this signal cascade.
Another study that demonstrated how AT1R antagonists reduced M1 microglia
activation and promoted M2 microglia polarization corroborated this theory
(Saavedra, 2017).

Through the nuclear factor kappa B (NF-kB) pathway, Rho-kinase
activation promotes AT1R expression in microglial cells. Microglial RhoA/Rho
kinase pathway activation, a crucial regulator of the actin cytoskeleton,
mediates microglial polarization and neurodegeneration. (Labandeira-Garcia et
al., 2015, 2017).

The Ang II/AT1R axis can also enhance the toll-like receptor 4, which is
known to promote neuroinflammation and microglial activation. (Biancardi et
al., 2016; Rietdijk et al., 2016). It has been demonstrated that Ang Il and
prorenin decrease levels of the anti-inflammatory cytokine IL-10 while
increasing levels of ROS and pro-inflammatory cytokines, such as interleukin-1
beta (IL-1 beta) and IL-6 (Winklewski et al., 2015). For instance, a recent study
revealed that Ang Il treatment causes increasing the number of CD68-positive
cells in hippocampus which cause the inflammatory response (Takane et al.,
2017).

The Ang II/ATI1R axis mediates IL-6 and ROS generation in astrocytes
via the NF-k/ROS pathway (Gowrisankar and Clark, 2016). Additionally, Ang
I1l can activate the transcription factor signal transducer and activator of

transcription 3, which is essential for mediating cell proliferation,
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differentiation, apoptosis, and inflammation in astrocytes (Kandalam et al.,
2015).

Renin angiotensin system receptors also activate mechanisms that
regulate inflammation. Neuronal AT2R signalling can reduce the
phosphorylation of signal transducer and activator of transcription 1 and 3,
which can stop microglia from getting activated (Jackson et al., 2018). In a
mouse model of AD, AT4R was found to mediate anti-inflammatory effects
(Royea et al., 2017). A perfect balance between the pro-oxidative and pro-
inflammatory Ang II/AT1R/NOX and the antioxidant and anti-inflammatory
Ang II/AT2R - Ang (1-7)/MasR axes must be preserved in order to modulate

renin-angiotensin system ( RAS) effects inside the brain.

As a summary of the pharmacological therapies available for AD from
(2015-2020), figure.1.1 shows symptomatic therapies and DMTs along with
figure.1.2 showing their mechanisms of action:

A-Disease Modifying Therapies

1-Targeting AP or its associated proteins at different stages of AD and in
people with varying risk profiles is currently the most effective disease-
modifying technique (Murphy and LeVine. , 2010).

2- Therapies that target tau protein are also being tried.The DMTs has no
significant effect on reducing or delaying the progression of the disease (Novak
et al.,2017; Gauthier et al.,2016; Malpas et al.,2016).

3-Nerve growth factor gene therapy (Tuszynski et al.,2015 ;Eyjolfsdottir et
al.,2016 Ferreiraet al.,2015).

B-The Symptomatic Treatments

1-FDA approved acetylcholinestrase inhibiting agents (Rivastigmine,

Galantamine, Donepezil) (Park et al., 2017; Isaacson et al.,2016)
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2-N-methyl-D-aspartate receptors antagonists (memantine) ( Hager et al.,2014).

3-5-hydroxytryptamine-6-receptor antagonist (idalopiridine) that is given in
concomitant way with AChEI (Atri et al., 2018)

4-Cyclic neucleotide phosphodiestrase3 inhibitors (cilostazol) (Tai et al., 2017).

5- Other agents that used to reduce AD symptoms like Protein kinase C epsilon
agonist (bryostatin) (Nelson et al., 2017); BI 409306 a cGMP specific selective
phosphodiestrase 9A antagonist (Moschetti et al., 2016) ; Monoamine oxidase
B inhibitors (sembragiline) (Sturm et al., 2017).

Symptomatic treatments, however, have shown to be more effective in
delivering short-term improvements or longer-term stabilisation now that
medicines that target the cholinergic system are in use (Chen et al., 2017).
Future studies would be more productive if they concentrate on subsequent
processes, such as tau hyperphosphorylation and neuroinflammation, as well as
mitochondrial damage in presynaptic neurons. For treating the disease, the
simple suppression of AP or its associated proteins or enzymes appears

inadequate (Wischik et al., 2015).
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Figure 1.1. Symptomatic therapies and DMTs (Lin et al.,2021)
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Figure.1.2. Symptomatic and DMTSs treatments mechanisms of action (Lin et al.,2021).
NAChR:Nicotinic acetylcholine receptor, TLR:Toll like receptor,NGF:Nerve growth

factor, NMDA:N-methyl D-aspartate,APP:Amyloid precausor protein,CTF:C-terminal
fragment,AB:Beta amyloid,ApoE:Apolipoprotein E,RXR:Retinoid X receptor, ER:
Endoplasmic reticulum,ATP:Adenosine triphosphate,glu :glutamate, BuChE:Butyryl
cholinesterase
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1.5.Diagnosis

The key elements for the diagnosis are physical examinations and history
of the symptoms, the evaluation is based on asking the patient's family
members and carers about his cognitive abilities and daily activities since the
patient may not be aware of his condition. It is crucial to recognise the disease's
onset and early symptoms to distinguish the condition from other types of
dementia (Kim.H et al.,2018).

The assessment in advanced stage of Alzheimer's disease must include
the mental status condition, like the language, concentration, attention,
visuospatial function,the practical activities , etc. Other forms of mental
assessments like the mini mental status examination is not specific and less
sensitive but it can be used for screening, the patient's follow up visits must
include full mental status examination to evaluate the progression of the disease
and the development of the neuropsychiatric symptoms (Petersen RC et al.,
2018). Routine laboratory tests for Alzheimer's disease do not reveal any
distinct abnormalities, tests are used to rule out other diseases may be presnt
like thyroid stimulating hormone TSH,the complet metabolic panel,complete
blood count,B12. The computed tomography of the brain will show extension
in the third ventricle with cerebral atrophy, these factors could be informative
but not conclusive because they could also be present in other illnesses and
disorders linked to advancing age, the cerebrospinal fluid test can also be used
to determine whether there is low beta amyloid due to its brain accumulation
and elevated tau protein due to neurodegeneration in the disease's preclinical
stage,a neuropsychological evaluation is the most effective way to diagnose
mild cognitive impairment in the early stages of a disease.Some functional
brain imaging techniques, such as positron emission tomography
(PET),fuctional magnetic resonace imagining (fMRI), and the medial temporal
and parietal lobes of the brain, as well as other smaller brain regions, can be
evaluated using spectral imaging,the beta amyloid and neurofibrillary tangles,
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two histological indicators of Alzheimer's disease that are currently under
Investigation, can be recognized using various contemporary techniques, It
should be known that, despite a thorough physical examination, a complete
clinical history, and other pertinent testing, determining the precise kind of
dementia is difficult and may not always be achievable, although some people
may complain of cognitive impairment, it may only be moderate cognitive
impairment and not meet the criteria for dementia if it does not interfere with
everyday activities,nevertheless a sizable portion of those people will
eventually get some form of dementia, usually between 5 and 7 years later (
Haapasalo and Hiltunen .,2018).

1.6.Prognosis

Alzheimer's disease is perpetually escalated.average life span for patient
that’s diagnosed with Alzheimer's disease with a 65-year-old or older is about 4
or 8 years, but some patient can live for more than 20 years .The main
causative agent of death is pneumonia (Barnes et al.,2018)

1.7. Renin-Angiotensin System in Alzheimer's Disease

Through the above mentioned pathways,renin angiotensin system( RAS)
is linked to many of the disorders relevant to Alzheimer's disease (AD), making
it potentially crucial to the pathogenesis of AD. As a result, it was suggested
that more investigation be done into the angiotensin theory. (Kehoe, 2018).

It has been demonstrated that the mitochondria and nuclei of neurons
contain intracrine RAS, including AT1Rs, AT2Rs, and MasRs (Valenzuela et
al., 2016; Villar-Cheda et al., 2017; Costa-Besada et al., 2018).)

Like mitochondrial RAS, nuclear RAS is essential for the control of
oxidative stress. It controls the interaction between the detrimental and
beneficial RAS pathways through transcription and the migration of several
additional receptor types. (Zawada et al., 2015; Villar-Cheda et al., 2017,
Costa-Besada et al., 2018).1t illustrated in figure 1.3:
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Learning
and Memory

Alzheimer's
Disease

Figurel.3. (Ruginsk et al .,2015)

FIGURE 1.3. Ang-Il induces oxidative stress, inflammation and vascular disease via AT1R.
Consequently, it causes accumulation of amyloid-p resulting Alzheimer’s disease. However,
AT2 R signaling produces beneficial effect including learning and memory. ARBs inhibit AT1R
signaling and this shifts the action of Ang-11 toward the beneficial pathway (AT2R signaling).
ACEIls, Angiotensin converting enzyme inhibitors; ARBs, Angiotensin Receptor blockers;
ATIR, Angiotensin 1 Receptor; AT2R, Angiotensin 2 Receptor; AB, Amyloid-p; -, negative

outcome or blockage; +, positive outcome.
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1.7.1. Angiotensin Il and Alzheimer's Disease

On their cell membrane, neurons have angiotensin receptors of every
type, and they also have an independent intracellular angiotensin system.

Angiotensinogen can be produced by neurons as well as astrocytes in the
brain, while astrocytes produce the majority of the substance. Angiotensinogen
can be converted to active angiotensin peptides intracellularly in neurons due to
the presence of RAS enzymes (such as intracellular renin, prorenin, etc). (
Ladonya et al., 2018).

In neurons as well as other organs, the Ang II/AT1R axis generates
reactive oxygen species ( ROS) and causes oxidative stress via NADPH
oxidase.On the other hand, the Ang Il / AT2R axisandthe Ang( 1-7 ) /
MasR axis both create NO. While the (Pro)renin/PRR axis and the Ang
[I/AT1IR axis promote oxidative stress and inflammation in neurons,
respectively, the Ang II/AT2R axis and the Ang (1-7)/MasR axis function as
the RAS's protecting arm (Costa-Besada et al., 2018).

Both oxidative and antioxidative pathways start when nuclear AT1Rs are
activated. More Ang Il is generated inside of cells as a result of an increase in
PRR, angiotensinogen, and renin mRNA levels (1-7). At the same time,
protective AT2R levels are increased. With aging and cognitive problems, these
compensatory systems may become faulty (Labandeira-Garcia et al., 2017).

There is evidence that the neurosecretory impact of AT1R is countered
by the activation of AT2R and MasR. (De Kloet et al., 2016).

Ang Il activates AT2R as opposed to AT1R signalling, promoting
neuroprotective processes, NO production, neurite outgrowth, and brain
development, which improves cognitive function. This is due to the fact that
oxidative stress and neuroinflammation, which can impair cognition, are caused
by altered AT2R signalling and are mediated by the AT1R. Ang (1-7)/MasR,
which restricts the pressor, angiogenic, and proliferative effects of Ang II, is

another neuroprotective axis.Anti-inflammatory and antioxidant actions are
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produced by this axis.It is essential for learning, memory, neuroprotection, and

cell survival. (Ho and Nation, 2018).

1.7.2. Astrocytes and Angiotensin

Oligodendrocytes, microglial cells, and astrocytes are the primary glial
cells in the brain. Astrocytes are the most common type of glial cells.
Maintaining brain tissue is one of astrocytes' essential roles. Managing the
extracellular environment's chemical make-up, surrounding synaptic
connections to stop neurotransmitter molecules from spreading there, and
cleaning the synaptic cleft of many neurotransmitters. (Bear et al., 2016; Almad
and Maragakis, 2018). These characteristics make them crucial for memory as
well as long term potentiation( LTP) and support.

The majority of the brain's angiotensinogen comes from astrocytes. They
have AT1R, AT2R, and MasR in particular on their mitochondria, nuclei, and
cell membranes (Fogarty and Matute, 2001; Garrido-Gil et al., 2013; Costa-
Besada et al., 2018).

Angiotensin Il and angiotensin (1-7) function as protective factors,
similar to neurons excessive AT1R activation in astrocytes causes oxidative
stress, inflammation, cognitive impairment, and cell death. Despite the fact that
it is generally accepted that BBB permeability is increased by an overactive
Ang IlI/AT1R axis, astrocyte AT1Rs differ from those on neurons in that
astrocyte activity of the AT1R can change BBB permeability. (Biancardi and
Stern, 2016; Guo et al., 2019).

1.7.3. Oligodendrocytes and Angiotensin

Oligodendrocytes are axon-myelinating cells. As far as we know, they
have AT1Rs and AT2Rs on their cell membrane, which are known to have
opposite  effects.To enhance synaptic transmission and neuronal
communication, in particular, AT1Rs stimulate demyelination in

oligodendrocytes while AT2Rs promote re-myelination. (Jackson et al., 2018).
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1.7.4 Angiotensin Receptor Blockers in Alzheimer's Disease

Angiotensin receptor blockers can stop blood brain barrier (BBB)
deterioration and lessen the influx of inflammatory mediators seen in many
neurodegenerative diseases like AD. However, recent studies have shown that
peroxisome  proliferative  activated receptor(PPAR)-modulation  have
neuroprotective characteristics that are independent of AT1 blockage (Gebre et
al., 2018).

1.7.4.1. Telmisartan and Alzheimer's Disease

It is chemically described as [1,1 -biphenyl]-2- carboxylic acid, 4 -
[(1,4_-dimethyl-2_-propyl[2,6 -bi-1H- benzimidazol]-1_-yl) methyl]-(CAS)
(Fig.1.4). It is a white crystalline powder with a molecular weight of 514.6 and
a melting point of 261 to 263°C (47). The solubility of telmisartan in aqueous
solutions is strongly pH-dependent, with maximum solubility observed at high
and low pH. In the range of pH 3-9 it is only poorly soluble. The telmisartan
molecule is unusually stable. No Phase I-type metabolism has been observed.
Among the All antagonists, telmisartan is the most lipophilic compound with a
partition coefficient log P = 3.2 (n-octanol _buffer at pH 7.4). Due to its
physicochemical properties, telmisartan shows excellent oral absorption and

tissue penetration.
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Figurel.4.Chemical Structure of Telmisartan

It was identified as a direct-acting All receptor antagonist. On this basis,
telmisartan was expected to possess therapeutic potential in the. The results
presented here established that telmisartan is a potent and selective antagonist
for the AT1 receptor subtype.lt only comes as oral tablet.

Common side effects of telmisartan include sinus pain and congestion,back
pain,diarrhea,sore throat,flu like symptoms such as fever and body aches,upset
stomach,muscle pain,headache,dizziness,fatigue,nausea.

In addition to its cardiovascular effects,it also found to protects against
the neurotoxicity induced by high glutamate concentrations and prevents
apoptosis in neuronal cells exposed to starvation. telmisartan also lessens
inflammatory processes in astrocytes, microglia, and cerebrovascular
endothelial ~ cells, which increases  neuroprotection in  various
conditions.(Villapol et al.,2018), it is a promising treatment for

amyloidogenesis and cognitive decline (Abo-Youssef et al .,2020) and has a
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protective effect against cuprizone-induced demyelination and behavioral
dysfunction in mice, additionally, it functions as a potential neuroprotective
drug shielding individuals with vascular dementia from cognitive decline (Abd

El Aziz et al.,2021).
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1.8.Rosemarinus officinalis L

Figure.1.5.Rosemarinus offisinalis L (Gonzélez et al.,2007)

The Lamiaceae family includes the plant species rosemary (Rosmarinus
officinalis L). Rosemary is an evergreen perennial herb that blooms in lavender-
blue or pink-lavender and has very aromatic leaves (Figurel.l). It can bloom
early in the garden even though it typically blooms in the spring (as early as
December in warmer climes), and it also has the potential to bloom at other
times of the year.

Although rosemary is native to the Mediterranean region, it may thrive

elsewhere with a similar climate. The leaves of rosemary are spiky, green, and
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needle-like, resembling the shape of fir needles. Both the flowering tops and the

leaves are gathered and distilled to create essential oils (Pérez et al.,2010).

Three main chemotypes of rosemary have historically been produced:
Chemotype (ct).verbenone, ct.cineole, and ct.camphor.However, other
chemotypes including ct. borneol, ct. bornyl acetate, ct. myrcene and ct. pinene
also exist in the modern world (Brewer MS.,2011). When essential oils are
collected from various plants to be used as therapeutic agents, they create
essential oils with various chemical compositions, these changes may have
occurred naturally in the wild or as a result of cross-pollination. Additional
aspects that affect a plant's variation in chemotypes include the elevation at
which it was grown, the conditions under which it was cultivated, the climate,
and a variety of other environmental factors (Raskovic et al., 2014). The aroma
of rosemary essential oil varies depending on the chemotype and is often mild,
camphoraceous, and slightly minty.Chemical composition of rosemary include:
(Elhassan and Osman ., 2014):

1-Borneol, terpineol, linalool

2- Humulene and caryophyllene

3- Fenchyl acetate and bornyl acetate

4- Camphor, verbenone and thujone

5- 1, 8-cineole

6-Camphene, limonene, myrcene, and pinnene
7- Cuminic aldehyde

Rosemarinus officinalis L.'s essential oils and extracts can be used to
identify a number of phytocompounds with pharmacological properties, with
the concentration of these molecules varied in each plant specimen (Fig.1.6).

The most often reported phytocompounds include alpha-pinene, camphor,
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carnosol, eucalyptol, rosmadial, rosmanol, rosmaquinones A and B,
secohinokio, and derivatives of eugenol and luteolin(Borges et al.,2019) They

also include oleanolic acid, rosmarinic acid, ursolic acid, caffeic acid, carnosic

acid.
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Figure.1.6.Phytocompounds in rosemary (Borges et al.,2019)
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1.8.1. Clinical Studies with Rosemary Essential Oil, Memory in General
Positive outcomes have been seen in numerous clinical investigations
including the use of rosemary essential oil for memory loss and, in particular,
Alzheimer's disease. Sadly, a large number of these investigations omit to
specify which specific chemotype of rosemary essential oil was utilized (Diego
et al.,1998).
1.8.2. Neuroprotective Mechanisims of Rosemary
1.8.2.1. Anti-Inflammatory Mechanisms
In AD, carnosic acid (CA)-mediated reduction of nucleotide-binding domain,
leucine-rich-containig family,pyrin domain-containing-3(NLRP3) that may
have a considerable therapeutic advantage in regulating macrophage and
microglial inflammatory responses (Figure 1.4). In keeping with this, research
has shown that CA or rosemary extract can reduce the production of the
inflammatory cytokine tumor necrosis factor (TNFa) in macrophages and
microglia (Chae et al.,2012) Figure 1.4. that shows how inflammation in
neurodegenerative diseases is mediated by microglia. Misfolded proteins from
neurons or other cell types cause microglial inflammation in neurodegenerative
ilinesses such AD (Wang et al.,2020).

Carnosic acid reduces the amount of reactive nitrogen species (RNS) and
nitric oxide (NO) that lipopolysaccharide (LPS) causes in these macrophage
cells.Additionally, CA can block the nuclear factor-B (NF-B) pathway and
increase heme oxygenase-1( HO-1) expression to block the TNFa signaling
pathway (Foresti et al.,2013).

lipopolysaccharide cause increasing in proinflammatory cytokine levels,
such as TNFa and interleukin (IL)-6, in vivo it can be counteracted by CA, this
action is brought on by nuclear factor erythroid2-related factor2 ( Nrf2)
activation (Hadad and Levy et al.,2017).
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In these in vivo trials, CA was gavaged (100 mg/kg once daily for three
days) in a 0.5% solution suspension. Increased expression of antioxidant genes
that are known to be transcriptionally controlled by the Nrf2 pathway and Nrf2
nuclear translocation were used to establish that Nrf2 was activated (Guo et
al.,2016).
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Figure 1.7.NLRP3 and neuroinflammation (Wang et al.,2020)

ROS:reactive oxygen species,NLRP3:nucleotide-binding domain, leucine-rich-containig family,pyrin
domain-containing-3,AD:Alzheimer's  disease,PD:Parkinson disease,CA:carnosic acid,NO:nitric
oxide, TNF:tumor necrosis factor,IL:interleukin 1 beta.

Inflammatory cytokines and NO are released by activated microglia in
response to these stimuli. Through suppression of the NLRP3 inflammasome,
CA may prevent the inflammatory loop between neurons and microglia
(Trudler et al.,2021).

The majority of the brain's resident innate immune inflammatory cells
are called microglial cells, and when activated, they can release
proinflammatory cytokines like IL-1, IL-6, and TNFa.CA was discovered to

block mouse microglia's LPS-induced activation, hence reducing the release of
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inflammatory cytokines including IL-1f and IL-6 in an in vitro model of brain
infection. Inducible NO synthase-related NO generation has been observed to
be reduced by CA(Li et al.,2018) .Misfolded proteins like -synuclein (-Syn),
especially when combined with amyloid-B(AB) or potentially Tau, and the
production of inflammatory cytokines from microglia are crucial for microglial-
astrocyte-neuron communication in neurodegenerative illnesses, according to a
number of studies .Additionally, it has been claimed that human AD brains
exhibit an upregulation of microglial-mediated inflammation.The therapeutic
potential of CA for a number of neurodegenerative illnesses, including AD, has

been proposed based on several inflammatory models studies. (Ho MS., 2019).

1.8.2.2.Antioxidant Actions of Rosemary and CA
1.8.2.2.1. Direct Antioxidant Action

Oxidation processes and the defense of cells against oxidative cell death
have been used to demonstrate the antioxidant effects of CA . For instance, it is
believed that oxidative damage via ROS causes the catechol form of CA to
change into an ortho-quinone ,Through this method, CA can defend neuronal
cells from oxidative stress, which can be brought on by lipid hydroperoxides
and hydrogen peroxide,As a result, catechol conversion to an ortho-quinone is
responsible for part of the antioxidant benefits of polyphenolic natural
compounds (Yu et al.,2016).
1.8.2.2.2. Indirect Antioxidant Action

In addition to these direct antioxidant mechanisms, CA also has
considerable indirect antioxidant actions, which are primarily transcriptional in
nature. The activation of phase 2 antioxidant enzymes is a crucial aspect of the
cell's defence against the oxidative stress brought on by these chemicals. (Yu et
al.,2016).The NRF2 transcription factor attaches to the antioxidant response
element (ARE) on the enhancer/promoter region of DNA to activate the genes

encoding phase 2 antioxidant and anti-inflammatory enzymes.This includes
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glutathione (GSH)-regulating enzymes like GSH-S-transferase (GST) and -y-
glutamylcysteine synthetase (-GC synthase) .CA protects neurons by activating
Keapl/Nrf2 pathway,its activation initiated by S-alkylation of the cysteine thiol
of the Keapl protein by the electrophilic quinone-type of carnosic acid (Yu et
al., 2016).

Due to these direct and indirect antioxidant actions, the potential of
rosemary extract or CA for the treatment of AD has been taken into
consideration based on encouraging results in a number of model systems.
(Maynard et al., 2019) . Numerous studies have shown that proteins including
AP, Tau,TDP-43, Parkin, and -Syn, which are linked to several
neurodegenerative illnesses, enhance ROS/RNS generation through
mitochondrial malfunction and lead to synaptic damage and neuronal cell death
(Esteraz and Abramov ., 2020). The production of ROS and RNS, as well as the
ensuing synaptic damage and neuronal death, are also influenced by excessive
activation of N-methyl-D-aspartate (NMDA)-type glutamate receptors on the

surface of pyramidal neurons in the cortex and hippocampus (Guo et al.,2016).

There is substantial evidence to suggest that the generation of oxidative
and nitrosative stress contributes to the aetiology of AD by harming synapses
and neurons.(Lipton et al.,2016). When the KEAP1/NRF2 pathway is active,
transcription levels of phase 2 antioxidant and anti-inflammatory genes are
increased. This presents a promising therapeutic approach for the management
of several neurodegenerative illnesses. After exposure to AP oligomers, both in
vitro and in vivo models have been used to examine the protective effects of
CA on primary neurons. Improvement in histology and neurobehavioral aspects
was seen. According to the histological findings, CA (10 mg/kg, given twice
weekly for three months through transnasal route to the brain) boosted synaptic
and dendritic markers and decreased the concentration of amyloid plaques,
astrogliosis, and phospho-tau staining in the hippocampus (Lipton et al., 2016).
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1.9.Donepezil in Alzheimer's Disease

In this study,donepezil has been used to be compared with telmisartan
and rosemary regarding to its cognitive effects, it is an FDA-approved
medication used for the treatment of dementia in mild, moderate, and severe
Alzheimer disease (Hussein et al .,2018). Although there is currently no
evidence to suggest that donepezil can alter the progression of the disease, it
can improve cognition and behavior, thereby alleviating certain symptoms. In
2014, the FDA approved a fixed-dose combination of donepezil and memantine
for moderate-to-severe dementia associated with Alzheimer disease (Morant et
al .,2020).

1.9.1.Mechanism of Action

Donepezil hydrochloride, a piperidine derivative, is a centrally acting,
rapid, reversible acetylcholinesterase inhibitor. Acetylcholinesterase is an
enzyme that breaks down acetylcholine after its release from the presynapse.
Donepezil binds reversibly to acetylcholinesterase, preventing acetylcholine
hydrolysis, thereby increasing the availability of acetylcholine at the synapses
and enhancing cholinergic transmission. In vitro data suggest that the
anticholinesterase activity of donepezil is relatively specific for
acetylcholinesterase in the brain. Donepezil is structurally unrelated to other
anticholinesterase agents such as tacrine and physostigmine .In addition to its
cholinergic effects, some noncholinergic mechanisms have been proposed for
donepezil. Notably, the drug upregulates nicotinic receptors in cortical neurons,
which may contribute to its neuroprotective properties. The drug also exhibits
reversible inhibition of voltage-activated sodium currents and delays in rectifier
potassium currents and fast transient potassium currents. However, these
actions are less likely to contribute significantly to its clinical effects. Recent
findings suggest that neuroinflammation plays a vital role in the
pathophysiology of neurodegenerative diseases. Notably, donepezil has been
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found to have a significant impact on downregulating neuroinflammatory
responses, including microglial and astrocytic activation, which are associated
with Alzheimer disease (Kim et al .,2021).

1.10.Alumnium Chloride and Neurodegeneration

Aluminum chloride (AICI3) was extensively utilized for the stimulation
of dementia in numerous animal models. Aluminum is a well-recognized
neurotoxin and concerned with the pathological progression of numerous
neurologic. Aluminum can act as a cross-linkers of amyloid B-protein and
results in oligomerization, thus stimulating neurotoxicity. Furthermore, it was
already reported that continuous exposure to AICI3 could cause dementia in
Wistar rats (Khan et al .,2013).
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2.Materials and Methods
2.1.Animals

Thirty wistar Albino male rats,weighing (210-290) grams were employed
in this study (purchased from Alkhadhraa farm,Alhilla,Irag).All the possible
efforts were taken to prevent any harm to the animals.The rats were kept at
suitable conditions including the temperature25°C,humidity about 60-65 % and
the invironment was kept on 12 hour light/dark cycle,the animals were fed on
water and rat's food.The rats were allowed to be adapted to those new
conditions for about two weeks before we started the study. This study started
from 14/11/2022 to 13/1/2023 and was examined at the animal house in the

College of Medicine/University of Babylon.

2. 2.Instruments and Equipments

Table 2.1 Instruments and Equipments

No. Instrument / Equipment Company/ country
1. Deep freeze GFL/Germany

2. Disposable 1cc syringe Shanachuan/China
3. Disposable test tube (10 mL) Meheco, China

4, Distilled water Pioneer/lraq

5. Electronic scale SDT/ China

6. ELISA(reader, washer, printer) Biotek/USA

7. Eppendorf plastic tubes Gondong/ China

8. Gloves Top glove/ Malaysia
9. Homaogenizer drill Jiao Jie/ China

10. Incubator Memmert/ Germany
11. Micropipettes (different volumes) | Eppendorf/ Germany
12. Normal saline Pionner/Iraq

13. Refrigerator Concord/ lebanon
14, Sensitive balance Sartorius/ Germany
15, Spectrophotometer BioTek/USA

16. Surgical set China

17, Tube rack China

18. Vortex CYAN/ Belgium
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2.3.Kits

Table 2.2. Kits used in this research, along with their countries of origin

manufacturers

No. Kit Company Country

1 Rat IL-1(Interleukin 1) ELISA | Elabscience biotechnology | United states
Kit

2 Rat IL-6(Interleukin 6) ELISA | Elabscience biotechnology | United states
Kit

3 Rat TNF-a (Tumor Necrosis | Elabscience biotechnology | United states

Factor Alpha) ELISA Kit

4 GSH(Glutathione) ELISA Kit | Elabscience biotechnology

United states

5 Total Antioxidant Capacity Elabscience biotechnology
(T-AOC) Colorimetric
Assay Kit (ABTS, Enzyme

United states

Method)
6 Lipid Peroxidation kit Bilisim Destek Hizmetleri | Turkey
2.4.Chemicals and Drugs
Table 2.3. Chemical materials with their remarks
No. | Chemicals Company Country
1 | Alumnium chloride THOMAS BAKER L.T.D India
4 | Donepezil(5 mg tablet) | Pfizer USA
5 | Formaldehyde AL-Jubail KSA
4 | Phosphate buffer HiMedia India
2 | Rosemary liquid HAWAII PHARM LLC USA
extract (333mg/ml)
3 | Telmisartan(40 mg Boehringer Ingelheim USA
tablet) Pharmaceuticals
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2.5.Ethical Approval

The research conducted in the College of Medicine, University of
Babylon, Iraq, received approval from the publication ethics committee
according to the document number 4-3, at 06/07/2022 to get this approval
2.6.Procedures
2.6.1. Induction of Alzheimer's Disease

Alzheimer's was induced by using alumnium chloride intraperitoneal
injection of dissolved AICI3 powder in normal saline,in a dose of 10 mg/kg
intraperitoneal injection daily for 60 days (Khalifa et al.,2020).300mg of AICI3
power was taken and has been dissolved in 15 ml of D.W,then 1 ml of this
stock solution was taken and added to 3 ml D.W,then 0.5 ml of this solution

was taken to be given intraperitoneally for each rat.

2.6.2. Experimental Design and Treatment Protocol
Rats were divided in six groups (five rats in each group).
Group I: (normal control group), rats were administered normal saline

intraperitoneally (i.p.) once daily for 60 days.

Group Il: (Alzheimer's induced group), rats were received AICI3 (10 mg/kg,
I.p.) once daily for 60 days (Khalifa et al., 2020).

Group Il1: (telmisartan group), rats were were undergoing same procedure as
group Il plus they were received telmisartan (10 mg/kg) orally for 60 days via
gastric gavage at the same time (Khalifa et al., 2020).

Group 1V: (rosemary group), rats were were undergoing same procedure as
group Il plus they were received rosemary extract (300 mg/kg) ,3 ml of
rosemary liquid extract was added to 12 ml D.W and 1 ml of this solution was
given orally via gastric gavage for 60 days at the same time (Ozarowski et
al.,2013).

Group V : (Combination group), rats were undergoing same procedure as
group Il plus they were received telmisartan (10 mg/kg) orally along with
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rosemary extract (300 mg/kg) (Khalifa et al., 2020; Ozarowski et al.,2013)
orally via gastric gavage for 60 days at the same time.

Group VI: (donepezil group), rats were undergoing same procedure as group Il
plus they were received donepezil (5 mg/kg) orally by gastric gavage for 60

days at the same time (Moosavirad et al., 2019).
2.6.3. Dilution Method of Drugs
1 -AlCI3+telmisartan group: We took 40 mg tablet of telmisartan and ground it

then we added 16 ml of D.W .1 ml of the solution has been taken and
given to the rats orally once daily for 60 days at the same time with AICI3
injection (Khalifa et al.,2020)

2- AlCI3+rosemary group :3 ml of rosemary liquid extract was taken, diluted
with 12 ml D.W and 1 ml has been given to the rat orally by using oral
gavage syringe once daily for 60 days at the same time with AICI3

injection (Ozarowski et al.,2013)

3-The combination group (telmisartan+rosemary extract):By using the same
previous steps of the two agents dilution methods,both were taken orally
by oral gastric gavage at the same time with AICI3 injection for 60 days
(Khalifa et al.,2020; Ozarowski et al.,2013).

4- AICI3+Donepezil: group we took 5 mg tablet of donepezil,ground it
completely and add 4 ml of D.W then 1 ml of this solution has been taken
and administered to the rat orally once daily for 60 days,with the
previously explained dose of AICI3 at the same time(Moosavirad et
al.,2019)
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2.6.4. Behavioural Tests
2.6.4.1. Y maze Spontaneous Alteration Test

The Y maze was formed by using the wood by the researcher, three
similar arms at the shape of letter Y, separated from each other by angle of 120
degree,(length 45 cm ,height 35 cm ,width 12 cm) and names A,B and C. After
24 hours from the last dose, behavioural test was performed, rats were put in
the center of the maze and were allowed to discover the arms freely for about 8
minutes. each trial was recorded . The arms were cleansed with alcohol after
each rat's entry to eliminate any lingering smells. A full arm entry was recorded
when the hind paws of the rat completely entered the arm of the maze. The
sequence of consecutive entries in the three arms followed a pattern such as
ABC, CAB, BAC, and so on, which we referred to as alterations. It explained
in figures (2.1,2.2, and 2.3).

To calculate the spontaneous alteration percentage (SAP), the following

equation was employed (Office of Research.,2021):

Spontaneous alteration percentage (SAP) %=[( number of alterations) / (total

arm entries -2)] x100.

Number of alterations indicated for the entry into different arms in three
different sequences, and the total entries mean the total trials of the rats into

every arm in the maze.
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Figure.2.1.Y maze alteration A

Figure.2.2.Y maze alteration B
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Figure.2.3.Y maze alteration C

2.6.5. Tissue Sampling

After 24 hours from the last dose and completion of the behavioral test,
the animals were decapitated. Following the dissection of their skulls, the
brains were carefully removed, and the cerebellum and olfactory bulbs were
excised. Subsequently, the brain was gently extracted from the rat skull, we
divided the brain into two halves (Figure 2.5 and 2.6).Hippocampi from each
half of rat's brain from each group were dissected. The hippocampi were then
rinsed with phosphate buffer solution (pH 7.4), weighed, and placed in
sterilized Eppendorf tubes. These samples were subsequently frozen at -20°C.
Moreover, the hippocampi were homogenized in phosphate buffer with the
same pH as previously mentioned for further biochemical analysis.
Additionally, the remaining half of rat's brains from each group were fixed in
10% formalin before being sent for histopathological evaluation (Zaky et al.,
2013).
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2.6.5.1. Preparation of Phosphate Buffer Saline (PBS) Solution
According to the instructions provided by the manufacturer, which
involve dissolving 10.79 grams in 1000 milliliters of purified or distilled water.
The solution is then sterilized by autoclaving at 115°C for a duration of 10
minutes. It is important to store the solution in a cool environment, maintaining

a temperature range of 15-30°C and keeping it away from direct sunlight.

Figure.2.4.Taking out the rat's brain
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2.6.5.2. Histopathological Examination

One half of each rat's brain had been fixed in formalin (10%) for about
24 hours, followed by tissue processing by using automated tissue processor
for 20 hrs. Then dehydration process with ethanol alcohol was done in different
concentrations after that clearing in xylene, then impregnation in wax,
embedding, and formation of paraffin blocks.After that, they have been cut
down to 5 um with the help of a microtome and stained with Hematoxylin and
Eosin (H&E) stains (khalifa et al.,2020)
2.6.6. Tissue Homogenization

To prepare the samples for biochemical analysis after washing out any
remaining blood on the samples by using phosphate buffer solution, there are
several steps in this procedure including the following: (Kulakowska et al
,2007)

1.A razor blade was used, and a single cut was made on a piece of tissue.

2. The weight of the tissue piece (0.2 gm) was measured and then returned it to
ice to prevent warming.

3. While working on ice, scissors or a single-edge razor blade were used to
chop the tissue sample into small pieces. It is crucial to keep the tissue
cold.

4. 3ml of phosphate buffer (pH 7.4) was added to the sample.

5. On ice, the sample was homogenized by grinding it with a pestle for several
minutes until no visible chunks remain.

6. The samples were transfered into Eppendorf tubes in small portions and
centrifuged them in the cold room at 14,000 x g for 10 minutes.We
carefully collected the supernatant.
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2.7. Biochemical Assessments by Using ELISA kits

2.7.1. Interleukin 1 (IL-1)

2.7.2.Interleukin 6(1L6)

2.7.3. Tumor Necrosis Factor Alpha (TNF-a)
Tests principles

Theses ELISA Kkits use the Sandwich-ELISA principle. The micro
ELISA plate provided in this kit has been pre-coated with an antibody specific
to (Rat IL-1a),(IL6), (TNF-a). Samples (or Standards) are added to the micro
ELISA plate wells and combined with the specific antibody. Then a
biotinylated detection antibody specific for Rat IL-l1a,IL6, TNF-a and Avidin-
Horseradish Peroxidase (HRP) conjugate are added successively to each micro
plate well and incubated. Free components are washed away. The substrate
solution is added to each well. Only those wells that contain Rat IL-1a, IL6,
TNF-a ,biotinylated detection antibody and Avidin - HRP conjugate will appear
blue in color. The enzyme-substrate reaction is terminated by the addition of
stop solution and the color turns yellow.

The optical density (OD) is measured spectrophotometrically at a
wavelength of 450 £ 2 nm. The OD value is proportional to the concentration
of Rat IL-1a, IL6, TNF-a. We can calculate the concentration of Rat IL-1a, IL6,
TNF-a in the samples by comparing the OD of the samples to the standard

curve.
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Reagent preparation
1- All reagents brought to room temperature (18-25°C) before use.

2- Wash Buffer: 30 mL of Concentrated Wash Buffer was diluted with 720 mL
of deionized or distilled water to prepare 750 mL of Wash Buffer.

3-Standard working solution: The standard was centrifuged at 10,000xg for 1
min. We added | mL of Reference Standard & Sample Diluent, let it stand
for 10 min and invert it gently several times. After it dissolves fully, we
mixed it thoroughly with a pipette. This reconstitution produces a working
solution of 1000 pg/mL.Then we made serial dilutions as needed. The
recommended dilution gradient is as follows: 1000, 500, 250, 125, 62.5.
31.25 15.63, 0 pg/mL.

Dilution method: 7 EP tubes have been taken, we added 500 pL of Reference
Standard & Sample Diluent to each tube. Pipetted 500 pL of the 1000
pg/mL working solution to the first tube and mix up to produce a 500

pg/mL working solution. Pipetted 500 uL of the solution from the former
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tube into the latter one according to this step. Note: the last tube is
regarded as a blank. We did not pipette solution into it from the former
tube.

4-Biotinylated Detection Ab working solution:We calculated the required
amount before the experiment (100 pL/well). In preparation, slightly more
than calculated should be prepared. Centrifuged the Concentrated
Biotinylated Detection Ab at 800xg for 1 min. Then we diluted the 100x
Concentrated Biotinylated Detection Ab to 1x working solution with
Biotinylated Detection Ab Diluent(Concentrated Biotinylated Detection
Ab: Biotinylated Detection Ab Diluent=1:99).

5-HRP Conjugate working solution: The required amount was calculated before
the experiment (100 pL/well). In preparation, slightly more than
calculated should be prepared. We Centrifuged the Concentrated HRP
Conjugate at 800xg for 1 min, then diluted the 100x Concentrated HRP
Conjugate to 1 working solution with HRP Conjugate Diluent
(Concentrated HRP Conjugate: HRP Conjugate Diluent= 1:99).

Assay procedure:

1. wells for diluted standard, blank and sample were determined. 100 pL was
added from each dilution of standard, blank and sample into the
appropriate wells (It is recommended that all samples and standards be
assayed in duplicate). The plate was covered with the sealer provided in
the kit. Incubated for 90 min at 37°C. Note: We added solutions to the
bottom of the micro ELISA plate well, and avoided touching the inside
wall and causing foaming as much as possible.

2. The liquid from each well was decanted.Immediately added 100 pL of
Biotinylated Detection Ab working solution to each well. The plate was

covered with a new sealer and incubated for 1 hour at 37°C.
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3. The solution from each well was decanted, 350 uL of wash buffer was added
to each well. Soaked for 1 min and decanted the solution from each well
and pat it dry against clean absorbent paper. This wash step was repeated 3
times.

4. 100 pL of HRP Conjugate working solution was added to each well. Covered
the plate with a new sealer. Incubated for 30 min at 37°C.

5. The solution from each well was decanted, repeated the wash process for 5

times as conducted in step 3.

6. 90 uL of Substrate Reagent was added to each well. Covered the plate with a
new sealer. Incubated for about 15 min at 37°C.The plate was protected
from light. Note: the reaction time can be shortened or extended according
to the actual color change, but not more than 30 min.We Preheated the
Microplate Reader for about 15 min before OD measurement.

7. 50 pL of Stop Solution was added to each well. Note: adding the stop
solution should be done in the same order as the substrate solution.

8. The optical density (OD value) of each well was determined at once with a
micro-plate reader set to 450 mm

2.7.4. Glutathione (GSH)

Test principle

This ELISA kit uses the Competitive-ELISA principle. The micro
ELISA plate provided in this kit has been pre-coated with GSH. During the
reaction, GSH in samples or Standard competes with a fixed amount of GSH on
the solid phase supporter for sites on the Biotinylated Detection Ab specific to
GSH. Excess conjugate and unbound sample or standard are washed from the
plate, and Avidin conjugated to Horseradish Peroxidase (HRP) are added to
each microplate well and incubated. Then a 3,3,55-Tetrsmethyl
benzidine(TMB) substrate solution is added to each well. The enzyme-substrate

reaction is terminated by the addition of stop solution and the color change is
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measured spectrophotometrically at a wavelength of 450 2 nm. The
concentration of GSH in the samples is then determined by comparing the OD

of the samples to the standard curve.

StdCurve

1.0004
0.9004 /
0.800+

0.700- /
f
i
I

0.600+

450

0.500+

0.400+

0.300 /"

o=

0.200 T T T T T T T T T 1
0.000 10.000 20.000 30.000 40.000 50.000  60.000 70.000 80.000 80.000  100.000

<Concentrations/Dilutions>

Reagent preparation

1. All reagents brought to room temperature (18-25°C) before use.

2. Wash Buffer: 30 ml of Concentrated Wash Buffer was diluted with 720 ml of
deionized or distilled water to prepare 750 ml of Wash Buffer.

3. Standard working solution: The standard was centrifuged at 10,000 x g for 1
min. ImL. of Reference Standard &Sample Diluent were added, we let it
stand for 10 min and inverted it gently several times. After it dissolves
fully,we mixed it thoroughly with a pipette. This reconstitution produces a
working solution of 100 pg/mL. (or add 1 mL of Reference Standard &
Sample Diluent), let it stand for 1-2 min and then mixed it thoroughly with
a vortex meter of low speed. Then we made serial dilutions as needed. The
recommended dilution gradient is as follows: 100, 50, 25. 12.5. 6.25. 3.13.
1.56. 0 pg/mL.

47



Chapter Two Materials and Methods

Dilution method: 7 EP tubes have been taken,we added 500 uL of
Reference Standard & Sample Diluent to each tube. Pipetted 500 pL of
the 100 pg/mL working solution to the first tube and mixed up to
produce a 50 ug/mL working solution. We Pipetted 500 pL of the
solution from the former tube into the latter one according to this step.
Note: the last tube is regarded as a blank. We didn not pipette solution
into it from the former tube.

4. Biotinylated Detection Ab working solution: The required amount was
calculated before the experiment (50 pL/well). In preparation, slightly
more than calculated should be prepared. The Concentrated Biotinylated
Detection Ab was centrifuged at 800 x g for 1 min. Then we diluted the
100 Concentrated Biotinylated Detection Ab to 1 working solution with
Biotinylated Detection Ab Diluent (Concentrated Biotinylated Detection
Ab: Biotinylated Detection Ab Diluent= 1: 99).

5. HRP Conjugate working solution: The required amount was calculated
before the experiment (100 pL/well). In preparation, slightly more than
calculated should be prepared. The Concentrated HRP Conjugate was
centrifuged at 800xg for 1 min, then we diluted the 100x Concentrated
HRP Conjugate to 1x working solution with HRP Conjugate
Diluent(Concentrated HRP Conjugate: HRP Conjugate Diluent= 1:99).

Assay procedure

1. Wells for diluted standard, blank and sample were determined.We added 50
pL each dilution of standard, blank and sample into the appropriate wells
(It is recommended that all samples and standards be assayed in
duplicate). Immediately 50 pL of Biotinylated Detection Ab working
solution was added to each well.We covered the plate with the sealer
provided in the kit. Incubated for 45 min at 37°C. Note: solutions should
be added to the bottom of the micro ELISA plate well, we avoided
touching the inside wall and causing foaming as much as possible.
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2. The solution was decanted from each well, 350 yL of wash buffer was added
to each well. We soaked for 1 min and decanted the solution from each
well and pat it dry against clean absorbent paper. We repeated this wash
step 3 times.We Made the tested strips in use immediately after the wash
step. Wells were not allowed to be dried .

3. 100 pL of HRP Conjugate working solution was added to each well. We
covered the plate with a new sealer. Incubated for 30 min at 37°C.

4. The solution was decanted from each well, the wash process was repeated for
5 times as conducted in step 2.

5. 90 pL of Substrate Reagent was added to each well.We covered the plate
with a new sealer. Incubated for about 15 min at 37°C. The plate was
protected from light. Note: the reaction time can be shortened or extended
according to the actual color change, but not more than 30 min. We
Preheated the Microplate Reader for about 15 min before OD
measurement.

6. 50 uL of Stop Solution was added to each well. Note: adding the stop
solution should be done in the same order as the substrate solution.

7. The optical density (OD value) of each well was determined at once with a

micro-plate reader set to 450 nm.
2.7.5. Malondialdehyde (MDA)

Malondialdehyhe was estimated by thiobarbituric acid (TBA) assay
method of Buege & Aust, 1978 on spectrophotometer.
Principle

This method quantifies lipid peroxides by measuring aldehyde
breakdown products of lipid peroxidation. Basic principle of the method is the
reaction of one molecule of malondialdehyde and two molecules of
thiobarbituric acid to form a red MDA-TBA complex which can be measure at
535 nm.
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Stock TCA — TBA — HCI Reagent

It was prepared by dissolving 15gm trichloroacetic acid and 0.375gm
thiobarbituric acid and 0.25N HCI (2.1 ml of concentrated HCI in 100 ml). This
solution was mildly heated to assist in the dissolution of TBA and volume was
made up to 100 ml with 0.25 N HCI.
Procedure

To 0.4 ml of sample, 0.6 ml TCA-TBA-HCI reagents were added. It was
mixed well and kept in boiling water bath for 10 minutes. After cooling 1.0 ml
freshly prepared 1N NaOH solution was added. The absorbance of pink colour
was measured in spectrophotometer at 535 nm against blank which contained
distilled water in place of sample. In blank 0.4 ml distilled water and 0.6 ml
TCA-TBA-HCI reagent was mixed and boiled.
MDA p mol /L =Absorbance (532)/ L*EQ xD

Where:

L: Lightpath (1 cm)

EO: Extinction coefficient = 1.56*105 M—1.Cm—1
D: Dilution factor (1 ml volume). Used in ref./0.15=6.7.

(Buege and Aust.,1978).

2.7.6. Total Antioxidant Capacity (TAOC) Colorimetric Assay
Principle

The principle of the 2,2-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid) (ABTS ) method for determining the T-AOC is as follows. ABTS is
oxidized to green ABTS by appropriate oxidant, which can be inhibited if there
exist antioxidants. The T-AOC of the sample can be determined and calculated
by measuring the absorbance of ABTS at 414 nm or 734 nm. Trolox is an
analog of vitamin E and has a similar antioxidant capacity to that of vitamin E.
Trolox is used as a reference for other antioxidant antioxidants. For example, the
T-AOC of Trolox is 1, then the antioxidant capacity of the other substance with
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the same concentration is showed by the ratio of its antioxidant capacity to

Trolox antioxidant capacity.
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Reagent preparation

1. Preparation of reagent 3 application solution: reagent 3 was diluted with
double distilled water at a ratio of 1:39. The fresh solution was prepared
before use.

2. Preparation of ABTS working solution: The needed amount of ABTS
working solution was prepared according to the ratio (reagent 1: reagent 2:
reagent 3 application solution = 152:10:8).The prepared solution was
stored at room temperature with shading light and run out in 30 min.

3. Preparation of reagent 4 application solution: reagent 4 was diluted with
reagent 1 at ratio of 1:9 before use. The fresh solution was prepared before
use.

The measurement of samples

1. Standard well: 10 pL of standard with different concentration were added to
the wells. Sample well : 10 pL of sample was added to the wells.

2. 20 uL of reagent 4 application solution was added to each well of step 1.
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3. 170 pL of ABTS working solution was added to each well of step 2.
4. They were Mixed fully and stood for 6 min at room temperature. The OD
values of each well was measured at 414 nm with Microplate reader.

2.8.Statistical analysis

The experiments involved three technical replicates, with five samples
per group (i.e., n=5 per group). The results were presented as the mean value
plus the standard deviation (SD). Statistical analysis was performed using SPSS
version 1.0.0.1406, employing one-way ANOVA. For multiple comparisons,
Dennett's correction was applied. Differences were considered statistically
significant at p<0.05. The means of each group were compared to those of the
other groups. The data were visually represented using bar charts, where
rectangular bars depicted categorical data, and the height of the bars

corresponded to the represented data or values.
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3.1. Behavioural Tests Results

3.1.1 Y Maze Spontaneous Alteration Percentage Test Result

The normal group was compared with Alzheimer's induced group, there

Is a significant difference.

Normal group showed perfect SAP while

Alzheimer's induced group showed highly significant (p<0.001) decrease in

SAP. There is a symmetry in percentage of SAP between donepezil and

telmisartan.On another hand, insignificant difference was found between

rosemary group and the telmisartan group, combination group showed a

symmetry to donepezil group .It showed in Table.3.1.and Figure 3.1

Table.3.1.Numerical results of Y-maze spontaneous alteration percentage

Control | Induced | Telmisartan | Rosemary | Combination | Donepezil

group |group | group group group group
Ratl 70% 50% 73% 75% 71% 62%
Rat2 77% 47% 70% 78% 63% 81%
Rat3 87% 66% 85% 68% 100% 58%
Rat4 92% 54% 70% 66% 71% 100%
Rat5 77% 63% 75% 85% 75% 83%
average |80.60% |56% 74.60 74% 76% 76.8%
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Figure3.1.SAP for control ,induced ,telmisartan+AICI3 , rosemary+AICI3 , telmisartan+rosemary+AICI3
,donepezil+AICI3 .Results (n=5) are expressed as the mean + SD (**p<0.001).This figure shows a significant decline
in SAP of induced group in comparison to control group. However, in group 3 to 6,SAP surged significantly as

compared to induced group.

3.2.Tissue Biochemical Analysis Result
3.2.1 Inflammation Biomarkers tissue Results

The concentration of some inflammation biomarkers like interleukin
1,interlukin 6 ,tumor necrosis factor alpha were measured.
3.2.1.1.Interleukin-1 Level

For the normal group, the concentration of IL-1 was very low .There is

a highly significant increase (p<0.001) in IL-1 level in induced group as
compared to the normal group .While there was a highly significant (p<0.001)

decrease in IL1 concentration in the telmisartan ,rosemary,combination,



Chapter Three Results

donepezil groups,as compared to induced group.On another hand there is
insignificant difference between telmisartan,rosemary,combination and the

donepezil groups.It illustrated in figure 3.2.
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Figure3.2.1L1  concentration for control , induced, telmisartan+AICI3 , rosemary+AICI3
telmisartan+rosemary+AICI3,donepezil+AICI3 groups.Results (n=5) are expressed as the mean (x SD).
(**p<0.001).This figure shows a significant increase in IL1 level in induced group in comparison to control

group.However,in group 3 to 6,1L1 level decreased significantly in comparison to induced group.

3.2.1.2. Interleukin-6 Level:

normal group was compared to the induced group,there was highly
significant difference.There is highly significant increase (p<0.001) in IL-6
level in the induced group as compared to the normal group,and highly
significant decrease in IL-6 level in telmisartan,rosemary,donepezil and
combination groups,as they compared to the induced group. It showed in figure
3.3.
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Figure3.3.1L6 level for control, induced, telmisartan+AICI3 , rosemary+AICI3,

telmisartan+rosemary+AICI3,donepezil+AICI3 groups. Results (n=5) are expressed as the mean (x SD).
(**p<0.001).This figure shows a significant surge in IL6 level in induced group in comparison to control
group.However,in group 3 to 6 there is a significant decrease in IL6 level in comparison to induced group.

3.2.1.3 . Tumor Necrosis Factor Alpha Level

There was highly significant increase (p<0.001) in TNFo in induced
group as compared to normal group. While there was highly significant
decrease (p<0.001) in TNFa level in telmisartan,rosemary,donepezil and

combination groups as compared to the induced group.Showed in figure 3.4.
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Figure3.4.TNFa. level for control, induced, telmisartan+AICI3, rosemary+AICI3
telmisartan+rosemary+AICI3,donepezil+AICI3 groups. Results (n=5) are expressed as the mean (x SD).
(**p<0.001).This figure shows a significant increase in TNFa in induced group in comparison to control

group.However,in group 3 to 6 there is a significant decrease in TNFa level in comparison to induced group

3.2.2 Oxidative Stress Biomarkers:
3.2.2.1. Total Antioxidant Capacity

There was highly significant decrease (p<0.001) in total antioxidant
capacity in Alzheimer's induced group as compared to normal group , while
there was significant increase( p<0.05) in total antioxidant in telmisartan and
highly significant increase (p<0.001) in TAOC level in rosemary, donepezil
and the combination group as compared to induced group. It showed in figure
3.5.
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Figure3.5.TAOA for control, induced, telmisartan+AICI3 , rosemary+AICI3,

telmisartan+rosemary+AICI3,donepezil+AICI3 groups. Results(n=5) are expressed as the mean (+ SD). (*p<0.05),
(**p<0.001).This figure shows a significant decrease in TAOC in induced group in comparison to control
group.However,group 3 shows significant increase in TAOC and group 4 to 6 shows highly significant increase in

TAOC in comparison to induced group.
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3.2.2.2. Glutathione(GSH) Level

There was a highly significant decrease (p<0.001) in glutathione level in
induced group as compared to normal group and significant increase (p<0.05) in
GSH level in telmisartan and highly significant increased (p<0.001) GSH level
in rosemary,donepezil,and combination group as compared to induced
group.Combination group showed insignificant difference from the normal

group. It showed in figure 3.6.

&0 | | | T "
50 T | ' - "
5 —— )
~ a0
o "
E 0
2
T 20
Wi
(<
10
0
control induced telmisartan rosemary combination donepezil
Groups
Figure3.6.glutathione level in control ,induced ,telmisartan+AICI3 ,rosemary+AICI3,

telmisartan+rosemary+AICI3,donepezil+AICI3 groups.Results (n=5) are expressed as the mean (+ SD). (*p<0.05),
(**p<0.001).This figure shows a significant decrease in GSH level in induced group in comparison to control
group.However,group 3 shows significant increase in GSH and groups 4 to 6 show highly significant increase in GSH

level in comparison to induced group.

3.2.2.3. Malondialdehyde( MDA) Level

There was a highly significant increase (p<0.001) in malondialdehyde in
induced group as compared to normal group and highly significant decrease
(p<0.001) in its MDA level in telmisartan, rosemary, donepezil, and
combination group as compared to the induced group.On another
hand,combination group shows a better result than donepezil group.lIt illustrated

in figure 3.7.
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Figure3.7.Malondialdehyde level in  control , induced ,telmisartan+AICI3 ,rosemary+AICI3,

telmisartan+rosemary+AICI3, donepezil+AICI3 groups.Results (n=5) are expressed as the mean (x SD).
(**p<0.001).This figure shows significant increase in MDA level in induced group in comparison to control
group.However,in group 3 to 6 there is a significant decrease in MDA level in comparison to induced group.

3.3.Histopathological Results

The brain histopathological analysis results confirmed the results of
biochemical analysis.The microscopic brain examination of the normal control
group showed no inflammation within the sections.Normal organization and

appearance of the neuronal cells with normal architecture of the hippocampus.

W

Figure 3.8. Rat brain, normal histology shows astrocytes with capillary blood vessels (H&Ex
400) (control group 1)

While the AICI3 group, showed moderate inflammation, with

degeneration and necrosis of the neuronal cells.
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Figure 3.9: Rat brain, show moderate inflammation with frequent acute inflammatory cells
infiltrate arrow (H&Ex 400) (AICI3 group 2)

The telmisartan, rosemary, combination and donepezil groups showed
mild inflammation and the drugs has been showed to alleviate the degenerative
effect of AICI3.

Figure 3.10. Rat brain, mild inflammation shows astrocytes with acute inflammatory cells

infiltrate arrow (H&EXx 400) (telmisartan+AICI3 group)
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Figure 3.11. Rat brain, mild inflammation shows astrocytes with acute inflammatory cells
infiltrate arrow (H&Ex 400) (Rosemarly liquid extract +AICI3 group)

Figure 3.12. Rat brain, mild inflammation shows astrocytes with acute inflammatory cells
infiltrate arrow (H&EXx 400) (telmisartan+rosemary+AICI3 group).
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Figure3.13. Rat brain, normal to mild inflammation shows astrocytes with acute
inflammatory  cells infiltrate arrowv (H&Ex 400) (donepezil +AICI3group)

63



Chapter four
Discussion
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4.The Idea of the Current Study:

Recent studies are trying to find new stratigies in treating or
smoothening the symptoms of Alzheimer's disease. Our study focused on
the anti-hypertensive drug which belongs to the group' angiotensin receptor
blocker' (telmisartan) and the plant (Rosemarinus officinalis L)

The results of this study demonstrate two things.First, it confirmed
the previous findings about angiotensin Il type | receptor blocker inhibitor
(telmisartan), which save the integrity of blood brain barrier so will
decrease the percolation of proinflammatory mediators that are found in AD
disorder(So et al., 2015). It block the Angll receptor effect on oxidative
stress by AT1 receptor that associated with increased reactive oxygen
species like (superoxide) (Takane et al., 2017).1t also prevent the Ang Il
inhibition of acetylcholine release (Tota et al., 2013). So will decrease the
reduction of it in Alzheimer's disease so that will reduce the cognitive
impairment (Herholz, 2008). Second, the study found clear support for the
previous studies about effectiveness of rosemary herbal to enhance the
cognitive functions in patients with Alzheimer's disease(Balu et al.,2009).
Futhermore, telmisartan with the plant rosemary as a combination was used
based on its mutual mechanisim of interest.

4.1. Measurement of Spatial Memory in Rat's Groups
4.1.1. Y Maze Measurement

In Y maze spontaneous alteration task,that we have used to estimate
the memory and spatial recognition learning abilities of the rats. In Y maze
spontaneous alteration analysis, the three main output are the number of
enteties and alteration also it present the percent alterations.The sequence of
arm entries can be used to calculate the number of alterations,which can be
defined as a successful entries into 3 different arms.This method can be

used to measure or estimate the short term spatial memory in rats(Sarter et
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al.,1988).In this research, the alterations were calculated and assume that
one alteration is happened when entire rat fit into the arms (Ohno et
al.,2004), the percent alterations calculated by using the equation
Alteration% = [(number of alternations) / (total arm entries — 2)] x 100
The Alzheimer's induced rats by AICI3 showed a clear decrease in SAP
when it was compared with rat group that received donepezil,telmisartan or
rosemary extract alone or in combination.SAP for AICI3 group was about
56% as compared with control group which was 80.60%.that indicated the
decrease in spatial memory capacities of these rats in this group, as previous
studies (Wagner et al.,2019) indicated that rats treated with AICI3 show
cognitive decline and histological changes in their brains as it cause
neurodegeneration.

Rats group that received telmisartan,has enhanced SAP results (was
about 74.60%) we have compared it with donepezil group result that was
about (76.8%).The beneficial effects of telmisartan on memory showed
agreement with previous study(Li et al., 2012), as telmisartan is a partial
PPARYy agonist,has neuroprotective effects, that decrease cognitive decline
and memory loss. The group that received rosemary extract has a SAP(74%)
and that indicated the clear enhancement in SAP values.Rosemary received
group showed that the herbal can enhance the spatial memory in rats after
they received AICI3 that cause the neurodegeneration,as it indicated in
previous study (Munné-Bosch et al.,2001),carnosic acid is lipophilic
antioxidant that prevents disruption of the biological membrane by
scavenging free radicals,so it has an effect on hippocampus that has a
magor role in spatial memory and is very sensitive to oxidative damage by

these free radicals.
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4.2.The Effect of Telmisartan with Rosemary Extract on Behavioural
Results

When the combination of the two compounds was used together
(telmisartan+rosemary), SAP was 76% ,that overcame the results of
telmisartan alone or just rosemary extract, very near to the donepezil(SAP
was 76.8% ),and it was the nearest to the control group among the agents
aside from donepezil.Donepezil was used to show the activity of telmisartan
and rosemary as we have compared their values. The point of our research
was about the combination group and we found that it has greater effects
than each agent separately regarding the behavioural test results.
4.3.1.Neurodegeneration and Lipid Peroxidation

In our study,there was a significant increase in malondialdehyde level
in the induced rats group by AICI3 as compared to control group.AICI3 that
cause free radicals formation and neurodegeneration results in elevated
MDA level as indicated in previous study(Newairy et al., 2009) that AICI3
causes neurodegeneration and oxidative stress buildup, free radical-
mediated cytotoxicity, lipid peroxidation, reduced cholinergic function,
impact on gene expression and altered protein phosphorylation so it
affected lipid peroxidation and MDA one of the two main products of
omega-6 fatty acids lipid peroxidation. Lipid peroxidation, the process in
which the oxidants like free radicals attack the polyunsaturated fatty acids
(lipids that contain carbon-carbon double bond, that will result in
abstraction of hydrogen from a carbon,then insertion of oxygen will result
in hydroperoxides and peroxyl radicals.Phospholipids,cholesterol and
glycolipids are the most important goals for damaging.It has a cytotoxic
role and can cause promoting cell death and can be a cause for neural
damage.
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4.3.2. Neurodegeneration and TAOC

There was a decrease in total antioxidant activity in induced group as
compared to control group, TAOC is a measure for antioxidant activity
against oxidative stress and free radicals.This agreed with the previous
studies(Ghiselli et al .,2000), AICI3 acting as prooxidant agent at the same
time it interacts with superoxide radicals and increase its harmful effects by
the formation of peroxynitrite. Another strategy in neurotoxicity process is
that aluminum showed to accumulate into the astrocytes and cause its
apoptosis which causing the increasing in the free radicals formation ,the
antioxidant capacity will be decreased as a consequence of that. (Mander
and Brown.,2005).

4.3.3. Neurodegeneration and Reduced Glutathione
Glutathione level was clearly decreased after administration of

aluminum chloride when we compared it to control group, glutathione is an
Important component acting as cofactor for signal transduction, and it is
important for antioxidant defense, redux buffer activity.Our results showed
comparable findings as indicated in the past (Murakami and Yoshino.,2004)
that aluminium chloride inhibits the regeneration of glutathione from the
oxidized state,as it inhibit NADP-isocitrate dehydrogenase which provide
NADPH in mitochondria.NADPH supply,by malic NADP-isocitrate
dehydrogenase and malic enzyme will be inhibited so there is an inhibition
in glutathione regeneration.reduced glutathione is principal component that
get rid of reactive oxygen species in mitochondria.Oxidative damage will
appear in cellular biological processes All these actions result in
neurodegeneration.
4.3.4. neurodegeneration and Proinflammatory Cytokines:

In our study, interleukin 1 was significantly high in induced group as

compared to control group, That agreed with another previous study (Shi et
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al.,2015) which indicated that neurodegeneration occurs by some chemicals
like AICI3, the astrocytes and microglia in central nervous system, plays an
important role in pathogenesis.The proinflammatory cytokines are released
by activation and proliferation of them after the neural damage process.

Other proinflammatory cytokines include interleukin-6 (IL-6), tumor
necrosis factor-a (TNF-a), were significantly elevated , other studies
indicated similar results, Microglia in CNS release interleukin-1f and it will
cause the biological effects by IL-1 signaling pathway activation (Gabay et
al., 2010),

Firstly, interleukin-13 will act on typel IL-1 receptor and IL-1
receptor accessory protein,then the trimeric complex inducts two
intracellular signaling components; myeloid differentiation primary
response gene88(MyD88),and interleukin-1 receptor activated protein
kinase(IRAK4) , IRAK4 autophosphorylation causes the phosphorylation of
IRAK1/2,that will interact with tumor necrosis factor associated
factor(TRAF6) that will translocate nuclear factor kappaB (NF-kB) to the
nucleus, Inflammatory gene expressions including TNF-a, IL-1p and IL-
6,is regulated by (NF-kB) to make the inflammatory lesions
subsequently,neurotoxicity will appear. (Weber et al.,2010).

4.4.1. The Effects of Telmisartan on Proinflammatory Cytokines:

Our results indicated the decrease in proinflammatory cytokines in
tissue samples after receiving telmisartan when we compared it to induced
group, other study revealed similar results (Kelleni et al.,2016).They
showed that telmisartan has antioxidant and anti-inflammatory activities, it
has actions on some oxidative and antioxidant biomarkers but its
mechanism of action is not well understood.

In the body, normally, there are the scavenger systems like
CAT(catalase)and SOD(superoxide dismutase),(Demidchik et al.,2015) that
control oxygen species and act as modulator for redox process.The
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formation of free radicals of any cause, making multiple cellular molecules
undergo oxidation.Studies indicated that telmisartan make changes in CAT
and superoxide dismutase 2 gene expressions. After oxygen species free
radicals formed,there is an modification in gene expression will occur like
in CAT expression.CAT concentration and activity can be increased after
administration of telmisartan. TLM in previous studies, has been shown to
be selective PPARy modulator. PPARy belong to the nuclear hormone
receptor superfamily that calles (orphan nuclear receptors) they can be bind
with ligands that are naturally occurring or synthetic agents that acting as
agonists or antagonists and form complex with them(Takada et
al.,2020).All ARBs have some degree of PPARy agonist activity,but
telmisartan is the most potent one, the mechanism of partial agonist of
telmisartan is not fully understood but it belongs to the structure of PPARy
and how it forms complex with telmisartan, it cause the weakening in
hydrogen-bonding network found around H12 in PPARystructure (Bruning
et al.,2007). PPARYy isoforms all known to have anti-inflammatory in the
body by different mechanisms.one mechanism include interaction with
transcription factors of the nuclear factor kappa light chain enhancer of B
cells (NF-kB) activation family, that considered the main regulator of
inflammatory cascade.By interacting with p65 (that is important for NF-kB
signaling) or by decreasing in proinflammatory gene inducers of NF-kB,
inactivation of NF-kB will be enhanced by PPARy (Schnegg et al.,2012).
4.4.2. Telmisartan and Glutathione

Glutathione is strong intracellular antioxidant fighter that maintains
the redox process and get rid of harmful free radicals. ELISA test results
have showed that, like previous study (Goyal et al.,2011) glutathione level
was increased after administration of telmisartan as compared to induced

group and that indicates the antioxidant activity of the drug and may refers
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to the reduction in free radicals that are generated from the administration
of AICI3.
4.4.3. Telmisartan and MDA:

The results indicated the decreasing in MDA level after telmisartan
administration as compared to induced group,and that was similar to
previous studies(Kono et al.,2015),reactive oxygen species can react with
different proteins like nucleic acids(cause DNA damage), cysteine residues
and lipids(cause lipid peroxidation), telmisartan has antioxidant
capacity,lipid peroxidation will be decreased and that lead to decreased
MDA level as it was found in our reseach.That shows the antioxidant ability
of the drug.
4.4.4.Effects of Telmisartan on Inflammatory Cytokines and TAOC:

After treating rats with telmisartan,there was a clear increasing in
total antioxidant capacity and decreasing in inflammatory cytokines as
compared to induced group.This agree with other studies (Goel et al.,
2018), telmisartan is partial PPARYy agonist. PPARYy enhance antioxidant
enzymes  expression,consequently,  oxygen  species  will  be
reduced.telmisartan decrease hippocampal amyloidogenic markers like
phosphorylated tau protein and amyloid-beta level and amyloid precursor
protein cleaving enzyme 1 expression so it has antioxidant capacity and
prevent neural damage .There is a specific RAS in the brain.Angiotensin 11
participate in the process of AD ,it increase the cognitive impairment and
memory deficits,as it cause the accomulation of amyloid betal-42 and will
induce tau phosphorylation that will lead to further amyloid neurotoxicity
(Tian et al.,2012).

Impacts of telmisartan on RAS are mediated by several receptors
including AT1 (Angll type 1 receptor),AT2(Ang Il type2 receptor), AT4
and Mas (Singh and Karnik, 2016).1t block the inflammation of the brain
that is caused by AT1 stimulation. telmisartan reduce anxiety,enhance
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spatial working memory by blocking the effect of ATI,so AT2 will be more
available which has the neuroprotection effect (Inestrosa et al., 2005).So it
has a good results both in Y maze task that was nearly resembling the
influence of donepezil in this behavioural test. Due to its capacity to serve
as both an angiotensin Il receptor (AT1) antagonist and a partial agonist of
PPARYy , telmisartan is classified as a selective modulator of PPARYy
activity (SPPAR-M).

The primary function of PPARy,a nuclear receptor superfamily
transcription factor, is to regulate target gene expression in essential
processes like lipid metabolism, differentiation, and inflammation. Since it
has been shown to be effective as a therapeutic target in a wide range of
brain disorders, including degenerative diseases, stroke, traumatic damage,
and demyelinating diseases, PPAR- has recently drawn particular interest as
it has antiinflammatory effects that prevenr brain damage (Glorieux et
al.,2015), PPARy regulate CAT gene expression by response element at -
12kb from transcription initiation site of catalase gene. Excess nitrogen and
oxygen species that caused by AICI3 can cause negative effects on PPARy
and CAT gene expression ,then consequently,reduce in CAT and PPARy
proteins level.

After the neural damage caused by AICI3 and inflammatory lesions and
increased TNFoa ,that cause downregulation of CAT gene
expression(Glorieux et al.,2015). Telmisartan increase PPARy protein and
gene expression (lgbal et al.,2008),s0 increase CAT gene expression.
Increasing CAT proteins make the cells fight oxidative stress. All these
actions make telmisartan has the ability to increase total antioxidant

capacity,at the same time reduce the actions of cytokines.
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4.5.Effects of Rosemary on Biomarkers

In regard to rosemary liquid extract, rats have been given the plant by
oral route, there was a clear enhancement in the antioxidant state.Oxidative
stress decreased as MDA level was decreased, interleukin 1 and interleukin
6 also decreased.Tumor necrosis factor (TNF-a) decreased, glutathione
increased and total antioxidant capacity increased .

Studies have showed that one of the most important components of
rosemary is carnosic acid.Researches had indicated that it has antioxidant
and antiinflammtory abilities.it can suppress NF-kB P65 pathway.NF-kB is
a transcription factor that is very important in the process of
inflammation(Maione et al.,2017).NF-kB control the transcription process
of proinflammatory cytokines promotors especially genes of interleukin6
and TNFa.NF-kB binding site is heterodimer that has two parts (P50 and
P65),NF-kB in its activated form,has the most important part P65 that has
the ability to combine with specific DNA sequence ,then lead to the
transcription.the process of phosphorylation of inactive NF-kB is
responsible for its activation since it will cause the dissociation of the
transcription factor inactive dimers, then it will translocate to the nucleus
and start the process of transcription and the production of proinflammatory
cytokines,the inhibition of NF-KB lead to the reduction in proinflammatory
cytokines Including interleukin 1b, TNFa, interleukin 6 (Maione et
al.,2017).
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4.5.1.Effects of Rosemay components Especially (Carnosic Acid) on
Total Antioxidant Capacity

Our results showed a significant increase in total antioxidant capacity
in group that received rosemary as compared to the induced group.We
measured total antioxidant capacity and glutathione, the results came in
agreement with previous studies (Abd EI-Ghany et al.,2012).

Carnosic acid (the main component of rosemary), acts as cleanser
that get rid of toxic oxygen reactive species.|t is very reactive toward these
free radicals as for example H202. It is already oxidized but it will be
converted to metabolites.After giving rosemary liquid extract to the rats, the
total antioxidant capacity has been increased. CA, which is lipophilic
component,it prevent biological membrane disturbances and lipid
peroxidation,it hunting free radicals (molecules that contain unpaired
electrons) like superoxide radical anion, lipid peroxyl radicals , hydroxyl
radicals, The results in our study came along with several studies about the
cognitive effects of rosemary. (Munné - Bosch et al.,2001) .These free
radicals are by-products of some endogenous processes that if built up will
cause several cellular damage including neural damage (Kim et al .,2018).

Carnosic acid also activate (Keapl/Nrf2) pathway that protect cells
from oxidative damage.The brain is so sensitive to the oxidative stress as it
consume about 20% of body oxygen.neuronal cells are mainly post mitotic
so the oxidative damage will be preserved in it.The hippocampus; which is
the main region that responsible for cognition,learning and memory is very
sensitive to the oxidative stress.generally,rosemary normalize the redox
state in the hippocampus so will prevent the deterioration in cognitive

functions .
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4.5.2.Effects of Rosemary Components Especially Carnosic Acid on
Lipid Peroxidation

Our results revealed the decreaseing in MDA level as compared to
induced group.Our study showed similar results as previous studies(Romo
et al.,2013)which stated that,carnosic acid has the ability to inhibit lipid
peroxidation When the carnosic is oxidized it will give the
metabolite(carnosol) it also found to have antioxidant capacity and lipid
protection ability,so it will reduce the lipid peroxidation process in
liposomal and microsomal systems.

Lipid radicals can react with carnosol so this metabolite will interfere
with lipid peroxidation.In our study MDA level which is related to lipid

peroxidation was clearly decreased

4.5.3.Effects of Rosemary on Glutathione

The results showed that rosemary essential oil has a positive impact
on glutathione level as compared to induced group and it agreed with
previous studies (Chen et al.,2011) that illustrated Nuclear factor
erythroid2-related factor2(Nrf2) a transcription factor related factor that
regulate glutathione synthesis.,it induce by electrophils , adminstration of
the plant extract increases Nrf2 nuclear accumulation,GCLC/GCLM
induction will occur, then Nrf2 antioxidant responsive element (ARE)
reporter activity will be enhanced too,the rate limiting gene(GCL, then will
start its responsibility in glutathione formation.

The administration of rosemary had the ability to increase the (GCL)
expression so the level of glutathione which is tripeptide detoxifying agent

was increased.

All these mechanisms were responsible for antioxidant and anti-
inflammatory abilities of rosemary,so as we found. It enhanced the

neurological behaviours of the rats as well as the antioxidant biomarkers
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were increased and the proinflammatory cytokines that causing the
neurodegeneration and damage were decreased.

4.6.The Combination Group Effect on Behavioural Parameters and
Biomarkers

In this research,we focused on the combination group,the rats group
that received both telmisartan doses with rosemary liquid extract at the
same time.All biomarkers including the behavioural and biochemical were
better than giving each agent alone.

In the y maze spontaneous alteration percentage calculation that
indicates the spatial memory and learning which is a propery that mainly
related to hippocampus that is the part most effected in Alzheimer's
disease.We have found that SAP values for combination group was slightly
better than results of each group alone.lt was about 76%.The result of
telmisartan alone SAP was about 74.60% and for rosemary liquid extract
SAP was 74%. That indicated the better enhancement in cognitive functions
in combination group.

In the biochemical analysis, the proinflammatory cytokines values
also indicated the preference for the combination group. Several previous
studies have indicated that rosemary dipertenoids components like carnosol
and carnosic acid have anti-inflammatory and  antioxidant
characteristics.They interfere and inhibit the important inflammation
pathways.As we have indicated in pervious section,the rosemary
components interfere with NF-kB pathway and they inhibit it also inhibit
the production of COX-2,IL1b,TNFa (Maione et al.,2017).

4.7.The Mutual Effect of Rosemary and Telmesartan on PPARy
The property in which rosemary sharing with telmisartan is that
rosemary also has been shown to have agonist activity on PPARy,the ligand

—activated transcription factor ,a member of neuclear receptor superfamily
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that control the cytokines —mediated signal transduction and
production(Rau et al .,2006).

The action of PPARs can occur either by prevention of binding
between DNA to transcription factors of the inflammatory process, by
direct mechanism (protein to protein interactions),or by interfering with
cofactors that are important in the process.The first way,direct protein to
protein interaction,prevent the transcripthion factors from interacting with
response elements ,so the cytokines genes will be prevented from the
transcription by these elements(Ricote et al.,2007), So the production of
proinflammatory cytokines will be negatively effected and the actions of
them will be prevented. CNS, which is the main part that is effected in
Alzheimer's disease,will be protected from the harmful effects of these
cytokines and the neurodegeneration will be decreased to some level.

Telmisartan is the most potent angiotensin receptor blocker in this
property of partial agonist activity toward PPARy (Schupp et al.,2004),as
we mentioned before,so we have found that both agents can work on this
point and their positive action will be douplicated in most biochemical test
results also in behavioural results and that supports the main thought of this

research.
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Conclusion and Recommendations

Conclusion:
1.Behavioural test demonstrated that Rosemarinus officinalis L. and
telmisartan improve the cognition ability in male rats by enhancing the

spatial memory that measured by Y maze.

2.Rosemary has anti-Alzheimer's disease effects on male rats as it has
neuroprotective effects via its antioxidant and anti-inflammatory effects by
increasing  antioxidant  biomarkers  (glutathione,total  antioxidant
capacity,lipid peroxidation), and decreasing the pro-inflammatory cytokines
(TNFo,IL-1,IL-6),in rat's brain after inducing neurodegeneration by

administration of Alumnium chloride.

3.Telmisartan has showed its anti-Alzheimer's disease effects on male rats
by its antioxidant and anti-inflammatory capacity, include decreasing in the

oxidative stress biomarkers(glutathione, MDA, TAOC) ,and the
proinflammatory cytokines (TNFa,IL-1 and IL-6) which were elevated after
administration of AICI3.

4.This study indicated that,the Co-Adminstration of telmisartan with
rosemary liquid extract at the same time,has greater anti-Alzheimer's
disease effects in male rats than the usage of only one of them,via
enhancing behavioural test results and by increasing antioxidant biomarkers
(GSH, TAOC,MDA), and reducing the proinflammatory biomarkers
(TNFa,IL-1,1L-6.
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Conclusion and Recommendations

Recommendations:

1.Larger sample size can be used,and rosemary can be tried to be used
prophylactically even like aromatherapy in high risk groups like those
with Alzheimer's disease family history or old ages, to see if it has

prophylactic neuroptotective effects.

2.Telmisartan with rosemary can be tried on other groups including
hypertensive group cases ,to illustrate the relationship between the
agents and the blood pressure, like if their high blood pressure
decreasing effects will cause greater effect since there are many
studies indicated the relationship between high blood pressure and

development of Alzheimer' disease.

3.0ther oxidative stress parameters and inflammatory biomarkers can be

used to get more precise results.

4.0Other types of Kits like tau proteins and beta amyloid can be used to

measure their levels which have direct effects on Alzheimer's disease.
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