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Abstract

Background and objective: The most common cause of dementia in the elderly is
Alzheimer's disease (AD). Numerous research studies have demonstrated a connection
between hypertension (HTN) and the risk of developing AD. An increasing amount of
evidence indicates that cognitive function significantly declines in HTN patients due to
pathogenic pathways such as atherosclerosis, arteriolosclerosis, stroke, and cerebral
ischemia. This study aims to investigate the effects of antihypertensive drugs on AD
onset and levels of AD biomarkers in a rat model of HTN-AD. Oral N-nitro-L-arginine
methyl ester hydrochloride (L-NAME HCI) and intraperitoneal injections of scopolamine
were used to induce HTN and AD, respectively.

Methods: Forty-two female Wistar albino rats were split into seven groups of six rats.
Group | represented the negative control group. The six experimental groups received
scopolamine (2 mg/kg) and L-NAME HCl (40 mg/kg), administered intraperitoneally.
Group Il represented the positive control. The rats in Groups Ill, IV, V, VI, and VII
received a daily oral dose of donepezil (10mg/kg), telmisartan (10mg/kg), amlodipine
(5mg/kg), bisoprolol (10mg/kg), or bumetanide (20mg/kg), respectively. Differences for
all parameters were assessed using one-way analysis of variance, including for BP,
between the control and drug-treated rats using the Statistical Package for Social
Science (version 27). Statistical significance was assessed using the P-value<0.05

Results: Inducing HTN and AD in rats significantly elevated the levels of all serum
parameters compared to the control group, alongside a noticeable rise in brain
parameters. The largest statistically significant decreases—in serum tumor necrosis
factor alpha, interleukin-6, and C-reactive protein—were noted in telmisartan-treated
rats. The most statistically significant decrease in brain acetylcholinesterase was seen in
bumetanide-treated rats. On the other hand, donepezil-treated rats showed the largest
statistically significant decreases in brain amyloid-B 42, B-secretase, phosphorylated
microtubule-associated protein tau, malondialdehyde, nitric oxide, serum total tau
protein, and serum amyloid-B 42. Bumetanide-treated rats showed the greatest
performance on the spontaneous alternation (73.66%) and total arm entry tests (57.66)
compared those in the other treatment groups, while donepezil-treated rats spent more
time (5.42 minutes) in the novel arms compared to those of the other groups.
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Conclusion: All the antihypertensive medications examined in this investigation
effectively reduced the majority of plasma and brain biomarkers and therefore show
great therapeutic potential, particularly bumetanide and telmisartan. According to this
study, telmisartan and bumetanide, either alone or in combination with donepezil, may
be effective medication options for neurodegeneration and risk mitigation in AD
patients who also have HTN.

Keywords: Alzheimer’s, Amlodipine, Bumetanide, Bisoprolol, Donepezil, Hypertension,
Telmisartan.

of dementia and HTN, gathered from
186 nations, revealed that 15.8% of
the world’s population has HTN as

Introduction

Alzheimer’'s disease (AD) is a
neurodegenerative  disorder  that a contributing factor for dementia (6).

progresses ~ over  time and s According to the findings of Varkey and

characterized by a progressive loss of colleagues, older persons with systolic

cognitive function that impairs the BP readings above 160 mmHg have

capacity for independent living (1). The higher degrees of cognitive impairment,

steady decline in cognitive abilities due which could lead to AD (7).

to AD typically begins with the loss of

. . I It is important to consider what is
recent memories; over time, it impacts

known about the connections between
high BP and HTN and their high risk for

AD, vascular dementia, and HTN-

all cognitive capacities, leading to a total
need for help with daily activities and

eventually to premature death (2). Early

evaluations uncovered more than 20 associated stroke. Cognitive function

risk variables for AD, including age significantly declines in HTN patients

aluminum exposure, family history, due to pathogenic pathways such

. S a therosclerosi arteriolosclerosi
traumatic brain injury, and related s atherosclerosis, eriolosclerosts,

comorbidities such as infection and stroke, and cerebral ischemia (8). The

vascular disease (3). One of the most vascular hypothesis pertaining to the

significant risk factors for AD and onset of AD is rapidly gaining support.

cognitive deterioration is aging (4). This theory holds that the early stages

of AD are primarily microvascular and

According to a study by Varkey and involve the narrowing of the brain

colleagues (5), the most prevalent artery (9).

concomitant ailment among dementia
patients is HTN. Data on the prevalence
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Improvements in experimental methods
for assessing HTN as a risk factor for AD
have resulted in several modifications to
the original AD vascular theory. First,
HTN speeds up
damage brought

the microvascular
by HTN for
numerous AD clinical symptoms, such as

on

blood—brain barrier disruption and
subsequent neuroinflammation, as well
as cerebral microhemorrhages.
Neuroinflammation has been observed
to be crucial to the occurrence of both
AD and HTN (10). The amyloid cascade
hypothesis of AD claims that increased

(AB)

multifarious and progressive Cerebro

levels of amyloid B cause
microvascular damage, which eventually
leads to AD onset and the early-stage
cognitive dysfunctions associated with
plague (11). Summarizing the clinical
evidence of AD in humans from the
as the

blood

pressure appears to worsen AB-induced

amyloid hypothesis as well

vascular  theory, elevated

Cerebro microvascular damage,
worsening AD and accelerating its

progression (12).

The purpose of this study is to examine
the
medications on AD progression and AD

effects of  antihypertensive
biomarker levels in an induced AD-HTN
rat model in order to better understand
the
conditions.

the two
AB 42,
phosphorylated microtubule-associated

relationship between
Changes in

protein tau (pMAPT/ptau), and tau,
which are crucial neuropathological

indicators of AD, were investigated in
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the serum and brain. Additionally, we
examined the impacts of HTN and AD on
the levels of interleukin-6 (IL-6), tumor
necrosis factor alpha (TNF-a), C-reactive
protein (CRP), malondialdehyde (MDA),
nitric oxide (NO), acetylcholinesterase
(AChE), and B-secretase.

Materials and methods
Animals

In this study, 42 female Wistar albino
rats, weighing 180-220 g and aged 4-5
months, were assessed. Six rats were
kept in each cage with a 12-hour light—
dark cycle (light on at 7:00 am and light
off at 7:00 pm) at 24°C and 55+5%
humidity for one week before the
The had
unrestricted access to water and were

experiment's start. rats
fed standard rat pellet diets. The Hawler
Medical University College of Pharmacy
provided the animals (lrag-Erbil). The
Hawler Medical University College of
Pharmacy’s ethics committee approved
this work under permission number
HMUECPH-04112024-83. the

research ensured

During
project, we
compliance with the Guide for the Care
and Use of Laboratory Animals,
established by the National Academy of
Sciences and published by the National

Institutes of Health.
Drugs and chemicals

Enzyme-linked assay (ELISA) kits for rat
TNF-a, CRP, inducible NO, IL-6, AChE,
AB 42, B-secretase, pMAPT/ptau, MDA,
and tau protein were purchased from
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Sunlong Biotech Co., Ltd (China).
N-nitro-L-arginine methyl ester
hydrochloride  (L-NAME HCl) was
purchased from Shanghai Macklin
Biochemical Co,, Ltd (China).
Scopolamine hydrobromide was

purchased from USP (Rockville, MD,
United States). The
medications were purchased

following
from
a pharmacy: donepezil hydrochloride
tablets (Al-Tagaddom
Industries,

10mg
Amman,

tablets
Ingelheim,

Pharmaceutical

Jordan), telmisartan 80mg

(Boehringer  Ingelheim,
Germany),amlodipine  besylate
(Pfizer,
bisoprolol hemifumarate 5mg tablets
(Merck,
bumetanide 1mg

(AllphamedPharbilArzneimittel,

Gottingen, Germany).

5mg

capsules Paris, France),
Germany), and

tablets

Darmstadt,

Experimental design

In the study, 42 Wistar albino rats were
divided
consisting of six rats. Group | was the

into seven groups, each
negative control group, with the rats
being given saline water. In all other
groups, HTN and AD were induced. HTN
was induced by orally administering
L-NAME HCI 40 mg/kg per day by gastric
gavage from Day 1 until the end
of the study (Day 29) (18,19). AD was
induced by administering scopolamine
intraperitoneally at a dose of 2 mg/kg
per day (20,21) from Day 8 until the end
of the study. Group Il was the positive

control group. Rats in Groups Ill, IV, V,
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VI, and VII were given experimental
medications from Days 15 to 29, as
follows:

Group lll received a daily oral dosage of
10 mg/kg donepezil (17).

Group IV received a daily oral dosage of
10 mg/kg telmisartan (23).

Group V received a daily oral dosage of
5 mg/kg amlodipine (19).

Group VI received a daily oral dosage of
10 mg/kg bisoprolol (20).

Group VI received a daily oral dosage of
20 mg/kg bumetanide (21).

The correct dosages were obtained by
dissolving the oral medicines in regular
The the
medications through oral gavage. On
Day 28, the the
spontaneous alternation test in the

saline. animals received

rats completed
Y-maze, and their BPs were measured.
On Day 29, all rats were fasted for six to
eight hours in the morning. The rats
were then anesthetized using xylazine
(10 mg/kg) and ketamine (125 mg/kg)
(17). Their brains were removed and
processed for brain biomarkers, and
blood samples were taken. All measures
were taken to minimize the rats'
suffering and guarantee their welfare,
handling,
environmental enrichment, and the use

including proper
of anesthesia and analgesics during
Ethical
followed throughout to maintain high

procedures. guidelines were
standards of animal welfare. Cervical

dislocation was used to sacrifice the rats
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in accordance with ethical guidelines
(22).

Blood samples were collected using
cardiac punctures. The blood samples
were centrifuged, and the separated
serum samples were stored in tubes in
the freezer at —20°C for one week prior
to the test day. The brain tissues were
manually homogenized using a mortar
and pestle, combined with phosphate
buffer, and cleaned with ice-cold normal
saline (23). A cold centrifuge was used
to separate the brain tissue extracts,
which were thereafter transferred into
Eppendorf tubes labeled with the group
name and stored in a freezer at —80°C
for seven days until the test day (24).

Y-maze spontaneous alternation test

The Y-maze test was used to assess the
rats' short-term memory. Three similar
arms (designated A, B, and C) made up
the maze, each measuring 50 cm in
length, 15 cm in height, and 15 cm in
width and positioned at equal angles.
Video was captured over eight-minute
which the
permitted to move through the maze

sessions in rats were
(25). The rats’ capacity to consistently
enter a different arm—known as an
alternation choice—was assessed during
the test. Two entries into the same arm
were regarded as mistakes. Arm entry
was considered complete once the
the

defined as

rat's rear paw was within

arm. Alternation was
the overlapping of successive entries

into a triplet set's three arms (e.g.,
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ABC, BCA, ...). Spontaneous alternation
percentage (SAP%), total arm entries,
and time spent in novel arms were
determined. The SAP% indicates a rat’s
spatial working memory, using its innate
interest in investigating previously
unexplored arms of a Y-maze (26). Rats
are noted to recall previously visited
places. After three consecutive arm
entrances, the rat reaches a certain
arm of the maze, and there is
a random alternation. The percentage
of spontaneous alternation is calculated
using the following formula:
SAP%=((number of alternations)/(TAE—

2))x100 (27).
Blood pressure measurement

The rats’ BPs were measured using the
CODA 8 High Throughput Non-Invasive
Blood Pressure System. Up to eight mice
or rats can have their BPs measured
simultaneously using this system. The
CODA tail cuff system measures BP by
measuring tail blood volume using
An

occlusion tail cuff and a specially made

volume  pressure  recording.
differential pressure transducer were
used to measure the total volume of
blood in the tail

individual pulse signals. Either awake or

without requiring

sedated mice or rats can be used for

measurements. The CODA system
composed of a controller, laptop
computer, software, cuffs, animal

holders, infrared warming pads, and an
infrared thermometer (28).
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Biochemical assays

Rat AB peptide 42, pMAPT/ptau, AChE,
TNF-a, NO, MDA, tau
protein, CRP, and IL-6 were assessed

B-secretase,

utilizing rat-specific ELISA kits.

Statistical analysis

All data were expressed as
meantstandard error mean
(meanzSEM).  Differences for all
parameters were assessed using

one-way analysis of variance, including
for BP,
drug-treated rats using the Statistical

between the control and
Package for Social Science (version 27).
To ascertain the precise differences and
levels of significance between the
treatment groups and the positive
group,
conducted; groups

control post hoc tests were

were compared
using the Tukey multiple comparison
Statistical

assessed using the P-value <0.05.

test. significance  was

Results

Effects of different treatment groups’
brain biomarkers

in Table 1,
revealed that the positive control group
(with  induced HTN and AD)
had significantly

The results, as shown

higher brain
levels (10.7+0.37
ng/ml) than the negative control group
(4.1+£0.18 ng/ml; P <0.05). Significant
reductions

acetylcholinesterase

were observed in all
treatment groups compared to the

positive control group (P <0.05).
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Brain A B levels in the positive
control rats were significantly higher
(37.04£1.6 pg/ml) than in the
negative control group (21.46+0.34
pg/ml; P <0.05). Brain A B levels
were significantly reduced in all

treatment groups (P <0.05).

in the
rats were
(41.0£0.93
pg/ml) than in the negative control
group (25.5%0.35 pg/ml; P <0.05).
Brain B
significantly reduced in all treatment

Brain B -secretase levels
HTN- and AD-induced

significantly  higher

-secretase levels were
groups (P <0.05) except Group VI,
in  which the

insignificant.

reduction was

PMAPT/ptau
significantly higher in the positive

Levels of were
control group than in the negative
control group. According to the post
PMAPT/ptau
levels were significantly reduced in

hoc analysis, brain

all treatment groups (P <0.05).

Levels of MDA in rats pre-treated
with scopolamine and L-NAME HCI
were significantly higher than those
in the negative control group. MDA
levels were significantly reduced in
all treatment groups (P <0.05).

levels in the
positive  control group  were
significantly higher (42.8+2.6 ng/ml)
than in the negative control group
(16.0.2+0.5 ng/ml; P <0.05). Brain A

B levels were significantly reduced in

Brain nitric oxide

all treatment groups (P <0.05).
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Table 1. Effects of donepezil, telmisartan, amlodipine, bisoprolol, and bumetanide on
brain biomarkers: AChE, AB42, B-secretase, pMAPT/ptau, malondialdehyde, and nitric
oxide

AChE (ng/ml) AB B —secretase = pMAPT/pta Malondialdehyde Nitric oxide
(pg/ml) (pg/ml) u (pg/ml) (ng/ml) (ng/ml)

Group | 4.140.18° 21.46+0.34° 25.5+0.35° 8.410.39° 50.8+1.7° 16.0.2+0.5°
(Negative
control)
Group Il 10.7t0.37°  37.04+1.6° 41.0+0.93°  12.9:0.23° 72.31.7° 42.8+2.6°
(Positive
control)
Group il 4.26£0.34°  23.3:0.74*°  30.89:0.63" 7.6+0.33° 50.66+0.63° 15.7+0.5°
(Donepezil)
Group IV 6.4+0.25° 29.6+1.6° 34.6+0.83° 9.8+0.58" 61.3+0.58b,c 20.9+1.02°
(Telmisartan)
Group V 6.49+32° 31.440.71° 37.120.51%  10.1+0.22° 58.8+1.4° 23.7¢1.1°¢
(Amlodipine)
Group VI 8.840.24° 31.2+0.62° 39.240.22%°  11.5:0.44° 62.9+0.7° 25.3+0.83°
(Bisoprolol)
Group VII 4.02¢0.24°  25.5:0.56" 32.7£0.6”°  10.3:0.41° 59.6+0.8"° 24.7+1.1°°

(Bumetanide)

The values are expressed as mean+SEM.

Statistically significant differences between groups are shown by different letters (P-value <0.05).
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Effects on serum biomarkers across
groups

As Table 2 shows, the rats in the
positive control group had significantly
higher AB levels (11.320.41pg/ml) than
those in the negative control group

A post hoc test was performed to
discover the exact differences and
significance levels between the positive
control group and the study groups.
Serum A B levels were considerably
lower in all treatment groups compared

to the positive control group.

(5.2+0.23 pg/ml; P <0.05).

Table 2. Effects of donepezil, telmisartan, amlodipine, bisoprolol, and bumetanide on

serum biomarkers: AB42, total tau protein, TNF-q, IL-6, and CRP

AB Total tau TNF-a IL-6 (ng/L) CRP
rotein ng/L ng/ml
(pg/ml) P (ng/L) (ng/ml)
(pg/ml)

Group | 5.2+0.23° 82.8+1.5°  17.04+0.84° 14.7+0.31°  18.1+0.9°
(Negative control)
Group Il 11.3+0.41°  107.5#1.3%  65.03+5.2° 37.9+0.51°  37.7+1.2°
(Positive control)
Group Ill (Donepezil) 5.6+0.34°  82.06+2.1°  23.9+1.8*" 18.8+0,61° 23.5+1.3"
Group IV (Telmisartan)  7.3+0.45°°  84.3+1.2*°  23.3+1.2*° 21.140.92° 22.1+0.84*"
Group V (Amlodipine)  7.1+0.26°  88.1+1.7°°  29.5+0.69° 20.1+1.1°  24.6+1.15°
Group VI (Bisoprolol) 8.2+0.37° 91.3+1.01° 36.7+41.1°  25.6#1.33°  26.2+1.3°
Group VII 7.140.36" 83.5+1.2° 40.8+1.7°  28.1+0.82°  31.6+1.1°

(Bumetanide)

The values are expressed as mean+SEM.

Statistically significant differences between groups are shown by different letters (P-value <0.05).
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Serum levels of total tau protein were
considerably higher in the positive
control group (107.5%1.3 pg/ml) than in
the negative control group (82.8%1.5
pg/ml; P <0.05). All treatment groups
demonstrated a significant reduction
(P >0.05) in comparison to the positive

control group.

Additionally, the findings demonstrate
that TNF-a levels in the positive control
group were noticeably higher
(65.03+5.2 ng/L) than in the negative
group (17.04+0.84 ng/L;
P <0.05). Apost hoc analysis showed
that all groups  had
significantly than the
positive control group (P <0.05), except
for Groups VI and VI, for which the
reduction was not statistically significant

control

treatment

lower levels

(P >0.05) in comparison to the samples
in the positive control group.

The serum IL-6 levels of the rats that
received scopolamine and L-NAME HCI
(37.9£0.51
ng/L) than those of the control group
(14.740.31 ng/L; P <0.05). All treatment
groups exhibited statistically significant

were significantly higher

reductions in comparison to the positive
control group (P <0.05).

Lastly, the findings indicate that serum
CRP levels were considerably elevated
in the positive control group (37.7t1.2
ng/ml) in comparison to the negative
control group (18.1+0.9 ng/ml; P <0.05).
There was a significant decrease for
each treatment group as compared to
the positive control group (P <0.05).
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Effects of different treatment groups
on the Y-maze behavioral test

The rats pre-treated with scopolamine
and L-NAME HCI had a lower SAP%
(39.42+3.66%) than those in the control
group (63.82+3.37%; P <0.05) as
showed in the Table 3. A post hoc
analysis showed that, in comparison to
the positive control group, all examined
groups exhibited a substantial increase
(P <0.05).

The results show that the TAE of the
positive control group was substantially
lower (21.16%2.98) than that of the
group (35.66+1.86;
P <0.05). All treatment groups showed

negative control

a substantial increase in TAE compared
to the positive control group (P <0.05).

Lastly, rats in the positive control group
spent less time in the new arms
(3.21+£0.27 min) than those in the
negative control group (4.6410.34 min;
P <0.05). According to a post hoc
analysis, rats in every treatment group
were in the novel arms for longer than
those in the positive control group
(P <0.05).

Effects of different treatment groups
on systolic and diastolic blood pressure

The findings show that systolic BP
values were substantially higher for the
rats in the positive control group
(188.6+1.4 mmHg) than for those in the
group (116.5%#1.3
mmHg; P <0.05) as showed by the

negative control

Table 4. When compared to the positive



Effects of antihypertensive agents on Alzheimer’s .

Zanco J Med Sci, Vol. 30, No. (1), April 2026

https://doi.org/10.15218/zjms.2026.018

control group, a significant decrease in
systolic BP was noted in each treatment
group (P >0.05).

The findings also show that the rats in
the group had
significantly higher diastolic BP levels

positive  control

(116+£0.89 mmHg) than those in the
negative control group (82+1.4 mmHg;
P <0.05). All treatment groups showed
in diastolic BP
compared to the positive control group
(P <0.05).

significant decreases

Table 3. Effects of donepezil, telmisartan, amlodipine, bisoprolol, and bumetanide on

the Y-maze behavioral test

Group Parameter
Spontaneous alternation Total arm Time spent in novel
(%) entries (n) arm (min)

Group | (Negative control) 63.82+3.37° 35.66+1.86° 4.64+0.34°
Group Il (Positive control) 39.42+3.66° 21.16%2.98° 3.21+0.27°
Group Il (Donepetzil) 71.0246.04° 34.50.2.42° 5.42+0.26
Group IV (Telmisartan) 58.87+2.91° 39.83+3.76' 4.42+0.27°
Group V (Amlodipine) 63.98+1.05° 31.83+1.47° 4.00£0.13°
Group VI (Bisoprolol) 54.54+1.60" 26.50+1.87° 3.66+0.19°
Group VIl (Bumetanide) 73.66+1.62° 57.66+3.32" 5.083+0.45°

The values are expressed as mean+SEM.

Different letters mean statistically significant difference between groups (P-value <0.05).

Table 4. Effects of donepezil, telmisartan, amlodipine, bisoprolol, and bumetanide on

systolic and diastolic blood pressure

Group Parameter
Systolic blood pressure Diastolic blood pressure
(mmHg) (mmHg)
Group | (Negative control) 116.5+1.3° 82+1.4°
Group Il (Positive control) 188.6+1.4° 116+0.89"
Group Il (Donepezil) 170.1+1.7° 106.1+2°
Group IV (Telmisartan) 120.3+1.8° 74.1+1.3°
Group V (Amlodipine) 135.1+1.07° 93.1+1.19%
Group VI (Bisoprolol) 140+0.89° 90.1+0.87¢
Group VII (Bumetanide) 140.3+1.11° 95.6+0.84°
The values are expressed as mean + SEM.
Different letters mean statistically significant difference between groups (P-value <0.05).
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Discussion

The association between AD and
cardiovascular  disease is gaining
widespread recognition. However, a

substantial portion of this theory is
predicated on ongoing research on
cognition and dementia, including AD,
vascular dementia, and other disorders.
that HTN
contribute to the

pathophysiology of AD by causing

Prior research suggests

may indirectly
intracranial atherosclerosis through the
reduction of cerebral blood flow and/or

perivascular clearance. In  animal
studies, HTN increases tau
hyperphosphorylation and AB

accumulation (29). In animal models,
L-NAME HCl-induced HTN
AP deposition and tau phosphorylation

increases

(30). Although the exact mechanisms
remain unknown, the elevation of
B- and y-secretase activity due to HTN
may be influential, as these enzymes
cause
(APP)

B-amyloidogenesis (31).

amyloid  precursor

shift

protein

processing to toward

Hypertension contributes to AD through

a variety of pathways, including

cerebral hypoperfusion, blood-brain
barrier dysfunction, neuroinflammation,
oxidative stress, and AB accumulation.
Chronic hypertension causes endothelial

dysfunction and vascular remodeling,

lowering cerebral blood flow.
Cerebral hypoperfusion then
accelerates neurodegeneration and

hampers neuronal metabolism.
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The pathophysiology of AD is influenced
by decreased perfusion in the cortex
and hippocampus, two important areas
involved in memory and cognition (32).

Because hypertension damages
increases
the
integrity of the blood—brain barrier.
This

by allowing

endothelial cells and

permeability, it compromises

exacerbates neuronal damage

toxins, inflammatory
mediators, and AB peptides to build up

in the brain (33).

AD is characterized by a buildup of AB.
Reduced
arterial

interstitial fluid flow and
stiffening  brought

hinder

on by
hypertension perivascular
drainage routes, which are responsible
for the clearance of AB. Studies have
linked high BP with increased cerebral
amyloid angiopathy (CAA), a disorder in
which AB builds up in the brain's blood
vessels, causing microvascular damage

and cognitive impairment (34).

changes
the
increases the

Additionally,
enzymatic

creation of AP and
production of APP. These pathogenic
linked to
cognitive decline, neuronal death, and

hypertension
processing to favor

alterations are gradual

synaptic dysfunction (31).

Neurodegeneration is worsened by
which

inflammatory

hypertension, encourages a

persistent state.
Microglial activation and elevated levels
of pro-inflammatory cytokines, such as
TNF-a and IL-6,

dysfunction and neuronal injury (35).

lead to synaptic
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Hypertension is linked to elevated levels
of oxidative stress as a result of the
reactive

overproduction of oxygen

species. Neuronal mitochondria are
damaged by oxidative stress, resulting
in apoptotic cell death and energy
deficits. The pathological features of AD,
AB

hyperphosphorylation, are significantly

such as aggregation and tau

influenced by
mitochondria (36).

dysfunctional

Scopolamine’s high blood—brain barrier
permeability makes it a popular choice
for creating experimental models of
neurological conditions. It causes AP
buildup and cholinergic impairment. It is
an antagonist of muscarinic receptors,
muscarinic

inhibiting acetylcholine

receptors and leading to synaptic
malfunction and cognitive decline (37).
Additionally, scopolamine increases tau
protein  phosphorylation. It raises
amounts of hyperphosphorylated tau by
(38).

induces

intensifying GSK3-B expression
Moreover, scopolamine
oxidative stress in rats by lowering their
levels of antioxidants such as catalase

and superoxide dismutase (39).

L-NAME HCI, an analog of L-arginine, is
frequently used to induce hypertension
and other cardiovascular disorders by
inhibiting nitric oxide synthase (40).
L-NAME HCl-induced HTN is caused by
a mechanism that involves more than
merely blocking nitric oxide synthesis
vasorelaxant action.

and lowering

However, the primary causes of
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elevated BP are decreased vascular
increased contraction
bed regions.
Studies have demonstrated that
other mechanisms of L-NAME HCI-
induced HTN
renin-angiotensin-aldosterone

relaxation and

in various vascular

include elevating the
system
and sympathetic nervous system activity
(41).

The AChE is
postsynaptic neuromuscular junctions,

enzyme found in
particularly in nerves and muscles. AChE

activity is elevated in AD tissues,
according to several studies. Numerous
investigations have explored whether
variations in AChE levels may serve as
biochemical indicators of AD (42). In this
investigation, brain AChE levels sharply
increased after HTN and AD were
induced, and the AChE levels of each
treatment group were significantly
reduced in comparison to those of the
positive control group. Bumetanide,
donepezil, telmisartan, and amlodipine
were the most successful in restoring
the levels to almost normal, consistent

with previous research findings (43, 44).

It is generally known that AP causes
amyloid plaque buildup on nerve cells in
AD patients’ brains. Studies have shown
that AR accumulation contributes to the
pathophysiology and progression of AD.
AB accumulation occurs through the
increased activity of [-secretase—an
enzyme that cleaves APP into the 42-
amino-acid AB sequence. In particular, it
has been determined that the main
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brain enzyme promoting the formation
of AB is the B-secretase BASE1 (45).
Our study found that HTN and AD
inductionled to considerable increases
in AB levels in serum and brain tissues
as well as B-secretase BASE1 in brain
tissue. AB and B-secretase BASE1 levels
were significantly lower in all treatment
groups than in the positive control
group, especially those treated with
Other
treatment groups also had significantly
reduced AP and pB-secretase BASE1
levels, albeit to a lesser extent than in

bumetanide and donepeuzil.

the bumetanide- and donepezil-treated

groups. These results align with
previous studies suggesting that
bumetanide, telmisartan, and

amlodipine may constitute potential
treatment approaches in managing AD
(46-48).

Tau, a microtubule-associated protein
(MAP), is essential for preserving the
structural integrity of the cytoskeleton,
as it stabilizes microtubules in neurons
(49). Studies have shown that both tau
phosphorylation and AB accumulation

contribute to the etiology and
pathogenesis of AD (50). Previous
research has indicated that HTN

exacerbates tau hyperphosphorylation
(51). A characteristic of AD is the
development of neurofibrillary tangles,
which linked to
hyperphosphorylation of tau (pMAPT)
(52). This study found that the amount
of pMAPT noticeably increased upon
HTN and AD induction, although all

are
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had
reduced pMAPT levels compared to the
group.
PMAPT was not reduced to normal

treatment groups significantly

positive  control However,

levels in either group, except with
donepezil, the only treatment that could

bring pMAPT levels back to normal. This

outcome is consistent with prior
investigations (53-55).
Our experimental medications

decreased tau and AP levels, which may
disease-modifying effect,
the
Alzheimer's. Reduced tau levels may

suggest a

especially in early stages of
indicate fewer tangles and higher nerve
cell stability, whereas decreased AR may
indicate fewer plaques and enhanced
health.

cognitive function, and general brain

neuronal Improved memory,

health. may result from these
modifications, but proof of real
behavioral and functional gains is
needed.

MDA is created when polyunsaturated
fatty acids peroxidate. It has been used
as a biomarker to evaluate oxidative
stress in a range of biological samples
from patients with varying diseases (56),
including AD(57). We observed that
MDA levels rose significantly after HTN
and AD
groups, with donepezil, bumetanide and
back to
almost normal. This result accords with

induction, in all treatment

amlodipine bringing levels

the results of prior research (58, 59).

A physiological component of the

human body is nitric oxide, which works
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as a signaling molecule, dilates blood

vessels, promotes hormone release,
and controls neurotransmission (60).
Inducible nitric oxide synthase (iNOS)
triggers nitric oxide overproduction in
response to inflammatory stimuli during
neuroinflammation, which causes AD to
worsen and progress. Therefore,
identifying potent iNOS inhibitors can
aid
advancement

in preventing and delaying the
of AD (61). In all
treatment groups, we observed that
donepezil and telmisartan could return
NO levels to normal, which agrees with
the findings of earlier investigations (62,
63). While the NO levels in all treatment
groups were significantly lower than
those in the positive control group, the
level of reduction was less than in the
groups treated with donepezil and

telmisartan.

TNF-a is a cytokine that has pleiotropic
effects on different cell types. Although
it was first identified as a factor

contributing to tumor necrosis, it has

since been demonstrated to play
significant roles as a pathogenic
component of wvarious disorders.

Previous research has illustrated that
TNF-a
coordinating

plays a crucial role in
chronic
the

and

inflammation,
of AB
neurofibrillary tangles,

influencing production
plaques
thereby amplifying the advancement of
AD pathogenesis (64). AD patients have
been shown to have greater plasma
levels of TNF-a compared to healthy

individuals (65). In this study, TNF-a
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levels were drastically increased by HTN
and AD and, compared to the positive
control group, significantly reduced by
the administration of donepezil and
telmisartan. This conclusion aligns with
the findings of earlier studies (66,67).

The cytokine IL-6 is released as part of
the inflammatory response by activated
monocytes and macrophages. Cognitive
performance is negatively correlated
with higher plasma IL-6 levels. The risk
of dementia from all causes is
approximately 30% higher in those with
IL-6 High

circulating IL-6 are found in AD patients,

elevated levels. levels of
and elevated brain IL-6 may result from
systemic or local generation (68). Serum
IL-6 levels appeared to be considerably
lowered in this trial for all therapy

groups, with donepezil, telmisartan, and

amlodipine exhibiting the highest
efficacy in this regard. This outcome is
consistent with previous research

findings (67, 69, 70).

Patients with AD have elevated levels of
CRP, a
inflammation, in their brains and sera.

nonspecific indicator of
Several previous studies have linked this

elevation to an increased risk of
dementia(93).0ur
treatment groups to have considerably
with

amlodipine, donepezil, and telmisartan

study found all

decreased serum CRP levels,
displaying the greatest effects. This
outcome supports the findings of

previous studies (62, 73, 74).
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A typical indicator of neurodegenerative
illness is total tau (t-tau). Serum t-tau
proteins are beneficial indicators in the
AD
development (75). All the treatment

diagnosis and  tracking of
groups in our investigation exhibited a
considerable decrease in t-tau protein;
donepezil, telmisartan, and bumetanide
restored the levels to nearly normal.
This result aligns with the conclusions of

earlier studies (76, 77).

The Y-maze test is typically employed in
rodent models of AD to evaluate short-
term memory. Rats’ natural interest in

investigating  previously unexplored
places enables the assessment of
spontaneous alternation, which

measures spatial working memory as
they investigate the maze's three arms.
Additionally, studies typically utilize arm
entries to evaluate rats’ locomotor
activity. The amount of time that rats
spend in the novel arm during Y-maze
tests constitutes a measure of their
spatial recognition recall and novelty
preference (78). In comparison to the
positive group, all treatment groups in
our study demonstrated a significant
the
spontaneous alternation, time spent in
of TAEs.

Compared to other groups, the groups

increase  in proportion  of

novel arms, and number
treated with donepezil, bumetanide,
had the highest

percentage of spontaneous alternation.

and amlodipine

However, rats in the groups treated
with

traveled in more arms than the rats in

telmisartan and bumetanide
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the other groups. Finally, rats in the
with
and telmisartan

groups  treated donepezil,

bumetanide, spent
more time in the new arms than those
in the other treatment groups. These
outcomes are in line with earlier

research (33, 77, 79, 80).

According to the literature, telmisartan

shows remarkable neuroprotective
gualities via numerous mechanisms.
One important mechanism is the drug’s
capacity to inhibit the angiotensin Il
type 1 receptor, which lowers vascular
dysfunction, inflammation, and
of which

neurodegenerative

oxidative stress—all are

connected to
processes. Telmisartan contributes to an
improved neuronal environment by
increasing cerebral blood flow and

minimizing blood—brain barrier

disruption. Telmisartan also functions as

a partial agonist of peroxisome

proliferator-activated receptor gamma,

which promotes synaptic plasticity,

decreases neuronal apoptosis, and

improves mitochondrial function (81).

Bumetanide may have a
neuroprotective effect in AD by
lowering excessive neuronal
stimulation. Increased excitability and
neuroinflammation are caused by
changes in the chloride gradient

between neurons in AD, according to

research. Bumetanide aids in
reestablishing the appropriate chloride
gradient in neurons by acting on the

NKCC1 transporter, a chloride importer.
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This may lessen neurotoxic signaling and
hyperexcitability, which are linked to AD
Additionally,
bumetanide plays a critical

neurodegeneration (46).
role in
inhibitory neurotransmission through its
impact on GABA receptors. Bumetanide
may help balance excitation and
inhibition in the brain by improving
GABAergic signaling, which could lessen
AD

behavioral abnormalities and memory

some symptoms, including

impairment (82).
Conclusion

All the HTN medications examined
in  this
bumetanide

investigation,  particularly

and telmisartan, were
demonstrated to effectively reduce the
majority of plasma and brain
biomarkers when administered at the
recommended dosages. According to

this study, telmisartan and bumetanide,

either alone or in combination
with  donepezil, may constitute
beneficial medication options for

neuroregeneration and risk mitigation in
AD patients who also have HTN.
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