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ABSTRACT

Aim/Background: Alzheimer’s Disease (AD) is a progressive neurodegenerative disorder
with limited therapeutic options. Tephrosin (TP), a natural rotenoid, exhibits antioxidant and
anti-inflammatory properties. This study investigated the neuroprotective effects of TP in an
Aluminum Chloride (AlCls)-induced rat model of Alzheimer-like pathology. Materials and
Methods: Twenty-four adult rats were divided into four groups (n=6): Control, AICl;, AICl; + TP, and
AlCl; + Donepezil. AD-like symptoms were induced by oral AICl; (100 mg/kg) for six weeks. TP (10
mg/kg) or Donepezil (1 mg/kg) was administered orally during the last three weeks. Behavioral
performance was evaluated using the wire hang and beam walking tests. Acetylcholinesterase
(AChE) activity, oxidative stress markers [Malondialdehyde (MDA), Glutathione (GSH), Catalase
(CAT), Superoxide Dismutase (SOD)], and pro-inflammatory cytokines [Interleukin-13 (IL-18),
Tumor Necrosis Factor-a (TNF-a)] were measured. Hippocampal histology was assessed using
hematoxylin and eosin staining. Results: AICl; exposure impaired motor function, increased
MDA and AChE activity, elevated IL-1B and TNF-a levels, and caused hippocampal neuronal
degeneration, while reducing GSH, CAT, and SOD activities. TP treatment significantly improved
behavioral outcomes, restored antioxidant enzyme levels, reduced oxidative stress and
inflammatory markers, and preserved hippocampal neuronal integrity. Conclusion: Tephrosin
exerts neuroprotective effects against AlCls-induced Alzheimer-like pathology, likely via its
antioxidant, anti-inflammatory, and anti-cholinesterase activities. These findings support TP as a
promising candidate for AD therapy.
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Alzheimer’s Disease (AD) is a progressive neurodegenerative
disorder and the leading cause of dementia, accounting for
60-80% of cases globally.! It is estimated that by 2030, AD will
affect more than 66 million people, and the number is projected
to rise to 115 million by 2050.> AD is characterized by gradual
memory loss, cognitive decline, and behavioral disturbances that
eventually interfere with speech, motor function, and visuospatial
orientation. Although dementia encompasses multiple forms,
including Lewy body dementia, Parkinson’s disease with
dementia, frontotemporal lobar degeneration, vascular dementia,
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and normal-pressure hydrocephalus, AD remains the most
prevalent, with many cases presenting mixed pathology.’?

The pathogenesis of AD involves a complex interplay of genetic,
environmental, and lifestyle factors. Age remains the strongest
risk factor, with individuals over 65 years being at significantly
higher risk. The presence of the APOE ¢4 allele is another critical
determinant of susceptibility. Women are disproportionately
affected, particularly after age 80, partly due to hormonal
differences and a higher tau protein burden despite similar
amyloid B levels.* Cardiovascular comorbidities, metabolic
syndromes, and sedentary lifestyles further increase the risk of
developing AD.

Neuropathologically, AD is characterized by extracellular
deposition of beta-amyloid (AP) plaques and intracellular
Neurofibrillary Tangles (NFTs) consisting of hyperphosphorylated
tau proteins.* These pathological aggregates disrupt neuronal
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signaling, leading to synaptic loss, neurotransmitter depletion,
and selective neuronal death, particularly in hippocampal
and cortical regions critical for memory. Alongside these
hallmark lesions, there is evidence of widespread oxidative
stress and neuroinflammation, both
neurodegeneration.’

of which exacerbate

Neuroinflammation is increasingly recognized as a central
feature in AD pathology. Activated microglia and astrocytes
release inflammatory mediators, including cytokines and
chemokines, which sustain chronic inflammation and neuronal
injury. Elevated levels of Tumor Necrosis Factor-Alpha (TNF-a)
and Interleukin-1 beta (IL-1f) have been observed in AD brains,
indicating that inflammatory processes contribute to disease
progression.”®

Environmental factors, particularly chronic exposure to
aluminum, have also been implicated in AD. Aluminum is
a common neurotoxin that readily crosses the blood-brain
barrier, accumulates in brain tissues, and disrupts neuronal
homeostasis. Experimental evidence shows that Aluminum
Chloride (AICl;) induces significant neurotoxicity by altering
hippocampal structure, impairing neurogenesis, and triggering
Prolonged AICl; exposure leads to
excessive production of Reactive Oxygen Species (ROS), lipid
peroxidation, and depletion of endogenous antioxidants such as
Glutathione (GSH), Catalase (CAT), and Superoxide Dismutase
(SOD), thereby promoting neuronal apoptosis.” Due to these
pathological similarities, AICl;-induced AD-like models in rats
are widely used to study disease mechanisms and evaluate the
efficacy of therapeutic agents.®

neuroinflammation.”

Currently available treatments for AD, such as cholinesterase
inhibitorsand NMDA receptorantagonists, only offer symptomatic
relief and do not halt disease progression. Therefore, there is an
urgent need to explore new therapeutic agents, particularly from
natural sources, that can target multiple pathogenic pathways,
including oxidative stress and inflammation.’ Phytochemicals are
of particular interest due to their antioxidant, anti-inflammatory,
and neuroprotective properties.

Tephrosin, a naturally occurring rotenoid compound isolated
from plants of the Tephrosia, Lonchocarpus, and Derris species,
has been traditionally utilized for its insecticidal properties.'
Beyond this, recent studies have highlighted its pharmacological
potential, demonstrating anticancer, antioxidant,
anti-inflammatory activities."" Unlike rotenone, a structurally
related compound known for its mitochondrial toxicity, tephrosin
exhibits lower cytotoxicity, making it a promising candidate for
therapeutic use.”> However, its potential neuroprotective effects
in the context of AD remain largely unexplored.

and

Tephrosin, a naturally occurring rotenoid isoflavonoid found in
Tephrosia, Lonchocarpus, and Derris species, has been found to
have multiple pharmacological activities. It has shown potent
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anticancer effects, including cytotoxicity in various cancer cell
lines, suppression of EGFR and ErbB2 internalization in colon
cancer, and resensitization in paclitaxel-resistant ovarian cancer
cells."” Tephrosin also has antioxidant properties, supporting
free-radical scavenging and enhancement of endogenous
antioxidant systems. It has also been shown to inhibit
inflammatory mediators and interfere with NF-xB signaling
pathways, suggesting potential anti-inflammatory effects in
neurodegenerative and systemic inflammation.™

Considering these gaps, the present study aims to investigate
the therapeutic efficacy of tephrosin in an AlCls;-induced rat
model of AD. Behavioral assessments, biochemical analyses of
oxidative stress and inflammatory markers, and histopathological
examinations of hippocampal tissues were performed to evaluate
whether tephrosin can mitigate neuronal damage and restore
normal brain function. This study provides insight into the
possible use of tephrosin as a neuroprotective agent against
AD-related neurodegeneration.

MATERIALS AND METHODS

Materials

Aluminium Chloride (AICl;), Tephrosin (TP), and Donepezil
(DPZ) were purchased from Sigma-Aldrich (St. Louis, MO, USA).
All other reagents, including solvents, buffers, and assay Kkits,
were of analytical grade and procured from Merck (Darmstadt,
Germany). Fresh drug solutions were prepared daily in distilled
water prior to administration to ensure chemical stability and
accuracy of dosing.

Experimental animals and design

We acquired 24 Wistar male rats from an animal hospital that
weighed between 150 and 180g. The animals were kept at a
consistent temperature of 23+2.0°C with a 12-hr light and dark
cycle, and they had unrestricted access to food and water. The
studies were carried out in accordance with the Animal Ethics
Committee's Guidelines for the Use of Experimental Animals.
Then the experimental animals were randomly selected and
divided into 4 groups, with 6 animals in each group 6 animals.
Group I (Control): Received a standard laboratory diet and
distilled water orally (p.o.) for 30 days. Group II (Disease
Control-AlICl;): Received aluminium chloride (AICI;) at a dose
of 75 mg/kg body weight, administered orally (p.o.) once daily for
30 consecutive days to induce Alzheimer-like pathology. Group
III (AICls+Tephrosin): Received AICI; (75 mg/kg p.o.) along with
Tephrosin (TP) at a dose of 30 mg/kg body weight orally (p.o.)
once daily for 30 consecutive days. Group IV (AlCl;+Donepezil):
Received AICl; (75 mg/kg p.o.) along with the reference standard
drug Donepezil (DPZ) at a dose of 5 mg/kg body weight orally
(p.0.) once daily for 30 consecutive days. All treatments were
administered via oral gavage, and dosing was adjusted daily based
on the individual body weight of each animal.

1697



Xue, et al.: Tephrosin Alleviates AlClS-Induced Alzheimer's Disease

Preparation of brain tissues

Diethyl ether was used to sedate the animals following their
exploratory period. All of the experimental animals' separated
brains were placed on an ice plate and sectioned, and then filled
with ice-cold isotonic saline solution. Additionally, a sharp blade
was used to separate the brains into the left and right hemispheres
to remove the hippocampus. Four brains' hippocampus tissues
were chosen at random and prepared for histological and
ultrastructural confirmation, while the remaining brains'
weighted hippocampuses were homogenised using a Teflon-glass
homogeniser in ice-cold PBS of 0.1 mmol/L (pH 7.4). Following
a 15-min centrifugation at 10,000 rpm, the homogenates (10%,
w/v) were stored at -80°C for further biochemical analyses.

Change in body weight measurement

On the first and last day of the experiment, the weight of the
animals was recorded. The body weight was determined by
comparing it to the initial weight on the first day of the trial.

Wire Hang Test

The forelimb strength (muscle strength) was evaluated using
this test. On day 26, the wire hang test was conducted. A wire
cage was utilised for this test. On top of the wire cage, the animal
was put. Subsequently, the wire cage was inverted. The wire cage
was kept between 0.5 and 8.6 meters above a cushioned surface,
high enough to keep the rat from jumping down but not high
enough to injure it if it did. It was determined how long it took
for the delay to drop from the cable to the soft, flat pad. The rat
was taken off the wire, and the duration was noted as 60 sec after
the hanging period had exceeded that amount of time. Each rat
underwent the trial three times.

Beam walking test

In particular, the hindlimb's motor coordination was evaluated
using the beam walking test. The first step involved placing the
animals in a corner of the thin beam, which measured 2.3 cm by
120 cm, and letting them cross it at least three times from end
to end. The rats were allowed to move over the beam for 3 min
throughout the test. In each trial, the number of foot slips and the
amount of time it took to traverse the beam were

AChE Activity

To measure Acetylcholinesterase (AChE), 25 uL of the supernatant
was combined with 10 pL of the AChE reagent, 20 uL of DTNB
(5,5’-dithiol-bis [2-nitrobenzoic acid]), and 170 pL of Tris-HCl in
a test tube. The reactive solution was mixed and then incubated
at 37°C for at least 10 min. After that, 10 pL of the substrate was
mixed with AChE, and the absorbance at 412 nm was determined
using spectrophotometry.
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Estimation of MDA

The procedure outlined was implemented with minor adjustments.
Pink chromophores that absorb at 530 nm are produced when
carbonyl chemicals, including Malondialdehyde, combine with
Thiobarbituric Acid (TBA). 250 uL of 20% Trichloroacetic Acid
(TCA), and the tubes were then sealed. After 15 min of heating
at 100°C in a water bath, it was chilled for 30 min in a cold water
bath. To allow the gases produced during the reaction to escape,
the tubes were left open. Following a 5-min centrifugation at 1500
rpm, the absorbance of the supernatant was measured at 532 nm
in comparison to the blank."> Estimation of antioxidant enzymes

The technique was founded on the observation that SOD in a
sample prevents adrenaline from oxidising to adrenochrome.
2.5 mL of carbonate buffer (pH 10.2) was mixed with 0.2 mL of
haemolysate to equilibrate the spectrophotometer. Then, 0.3 mL
of newly made adrenaline was added to the mixture to initiate the
reaction. The resulting mixture was homogenised by overturn,
and the intensification in absorbance was monitored by reading it
at 480 nm every 30 sec until 150.'¢

The technique relied on measuring the concentration of
yellow-colored TNB (5-thio-2-nitrobenzoic acid), which is
produced when DTNB is used. Is reduced. The test and blank
tubes were filled with 900 pL of Ellman's reagent and 100 pL
of homogenate, respectively. The solution was homogenised
and then placed at room temperature for half an hour. Optical
densities were measured at 420 nm in comparison to a blank that
contained 100 pL of 0.9% NaCl and 900 uL of reagent solution
and was incubated in the same manner. Milli-moles per gramme
of brain tissue (mmol/g tissue) was the unit of measurement for
the concentration of decreased GSH in the brain tissues."”

The technique was predicated on the fact that Hydrogen Peroxide
(H,0,) is reduced to Water (H,0) and Oxygen (O,) by the
catalase found in the homogenate. A blue-green deposit of an
unstable form of perchloric acid is created when H,O, that has
not been reduced by catalase binds to potassium dichromate.
After that, heat broke this down to create a green complex that
absorbs light at 570 nm. The calibration curve showed that the
catalase activity was related to the optical density. The amount of
H,0, decomposed per milligram of protein was used to express
the activity.'

Pro-inflammatory markers

Following the manufacturer's instructions, two pro-inflammatory
cytokines, interleukin-1beta and tumour necrosis factor-alpha,
were measured in the supernatant using readily available
enzyme-linked immunosorbent assay kits (eBIOSCIENCE, San
Diego, CA, USA). The results were shown in pg/mL.
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Evaluation of histoarchitecture in brain tissues

The animals' brain tissues were quickly removed, and using
sterile, clean scissors, they were then cleaned with ice-cold 1.15%
potassium chloride. After that, tiny fragments of the hippocampal
region were taken out, immediately immersed in 10% (V/V)
formalin, embedded in melted paraffin wax, and stained with
Haematoxylin and Eosin (H&E) staining. Next, a microtome was
used to cut a little piece of tissue that contained paraffin from the
wax block. A biological microscope was then used to observe the
specimen slice (Chippenham, Wiltshire, UK).

Statistical analysis

Data from triplicate testing were provided as MeantStandard
Deviation (SD n=6). GraphPad Prism was used for the statistical
analysis. Data are investigated using one-way ANOVA and Tukey's
post hoc assay. p<0.01 and p<0.05, respectively, were considered
statistically significant differences between the control group and
the induced animal group.

RESULTS

Effect of TP on body weight in AICl -intoxicated
animals

Figure 1 depictstheeffectof TP onbodyweightin AICI, -intoxicated
animals. The weight of the rats in the AICI,-treated group was
much lower than their starting weight (Figure 1), demonstrating
the detrimental effects of AICIL, exposure on rat weight. As a
result, the rats treated with AICI, had a considerably lower final
weight than the control and TP-administered groups.
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Effect of TP on hanging time during the wire hang
test in AICl -intoxicated animals

Figure 2 shows the effect of TP on hanging time during the wire
hang test. Based on the results, the hanging time was considerably
reduced in the AICl -treated group. The hanging time of the
AICl -treated group is lower than that of the control and
TP-administered groups. Animals treated with TP demonstrated
higher hanging time comparable to the animals treated with the
control drug DPZ.

Effect of TP on handlimb motor coordination in AICI,
intoxicated animals

The effect of TP on the number of foot slips while walking (Figure
3a) and crossing time (Figure 3b) on the beam during the beam
walking test for control and treatment groups. The number of
foot slips and crossing time was high in the AICI,-administered
group. Animals treated with TP demonstrated a low number of
foot slips and crossing time, and the results were comparable with
those of animals treated with DPZ.

Effect of TP on brain marker in AICI3-intoxicated
animals

The effect of TP on AChE level in AICI-intoxicated animals was
depicted in Figure 4. Animals intoxicated with AICI, exhibited
significantly lower levels of AChE when compared to the control
group. On treatment with TP, the level of AChE increased in
animals intoxicated with AICL. The level of AChE in animals
administered with TP was comparable to that of animals treated
with DPZ.
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Figure 1: Effect of AlCI, on the Weight of Rats. a: Initial Weight (g) b: Final Weight (g). Results were given as mean+SD of three discrete
experiments. Data are investigated using one-way ANOVA and Tukey's post hoc assay. '*' p<0.05 compared with control and **' p<0.01
compared with AICl -intoxicated group.
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Effect of TP on antioxidant status in AICl_-intoxicated
animals

Figures 5a-d depicts the effect of TP on antioxidant enzymes in
AICI,-intoxicated animals. The level of MDA in AICI,-intoxicated
animals was increased, and antioxidant enzymes, including
glutathione, catalase, and SOD levels, were reduced in comparison
to the control group. When the AICI, intoxicated animals were
treated with TP, the level of MDA was reduced, and antioxidant
enzymes, including glutathione, catalase, and SOD levels, were
significantly increased, indicating the antioxidant property of TP.

Effect of TP on pro-inflammatory cytokines in
AICl_-intoxicated animals

The effect of TP on pro-inflammatory cytokines in
AICl,-intoxicated animals was shown in Figures 6a and b. Animals
treated with AICI, exhibited high levels of pro-inflammatory
cytokines, including TNF-a and IL-1p, whereas in the control
group, the levels of TNF-a and IL-13 were low. Treatment of
AICl -intoxicated animals with TP showed a considerable drop in
thelevel of IL-1PB and TNF-q, indicating TP has anti-inflammatory
action.

Effect of TP on histological changes in the
hippocampus

Figures 7a-d displays the findings from the examination of
histological slices of the rat brain following exposure to aluminium
chloride. The control (group 1) exhibited a regular structure
with complete-looking neurones in this particular brain layer,
displaying the hippocampus's microarchitecture. The number of

Control

ALCL3

neuronal cells in the same layer of the hippocampus decreased in
the AICI.-intoxicated animals (group 2), indicating a pathological
alteration in comparison to the normal control. In addition to the
treated TP and reference medications donepezil (groups 3 and 4),
the extract improved the hippocampus structure to a level that
was comparable to that of the normal control.

DISCUSSION

AD, a major healthcare concern of the twenty-first century, is
getting more and more common around the world. Alzheimer's
disease is a neurological condition that progressively impairs
cognitive function. Aluminium has been identified as one of the
possible risk variables for AD cause.'” One of the most prevalent
elements in the crust of the Earth is aluminium. Because of its
frequent usage, which has led to extensive human exposure,
it has garnered a lot of attention lately because of its possible
neurotoxic consequences. Aluminium is widely present in the
body, yet it serves no essential biological purpose (Figure 1).
Alzheimer's disease is linked to its neurotoxic symptoms, which
include oxidative stress and neuroinflammatory consequences.
The aluminum-induced neurotoxic events, including calcium
dyshomeostasis, oxidative stress, apoptosis, inflammation, Ap
deposition, and the development of neurofibrillary tangles in the
brain.?

Thus, using biochemical and histological studies, the current
work examined the possible neuroprotective function of TP
against AlCIl,-induced Alzheimer-like ailments in early adult
rats. The results of this investigation showed that body weight
is negatively impacted by AICI, intoxication. Our results, which

*¥

T

TP DPZ

Figure 2: Effect of Tephrosin (TP) on hanging time during the wire hang test. Results were given as
mean=SD of three discrete experiments. Data are investigated using one-way ANOVA and Tukey's post
hoc assay. *' p<0.05 compared with control and **' p<0.01 compared with AIC| -intoxicated group.
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Figure 3: Effect of Tephrosin (TP) on the number of A: foot slips while walking and B: crossing time on the beam during the beam walking
test for control and treatment groups. Results were given as mean+SD of three discrete experiments. Data are investigated using one-way
ANOVA and Tukey's post hoc assay. *' p<0.05 compared with control and **' p<0.01 compared with AICl -intoxicated group.

show significant variations in the weight of rats exposed to heavy
metal poisoning, are consistent with previous research.

AICI, may be harmful and disrupt the physiological and physical
mechanisms that permit a decreased resting metabolic rate, food
intake, and absorption when it interacts with apoplastic and
symplastic targets on the plasma membrane.?! Treatment with
TP showed an insignificant difference in body weight, indicating
the antioxidant property of TP, which inhibited the AICI, activity.
An effective method for assessing locomotor anomalies is the
wire-hanging test. It is used to assess mice's stamina, balance,
and grip strength.”? The hanging time (muscle strength) in
the AICl -treated group was considerably reduced by AICL.
Neurodegeneration induced by aluminium chloride resulted in
problems with coordination, motor dysfunction, and muscular
weakness. The hanging duration of rats administered aluminium
chloride was significantly reduced, suggesting that their
motor function was affected.” TP was employed to assess the
neuroprotective benefits. The hanging duration was considerably
longer in the DPZ and TP group than in the AICIL, treatment
group. The results indicate that neurodegeneration was reduced
by TP.

The TP's capacity to enhance rats' motor coordination and balance
was assessed using the beam walking test. The number of foot slips,
which is used to assess motor coordination shortfall, may predict
clinical sedation. The time required to finish the activity and
the number of foot slips indicate a motor coordination deficit.**
The study's findings showed that, in comparison to the control,
donepezil, TP, the number of foot slips and crossing time of the
AICI, (neurotoxic control) group was considerably higher. The
number of foot slips and crossing time in the AICI,-treated group
was considerably increased by AICI,. Muscle damage caused by

Indian Journal of Pharmaceutical Education and Research, Vol 60, Issue 4, Oct-Dec, 2026

free radicals can also lead to changes in neuromuscular activity,
muscle weakening, and ultimately, reduced muscle coordination
(Figures 2 and 3). As a result, animals administered aluminium
chloride alone performed poorly on the beam walking test.”

Acetylcholinesterase (AChE), a cholinergic enzyme, primarily
occurs in postsynaptic neuromuscular junctions, especially in
muscles and nerves. AChE's main function is to stop synaptic
transmission and signalling between neurons in order to stop
AChE from spreading and activating neighbouring receptors.*
An increased activity of AChE contributes to the decline of
neurotransmitter acetylcholine levels within the brain, which
constitutes one of the leading causes of AD. In the current study,
the findings support the description of substantial cholinesterase
activation in the presence of AICl, by demonstrating a
considerable rise in AChE activity, contributing to a decline in
AChE activity following AICI, injection.” The administration of
TP induced a significant increase in AChE activity, indicating that
AChE activity had declined. Thus, TP has the ability to inhibit the
enzymatic degradation (Figure 4).

Maintaining the cellular redox state is crucial for both the regular
operation of the cell and, more crucially, its capacity to survive.
It has been discovered that oxidant levels in disorders like AD
are dysregulated, and this has been linked to the pathophysiology
of the disease. Both an excess of oxidants and a depletion of
antioxidants or the antioxidant defence system can be blamed
for this loss of homeostasis.”® Neurodegeneration brought on by
elevated oxidative stress and disruption of intracellular signal
transduction pathways may be linked to aluminium-induced
neurotoxicity. AICL, causes its harmful effects by fostering an
oxidative environment inside cells, which is favourable to serious
biological issues and illnesses.” The antioxidant defence system's
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Figure 4: Effects of Tephrosin (TP) on Brain AChE Activity in AICI -induced Rats: Results were given as
Mean+SD of three discrete experiments. Data are investigated using one-way ANOVA and Tukey's post hoc
assay. *' p<0.05 compared with control and **' p<0.01 compared with AICl -intoxicated group.
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Figure 5: Effect of Tephrosin (TP) on rat brain antioxidant status in the rats. A: SOD (unit/mg protein) B: Glutathione (mmol/g) C: Catalase
(mmol H,0,/mg protein) D: MDA (mmol/g). Results were given as Mean+SD of three discrete experiments. Data are investigated using one-way
ANOVA and Tukey's post hoc assay. *' p<0.05 compared with control and **' p<0.01 compared with AICl -intoxicated group.
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Figure 6: Levels of the proinflammatory cytokines (A) Tumor Necrosis Factor-Alpha (TNF-a ) and (B) Interleukin-1beta (IL-1f) in hippocampal tissues of
control and experimental groups of rats. Results were given as mean+SD of three discrete experiments. Data are investigated using one-way ANOVA
and Tukey's post hoc assay. ' p<0.05 compared with control and **' p<0.01 compared with AlCI -intoxicated group.

Figure 7: (a) Group | - control with basic diet; (b) Group Il - Disease control Aluminium chloride (AICI,) (75 mg/kg/day p.o.) for 30 days
induced rats; (c) Group Il - Received AICI, (75 mg/kg/day p.o.) along with Tephrosin (TP) (30 mg/kg) by weight; (d) Group IV - Received
AICL, (75 mg/kg/day p.o.) along with Donepezil (DPZ) (5 mg/kg p.o.) for 30 days.
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first line, SOD, transforms superoxide anion into Hydrogen
Peroxide (H,0,) and oxygen. Catalase then transforms H,O,
into H,O. The primary non-enzymatic antioxidant, reduced
Glutathione (GSH), either directly eliminates free radicals or
acts as an enzyme's substrate that catalyses H,O, detoxification.”
According to the current study's findings, long-term exposure
to aluminium dramatically reduced GSH, CAT, and SOD levels
and activities while raising MDA. Elevated MDA levels point to
the participation of free radical-induced cellular damage brought
on by aluminium poisoning. On administration of TP, the levels
of antioxidant enzymes, including GSH, CAT, and SOD, were
significantly increased, and the level of MDA was considerably
reduced. This indicates the antioxidant property of TP, which
inhibited the oxidative stress in the brain (Figure 5).

AICI, has been shown to alter antioxidant status, impact cellular
homeostasis, and promote the synthesis of pro-inflammatory
cytokines. The following processes underlie AICl -induced
neurodegeneration: ~ disruption  of
homeostasis, inflammatory signalling cascade activation, ROS
formation, DNA damage, and epigenetic changes.”® Cytokines,
including IL-1f, IL-6, and TNF-qa, have been shown to have
a significant role in the pathophysiology of AD. A higher level
of IL-1p indicates a significant risk of AD. TNF-a and IL-6 are
two more AD-relevant cytokines that are further enhanced by
IL-1B.** TNF-a and IL-1P were significantly increased in the
hippocampus tissues of rats intoxicated with AICL, in the current
investigation, indicating that AICI, primarily impacts macrophage
activities and promotes the development of brain damage. When
AlCl,-intoxicated animals were treated with TP, the levels of
TNF-a and IL-1P were considerably reduced. This indicates the
anti-inflammatory property of TP, which was responsible for the
decline in pro-inflammatory cytokine secretion (Figure 6).

intracellular  calcium

Our histological results in rats treated with AICI, revealed severe
brain injury, which was consistent with the biochemical results
and those from other investigations. In the AICI, -intoxicated
animals, there were fewer neuronal cells in the same layer of
the hippocampus, suggesting a pathogenic change (Figure 7).
Together with the reference drugs TP and donepezil, the extract
enhanced hippocampal structure to a degree similar to that of the
normal control.

CONCLUSION

Ultimately, our research revealed that TP may offer protection
against the inflammation and oxidative stress caused by AICI,
in Alzheimer's disease. Rats intoxicated with AICI, showed
reduced levels of lipid peroxidation products (MDA) and
pro-inflammatory cytokines, fewer foot slips, and shorter crossing
times after receiving TP. Furthermore, there was a significant
increase in hanging time, AChE, and antioxidant enzyme levels.
Additionally, TP treatment reduced the histological changes in
the brain caused by AICL,. TP-treated rats are thereby protected
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from oxidative damage and inflammation caused by an excess of
AICL,.

ABBREVIATIONS

TP: Tephrosin; TNF-a: Tumour Necrosis Factor-a; AICL:
Aluminium chloride; SOD: Superoxide dismutase; AChE:
Acetylcholinesterase; CAT: Catalase; IL-1f: Interleukin-1p; IR:
Insulin Resistance; GSH: Glutathione; APOE: Apolipoprotein E;
Ap:beta-amyloid; ROS: Reactive Oxygen Species; H,0,: Hydrogen
peroxide; Ach: Acetylcholine; MDA: Malondialdehyde; AD:
Alzheimer's disease; ELISA: Enzyme-Linked Immunosorbent
Assay.
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SUMMARY

In a rat model of Alzheimer's disease, this study thoroughly
examined the preventive effects of tephrosin against inflammation
and oxidative stress caused by Aluminium chloride. Throughout
the trial, tephrosin reduces brain damage, AChE levels, and MDA
activity. It raises SOD, GSH, and CAT levels, demonstrating
tephrosin's anti-oxidative capabilities. Additionally, it decreased
pro-inflammatory cytokine levels, demonstrating tephrosin's
anti-inflammatory qualities. Additionally, tephrosin lengthened
the duration of hanging and reduced the number of foot slips,
suggesting that the animals' motor activity has improved.
Tephrosin is therefore expected to be employed as a therapeutic
medication to lessen the inflammation and oxidative stress
brought on by Alzheimer's disease.

REFERENCES

1. Aboelwafa HR, El-Kott AF, Abd-Ella EM, Yousef HN. The possible neuroprotective
effect of silymarin against aluminum chloride-prompted Alzheimer s-like disease in
rats. Brain Sci. 2020;10(9):628. doi: 10.3390/brainsci10090628, PMID 32932753.

2. DeTure MA, Dickson DW. The neuropathological diagnosis of Alzheimer’s disease.
Mol Neurodegener. 2019;14(1):32. doi: 10.1186/s13024-019-0333-5, PMID 31375134.

3. Scheltens P, De Strooper B, Kivipelto M, Holstege H, Chételat G, Teunissen CE, et al.
Alzheimer’s disease. Lancet. 2021;397(10284):1577-90. doi: 10.1016/50140-6736(20)
32205-4, PMID 33667416.

4. Masters CL, Bateman R, Blennow K, Rowe CC, Sperling RA, Cummings JL. Alzheimer’s
disease. Nat Rev Dis Primers. 2015;1(1):15056. doi: 10.1038/nrdp.2015.56, PMID
27188934.

5. LeeYJ, Han SB, Nam SY, Oh KW, Hong JT. Inflammation and Alzheimer’s disease. Arch
Pharm Res. 2010;33(10):1539-56. doi: 10.1007/512272-010-1006-7, PMID 21052932.

6. Elreedy HA, Elfiky A, Mahmoud A, Salaheldin Ebrahim K, Ghazy M. Effect of quercetin
as a therapeutic and protective agent in aluminum chloride-induced Alzheimer’s
disease rats. Egypt J Chem. 2021;65(4):633-41. doi: 10.21608/ejchem.2021.99971.4
647.

7. Rahman A, Banu Z. Impact of aluminium chloride (AICl;) on brain function: a review
of neurotoxic mechanisms and implications for Alzheimer’s disease. Trends Pharm
Sci. 2024;10(4):355-66.

8. Hamdan AM, Alharthi FH, Alanazi AH, EI-Emam SZ, Zaghlool SS, Metwally K, et al.
Neuroprotective effects of phytochemicals against aluminum chloride-induced

Indian Journal of Pharmaceutical Education and Research, Vol 60, Issue 4, Oct-Dec, 2026



Xue, et al.: Tephrosin Alleviates AlCls—Induced Alzheimer’s Disease

20.

Alzheimer’s disease through ApoE4/LRP1, wnt3/B-catenin/gsk3, and TLR4/NLRP3
pathways with physical and mental activities in a rat model. Pharmaceuticals (Basel).
2022;15(8):1008. doi: 10.3390/ph 15081008, PMID 36015156.

. Borai IH, Ezz MK, Rizk MZ, Aly HF, EI-Sherbiny M, Matloub AA, et al. Therapeutic impact

of grape leaves’ polyphenols on certain biochemical and neurological markers in
AlCI3-induced Alzheimer’s disease. Biomed Pharmacother. 2017;93:837-51. doi: 10.
1016/j.biopha.2017.07.038, PMID 28715867.

. Kim HS, Bae S, Lim YJ, So KA, Kim TJ, Bae S, et al. Tephrosin suppresses the

chemoresistance of paclitaxel-resistant ovarian cancer via inhibition of FGFR1
signaling pathway. Biomedicines. 2023;11(12):3155. doi: 10.3390/biomedicines111
23155, PMID 38137377.

. Zakaria SNH, Syah YM, Firdaus. Isoflavone from Artocarpus integer (Thunb.) Merr. and

the bioactivity of antioxidants. Res J Pharm Biol Chem Sci. 2017;8(4):907-12.

. Yang J, Tian H, Huang X. Tephrosin attenuates sepsis induced acute lung injury in rats

by impeding expression of ICAM-1 and MIP-2. Microb Pathog. 2018;117:93-9. doi: 10
.1016/j.micpath.2018.02.017, PMID 29432911.

. Kim HS, Bae S, Lim YJ, So KA, Kim TJ, Bae S, et al. Tephrosin suppresses the

chemoresistance of paclitaxel-resistant ovarian cancer via inhibition of FGFR1
signaling pathway. Biomedicines. 2023;11(12):3155. doi: 10.3390/biomedicines111
23155, PMID 38137377.

. Du J, Jiang F, Xu SS, Huang ZF, Chen LL, Li L. Tephrosin induces apoptosis of human

pancreatic cancer cells through the generation of reactive oxygen species. J Cancer.
2021;12(1):270-80. doi: 10.7150/jca.50360, PMID 33391424.

. Wilbur KM, Bernheim F, Shapiro OW. Determination of lipid peroxidation. Arch

Biochem Biophys. 1949;24:305-10.

. Misra HP, Fridovich I. The role of superoxide anion in the autoxidation of epinephrine

and a simple assay for superoxide dismutase. J Biol Chem. 1972;247(10):3170-5. doi:
10.1016/50021-9258(19)45228-9, PMID 4623845.

. Ellman GL. Tissue sulfhydryl groups. Arch Biochem Biophys. 1959;82(1):70-7. doi: 10.

1016/0003-9861(59)90090-6, PMID 13650640.

. Sinha AK. Colorimetric assay of catalase. Anal Biochem. 1972;47(2):389-94. doi: 10.10

16/0003-2697(72)90132-7, PMID 4556490.

. Mocanu CS, Jureschi M, Drochioiu G. Aluminium binding to modified amyloid-$

peptides: implications for Alzheimer’s disease. Molecules. 2020;25(19):4536. doi: 10.3
390/molecules25194536, PMID 33022965.

Dey M, Singh RK. Neurotoxic effects of aluminium exposure as a potential risk factor
for Alzheimer’s disease. Pharmacol Rep. 2022;74(3):439-50. doi: 10.1007/543440-022
-00353-4, PMID 35088386.

21.

22.

23.

24,

25.

26.
27.

28.

29.

30.

31.

32.

Al-Hazmi MA, Rawi SM, Hamza RZ. Biochemical, histological, and neuro-physiological
effects of long-term aluminum chloride exposure in rats. Metab Brain Dis.
2021;36(3):429-36. doi: 10.1007/s11011-020-00664-6, PMID 33404936.

Shi X, Bai H, Wang J, Wang J, Huang L, He M, et al. Behavioral assessment of sensory,
motor, emotion, and cognition in rodent models of intracerebral hemorrhage. Front
Neurol. 2021;12:667511. doi: 10.3389/fneur.2021.667511, PMID 34220676.

Umoren IU, Davies KG, Aluko EO, Peter HU, Umoh UF, Isong NA, et al. Neuroprotective
effects of Launaea taraxacifolia leaf extracts on aluminium chloride-induced motor
dysfunction.

Abdulkadir TS, Dawud FA, Isa AS, Ayo JO. Taurine and camel milk modulate
neurobehavioral and biochemical changes in aluminum chloride-induced
Alzheimer’s disease in rats. J Alzheimers Dis. 2021;84(1):291-302. doi: 10.3233/
JAD-210130, PMID 34542066.

Musa SA, Bolaji MS. Neuroprotective effects of Phoenix dactylifera L. and melatonin
on aluminum chloride-induced neurotoxicity in the cerebellum of adult Male Wistar
Rats.

Trang A, Khandhar PB. Physiology, acetylcholinesterase.

Vecchio |, Sorrentino L, Paoletti A, Marra R, Arbitrio M. The state of the art on
acetylcholinesterase inhibitors in the treatment of Alzheimer’s disease. J Cent Nerv
Syst Dis. 2021;13:11795735211029113. doi: 10.1177/11795735211029113, PMID
34285627.

Swomley AM, Butterfield DA. Oxidative stress in Alzheimer disease and mild
cognitive impairment: evidence from human data provided by redox proteomics.
Arch Toxicol. 2015;89(10):1669-80. doi: 10.1007/500204-015-1556-z, PMID 26126631.
Dibacto RE, Ambamba BD, Ella FA, Nyangono CF, Nanhah JV, Fonkoua M, et al. The
neuroprotective effect of Xylopia parviflora against aluminum chloride-induced
neurotoxicity in rats. Heliyon. 2022;8(7).

Li L, Jiao Y, Jin T, Sun H, Li S, Jin C et al. Phenolic alkaloid oleracein E attenuates
oxidative stress and neurotoxicity in AICI3-treated mice. Life Sci. 2017;191:211-8. doi:
10.1016/j.1fs.2017.10.019, PMID 29054451.

Anyanwu G E, Nwachukwu J, Oria S R, Obasi K K, Ekwueme E P, Nto J N, et al.
Fisetin attenuates AICI3-induced neurodegeneration by modulating oxidative
stress and inflammatory cytokine release in adult albino Wistar rats. Toxicol Rep.
2024;13:101812. doi: 10.1016/j.toxrep.2024.101812, PMID 39624221.

Qusti SY. Selenium and melatonin attenuate inflammation and oxidative stress in
the brain of aged rats with aluminum chloride-induced Alzheimer’s. Int J Pharm Res
Allied Sci. 2017;6(2).

Cite this article: Xue H, Nan W, Li Q. Neuroprotective Effects of Tephrosin on Aluminium Chloride-induced Oxidative Stress Mediated Neuroinflammation in
Rat Model of Alzheimer’s Disease. Indian J of Pharmaceutical Education and Research. 2026;60(4):1696-705.

Indian Journal of Pharmaceutical Education and Research, Vol 60, Issue 4, Oct-Dec, 2026

1705



