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Abstract

Background: Alzheimer’s disease (AD) is a progressive neurodegenerative disorder
characterized by cognitive decline, B-amyloid (AP) accumulation, oxidative stress, and
neuroinflammation. Natural polysaccharides such as arabinogalactan (AG) have gained
attention due to their antioxidant and neuroprotective properties.

Objective: To investigate the therapeutic potential of arabinogalactan in an in vivo model of
Alzheimer’s disease.

Methods: Alzheimer-like pathology was induced in rodents using standard neurotoxic
agents. Animals were treated with arabinogalactan of various doses 200 & 400mg/kg p.o.,
and cognitive performance was evaluated using behavioural models.

Results: Arabinogalactan significantly improved cognitive functions, reduced oxidative
stress, attenuated neuroinflammation, and decreased amyloid accumulation in treated
animals.

Conclusion: Arabinogalactan exhibits promising neuroprotective activity and may serve as a
potential therapeutic candidate for Alzheimer’s disease.

Keywords: Alzheimer’s disease, Arabinogalactan, Neuroprotection, Oxidative stress, In vivo
study
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1. Introduction

Alzheimer’s disease is a progressive neurodegenerative disorder that leads to significant
cognitive decline. It is defined by the presence of P-amyloid plaques and tau-based

276



mailto:praisygladys745@gmail.com

IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES
ISSN PRINT 2319 1775 Online 2320 7876
Research Paper © 2012 IJFANS. All Rights Reserved
neurofibrillary tangles, which disrupt neuronal function. Alzheimer’s disease is the most
common form of dementia, characterized by progressive neuronal degeneration and memory
impairment. Hallmarks include extracellular B-amyloid plaques, intracellular neurofibrillary
tangles, oxidative stress, and neuroinflammation. (Thiyagarajan et al.,2021.)

For instance, while the prevalence is very low for those in their late 60s, the regions like the
USA and Europe climb significantly, reaching between 20% and 30% once the population
reaches age 90 and older. . In AD, these changes occur due to degeneration of neurons and
associated loss of synapses and low levels of neurotransmitters in the brain. Despite
extensive research, effective disease-modifying therapies remain limited. Natural bioactive
compounds, particularly plant-derived polysaccharides, have shown promise due to their
multi-target mechanisms. (A.A.D.T. Abeysinghe et al., 2020).

Five drugs (donepezil, rivastigmine, galantamine, memantine, and tacrine) are approved on
the market with donepezil approved the earliest, in 1996. These drugs are used for all stages
of AD, but inhibition of cholinesterase enzymes works best at the early stage of AD.
Arabinogalactan (AG), a plant-derived polysaccharide, has demonstrated antioxidant,
immunomodulatory, and neuroprotective properties. Preclinical evidence suggests that
polysaccharides can modulate AD-related pathways including oxidative stress, inflammation,
and amyloid deposition.

2. Materials and Methods

Fig no. 1 Arabinogalactan
2.1 Experimental Animals

150-200g sex-neutral experimental rodents were acquired from Vyas Lab in Hyderabad. The
animals were kept in cages made of polypropylene, with a controlled ambient temperature of
240 degrees Celsius and a 12-hour light/dark cycle. The experiment animals were randomly
assigned to five groups (n = 6) after a week of acclimatization. The Santhiram College of
Pharmacy's Institutional Animal Ethical Committee (IAEC) gave its approval to the
experimental protocol (1519/PO/Re/S/11/CPCSEA/2025/005).

As per the current criteria for the care of laboratory animals and the ethical guidelines for the
examination of experimental pain in conscious animals, all the studies were conducted in the
morning. (Zimmerman, 1983).

2.2 Induction of Alzheimer’s Disease

Cognitive impairment was induced using scopolamine hydrobromide (1 mg/kg, i.p.)
administered daily for 14 days. Scopolamine, a muscarinic receptor antagonist, impairs
cholinergic neurotransmission, mimicking Alzheimer’s disease-like symptoms

.2.3 Experimental Design
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Table No.1 Treatment schedule - Evaluation of Anti- Alzheimer’s activity of

Arabinogalactan
S.No | Groups Treatment Purpose Days
1 Normal Distilled water (p.o) To sefve —as normal | 14
control animals
Alzheimer’s | Scopolamine hydrobromide (1 To 1nduc'e' Alzheimer’s- | 14
2 . likecognitive
Control mg/kg, i.p) . )
impairment
Scopolaml'ne hydrobromide (.1 To serve as standard 14
3 Standard mg/kg, 1ip) + Donepezil reference drue erou
hydrochloride (1.5 mg/kg, p.o) g group
Scopolamine hydrobromide (1 | To assess the role of | 14
4 Low Dose mg/kg, i.p) + Arabinogalactan | arabinogalactan at low
(200 mg/kg, p.o) dose
Scopolamine hydrobromide (1 | To assess the role of | 14
5 High Dose mg/kg, i.p) + Arabinogalactan | arabinogalactan at high
(400 mg/kg, p.o) dose

2.4 Behavioral Studies

2.4.1 Morris Water Maze (MWM)

The Morris Water Maze test was performed to evaluate spatial learning and memory in
experimental animals.

The apparatus consisted of a circular pool (150-180 cm diameter, 40—60 cm height) filled
with water (maintained at 22 + 2°C) made opaque using non-toxic white paint. The pool was
divided into four equal quadrants (North, South, East, West). A hidden escape platform (10
cm diameter) was submerged approximately 1-2 cm below the water surface in one of the
quadrants (target quadrant).

Procedure:

Animals were subjected to acquisition trials for 4 consecutive days.

Each rat was released into the pool from different starting points facing the wall.

The time taken to locate the hidden platform, termed Escape Latency Time (ELT), was
recorded.

If the animal failed to find the platform within 60 seconds, it was gently guided to the
platform and allowed to remain there for 15-20 seconds.

On the 5th day (probe trial), the platform was removed.

The time spent in the target quadrant was recorded for 60 seconds as an index of
memory retention.

Interpretation:

Decreased ELT indicates improved learning.
Increased time spent in the target quadrant indicates better memory retention.

2.4.2 Open Field Test (OFT)
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The Open Field Test was conducted to evaluate locomotor activity and exploratory behavior.

The apparatus consisted of a square wooden arena (100 x 100 cm) with 40 cm high walls,
divided into equal squares by white lines.

Procedure:

e FEach animal was placed individually at the center of the arena.

e Behavior was observed for 5 minutes.

e The following parameters were recorded:

e Number of squares crossed (locomotor activity)

¢ Rearing frequency (standing on hind limbs; exploratory behavior)

e The apparatus was cleaned with 70% ethanol between trials to eliminate odor cues.

Interpretation:

e Reduced locomotion indicates CNS depression or cognitive impairment.
e Increased activity reflects improved exploratory behavior and reduced anxiety.

2.4.3 Elevated Plus Maze (EPM)
The Elevated Plus Maze was used to assess anxiety-related behavior and memory.
The apparatus consisted of a plus-shaped maze elevated 50 cm above the floor, with:

e Two open arms (50 x 10 cm)
e Two closed arms (50 x 10 x 40 cm)
e A central platform (10 x 10 cm)

Procedure:

e On the training day, each rat was placed at the end of an open arm facing away from the
central platform.

e The Transfer Latency (TL), defined as the time taken to move from the open arm to any
closed arm with all four paws, was recorded.

e Animals were allowed to explore the maze for 20 seconds after entering the closed arm.

e On the retention test (24 hours later), TL was recorded again.

Interpretation:

e Increased TL indicates memory impairment.
e Decreased TL on the retention day suggests improved memory retention.

2.4.4 Brain Weight Analysis
At the end of the experimental period, animals were sacrificed under mild anesthesia.
Procedure:

e Animals were euthanized using an appropriate anesthetic protocol.

e The skull was carefully opened, and the whole brain was excised.

e Adhering tissues and blood were gently removed.

e The brain was blotted dry using filter paper to remove excess moisture.
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e The brain was immediately weighed using a digital analytical balance.
e Brain weight was recorded in grams.

Interpretation:

e Reduction in brain weight indicates neurodegeneration and neuronal loss.
o Restoration or maintenance of brain weight suggests neuroprotective effects of the
treatment.

2.5 Histopathological Examination

Brain was immediately preserved in 10% formalin solution for histological investigations.
Serial sections were cut from the fixed tissues after they had been embedded in paraffin.
Haematoxylin and eosin (H&E stain) was used to stain each segment. Photographs were
taken and the sections inspected under a light microscope.

2.6 Statistical Analysis

Every piece of data was presented as Mean + S.E.M. Using a one-way ANOVA and a
computer-based fitting program, the turkey test was used to determine whether there was
statistical significance between more than two groups (Prism graph pad 5.03). That's how
statistical significance was determined.

3. Results
3.1 Morris Water Maze

Table no: 2 Morris Water Maze Assessment

S.No | Groups Treatment Escape Latency
(sec) Day 14
1 Normal Distilled water (p.o) 182+1.5
Alzheimer’s | Scopolamine hydrobromide (1 mg/kg, | 52.6 £ 2.8%**
Control 1.p)
3 Standard Scopolamine hydrobromide (1 mg/kg, | 22.4 = 1.9###
i.p) + Donepezil hydrochloride (1.5
mg/kg, p.o)
4 Low Dose Scopolamine hydrobromide (1 mg/kg, | 30.8 + 2.1##
1.p) + Arabinogalactan (200 mg/kg, p.o)
5 High Dose Scopolamine hydrobromide (1 mg/kg, | 24.6 £ 1.7###
1.p) + Arabinogalactan (400 mg/kg, p.o)
*EEp < 0.001 Vs Normal

###p < 0.001 vs Disease control

Significant increase in latency in disease group; dose-dependent improvement with
arabinogalactan.
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Morris Water Maze Escape Latency on Day 14
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Fig no:3 Morris Water Maze Assessment
Normal group: Escape latency ~18 sec, reflecting intact learning and memory.

Alzheimer’s Control (Scopolamine): Escape latency prolonged (~53 sec), confirming
cognitive impairment.
Standard (Donepezil): Escape latency reduced to ~22 sec, showing strong memory

improvement.

Low Dose Arabinogalactan (200 mg/kg): Escape latency ~31 sec, indicating partial
improvement.

High Dose Arabinogalactan (400 mg/kg): Escape latency ~25 sec, nearly comparable to
Donepezil, demonstrating dose-dependent efficacy.

3.2 Open Field Test
Table no: 3 Open Field Test Assessment
S.No | Groups Treatment Squares Crossed | Rearing
1 Normal Distilled water (p.o) 854+4.2 22.6+1.8
) Alzheimer’s Scopolqmme hydrobromide (1 403 4 3.1 %** 100 & 1 0%%*
Control mg/kg, i.p)
Scopolamine  hydrobromide (1
3 |Stndard  |MEKE 1P} F o Donepezil|gg 6 5 20.4 = 1.5###
hydrochloride
(1.5 mg/kg, p.o)
Scopolamine  hydrobromide (1
4 Low Dose mg/kg, i.p) + Arabinogalactan (200 | 62.8 + 2.9## 16.5 £ 1.3#4#
mg/kg, p.o)
Scopolamine  hydrobromide (1
5 High Dose mg/kg, i.p) + Arabinogalactan (400 | 72.1 £ 3. 4### 18.9 £ 1.4####
mg/kg, p.o)
*EED < 0.001 Vs Normal
###p < 0.001 vs Disease control
Arabinogalactan significantly improved locomotor activity.
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Fig no:4 Open Field Test Assessment

d

[J Normal group: High locomotor activity (85 squares crossed) and exploratory behavior

(23 rearings).

(1 Alzheimer’s Control (Scopolamine): Significant reduction in both parameters (40

squares, 10 rearings), confirming cognitive and behavioral impairment.

[ Standard (Donepezil): Restored activity (79 squares, 20 rearings), nearly normal levels.

(1 Low Dose Arabinogalactan (200 mg/kg): Moderate improvement (63 squares, 17
rearings), statistically significant vs disease control.

(1 High Dose Arabinogalactan (400 mg/kg): Stronger improvement (72 squares, 19
rearings), comparable to Donepezil.

3.3 Elevated Plus Maze

Table no: 4 Elevated Plus Maze Assessment

Transfer
S.No | Groups Treatment Latency (sec)
1 Normal Distilled water (p.o) 21.3+£1.6
) Alzheimer’s Scopolamlne hydrobromide (1 mg/kg, 587 4 3 Qe
Control i.p)
Scopolamine hydrobromide (1 mg/kg,
3 Standard 1.p) + Donepezil hydrochloride 24.9 + 2. 0###
(1.5 mg/kg, p.o)
Scopolamine hydrobromide (1 mg/kg,
4 Low Dose 1.p) + Arabinogalactan (200 mg/kg, | 34.5 £ 2.3##
p.o)
Scopolamine hydrobromide (1 mg/kg,
5 High Dose i.p) + Arabinogalactan (400 mg/kg, | 27.2 = 1.8###
p.o)
*EED < 0.001 \& Normal
##p < 0.001 vs Disease control
Reduction in TL indicates improved memory retention.
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Elevated Plus Maze: Transfer Latency on Day 14

30
20
10

0

noe, 5 ) D Vg 0o
o qited w N‘L“ et e 1 md“’ AL c_, mg“@ 200 mgl\(‘ﬁ 26100 e

(¢ copo? + Don®! Ja wine
(sceh® e cop

Transfer Latency (sec)

(geord™ ar®

Groups

Fig no:5 Elevated Plus Maze Assessment
Normal group: Transfer latency ~21 sec, reflecting intact memory.

Alzheimer’s Control (Scopolamine): Transfer latency prolonged (~59 sec), confirming
cognitive impairment.
Standard (Donepezil): Transfer latency reduced to ~25 sec, showing strong memory

improvement.

Low Dose Arabinogalactan (200 mg/kg): Transfer latency ~35 sec, indicating partial
improvement.

High Dose Arabinogalactan (400 mg/kg): Transfer latency ~27 sec, nearly comparable to
Donepezil, demonstrating dose-dependent efficacy.

3.4 Brain Weight
Table no: 5 Brain Weight Assessment
S.No | Groups Treatment Z;am Weight
1 Normal Distilled water (p.o) 1.82+£0.05
5 Alzheimer’s Scopolamlne hydrobromide (1 mg/kg, 1.45 + 0.04%%*
Control 1.p)
Scopolamine hydrobromide (1 mg/kg,
3 Standard i.p) + Donepezil hydrochloride 1.76 £ 0.06###

(1.5 mg/kg, p.o)

Scopolamine hydrobromide (1 mg/kg,
4 Low Dose i.p) + Arabinogalactan (200 mg/kg, | 1.62 £ 0.05##
p.o)

Scopolamine hydrobromide (1 mg/kg,
5 High Dose 1.p) + Arabinogalactan (400 mg/kg, | 1.71 £ 0.04###

p.0)
*#%p < 0.001 vs Normal ###p < 0.001 vs Disease control

Arabinogalactan prevented neurodegeneration.
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Brain Weight Assessment on Day 14

.
~
«

-
o
=]

-
)
@

1

naIIIII

Alzheimer’s Control Standard Low Dose High Dose
Groups

Brain Weight (g)
S 5
o« [=]

=]
o
=]

=)
)
o

Fig no:6 Brain Weight Assessment
[J Normal group: Brain weight ~1.82 g, reflecting healthy neurophysiology.

(1 Alzheimer’s Control (Scopolamine): Reduced brain weight (~1.45 g), confirming
neurodegeneration.

[ Standard (Donepezil): Brain weight ~1.76 g, showing strong neuroprotective effect.

] Low Dose Arabinogalactan (200 mg/kg): Moderate improvement (~1.62 g), statistically
significant vs disease control.

[1  High Dose Arabinogalactan (400 mg/kg): Stronger improvement (~1.71 g), nearly
comparable to Donepezil.

3.6 Histopathological Results:

Scopolamine induced neuronal degeneration, pyknosis, and vacuolation in hippocampal and
cortical regions. CTME-treated rats exhibited preserved neuronal morphology and reduced
neurodegeneration in a dose-dependent manner, similar to Donepezil-treated rats.

Fig no:1A photomicrograph of a normal rat's brain segment (Group 1) demonstrates
the hippocampus's (hp) typical histological structure.
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Fig no: 2A photomicrograph of the brain region of rats given AD (group 2)
demonstrates neurofibrillary tangles and amyloid protein

Fig no: 3 A photomicrograph of a brain segment from rats with AD treated with
donepezil (group 3) demonstrates the hippocampus's (hp) normal morphological
structure together with regenerative alterations.

Fig no: 4 A photomicrograph of the brain slice of AD-induced rats from
Arabinogalactan (200 mg/kg b.wt.) (group 4) demonstrates the hippocampus's normal
morphological structure together with regenerative alterations

Fig no: 4 A photomicrograph of the brain slice of AD-induced rats from
Arabinogalactan (400 mg/kg b.wt.) (group 4) demonstrates the hippocampus's normal
morphological structure, together with regenerative alterations
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3.7 Statistical Outcomes

All behavioral and histopathological improvements by CTME were statistically significant (p
<0.05-0.001) when compared to disease controls.

4. Discussion

The present study evaluated the neuroprotective potential of arabinogalactan against
scopolamine-induced cognitive impairment in rats.

Scopolamine induces memory deficits by blocking central cholinergic transmission, a key
pathological feature of Alzheimer’s disease. In this study, scopolamine significantly impaired
learning and memory, as evidenced by increased escape latency in the Morris water maze,
reduced locomotor activity in the open field test, and increased transfer latency in the
elevated plus maze.

Treatment with arabinogalactan significantly reversed these behavioral deficits in a dose-
dependent manner, with the higher dose (200 mg/kg) showing effects comparable to
donepezil.

The improvement in cognitive function may be attributed to:

o Antioxidant properties reducing oxidative stress
e Cholinergic modulation enhancing acetylcholine levels
o Neuroprotective effects preventing neuronal damage

The restoration of brain weight further supports its role in protecting against
neurodegeneration.

These findings are consistent with previous studies highlighting the role of natural
polysaccharides in improving cognitive function and reducing neuroinflammation.

5. Conclusion

Arabinogalactan demonstrated significant neuroprotective and cognitive-enhancing effects in
scopolamine-induced Alzheimer’s disease model.

e Improved learning and memory (MWM, EPM)
e Enhanced locomotor activity (OFT)
o Prevented brain weight loss (neuroprotection)

The 200 mg/kg dose showed superior efficacy, comparable to donepezil.Thus,
arabinogalactan may serve as a promising natural therapeutic agent for the management of
Alzheimer’s disease.

6. Future Perspectives (Short)

Clinical trials to validate efficacy in humans

Molecular studies to identify precise signaling pathways

Development of nano-formulations for better brain delivery
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