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hippocampus of AD model rats.

Methods: Forty male Wistar rats were divided into eight groups, including Control, AD,
phosphate-buffered saline (PBS), AD-Chitosan, AD-Linalool, AD-nano Linalool, AD-
Ascorbic acid, and AD-nano Ascorbic acid groups. The AD model was induced in rats by
© 2026 Arak University of Medical bilateral intracerebroventricular injection of beta-amyloid (5 pg in 2 pl). Treatment with
Sciences linalool (25 mg/kg), nanolinalool (25 mg/kg), ascorbic acid (100 mg/kg), and nanoascorbic
acid (100 mg/kg) was performed by gavage for 30 days. At the end of the period, after
staining the hippocampus with thioflavin S, the amount of amyloid plaque deposition in
the CA3 region was examined.

Results: The percentage of amyloid plaque deposition in the CA3 region of the
hippocampus of the AD-Linalool, AD-nano Linalool, AD-Ascorbic acid, and AD-nano
Ascorbic acid groups was significantly lower compared to the AD group (p<0.001). Plaque
deposition was significantly reduced in the AD-nano Linalool group compared to the AD-
Linalool group (p<0.05), and in the AD-nano Ascorbic acid group compared to the AD-
Ascorbic acid group (p<0.01).

Conclusion: Encapsulation of linalool and ascorbic acid in chitosan nanoparticles
increased the ability of these natural compounds to reduce amyloid plaque deposition in
the hippocampus of AD model rats. Encapsulation of these compounds may enhance
their neuroprotective effect in the AD model rats.
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INTRODUCTION

Amyloid beta (AB), the main component of
amyloid plaques in the brains of patients with
Alzheimer's disease (AD), is a promising target for
the AD treatment (1, 2). Linalool is an acyclic
monoterpene that has neuroprotective effects (6,
7) and can reduce AP production and tau
hyperphosphorylation in AD model mice (8).
Ascorbic acid is also a potent antioxidant (9) and
its protective effects have been demonstrated in
the brains of AD model rats (12).

Research has shown that linalool and ascorbic acid
do not completely eliminate the damage to the
nervous system in AD; for example, they cannot
completely prevent the formation and deposition
of amyloid plaques in the brain (8, 12). Therefore,
it is necessary to find ways to increase their
effectiveness. The present study was conducted to
investigate the effect of encapsulating linalool and
ascorbic acid in chitosan nanoparticles on the
deposition of amyloid plaques in the CA3 region of
the hippocampus of AD model rats.

METHODS

A total of 40 adult male Wistar rats were randomly
divided into eight groups (n=>5, each) as follows:

1. Control group (intact rats).

2. Phosphate-buffered saline (PBS) group: These
animals received PBS as an AP solvent
intraventricularly using stereotaxic surgery.

3. AD group: These rats received AB1-42 at a dose
of 10 pg per rat (5 pg per lateral ventricle) via
intracerebroventricular injection (16).

4. AD-Chitosan group: These rats received
chitosan (200 mg/kg) after intracerebroventricular
injection of AB1-42 (17).

5. AD-Linalool group: These animals received
linalool (25 mg/kg) after intracerebroventricular
injection of AB1-42 (18).

6. AD-nano-Linalool group: These rats received
nano-linalool (25 mg/kg) after
intracerebroventricular injection of AB1-42.

7. AD-Ascorbic acid group: These rats received
ascorbic acid (100 mg/kg) after
intracerebroventricular injection of AB1-42 (12).

8. AD-nano-Ascorbic acid group: These animals
received nano-ascorbic acid (100 mg/kg) after
intracerebroventricular injection of AB1-42.

All rats except the control group underwent
stereotaxic surgery. The coordinates of AP: -0.8
mm, L: #1.5 mm, V: 3.8 mm were selected for the
injection site using a rat brain atlas (20). Chitosan,
linalool, nano-linalool, ascorbic acid, and nano-
ascorbic acid were administered by gavage one
day after stereotaxic surgery and continued for 30
consecutive days. Then, the brain hemispheres
were transferred to 10% formalin solution for
histological examination. The sectioning was
performed at a distance of 2.7 mm to 3.7 mm
posterior to the bregma. Then, 1% thioflavin S was
used to stain amyloid plaques, and the percentage

of amyloid plaque deposition (indicated by green color)
was calculated for each animal (21).

Results are presented as mean + standard error. One-
way analysis of variance and Tukey's post hoc test
were used to determine differences between groups. A
P-value < 0.05 was considered statistically significant.
RESULTS

Examination of the nanoparticles using field emission
scanning electron microscopy revealed that the
nanoparticles have a nearly spherical structure, are
clustered together, and have a diameter of less than
0.2 um. The results of the dynamic light scattering test
also confirmed this, reporting a diameter of 159 nm for
the linalool nanoparticle and a diameter of 125 nm for
the ascorbic acid nanoparticle.

The percentage of amyloid plaque deposition in the
CA3 region of the hippocampus of the AD group was
significantly increased compared to the control group
(p<0.001). While the percentage of amyloid plaque
deposition in the AD-Linalool, AD-nano-Linalool, AD-
Ascorbic acid and AD-nano-Ascorbic acid groups was
significantly lower compared to the AD group
(p<0.001). Plaque deposition was significantly reduced
in the AD-nano Linalool group compared to the AD-
Linalool group (p<0.05), and in the AD-nano Ascorbic
acid group compared to the AD-Ascorbic acid group
(p<0.01; Figure 4).

CONCLUSION

Overall, encapsulation of linalool and ascorbic acid in
chitosan nanoparticles increases the ability of these
natural compounds to reduce the deposition of amyloid
plaques in the CA3 region of the hippocampus of AD
model rats.
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