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Abstract
Objective: Natural antioxidant products including cedrol are
suggested to improve cognitive abilities. In the current research, the
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Fax: 985138828564 were examined in Morris water maze test (MWMT) and passive

hosseinim@mums.ac.ir avoidance test (PAT). The brain tissues were also collected and

were used for biochemical examinations.

égé’\:’;rds' Results: Cedrol at both doses shortened the latency and distance
Brain-derived neurotrophic required to locate the hidden platform across 5 days of MWMT
factor (BDNF) (p<0.05 to p<0.001) and prolonged the time and distance in the
Oxidative stress target area in probe test of MWMT (p<0.05 to p<0.001). In the PAT,
Learning ability cedrol decreased the time spent in the dark part (p<0.001) and the
Memory entry number in to the dark (p<0.05 to p<0.001) but increased delay
Cholinergic system time to enter the dark part (p<0.001) and the time spent in the light

part (p<0.001). Cedrol especially at the higher dose increased
BDNF, thiols, catalase and superoxide dismutase levels, but
reduced malondialdehyde in the tissues of the brain.

Conclusion: The findings revealed that cedrol could mitigate
cognitive dysfunction induced by injection of scopolamine through
attenuating oxidative stress and improving BDNF levels.
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Introduction

As the leading cause of dementia,
Alzheimer’s disease (AD) is recognized as
a progressive neurodegenerative condition
that gradually diminishes cognitive
capacities, particularly those related to
memory consolidation and learning
processes (Nie et al. 2009). Amyloid plaque
(AP) formation and accumulation of tau
proteins are suggested to have an important
role in AD (Giacobini et al. 2022). Damage
to cholinergic neurons which s
accompanied with cholinergic system
dysfunction is also suggested to be the main
contributor to AD (Giacobini et al. 2022;
Giacobini and Pepeu 2018; Hampel et al.
2019). Therefore, drugs such as donepezil
and rivastigmine which are able to inhibit
acetylcholinesterase (AChE) activity are
advised to improve the conditions of AD
patients because the AChE inhibitors
reinforce the cholinergic system (Terry and
Buccafusco 2003). Evidence also suggests
a direct link between neuronal degeneration
and oxidative stress (Niedzielska et al.
2016). Oxidative stress is a disruption in the
equilibrium among endogenous antioxidant
defenses and  pro-oxidant  factors,
particularly reactive oxygen species (ROS),
(Sayre et al. 2008; Shakeri et al. 2020).
Multiple  determinants  underlie  the
susceptibility of certain brain regions to
oxidative stress. Among these are the
unique metabolic demands of the brain and
the high concentration of polyunsaturated
fatty acids, particularly within areas such as
the hippocampus and prefrontal cortex,
which render these regions especially
vulnerable.  Also, studies suggest that
oxidative stress has a main role in Ap and
tau protein accumulation in the brain.
Brain-derived neurotrophic factor (BDNF)
is a key neurotrophic involved in the
regulation of cognitive processes. It plays
an essential role in neuronal development,
differentiation, and proliferation,
particularly within brain regions critical for
learning and memory (Callaghan and Kelly
2012; Cunha et al. 2010; Hartmann et al.
2012; Keshavarzi et al. 2021). Both

experimental and clinical studies have
implicated BDNF dysregulation in the
underlying mechanisms of AD (Saura and
Valero 2011).

Scopolamine as an antagonist of the
cholinergic system is well known for
producing an impaired learning and
memory animal model (Azizi-Malekabadi
et al. 2012; Jamialahmadi et al. 2013; Tang
2019). This experimental model provides a
valuable framework for investigating the
underlying mechanisms contributing to
learning and memory impairments
associated with AD (Akbarian et al. 2022;
Tang 2019). Scopolamine injection is also
shown to be accompanied by an AChE over
activity (Akbarian et al. 2022). Moreover,
Scopolamine treatment has been shown to
provoke oxidative stress—induced neuronal
damage in the brain, as evidenced by
experimental findings (Akbarian et al.
2022; Amirahmadi et al. 2022; Hosseini et
al. 2022; Marefati et al. 2019). Conversely,
antioxidant compounds have been proposed
to possess preventive potential against AD
and are under investigation for their
capacity to ameliorate clinical symptoms in
affected individuals (Behl and Moosmann
2002; Manoharan et al. 2016).

Cedrol is known to be a natural
compound which is obtained from
Juniperus Virginia oil that has some
biological properties including sedative
(Kagawa et al. 2003), anti-inflammatory
(Rastegar-Moghaddam et al. 2024), and
antioxidant functions (Emami et al. 2011).
In previous studies, the anxiolytic effect of
cedrol and its effects on neurotransmitters
has been reported (Zhang and Yao 2018;
Zhang and Yao 2019). It was also shown
that cedrol attenuated brain inflammation
and protected the brain against harmful
effects of lipopolysaccharide (Dabouri
Farimani et al. 2024). This study was
designed to evaluate the impact of cedrol on
cognitive  impairment  caused by
scopolamine injection in rats, its improving
effect on the levels of BDNF, and the
protection against oxidative stress-related
brain injury.
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Materials and Methods
Animals, grouping, drugs, and
treatments

Adult rats (Wistar, male, N=40, age =
9-10 weeks) were used in the current
research. The standard conditions were
provided for the rats, the temperature was
21 - 25°C, with a periodic 12 hr dark / light,
the lights were ON at 06 00 am and they
were OFF at 06 00 PM. The study was
carried out on 4 groups of the animals in the
current research. Sample size determination
was performed using G*Power software.
Each rat was treated as an independent
experimental unit. Random allocation into
control and treatment groups was
conducted using a computer-generated
randomization approach, specifically the
RAND function in Microsoft Excel.

Animals in Group | were the control
group, receiving the vehicle solution in
place of both cedrol and scopolamine.
Group Il was the Scopolamine group; in
this group the animals were given vehicle
instead of cedrol, the animals were also
injected (intraperitoneal) with scopolamine
(2 mg/ kg) (Eshaghi Ghalibaf et al 2023;
Akbarian et al. 2022). Groups Il and 1V
received intraperitoneal injections of cedrol
(15and 30 mg/kg), respectively (Dabouri
Farimani et al. 2024; Asgharzade et al.
2025), followed by  scopolamine
administration.

The experimental procedures were
conducted over a three-week period.
During the initial two weeks, animals in
groups 11 and IV received daily oral doses
of cedrol at respectively 15 and 30 mg/kg,
while groups I and Il were administered the
vehicle. During the third week, cedrol
treatment continued for groups 111 and 1V at
the same respective doses, followed by
scopolamine injection 30 min post-cedrol
administration. Group Il animals received

the wvehicle in place of cedrol, with
scopolamine  administered 30 min
thereafter. In the group I, the rats were
given the vehicle of cedrol and they were
also injected with saline instead of
scopolamine.

The rats were examined in the
behavioral tests 30 min after scopolamine
(in groups 1I-1V) and saline (in group 1)
(Figure 1). Cedrol and scopolamine were
obtained from Tinab Shimi Khavarmianeh
Company located in Mashhad, Khorasan
Province, Iran, and Sigma-Aldrich (USA),
respectively. A solution containing
dimethyl sulfoxide (DMSQO) and tween was
used to dissolve cedrol. To do the
behavioral and biochemical tests, the
samples were selected by a person who was
unaware of treatments. The research
protocol (No. 990226) received ethical
approval from the Ethics Committee of
North Khorasan University of Medical
Sciences, under the approval code
IR.NKUMS.REC.1400.066.

Behavioral assessments included the
Morris water maze test (MWMT) and the
Passive Avoidance Test (PAT). Escape
latency and path length in the MWMT were
assessed over five days and compared
among groups. During the probe trial,
spatial memory was evaluated by
measuring both the duration and distance
covered within the designated target
quadrant. In the PAT, cognitive
performance was assessed by comparing
latency to enter the dark compartment,
duration spent in both dark and light areas,
and the number of entries into the dark
chamber. Data obtained from the MWMT
probe trial were utilized to determine the
required cohort size. The dosing regimen
for cedrol was determined based on
previously published protocols (Dabouri
Farimani et al. 2024).
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Figure 1. A diagram to show the time line of the study and the treatments.

Memory and learning assessments in
PAT and MWMT

A water-filled round pool was used to
examine the MWMT. The temperature of
the water was adjusted to be about 23-26°C.
The round pool was hypothetically included
of four areas (quadrants) and a round and
clear platform (diameter = 10 cm) was
located in one of the four quadrants (target
area). The test was including two phases.
During the initial phase of training, the rats
acquired the ability to navigate the water
maze and locate the submerged platform.
Training was done on 5 days and in each
day, 4 trials were done. To do a trial, the
experimenter released each rat into the pool
from one of four positions which. In each
trial, each rat had a time (60 sec) to search
for the platform and locate it. If the animal
was not able to locate the platform after
elapsing 60 secs, the experimenter helped it
to find the platform. After locating the
platform, each rat had 20 sec time to see the
cues in the walls around the pool. These
spatial cues facilitate the rats’ ability to
locate the submerged platform during
subsequent trials. To record the traveled
path of the rat to reach the platform, a
camera was used which was located above
the pool. The camera recorded the activity
of the rat. The recorded films were

transferred to the computer and data
including traveling distance and time were
extracted using a software. Following the
acquisition phase, the platform was
withdrawn, and rats swam freely for 60 secs
in the probe test. Behavioral activity was
recorded, and subsequent analysis of the
video footage provided measurements of
both the path length traversed and the
duration spent within the target quadrant.
An apparatus which was made from
Plexiglas was used for PAT. The apparatus
was including two parts that were adjoining
each other by a gate. One of the two parts
was clear and lighted while the other was
black and dark. The gate was closeable
using a small door. The floor of the
apparatus was containing still bars with a
distance of 100 mm. A stimulator was
connected to the bars of the dark part. At
first, the rat was allowed to search inside
both dark and light parts of the apparatus for
5 min. Each rat was initially placed in the
lighted compartment and allowed to
transition into the dark chamber upon the
opening of the connecting door. When the
animal had fully entered and the door was
closed, a mild foot shock (2 mA, 2 sec) was
administered through the grid floor to
reinforce avoidance learning. After
opening the adjoining door, the rat was

Epub ahead of print 4



Cedrol improved learning and memory

entered to the light part and then it was
transferred into the cage. To assess memory
retention, rats were evaluated at 3, 24, 48,
and 72 hr following the aversive stimulus.
During each assessment, the animal was
positioned in the illuminated compartment,
and upon opening the connecting door, the
latency to enter the dark chamber was
recorded. In addition, each rat was allowed
to freely explore the apparatus for a
duration of five minutes, during which the
time spent in the dark, the number of entries
into the dark, and the time spent in the light
were recorded to further evaluate memory
performance and exploratory behavior.

Oxidative stress indicators and BDNF
measurements

A deep anesthesia was applied in the
rats using urethane at a dose of 1.6 g/kg, the
chest was opened, and the heart was
ruptured to euthanize the rat. The brains of
the rat were collected and the hippocampus
and cortex were separated. After The
homogenization and centrifugation, the
biochemical measurements were done on
the supernatants.

The concentration of hippocampal
BDNF was performed with an ELISA Kit
(MyBioSource, USA) following the
supplier’s instructions. Sample absorbance
values were measured and compared
against a standard calibration curve to
determine BDNF levels. This procedure
was consistent with methodologies reported
in earlier studies (Mansouri et al. 2021).

The assessment of lipid peroxidation
was conducted via the thiobarbituric acid
reactive substances (TBARS) assay,
wherein malondialdehyde (MDA) formed a
chromogenic complex with thiobarbituric
acid (TBA). Following incubation, cooling,
and centrifugation, absorbance was
determined at 535 nm to quantify oxidative
stress levels (Boskabady et al. 2021). The
determination of thiol content employed
5,5-dithio-bis-(2-nitrobenzoic acid
(DTNB) reactivity with  absorbance
readings at 412 nm, whereas superoxide
dismutase (SOD) and catalase activities

were analyzed using previously validated
methodologies (Boskabady et al. 2021;
Mansouri et al. 2021).

Data analysis

Quantitative data are presented as mean
+ standard error of the mean (SEM).
Statistical evaluations were conducted
using IBM SPSS Statistics software
(version 26.0), and graphical outputs were
generated via GraphPad Prism (version
8.4.3). The Kolmogorov—Smirnov test was
employed to examine the normality of data
distribution. To assess escape latency and
path length across training sessions in the
MWMT, repeated measures ANOVA was
utilized. For other experimental variables,
one-way ANOVA followed by Tukey’s
post hoc analysis was performed.

Results
Effects of cedrol on
performance in the MWMT
Scopolamine administration
significantly impaired spatial learning in
rats, as evidenced by prolonged escape
latency and increased path length to locate
the submerged platform compared to the
control group (p<0.01 to p<0.001). Cedrol
treatment (15 and 30 mg/kg) effectively
mitigated these deficits, resulting in
significantly reduced latency and distance
traveled relative to the scopolamine group
(p<0.05 to p<0.001; Figures 2A, 2B). No
meaningful statistical distinction was
observed between the two cedrol groups.
On the sixth day of probe trial, animals
treated with  scopolamine exhibited
impaired memory retention, demonstrated
by reduced exploration time and movement
range within the goal quadrant (p<0.001
and p<0.05, respectively). In contrast,
cedrol-treated rats at both dosage levels
showed enhanced memory performance,
spending significantly prolonged search
behavior in the target area (both p<0.001)
and covering greater distances (p<0.05 and
p<0.001) versus the scopolamine group
(Figures 3A and 3B).

behavioral
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Figure 2. The results of 5 days of learning of the
MWMT including time (A) and distance (B).
**p<0.01, and ***p<0.001 present the difference
between the Scopolamine group and Control group,
*p<0.05, **p<0.01, and ***p<0.001 present the
difference between Scopolamine group and
Scopolamine + Cedrol 15 group, #*p<0.01, and
##p<0.001 present the difference between
Scopolamine and Scopolamine + Cedrol 30 groups.
The data are presented as mean = SEM (n=10).

Effects of cedrol on behavioral
performance in the PAT

Scopolamine administration
significantly impaired memory retention, as
shown by a lower latency to enter the
aversive compartment at all post-shock
time points compared to the control group
(p<0.001). Cedrol treatment at both doses
effectively counteracted this impairment,
resulting in significantly longer delay times
relative to the scopolamine group (p<0.001
at 24, 48, and 72 hr; Figure 4A-D).
Additionally, animals in the scopolamine
group spent more time in the dark
compartment relative to the controls across
all time intervals (p<0.001). Cedrol
administration at both doses significantly
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Figure 3. The results of the time (A) and distance (B)
in the target area on the sixth day of MWMT in
which the platform was removed and the probe trial
was carried out. *p<0.05 and ***p<0.001 present
the difference between the Scopolamine group and
Control group, +p<0.05 and +++p<0.001 present the
difference between Scopolamine and Scopolamine +
Cedrol 15 groups or Scopolamine and Scopolamine
+ Cedrol 30 groups. The data are presented as
mean + SEM (n=10).

reduced this dark time (p<0.001 at 24, 48,
and 72 hr; Figure 4E—H).

Scopolamine also diminished the period
spent in the illuminated compartment at all
measured intervals (p <0.001; Figure SA—
D). Cedrol treatment restored this
parameter, with both doses significantly
increasing light area duration at 3 all-time
points (p<0.001; Figure 5A-D). Moreover,
the entry count into the darkened section of
the apparatus was markedly higher in the
scopolamine group versus the control
(p<0.001). Cedrol  co-administration
notably diminished this frequency relative
to the scopolamine group (p<0.05 to
p<0.001 at 3, 24, 48, and 72 hr; Figure 5E—
H).
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Effects of cedrol on hippocampal BDNF
levels

Scopolamine administration led to a
marked decrease in hippocampal BDNF
concentration versus the control group
(p<0.001; Figure 6). Cedrol intervention at
30 mg/kg markedly elevated BDNF levels
relative to the scopolamine group
(p<0.001). Furthermore, BDNF expression
in the Scopolamine + Cedrol 30 mg/kg
group was significantly higher than in the
Scopolamine + Cedrol 15mg/kg group
(p<0.001; Figure 6). No significant
variation was detected between the
Scopolamine + Cedrol 30 mg/kg group and
the control group, whereas BDNF levels in
the Scopolamine + Cedrol 15 mg/kg group
remained significantly lower than those in

controls (p<0.001; Figure 6).
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Figure 6. BDNF concentration in the hippocampus.
*p<0.05 and **p<0.01 present the difference
between different groups and Control group,
+++p<0.001 presents the difference between the
Scopolamine group and Scopolamine+Cedrol 30
group, ###p<0.001 presents the difference between
Scopolamine+cedrol 15 and Scopolamine+Cedrol

30 groups. The data are presented as mean+ SEM
(n=7).

Effects of cedrol on oxidative stress
parameters

Scopolamine administration caused a
notable elevation in MDA levels within
both the hippocampus and cortex compared
to the control group (p<0.001; Figure 7A,

B). Cedrol treatment at both 15 and
30mg/kg doses markedly reduced
hippocampal MDA concentrations relative
to the scopolamine group (p<0.001; Figure
6A). In the cortex, only the higher dose of
cedrol produced a significant reduction in
MDA levels relative to animals receiving
scopolamine (p<0.001; Figure 7B). Despite
these improvements, MDA concentrations
in the hippocampus of cedrol-treated
groups and in the cortex of the high-dose
cedrol group remained significantly
elevated versus the control values
(p<0.001; Figure 7). Moreover, the
reduction in MDA levels achieved with the
30 mg/kg dose of cedrol was significantly
greater than that observed with the
15 mg/kg dose (p<0.05 to p<0.001; Figure
7A, B), indicating a dose-dependent
antioxidant effect.
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Figure 7. The MDA concentration in the
hippocampus (A) and cortex (B). ***p<0.001
presents the difference between different groups and
Control group, +++p<0.001 presents the difference
between Scopolamine and Scopolamine + Cedrol 15
groups or Scopolamine and Scopolamine + Cedrol
30 groups, #p<0.05 and ###p<0.001 present the
difference between Scopolamine + Cedrol 15 and
Scopolamine + Cedrol 30 groups. The data are
presented as mean + SEM (n=7).
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Scopolamine administration
significantly reduced thiol concentrations
in both the hippocampus and cortex versus
to control animals (p<0.001 for both
regions). Treatment with cedrol at 30 mg/kg
effectively elevated thiol levels in both
brain areas (p<0.001), whereas the
15 mg/kg dose increased this parameter
only in the cortex (p<0.01). Despite the
improvements, thiol concentrations in both
the Scopolamine + Cedrol 15 mg/kg and
Scopolamine + Cedrol 30 mg/kg groups
remained significantly lower than those
observed in the control group (p<0.01 to
p<0.001). Moreover, thiol levels in the
hippocampus and cortex were substantially
elevated in the Scopolamine + Cedrol
30 mg/kg group versus to the Scopolamine
+ Cedrol 15mg/kg group (p<0.01 to
p<0.001; Figure 8).

Scopolamine administration led to a
significant reduction in the activities of
SOD and catalase in brain tissue versus the
control group (p<0.001 for both enzymes;
Figures 9 and 10). Treatment with cedrol at
a dose of 30 mg/kg markedly restored the
activity levels of both SOD and catalase
(p<0.001; Figures 9 and 10), whereas the
15mg/kg dose did not produce a
statistically substantial recovery. Despite
partial recovery, SOD activity in both
cedrol-treated groups and catalase activity
in the low-dose group remained
substantially lower than those observed in
control animals (p<0.01 to p<0.001;
Figures 8 and 9). Furthermore, the
enhancement in antioxidant enzyme
activity achieved with the higher dose of
cedrol was significantly higher than that
observed with the lower dose (p<0.001;
Figures 9 and 10), indicating a dose-
dependent neuroprotective effect.
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Figure 8. The thiol groups content in the
hippocampus (A) and cortex (B). **p<0.01 and
***n<0.001 present the difference between other
groups and Control group, ***p<0.001 and **p<0.01
presents the difference between the Scopolamine
group and Scopolamine + Cedrol 30 group, #p<0.01
and ##p<0.001 present the difference between
Scopolamine + Cedrol 15 and Scopolamine + Cedrol
30 groups. The data are presented as mean+ SEM
(n=7).
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hippocampus (A) and cortex (B). ***p<0.001
presents the difference between different groups and
Control group, ***p<0.001 presents the difference
between the Scopolamine group and Scopolamine +
Cedrol 30 group, *#p<0.001 presents the difference
between Scopolamine + Cedrol 15 and Scopolamine
+ Cedrol 30 groups.The data are presented as
mean + SEM (n=7).

Discussion

In the current study, cedrol
administration  enhanced hippocampal
BDNF levels and mitigated oxidative stress
in a scopolamine-induced rodent model of
cognitive dysfunction. These findings were
observed in the context of learning and
memory impairments, as assessed by the
PAT and MWMT. Consistent with earlier
studies, scopolamine significantly
disrupted cognitive performance in both
paradigms (Mansouri et al. 2021; Tabrizian
et al. 2015).
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Figure 10. Catalase levels in the hippocampus (A)
and cortex (B). ***p<0.001 presents the difference
between different groups and Control group,
***p<0.001 presents the difference between
Scopolamine and Scopolamine + Cedrol 15 groups
or Scopolamine and Scopolamine + Cedrol 30
groups, *p<0.001 presents the difference between
Scopolamine + Cedrol 15 and Scopolamine + Cedrol
30 groups. The data are presented as mean + SEM
(n=7).

The findings demonstrated that animals
treated with  scopolamine exhibited
significantly extended escape latency and
increased path length were required to
reach the hidden platform during MWMT
acquisition, versus the control animals.
Additionally, animals  subjected to
scopolamine treatment showed reduced
time spent and distance traveled in the goal
quadrant, indicating impaired spatial
memory retention. These behavioral
deficits  suggest that  scopolamine
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administration disrupts both learning and
mnemonic functions.

Consistent results were observed in the
PAT where scopolamine-treated rats
displayed a diminished avoidance response,
reflected by shorter entry latency relative to
controls. Moreover, these showed greater
time allocation to the dark area and elevated
entry counts, and spent less time in the
illuminated compartment, further
confirming the role of scopolamine in
producing cognitive dysfunction.

Scopolamine, a  well-established
inhibitor of muscarinic receptors, is widely
used to model cholinergic dysfunction and
memory deficits in rodents (Rezvani et al.
2013; Tabrizian et al. 2015). In alignment
with previous reports, experimental data
confirmed that scopolamine administration
substantially — diminished  hippocampal
BDNF levels (Lee et al. 2014; Shi et al.
2013; Weon et al. 2016). This reduction is
consistent with evidence linking central
cholinergic ~ system  dysfunction to
diminished BDNF and CREB expression in
memory-related brain regions
(Bekinschtein et al. 2008; Hong et al.
2011). Furthermore, prior investigations
have demonstrated that stimulation of
muscarinic  receptors via pilocarpine
enhances BDNF expression in areas
associated with memory processing (da
Penha Berzaghi et al. 1993).

Scopolamine-induced memory
deficits are primarily due to disruption of
the central cholinergic system, including
elevated AChE activity in the brain (Kwon
et al. 2010). Previous reports have also
linked scopolamine deleterious effects on
cognitive functions to enhanced oxidative
stress within neural tissues (Goverdhan et
al. 2012). In this investigation, scopolamine
administration led to marked oxidative
injury, evidenced by increased levels of
MDA and diminished thiol groups,
catalase, and SOD. The findings are
consistent with earlier reports indicating
that scopolamine impairs antioxidant
defense mechanisms by decreasing the
level of SOD, catalase, and glutathione,

while  promoting lipid
(Amirahmadi et al. 2022).

Moreover, accumulating evidence
suggests a negative correlation among
BDNF levels and oxidative stress markers
in the brain tissue (Kapczinski et al. 2008;
Zhang et al. 2015). Hacioglu et al. (2016)
further indicted that BDNF elicits
neuroprotective effects against oxidative
damage induced by immobilization stress in
murine  models.  Research  utilizing
scopolamine-based models of cognitive
impairment, as well as other experimental
and clinical studies, has consistently
implicated BDNF depletion as a pivotal
factor in the onset and progression of AD
(Beheshti et al. 2021; Bekinschtein et al.
2008; Callaghan and Kelly 2012; Cunha et
al. 2010; Mansouri et al. 2021). Oxidative
stress is also widely recognized as a major
contributor to the development of the
pathophysiology of neurodegenerative
diseases such as AD (Goverdhan et al.
2012; Manoharan et al. 2016; Niedzielska
et al. 2016; Shakeri et al. 2020). Notably,
antioxidant compounds have demonstrated
neuroprotective potential in mitigating such
conditions.

In the current study, cedrol
administration  significantly  improved
cognitive performance in scopolamine-
treated rats. In the MWMT, both 15 and
30mg/kg doses of cedrol diminished
escape times and path trajectories,
indicative of facilitated learning. During the
probe trial, rats in these groups exhibited
prolonged occupancy and increased swim
distance within the goal quadrant, reflecting
improved memory retention. Similarly,
results from the PAT confirmed cedrol
beneficial effects, as treated rats exhibited
longer latencies to cross into the dark
chamber, increased time in the illuminated
area, and fewer entries into the dark zone
collectively supporting cedrol role in
ameliorating scopolamine-induced
cognitive deficits.

To this point, no prior reports have
explicitly investigated the memory-
enhancing impacts of cedrol in animal

peroxidation
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models of cholinergic  dysfunction.
However, evidence from other
experimental paradigms suggests that
cedrol exerts beneficial effects on nervous
system function (Kagawa et al. 2003;
Zhang and Yao 2019). Supporting the
current findings, research using a rat model
of global cerebral ischemia followed by
reperfusion has demonstrated that cedrol
administration improved functional ability
in the PAT and attenuated oxidative
damage in brain tissue via improvement of
SOD activity and reducing MDA levels.
Cedrol treatment also significantly elevated
hippocampal BDNF concentrations
(Asgharzadeh et al. 2025). In a separate
investigation, cedrol was shown to
ameliorate ischemic brain injury by
modulating microglial activation and
suppressing neuroinflammatory signaling
via the ERP-NF-xB pathway, thereby
contributing to improved behavioral
outcomes (Bi et al. 2024).

Using an elevated plus maze and
dark/light box, it was revealed that cedrol
had anxiolytic effects in mice and it
improved the brain levels of serotonin and
decreased dopamine levels (Zhang and Yao
2019). Clinical evidence has demonstrated
that inhalation of cedrol enhances
hippocampal vascular perfusion (Hori et al.
2012). Additionally, cedrol has exhibited
neuroprotective properties in a laboratory-
induced neuropathic pain paradigm in rats
(Sakhaee et al. 2020). This natural product
also suppressed glioblastoma progression
and showed anti-tumor effects (Chang et al.
2020). To clarify the potential biological
processes responsible for observed impacts
of cedrol, oxidative stress parameters were
evaluated in brain tissue. The findings
revealed that cedrol, particularly at the
higher dose, significantly reduced MDA
levels and enhanced antioxidant defenses,
as evidenced by increased thiol content and
elevated levels of catalase and SOD in brain
tissue. In previous studies, the benefits of
cedrol on the nervous system disorders
were reported to be due to its anti-oxidant
effects (Sakhaee et al. 2020). The

antioxidant potential of cedrol was further
supported by findings from Emami et al.
who  demonstrated its  free-radical
scavenging activity using the DPPH assay
(Emami et al. 2011). Additionally, the
beneficial effect of cedrol on neuropathic
pain in rats was attributed to its anti-oxidant
effect (Sakhaee et al. 2020). In addition, the
antiarthritic property of cedrol was shown
to be due to its protection against
inflammatory signaling cascades and
oxidative cellular injury related damage
(Forouzanfar et al. 2022). The findings of
the current study further demonstrated that
application of an elevated dose of cedrol
significantly elevated hippocampal BDNF
levels. This suggests that the observed
improvements in learning and memory may
be partially mediated through the
upregulation of BDNF expression. Also
considering the correlation between BDNF
and oxidative stress (Kapczinski et al. 2008;
Zhang et al. 2015) cedrol may attenuate
oxidative stress by which improve BDNF
and finally improve learning and memory
abilities. It was reported that administration
of cedrol can enhance the hippocampal
regional blood flow bilaterally (Hori et al.
2012). A relationship between cerebral
blood flow and cognitive function related to
memory has been proposed in previous
research (Heo et al. 2010). In light of this
evidence, the memory-enhancing effects of
cedrol detected in the present study may be
partially attributed to its influence on
hippocampal perfusion; however, this
potential mechanism warrants further
investigation. Regarding the possible
mechanisms, we hypothesize that cedrol
improved BDNF levels by restoring the
cholinergic system and also suppressed
oxidative damage by activating potential
pathways such as Nrf2.

This study had some limitations that
should be presented in the prospective
researches. These are exemplified by
investigating a wider range of cedrol doses
to thoroughly examine dose-response
relationships and potential dose-dependent
effects. Furthermore, alternative treatment
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protocols could be explored. Elucidating
the underlying cellular and molecular
mechanisms responsible for its
neuroprotective properties is also crucial, as
it would pave the way for its potential
application in clinical applications.

The findings of our study indicated that
cedrol could mitigate cognitive dysfunction
induced by cholinergic dysfunction through
attenuating oxidative stress and improving
BDNF levels. Nonetheless, subsequent
studies are justified to elucidate the explicit
processes underlying its anti-amnesic
effects.
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